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Abstract. In English, the international language of communication (Tono 2014), complex nominals
(CNs) are frequently used to convey specialized concepts (Sager et al. 1980; Nakov 2013). These
phraseological units have a nominal head that is modified by another element (e.g. hydropower
production). Problems can arise in relation to their identification, their bracketing or internal structure
disambiguation, their meaning access, and their translation or production in another language. Although
they are not marginal phenomena in specialized language, they are rarely included in specialized
resources. Even when they are included, their treatment is not systematic (Cabezas-Garcia and Faber
2017a). This article describes the representation of CNs in EcoLexicon (www.ecolexicon.ugr.es), a
terminological knowledge base, whose new phraseological module will include verb collocations (e.g.
a volcano spews lava) as well as CNs. For that purpose, we used a wind power corpus in English and
Spanish for term extraction, semantic analysis, establishment of interlinguistic correspondences, and
definition crafting. We propose different access points to information (Kwary 2012), such as the CNs
formed from a given term, a bilingual view in English and Spanish, or the syntactic-semantic
combinations in CNs. The structure of the CN module is based on the semantics of these phraseological
units, which facilitates the specification of mapping rules as well as knowledge acquisition (Faber 2012).
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1. Introduction

Phraseology, understood as the tendency for words to be co-selected by users to achieve meanings
(Cheng et al. 2008: 236), is an area of great importance not only in general discourse (Bally [1909]1951;
Sinclair 2000; Benson et al. 2009; inter alia) but also in specialized language (L'Homme 2009; Leroyer
2006; Buendia Castro 2013; inter alia). This is due to the frequency of phraseological units, given that
approximately 80% of the words in discourse are selected in combination with other units (Sinclair 2000:
197).

Scientific texts in English, the international language of communication (Tono 2014), are
characterized by the frequency of complex nominals (CNs) (e.g. ozone depletion) (Sager et al. 1980;
Faber 2012; Sanz Vicente 2012; Nakov 2013). English CNs are expressions with a head noun preceded
by a modifying element (i.e. nouns or adjectives) (Levi 1978). However, given the demand for the
translation of scientific and technical texts (Kriiger 2015: 40), CNs need to be adapted to the patterns of
term formation of the target language. For example, in Spanish, the second most spoken language in the
world by native speakers and learners (Instituto Cervantes 2016), CN structure is reversed. In other
words, the nominal head is postmodified by adjectives or prepositional phrases.

These phraseological units often pose problems at different levels. Firstly, their identification can
be difficult, because they often include general words and can be formed by many constituents. Once they
are identified, accessing their meaning is not an easy task since they are composed of juxtaposed concepts
whose semantic relation is not explicit. Additionally, in CNs formed by more than two terms, bracketing
or disambiguating their internal structure is a necessary step (e.g. [wind turbine][power curve] and [wind
power output] fluctuation). As previously mentioned, the translation or production of these phraseological
units in another language can also be problematic given the different patterns of term formation, such as
premadification in English and postmodification in Spanish. The complex nature of CNs thus highlights
the need to include them in specialized resources, especially because they are a relevant part of
conceptual systems (Sager et al. 1980; Sager 1990; Sanz Vicente 2012). However, phraseological units in
general are not usually recorded in specialized resources and their treatment is not systematic (L'Homme
and Pimentel 2012; Xu 2013; Buendia Castro 2013). Up until now, research on CNs has focused mostly
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on two-term CNs formed by nouns, which are usually referred to as 'noun compounds', but has not
considered other types of CNs, namely those including adjectives and other parts of speech.

In view of the complex nature of CNs, this article describes the representation of these
phraseological units in EcoLexicon (www.ecolexicon.ugr.es), an environmental knowledge base which is
the practical application of Frame-Based Terminology (Faber 2012). CNs will be part of the new
phraseological module of EcoLexicon, and will provide different access points to information (Kwary
2012), such as the CNs formed from a given term, a bilingual view in English and Spanish, and the
syntactic-semantic combinations in CNs. This research presents the preliminary design of two of these
views, namely the formation of CNs from a specific term and the bilingual view, thus providing solutions
for some of the difficulties of these multi-word terms. The representation of CNs in EcoLexicon is thus
based on their semantics, which is the starting point in the specification of mapping rules and also
facilitates knowledge acquisition (Faber 2012). For the purposes of the study, we used a wind power
corpus in English and Spanish for term extraction, semantic analysis (by means of knowledge patterns,
verb paraphrases and free paraphrases), establishment of interlinguistic correspondences, and definition
crafting, since corpora have been proved to be essential in lexicographic and terminographic work (Huang
et al. 2016).

Our preliminary results showed that this analysis of CNs provided valuable insights into the
formation of these phraseological units, which should be considered if they are to be usefully included in
linguistic resources. Furthermore, according to other surveys assessing the usability, functionality, and
efficiency of terminographic resources (Lopez-Rodriguez et al. 2012; Ledn-Arauz and Reimerink 2018),
users were found to appreciate the inclusion of conceptual relations, equivalents and synonyms,
phraseology, contexts, and definitions, as proposed in this study. Nevertheless, an evaluation of the CN
module of EcoLexicon will be carried out once all the views will be implemented, with a view to
assessing the opinion of potential users.

The reminder of this article is organized as follows. Section 2 provides a description of the
characteristics of CNs in specialized discourse. Section 3 focuses on Frame-Based Terminology and its
practical application, EcoLexicon. In Section 4, we show the preliminary representation of CNs in the
phraseological module of EcoLexicon. Section 5 explores CN formation in English and Spanish. Finally,
Section 6 presents the conclusions that can be derived from this study as well as our plans for future
research.

2. Specialized complex nominals

Different types of phraseological unit include idioms, collocations, and CNs. However, in specialized
discourse, the separation of the different combinations has often been questioned since both collocations
and CNs provide relevant information for the conceptual structuring of a specialized domain (Meyer and
Mackintosh 1996). Accordingly, in Frame-Based Terminology (83) 'terminological phrasemes' are
specialized phraseological units which include collocations and CNs (Buendia Castro 2013).

In particular, CNs (e.g. global warming) are frequently used to designate specialized concepts in
English (Sager et al. 1980; Faber 2012; Sanz Vicente 2012; Nakov 2013). This is not surprising because
morphologically poor languages, such as English, usually create CNs' by adding nominal or adjectival
pre-modifiers to a head noun (e.g. waste management). In Romance languages, such as Spanish, the
modifiers are placed on the right of the nominal head and are often adjectives or prepositional phrases
(Fernandez-Dominguez 2016: 67) (e.g. gestién de residuos). These interlinguistic differences highlight
the need for knowledge-based resources, namely in specialized translation, because effective knowledge
acquisition is vital for rendering a term into another language (Faber 2012). This is particularly relevant in
the case of CNs, whose semantic content must be adapted to the term formation rules in the target
language.

1 We refer to endocentric CNs, which are the focus of this study and the most frequent type of CNs in specialized
texts (Nakov 2013).
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CNs can be regarded as nodes of compressed knowledge. They combine concepts of the
terminological system to form one new concept and, thus, can be used to extract information regarding
conceptual hierarchies (Sager et al. 1980; Sager 1990). In other words, CNs represent hyponymic
concepts that are the result of the specification of the head, which is the hypernym, by means of the
addition of other terms in the form of modifiers. For instance, when modifiers are added to pollution,
hyponyms such as oil pollution and water pollution are created. This conceptual complexity is increased
when more than two concepts are juxtaposed, as in electrically-excited synchronous generator. Long CNs
are often difficult to identify and bracket or disambiguate (Utsumi 2014).

In our view, concepts are not randomly paired in CNs, but rather are the result of underlying
semantic constraints (Warren 1978; Pinker 1989; Wisniewski 1997; Stekauer 1998; Kageura 2002;
Rosario et al. 2002; Maguire et al. 2010). This alludes to micro-contexts, which are essential to our
semantic analysis. To understand the notion of 'micro-context', the head of a CN can be considered to
open slots that are filled by specific conceptual categories (Wisniewski 1997; Rosario et al. 2002;
Maguire et al. 2010). These categories have a semantic role?, which is a key factor in the formation of
CNs that are hyponyms of the head. For instance, erosion opens two slots, the first related to the entities
that cause erosion, and the second related to those that are affected by it. The slot for the causes of erosion
is filled by semantic categories such as WATERBODY oOr SUBSTANCE, which have the semantic role of
AGENT (as in sea erosion and chemical erosion). Alternatively, the slot for the entities affected by erosion
is filled by categories such as LANDFORM or LAND, which have the role of PATIENT (e.g. dune erosion and
soil erosion). By opening these slots, the meaning of the head determines which concepts can specify it.
Therefore, the micro-context of a CN includes such conceptual information by means of this slot-filling
mechanism and is essential to the understanding of CNs.

In addition to this juxtaposition of concepts, the complex semantic nature of CNs is accentuated
by the omission of the semantic relation between their constituents (Vanderwende 1994; Nakov 2013;
O Séaghdha and Copestake 2013; inter alia). This becomes especially problematic in structurally similar
CNs (e.g. in oil pollution, the pollution is caused_by oil, whereas in water pollution, the pollution affects
the water) (Cabezas-Garcia and Ledn-Aralz 2018). Moreover, in long CNs different semantic relations
can be established between internal groups. For example, in [[power generation] system], the semantic
relations are ‘system has_function power generation’ and ‘generation has_result power’. Thus, the
meaning of CNs is not fully compositional (Utsumi 2014; Smith et al. 2014). The only information that
can be derived from the structure is that it denotes something (conveyed by the head) that is somehow
related to the modifiers (Jespersen 1942; Smith et al. 2014: 100). Consequently, in the formation of CNs,
the principle of formal economy is prioritized over semantic transparency, especially in English
(Fernandez-Dominguez 2016). Therefore, for users to understand CNs, it is necessary for them to have
access to knowledge underlying their structure.

In this respect, the Generative Lexicon theory (Pustejovsky 1995) explains how compositionality
contributes to lexical semantics. This theory has been used in various studies on CNs and their
interpretation. For example, Johnston and Busa (1999) used qualia structure to explain the compositional
interpretation of CNs, Bouillon et al. (2012) provided an annotation scheme for CNs based on the
Generative Lexicon, Rallapalli and Paul (2012) presented a hybrid approach for the interpretation of CNs
using an ontology, Bassac and Bouillon (2013) used the Generative Lexicon to study the telic (purpose)
relation in CNs, and Yadav et al. (2017) applied it to the study of the semantic relations in CNs.

Concealed semantic relations between CN constituents are frequently made explicit by means of
sets of semantic relations (e.g. cause, result). For instance, in offshore wind farm, the wind farm is
located offshore (Vanderwende 1994; Barker and Szpakowicz 1998; Nastase and Szpakowicz 2003; Girju
et al. 2005; O Séaghdha and Copestake 2013; inter alia). Most of these relations are based on general
language, except for Rosario et al. (2002), who focused on the biomedical domain. Nevertheless, the use

2 The set of semantic roles in EcoLexicon largely corresponds to those in the CREST implementation (Nirenburg
2000), the list of roles given by EAGLES (1996), and the inventory proposed by Gildea and Jurafsky (2002) (see an
example in Figure 7). However, we are currently in the process of revising this roleset, as well as the inventory of
semantic categories that so far had been designed ad-hoc.
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of such inventories has been often questioned since there is no consensus as to the best set of relations or
their partial semantic representation. (For example, the relation affects does not specify how something is
affected.) In addition, different relations can be assigned to the same CN (e.g. a museum book can be a
book located at a museum or a book published/effected by a museum). Sometimes, the meaning of a CN
may not correspond to any relation at all (Nakov and Hearst 2013: 7; Hendrickx et al. 2013). For these
reasons, authors such as Jespersen (1942) and Downing (1977) argued that inventories of semantic
relations were not suitable for conveying the semantics of CNs.

In line with Finin (1980), who proposed the use of verbs to characterize CNs, Nakov and Hearst
(2006) propose the use of paraphrases involving verbs and/or prepositions (e.g. a bronze statue is a statue
made of/handcrafted from/dipped in bronze). Such verbs are better able to capture semantic features that
relations cannot (Nakov and Hearst 2013: 3). Our semantic analysis of CNs combines semantic relations
and paraphrases, because more abstract semantic relations can be further specified by means of the
specific verbs elicited in paraphrases (Cabezas Garcia and Faber 2017b). Paraphrases represent the
sentential structure of CNs and evoke the CN formation processes in Levi (1978). These are predicate
deletion (a cyclone originates over the tropics > tropical cyclone) and predicate nominalization® (the
weather is predicted > weather prediction). They point to the existence of concealed propositions in the
formation of CNs, as evidenced in the paraphrases. Thus, the study of CNs entails the analysis of their
underlying predicates, which necessarily involves addressing their argument structure (Faber and Mairal
1999). Argument structure alludes to the specification of the number of arguments that a predicative unit
(typically verbs, but also nominalizations) can take, their syntactic expression, and their semantic relation
to the predicate. It plays a role in cross-linguistic correspondence since similar argument structures in
different languages are regarded as a sign of linguistic equivalence (De Clerk et al. 2013; Buendia Castro
and Faber 2016).

As previously mentioned, CNs are very frequent in specialized discourse, but they pose different
problems related to their identification, their bracketing, and their underlying semantics (Lauer and Dras
1994). Additionally, their translation in another language can also be problematic, given the differences in
term formation patterns. This is especially the case in the language pair English-Spanish. Such difficulties
highlight the need to represent CNs in linguistic resources.

Nevertheless, phraseological units are rarely included in specialized resources (L'Homme and
Pimentel 2012; Buendia Castro 2013). Even when CNs are addressed, the focus is on two-term CNs
formed by nouns, whereas CNs including adjectives and other parts of speech tend to be disregarded.
Furthermore, the treatment of CNs in lexicographic and terminographic resources is not systematic
(Cabezas-Garcia and Faber 2017a). Even when they are included, they are rarely defined (e.g.
Vocabulaire et cooccurrents de la comptabilité [Caignon 2001]).

Other resources include argument structure but lack further details to clarify the meaning of the
concept, as in sedimentation, which is represented as sedimentation of particle (Dictionnaire fondamental
de I'environnement. DiCoEnviro [Observatoire de Linguistique Sens-Texte 2018]). Furthermore, CNs are
often listed alphabetically (e.g. Dictionary of Energy [Cleveland and Morris 2015]). However, a
representation of domain structure should reflect the relations of the CN with other terms (e.g. Elsevier’s
Dictionary of Medicine Spanish-English English-Spanish [Hidalgo 2014]). Some dictionaries represent
equivalent CNs (and terms in general) in different entries with their own definitions, which do not reflect
the relation between terms that represent the same concept in different languages (e.g. Commercial
Trucking Bilingual Dictionary. Diccionario Bilingiie de Transporte Comercial [Moya 2004]).

There are also resources that include the CN only as sublemma of the head term, which is
abbreviated, as in p. septicémica for peste septicémica (septicemic plague) (Diccionario Etimoldgico de
Medicina [Segura 2004]). Other dictionaries show the modifiers and their possible heads in different
lines, instead of including the entire CN (e.g. Diccionario técnico inglés-espafiol espafiol-inglés
[Beigbeder 2006]). As for Romance languages, namely Spanish, there is a lack of specialized resources

3 Predicate nominalization was also addressed by Halliday (1985) in his theory of the 'grammatical metaphor'.
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that are regularly updated, which are essential in scientific and technical domains (L6pez et al. 2010). For
these reasons, there is a need for specialized resources that can successfully deal with the different
problems that CNs can pose and facilitate the understanding and use of these phraseological units.

3. Frame-Based Terminology and EcoLexicon

This research follows Frame-Based Terminology, a cognitive approach to terminology that links
specialized knowledge representation to cognitive linguistics in general and cognitive semantics in
particular (Faber 2012). FBT is based on the Lexical Grammar Model (Martin Mingorance 1989; Faber
and Mairal 1999), a lexical theory that focuses on the extraction and representation of conceptual and
collocational relations in specialized discourse. FBT also combines premises of the Generative Lexicon
(Pustejovsky 1995), which allows the organization and restriction of conceptual dimensions based on the
semantics of concepts (Ledn-Aralz 2009: 26). Finally, FBT adopts premises of Frame Semantics
(Fillmore 1985, 2006), namely the notion of ‘frame’. Knowledge is organized in frames (Minsky 1975;
Fillmore 1985, 2006), which are cognitive structuring devices based on experience that provide the
background knowledge and motivation for the existence of words in a language as well as the way those
words are used in discourse (Faber 2009: 123). Moreover, frames make the semantic and syntactic
behavior of terms explicit by means of the description of conceptual relations and terms' combinations
(Faber 2009).

FBT focuses on: (1) conceptual organization; (2) the multidimensional nature of terminological
units; and (3) the extraction of semantic and syntactic information through the use of multilingual corpora
(Faber 2009: 123-124). This methodology is applied in the development of EcoLexicon
(www.ecolexicon.ugr.es), a multilingual terminological knowledge base on environmental science that is
the practical application of FBT. It was first implemented in 2003 and now includes 3,631 concepts and
20,342 terms in English, Spanish, German, French, Russian, Dutch, and Modern Greek. In line with
digital lexicography and terminography (De Schryver 2003; Li 2005; Yamada 2013; Tono 2014),
EcoLexicon has a visual interface with different modules that provide conceptual, linguistic, and
graphical information, which can be individually selected by users (San Martin et al. 2017).

Furthermore, EcolLexicon has a phraseological module under construction, which is being
redefined to also include CNs. As shown in Figure 1, verb collocations are provided in the form of the
predicates that frequently combine with a given term (e.g. hurricane in Figure 1) (Buendia Castro 2013).
The phraseological module is based on the semantic constraints that limit the combination of arguments
(Pinker 1989; Buendia Castro 2013). Thus, it focuses on the conceptual structuring of predicates and its
arguments. Predicative units are organized in the lexical domains of the Lexical Grammar Model (Faber
and Mairal 1999), which encompass verbs sharing the same nuclear meaning and syntax (for example, the
CHANGE domain includes verbs such as affect or damage). Alternatively, verb arguments are assigned
semantic categories (e.g. NATURAL DISASTER Or ATMOSPHERIC DISTURBANCE), which are generalizations
of terms (Buendia Castro 2013: 376). The CN module, currently under construction, will be based on this
conceptual organization with a view to providing a wide range of information regarding CNs, such as
interlinguistic correspondences, CNs formed from a given term, syntactic and semantic combinations, etc.
Frame-like representations, such as EcoLexicon, are an effective solution for including this
phraseological information together with conceptual information (L'Homme and Robichaud 2014).
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CHANGE
meaning
Meaning
i onaion to_cause_to_change_for_the_worse
Phraseological NATURAL DISASTER causes a PATIENT to change
pattern for the worse.

aec | samase | emton § oo
- (I
Hocical EXISTENCE
meaning
Meaning to_begin_to_exist_becoming_sth_else
dimension

NATURAL DISASTER or ATMOSPHERIC
Phraseological DISTURBANCE begins to exist becoming another
pattern NATURAL DISASTER or ATMOSPHERIC
DISTURBANCE

Verbs develop into

Fig. 1 Extract of the phraseological information of hurricane

4. Representation of complex nominals in the phraseological module of EcoLexicon
4.1. Extraction and semantic analysis of English complex nominals

For the purpose of the study, we manually compiled a corpus on wind power in English and Spanish of
approximately 1.8 million words in each language. It was composed of highly specialized texts, namely
journal articles and PhD dissertations. The English corpus was uploaded to the term extractor TermoStat
(http://termostat.ling.umontreal.ca/) (Drouin 2003) in order to obtain a list of the most frequent single
terms in the corpus from which CNs could be formed. We focused first on English, given its status of the
lingua franca of specialized communication, from which texts are usually translated into other languages
such as Spanish. It was found that generator was a very frequent term (15" of 1882 terms) that gave rise
to the formation of many CNs.

The corpus was then uploaded to Sketch Engine (www.sketchengine.co.uk/) (Kilgarriff et al.
2004, 2014), a corpus analysis tool allowing CN extraction and semantic analysis using different
procedures, as shall be seen. The word sketches in Sketch Engine, which show a term's combinatorial
potential, provided an overview of the terms that usually co-occurred with generator (e.g. induction
generator and generator torque). We then performed CQL queries to extract CNs whose head was
generator as well as those CNs in which generator was a modifier. The CQL formalism (Schulze and
Christ 1996) allowed sophisticated queries based on regular expressions combined with POS-tags. For
example, the following sequence was queried to extract CNs whose head was generator, and which could
be pre-modified by nouns, adjectives and/or adverbs: [tag="N.*|JJ.*|RB.*"]{1,}[lemma="generator"].
Figure 2 shows a list of the 34 CNs extracted, with generator as head or modifier, which had a minimum
frequency of ten occurrences in different texts of the corpus.
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x + generator

asynchronous generator permanent magnet synchronous generator
brushless electrically excited synchronous generator self-excited asynchronous generator
conventional generator self-excited induction generator
diesel generator squirrel cage induction generator
direct-drive generator switched reluctance generator
direct-drive permanent magnet generator synchronous generator

doubly fed induction generator variable-speed generator

electric generator wind electric generator

electrically excited synchronous generator wind generator

electricity generator wind power generator

fixed-speed induction generator wind turbine generator

gearless permanent magnet generator wound rotor asynchronous generator
induction generator wound rotor induction generator

permanent magnet generator

generator+ x

generator electromagnetic torque
generator side

generator speed

generator torque

generator torque control
induction generator effect

wind turbine generator system

Fig. 2 English CNs extracted

In addition, we included synonyms of these CNs, which were identified in the concordance
analysis, during documentation in online texts and websites on wind power, and by means of synonymic
knowledge patterns in the corpus query (e.g. also called, referred to as). Furthermore, long CNs, such as
permanent magnet synchronous generator, were found to be usually hidden in the form of abbreviations
(PMSG). Thus, CQL queries were also performed to find abbreviations.

Once the CNs were extracted, their semantics was accessed by means of a three-stage procedure
involving knowledge patterns, verb paraphrases and free paraphrases. Knowledge patterns (KPs) are
lexico-syntactic patterns that usually convey semantic relations in real texts (Meyer 2001; Marshman
2006). For instance, a well-known KP for indicating generic-specific relations is X is a type of Y
(e.g. wind power is a type of renewable energy). KPs were used in the form of the 56 KP-based sketch
grammars in Ledn-Aralz et al. (2016), which allow the extraction of some of the most common semantic
relations used in terminology: generic-specific, part-whole, location, cause and function. Most of the KPs
used for retrieving these relations were not domain-specific, except for KPs such as built for or built with,
which would only be found in construction-related domains (Ledn-Aralz et al. 2016). Figure 3 shows an
extract of the results of the query that targets the sentences annotated as word sketches between generator
and power (e.g. to access the semantic relation in wind power generator), where ws means word sketch;
"generator-n" and "power-n" are the terms annotated as part of a word sketch in the corpus; and
"\"%w\".*" means any relation defined in the KP-based sketch grammars. As can be seen, these KPs
reveal that the function of generators is power production.

Query generator-n, , .*, power-n 37 > Positive filter 10 (5.32 per million) €

it can be seen that the power produced by a diesel generator is almost same, while the power produced from
zero marginal cost makes the intermittent generators produce power whenever they can therefore,
upon the wind speed, squirrel cage Induction Generator generates power at variable frequency. Such
The reactive power produced by the synchronous generator is linked with the field voltage across the
methods such as the use of hub-mounted generators , which can always generate power as long as the
to the AC network. The power produced by the generator is initially variable voltage and frequency AC
rotational speed to the power produced by the generator , also as a function of rotational speed. The
speeds. As can be seen from the figure, gear to generator combination 1 would produce more power than
factor at the generating station as needed. Generators in large, central power plants produce power at
experimental platform, the AC synchronous generator directly produced 50/3 Hz electric power , and
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Fig. 3 Extract of the query results for KPs between generator and power:
[ws("generator-n","\"%w\" .*","power-n")]

Verb paraphrases (Nakov and Hearst 2006, 2013) were also used to further characterize the
semantics of CNs by means of their concealed predicates. To this end, we performed CQL queries that
elicited the verb linking the constituents of the CN. Figure 4 shows that the concealed predicates in
variable speed generator are operate or run, which allude to the operation of the generator at variable
speed.

CQuery generator, V.*, variable 24 > Positive filter 4 (1.94 per million) £}

1erator, The generator can operate either with a fixed speed or a variable speed, The fic
or induction generators can run at variable spead. 1.1.14
the burbine's generator smoothly to the electrical network; allow the turbine to run at variable speed, prods
an induction generator can be run at variable speed if an el

Fig. 4 Verb paraphrases for variable speed generator, obtained with the following CQL query:
[lemma="generator"][]{0,10}[tag="V.*"][]{0,10}[lemma="variable"] within <s/>

However, the frequent omission of constituents in CNs often complicates the extraction of verb
paraphrases, because some of the constituents linked by the concealed verbs are often not specified in the
CN. For this reason, free paraphrases (i.e. co-occurrences of the constituents of a CN in a sentence) were
used as a final step in the semantic analysis of CNs. Figure 5 shows free paraphrases for synchronous
generator, a CN that alludes to the synchronous speed of the rotor and stator of the generator.

Query generator, synchronous 17 > Positive filter 8 (4.25 per million) €

Because the generator operation is only stable in the narrow range around the synchronous speed , the wind tur

(a four-pole generator operating in a 60 Hz grid has a synchronous speed of 1800 rpm).
wind turbine generators are four-pole machines, thus having a synchronous speed of 1800 rpm v
dll impel the generator rotor to run at a speed slightly greater than synchronous, as determinet
d-connected generators are usually either of the synchronous or induction typ
isis touse a generator with switchable poles and therefore a switchable synchronous operating speed. Anothe
1 DFIG whose generator speed is lower than the synchronous speed operates in tF
nal speed of generator is above the synchronous speed » power will b

Fig. 5 Free paraphrases for synchronous generator, obtained with the following CQL query:
[lemma="generator"][]{1,10}[word="synchronous"][lemmal!="generator"] within <s/>

In our analysis of CNs semantic relations are further specified by means of paraphrases, to
provide a more complete representation of CN meaning (Cabezas-Garcia and Faber 2017b).

4.2. Identification of Spanish equivalents

To identify the Spanish correspondences of English CNs, the head of the CN was first translated in order
to ascertain the head of the Spanish term. Accordingly, generator was translated as generador in Spanish.
This was confirmed by consulting specialized resources and verifying this correspondence in Spanish
renewable energy texts. After identifying the most frequent modifiers of generador in the word sketches,
a CQL query was performed to extract the structures that can co-occur with generador in Spanish. The
query was the following:
[lemma="generador"][tag="A.*"]?[tag="S.*"]?[tag="N.*"]?[tag="S.*"]?[tag="N.*"]?[tag="A.*"]?. This
query targets CNs whose head is generador ([lemma="generador"]), which can be postmodified by
adjectives  ([tag="A.*"]?) or prepositional phrases including nouns and also adjectives
([tag="S.*"]?[tag="N.*"]?[tag="S.*"]?[tag="N.*"]?[tag="A.*"]?). Figure 6 shows a list of the 34 Spanish
CNs extracted, with generador as head or modifier, which had a minimum frequency of ten occurrences
in different texts of the corpus.
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generador + X

generador asincrono generador de induccidn de velocidad fija
generador asincrono de jaula de ardilla generador de induccion doblemente alimentado
generador asincrono de rotor bobinado generador de reluctancia conmutada
generador asincrono de rotor devanado generador de velocidad variable

generador asincrono doblemente alimentado generador DFIG

generador convencional generador diésel

generador de accionamiento directo generador eléctrico

generador de electricidad generador edlico

generador de imanes permanentes generador sin caja muitiplicadora

generador de imanes permanentes de accionamiento directo generador sincronico

generador de imanes permanentes sin caja multiplicadora generador sincrono

generador de induccion generador sincrono de excitacion independiente
generador de induccion auto-excitado generador sincrono de imanes permanentes
generador de induccion de rotor bobinado generador de induccion de velocidad constante
generador sincrono de excitacion independiente sin escobillas generador de induccion de rotor devanado

X + generador

lado del generador

velocidad del generador

par del generador

efecto del generador de induccion

Fig. 6 Spanish CNs extracted

Since CNs are often abbreviated, CQL queries were also used to find abbreviations in Spanish.
Finally, synonyms were identified in the concordance analysis, during documentation, and by means of
synonymic KPs in the corpus query. This made it possible to extract equivalents that did not have the
same length as the source term (e.g. synchronous generator can be translated as generador sincrono or
alternador [alternator]). This problem is known as 'fertility’ and is not often considered in bilingual
terminology extraction (Daille et al. 2004). The synonyms showed that the target term was not always
composed of the translations of the constituents of the source term (Daille et al. 2004). For example, wind
electric generator is translated as generador edlico, which does not specify that the generator is electric.
The procedure was replicated for those CNs in which generator was a modifier of the head. Spanish CNs
were considered to be term candidates when they appeared at least ten times in different texts of the
corpus.

After extracting the Spanish CNs, cross-linguistic correspondences were established between
English and Spanish multi-word terms. Spanish CNs were semantically analyzed by means of KPs*, verb
paraphrases, and free paraphrases (84.1) to verify that they desighated the same concept as their English
counterpart. Micro-contexts were essential to establish interlinguistic correspondences, because similar
micro-contexts (i.e. slot-filling of the head of the CN by specific semantic categories and roles) were
found in English and Spanish equivalents. Figure 7 shows the micro-contexts of electrically excited
synchronous generator and its Spanish equivalent, generador sincrono de excitacion independiente. The
slots opened by generator and generador allude to the speed of the generator's rotor and stator and its
excitation. Both are filled by the same semantic categories (ATTRIBUTE and EXCITATION, respectively),
which have the same semantic roles (SPEED and sTIMULUS). Nevertheless, CNs designating the same
concept (in the same language or in different ones) can emphasize different characteristics of the
concepts. This is the case of electrically excited synchronous generator and generador sincrono de
excitacion independiente. The English CN alludes to the electrical current that provides the rotor
magnetization (electrically), whereas the Spanish CN highlights the fact that this current is provided by
an independent machine (independiente). Thus, micro-contexts can be used to establish mapping rules,
even when equivalence is not so evident.

4 Since KP-based sketch grammars have not been developed for Spanish yet, our analysis of Spanish CNs by means
of KPs was based on the translation of the KPs in the 56 English sketch grammars in Leon-Aralz et al. (2016) and
their use in the form of CQL queries.
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| electrically excited‘ synchronouslgenerator

[EXCITATION] [ATTRIBUTE]

[sSTIMULUS] [sPEED]

generador|sincrond de excitacion independiente|

[ATTRIBUTE] [EXCITATION]

[SPEED] [STIMULUS]

Fig. 7 Micro-contexts of electrically excited synchronous generator and generador sincrono de
excitacion independiente

4.3. Definition crafting

One of the problems of CNs in lexicographic and terminographic resources is that they are not often
defined even though the juxtaposition of components makes their meaning far from transparent. In this
regard, FBT proposes the use of definitional templates (Faber et al. 2001) (see Table 1), which specify the
semantic relations that a certain category usually establishes. This is conducive to homogeneous
definitions and the conceptual organization of terms. As shown in Table 1, hyponyms inherit the
properties of the superordinate concept and add new specific values to them (e.g. the operating speed of
the rotor and stator of an induction generator).

machine

rotor, stator

convert rotational mechanical power into electrical power

generator

rotor magnetic field that operates at faster speed than that of the stator
magnetic field

Table 1 Definitional templates for generator and induction generator

Thus, the semantic information previously elicited by means of KPs, verb paraphrases and free
paraphrases was applied to these templates. This led to definitions based on the classical structure of
genus and differentiae. Although many terminological models do not take argument structure into account
(L'Homme and Robichaud 2014), the definitions in our study included the argument structure of
predicative terms which should be considered when defining processes (Mel'¢uk et al. 1995; Faber and
Mairal 1999).

4.4. Complex nominals in the phraseological module of EcoLexicon

As previously mentioned, EcoLexicon will soon have a new phraseological module. It will include verb
collocations as well as CNs. In line with current trends in lexicography and terminography, this CN
module will offer different access points to the information (Kwary 2012), such as (i) the CNs formed
from a given term; (ii) bilingual correspondences in English and Spanish (with the other languages in
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EcoLexicon being subsequently implemented); (iii) syntactic combinations; and (iv) semantic
combinations. This study focuses on the "Modifiers + Head" view and the "EN-ES" view.

Users will be able to access the CN module either through a specific tab in the main interface of
EcoLexicon or through a term entry. This will give them the phraseological information associated with
that term. Figure 8 shows the design of the information that is first presented to users in the Modifiers +
Head view of the CN module, taking the entry of generator as an example. Even though the tabs are
shown in English, users can change the language at any time during their query in the phraseological
module. They can also switch to a different view (e.g. syntactic or semantic combinations).

Modifiers + Head EN <> ES Syntactic Combinations Semantic Combinations

v

X + generator
generator + X
7
X + generator
a) Multi-word terms

b) Free combinations
generator + X

Fig. 8 Information initially presented to users in the Modifiers + Head view of the CN module

As shown in Figure 8, users must first decide which of the four views they prefer. In the
Modifiers + Head view, they can obtain the CNs formed from a given term (e.g. fluctuation > air
pressure fluctuation, bathymetric fluctuation, beach fluctuation, etc.). The EN-ES view focuses on
translations (e.g. tidal power [EN]; energia mareomotriz [ES]). The Syntactic Combinations section
offers the parts of speech that form CNs (e.g. N+N+N > sea level rise, bed shear stress, etc.). Finally, the
Semantic Combinations view provides co-occurrences of semantic categories, roles and relations
(e.g. RESOURCE+ENERGY > wind power, wave power, tidal power, etc.). The next step involves choosing
whether the given term (generator) is a head or modifier in the CN. Then, users can focus on multi-word
terms® or free combinations, or both. In the bilingual view, the specification of the position of the term in
the CN is preceded by the choice of the directionality in translation (EN-ES or ES-EN). Then, the selected
type of information is shown (see the preliminary interface of multi-word terms in the Modifiers + Head
view in Figure 9).

5 Multi-word terms are distinguished from free combinations because they designate a concept that is included in the
conceptual system of the domain and establishes semantic relations with other concepts in the semantic network.
They are often formed by means of the systematic slot filling of their micro-contexts by specific semantic categories
and roles (e.g. wind energy, wave energy, solar energy, etc.); they can be replaced by abbreviations, and usually have
a higher frequency than free combinations. Free combinations (e.g. conventional generator) are shown as a set of
frequent combinations, without definitions or direct interlinguistic equivalences, because they do not represent
concepts of the domain conceptual system and, thus, they can vary in different languages.
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Search

[EXCITATION]

permanent magnet generator
PMG

generator whose rotor magnetic field is produced by permanent magnets instead of
windings, therefore no external power supply is needed.

[ROTOR AND STATOR SPEED]

permanent magnet synchronous generator
PMSG

permanent magnet alternator

PMA

synchronous generator whose rotor magnetic field is produced by permanent
magnets instead of windings and thus no external power supply is needed.

[PARTS]

direct-drive permanent magnet generator
DDPMG
gearless permanent magnet generator

permanent magnet generator that allows electricity production in low rotor speed
conditions without the use of a gearbox that increases rotor speed.

self-excited induction generator
SEIG

induction generator whose field excitation is taken directly from the armature.

electrically excited synchronous generator
EESG

synchronous generator in which a direct current source provides the rotor

magnetization, usually via slip rings and brushes.

[PARTS]

brushless electrically excited synchronous generator
BEESG

electrically excited synchronous generator in which, instead of brushes, a rotary
alternating current exciter is connected to the rotor through a bridge rectifier to
provide excitation.

Fig. 9 Extract of the Modifiers + Head view of the multi-word terms of generator

As previously stated, the Modifiers + Head view focuses on the CNs formed from a given term,
which are defined and semantically organized. This semantic organization is present in all the views of
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the CN module and is based on the conceptual dimensions evoked by these phraseological units. For
instance, depending on their excitation, generators can be permanent magnet generators, self-excited
induction generators or electrically excited synchronous generators. These conceptual dimensions are
listed based on the frequency of the CNs activating them. The CNs in each dimension are also organized
based on their frequency (e.g. permanent magnet generator is more frequent than electrically excited
synchronous generator).

Hyponyms are indented and preceded by the dimension activated (e.g. permanent magnet
synchronous generator highlights the dimensions of EXCITATION and ROTOR AND STATOR SPEED).
Because of their multidimensionality, terms can emphasize different dimensions of the same concept
(Kageura 1997). This is frequently the case in CNs, which can either focus on one dimension, or combine
several, as in the example of permanent magnet synchronous generator, which alludes to its excitation
with permanent magnets and the speed of its rotor and stator, which is synchronous. As a result, CNs that
combine several dimensions usually have more than one hypernym and are thus included under all of
them (e.g. permanent magnet synchronous generator is indented under permanent magnet generator and
synchronous generator), with a view to showing the different conceptual hierarchies that can be
established.

As shown in Figure 9, each term appears with its synonyms. Even though CNs have a high level
of variation (Cabezas-Garcia and Faber 2017c), the CN module in EcolLexicon only includes
abbreviations and those synonyms that have sufficient frequency and a linguistic form that is significantly
different from the CN in question. Furthermore, the definitions show hyperlinks of the terms in the
database, which allow users to access their term entry by clicking on the term or to visualize its definition
in a floating window.

Figure 9 also shows the search box in the upper right corner of all the views of the CN module.
This box facilitates the retrieval of a CN as well as a proximity search that shows the closest CNs. The
proximity search can be very helpful given the identification problems often posed by CNs. For instance,
when a user enters the search "excited generator”, the following CNs containing those terms appear: self-
excited induction generator, electrically excited synchronous generator, brushless electrically excited
synchronous generator.

However, for the translations of CNs, users should choose the bilingual view. This view
currently shows English and Spanish correspondences, but it will be extended to include the other
languages in Ecolexicon. Figure 10 shows an extract of the bilingual view of the CN module of
EcoLexicon.

13
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Search

[EXCITATION]

permanent magnet generator

EN | pMG

ES | generador de imanes permanentes

[ROTOR AND STATOR SPEED]

permanent magnet synchronous generator
PMSG

permanent magnet alternator

PMA

generador sincrono de imanes permanentes
ES | PMSG
GSIP

[PARTS]

direct-drive permanent magnet generator
EN | DDPMG
gearless permanent magnet generator

generador de imanes permanentes sin caja multiplicadora

ES generador de imanes permanentes de accionamiento directo

EN self-excited induction generator
SEIG
generador de induccion auto-excitado
ES | GIAE
SEIG
EN electrically excited synchronous generator
| EESG
ES | generador sincrono de excitacion independiente

[PARTS]

brushless electrically excited synchronous generator
BEESG

EN

ES | generador sincrono de excitacion independiente sin escobillas

Fig. 10 Extract of the EN-ES view of the multi-word terms of generator

The CN module of EcoLexicon offers additional functionalities. The main options available in
all the views are the following: (i) internal semantic relations between the constituents of the CN;
(ii) usage examples; (iii) verb collocations that represent the same phraseological pattern; (iv) notes; and
(v) the term entry in EcoLexicon. The non-specification of the semantic relations between the constituents
of CNs is one of the main difficulties of these phraseological units. For example, in direct-drive
permanent magnet generator, direct drive alludes to the gearbox that the generator does not have and thus
refers to a part of the generator, which is excited by permanent magnets. Usage examples are also
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provided, which allow the visualization of the CN in real contexts. As for verb collocations, the
connection between the CN and the verb collocation sections of the phraseological module will be based
on micro-contexts. In other words, there will be an association of CNs and collocations whose predicates
are organized in the lexical domains of Faber and Mairal (1999) and complemented by arguments filled
by specific semantic categories and roles. For example, the CN erosion control structure and the verb
collocation a structure controls erosion follow the same phraseological pattern: a CONSTRUCTION
[INSTRUMENT] controls [ACTION] an ENVIRONMENTAL PROCESS [PATIENT], which also gives rise to other
more specific CNs and collocations, such as groyne erosion and groynes control beach erosion. The CN
module also includes usage notes, such as the widespread use of an English abbreviation in Spanish
(e.g. PMSG [permanent magnet synchronous generator], more frequent in Spanish than GSIP [generador
sincrono de imanes permanentes]) or the polysemy of certain terms (e.g. wind generator can designate
either a wind turbine or one of its parts, namely the generator that converts rotational mechanical power
into electrical power). Finally, the term entry in EcoLexicon can also be accessed, where definitions,
translations, conceptual networks, images, etc. are provided. As for the bilingual view, access to
definitions is also offered in these secondary options since the main interface of this view focuses on
English and Spanish equivalences. Figure 11 illustrates the additional functionalities of the CN module,
taking the Modifiers + Head view as an example.

Search

[ROTOR]

squirrel-cage induction generator
SCIG

induction generator whose rotor winding is made of aluminium or copper bars
embedded in the rotor magnetic core, forming a cage-like shape.

wound rotor induction generator ) |
wound rotor asynchronous generator Internal semantic relations

induction generator that uses slip-rings and brushes to conij Usage examples

converter. which controls the generator's speed and power fa K
Verb collocations

Notes

[GRID CONNECTION] . i
Term entry in EcoLexicon

doubly-fed induction generator
DFIG
double fed induction generator

wound rotor_induction generator that is fed from its both stator and rotor sides.

The stator is directly connected to the grid while its rotor is connected to the grid
through a yariable frequency AC/DC/AC converter, which optimizes the
operation of the turbine.

Fig. 11 Additional functionalities of the Modifiers + Head view

The design of the CN module of EcoLexicon presented in this section can help in cognitive
situations, i.e. when users need encyclopedic knowledge related to language, specialized language, culture
or any specific subject field (L'Homme and Leroyer 2009: 269), as well as in communicative situations,
i.e. when they need dictionary assistance in some textual activity, such as reading or revising a text,
translating a source text into a target text language or writing a text in the mother tongue or in a foreign
language (L'Homme and Leroyer 2009: 270). Thus, users of different profiles can access terminographic
resources such as EcolLexicon in these situations. They can be subject specialists, professional
communication mediators (e.g. technical writers, translators, and interpreters), lexicographers and
terminologists, information and documentation specialists, language planners, professional language users
(e.g. publishers, language teachers), linguistic engineering and artificial intelligence professionals, and
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laypeople (Sager 1990; Cabré 1999). Consequently, Ecolexicon users can be said to be English or
Spanish native speakers, who need to perform environment-related tasks with different degrees of
expertise for cognitive or communicative purposes (Lopez-Rodriguez et al. 2012; Leodn-Araiz and
Reimerink 2018).

Thanks to the inclusion of different types of information, EcoLexicon meets the needs of these
potential users that must understand or produce texts in English or Spanish, despite not being native
speakers of either of these languages, a situation that is the order of the day in scientific communication
(Faber 2012). In fact, the user evaluation of EcoLexicon (LOpez-Rodriguez et al. 2012) showed that
conceptual relations, equivalents and synonyms, phraseology, contexts, and definitions were among the
most useful information types for translators. Conceptual organization, as shown in the CN module, was
also preferred to alphabetically-ordered information since it contributed to knowledge acquisition (Lépez-
Rodriguez et al. 2012). Other surveys (Duran-Mufioz 2010; Le6n-Aralz and Reimerink 2018) obtained
similar results and underlined the usefulness of including CNs in knowledge resources, as well as their
abbreviations and acronyms. In fact, Ledn-Aralz and Reimerink (2018) argue that the search options
should be improved in terminographic resources, an aspect that has been taken into account in the
different types of query proposed. For these reasons, the design of the CN module of EcoLexicon and the
information that it provides will be valuable for users of this resource since it takes into account the
cognitive and communicative situations in which they may be involved.

5. Complex nominal formation in English and Spanish

In English, specialized concepts are frequently designated by CNs (Sager et al. 1980; Faber 2012; Sanz
Vicente 2012; Nakov 2013). These phraseological units pose a wide range of problems affecting
translators, language for specific purposes students (Kernerman 2007; Ding 2018), and experts, who wish
to publish their scientific articles in English (Sanz Vicente 2012). However, there is a lack of studies and
specialized resources addressing CNs, especially when it comes to dealing with languages other than
English (Smith et al. 2014). Neither has the formation and internal structure of CNs been a focus of
attention (Sanz Vicente 2012), especially in the case of CNs formed by more than two constituents and
those including adjectives and other parts of speech. The CNs in this study allowed us to provide a
preliminary design of the CN module in EcoLexicon and afforded insights into the formation of these
phraseological units in English and Spanish.

The English CNs were formed by a nominal head, which was premodified not only by nouns but
also by adjectives, and to a lesser extent, by adverbs and participles. Namely, 18 out of the 39 English
CNs were premodified only by nouns (e.g. induction generator); almost the same number of CNs (16)
were also modified by adjectives (e.g. wind electric generator); and 5 CNs included adverbs and/or past
participles among the modifiers (e.g. electrically excited synchronous generator). This underlines the
need to consider CNs formed not only by nouns, but also by adjectives, adverbs and participles.
Alternatively, the heads of the Spanish CNs were postmodified by prepositional phrases or adjectives. In
21 out of the 42 Spanish CNs, the head was postmodified by a prepositional phrase mostly introduced by
the preposition de [of] and usually followed by nouns, adjectives, and sometimes by adverbs and
participles (e.g. generador de induccién de rotor bobinado [wound rotor induction generator]). On the
other hand, in 19 CNs the head was postmodified by adjectives, which in some cases were followed by
prepositional phrases (e.g. generador asincrono de jaula de ardilla [squirrel cage induction generator]).

Regarding the number of constituents, the English CNs were found to be mainly formed by two
(12 CNs), three (12 CNs), or four components (13 CNs), although there were also 2 CNs formed by five
components. As for Spanish, the CNs were formed by two (14 CNs), three (5 CNs), four (9 CNs), five
(6 CNs), or six components (6 CNs), with 2 CNs formed by seven components. These longer structures in
Spanish are not surprising, because instead of the noun packing typical of Germanic languages, CNs in
Romance languages have adjectival and prepositional postmodification.

Accordingly, CNs are formed from underlying predicates (Levi 1978) that can acquire different
forms in each language or even in the same language. For instance, electrically excited synchronous
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generator has two concealed predicates, namely excite (excited) and generate (generator). However, in
its Spanish counterpart, generador sincrono de excitacién independiente, the verb excitar [excite] does
not appear as a past participle, but rather as a nominalization (excitacién [excitation]). For this reason,
equivalences must be based on meaning rather than form (Buendia Castro and Faber 2016). This means
that micro-contexts are vital to establish interlinguistic correspondences and the formation of CNs.

In micro-contexts, the head of a CN can be regarded as having an argument structure (Rosario et
al. 2002). More specifically, it opens slots that are filled by specific conceptual categories (Wisniewski
1997; Rosario et al. 2002; Maguire et al. 2010) that play a semantic role. These slots are perceivable in
the definition of the head concept. When these slots are filled, this gives rise to the formation of CNs that
make the meaning of the head more specific. For instance, an electrically excited synchronous generator
is a "synchronous generator in which a direct current source provides the rotor magnetization, usually via
slip rings and brushes". Namely one of its frequent parts, the brushes, give rise to the formation of its
hyponym brushless electrically excited synchronous generator, which indicates the lack of this
component.

Multidimensionality or the different perspectives from which the characteristics of a concept are
usually specified (Kageura 1997) plays a relevant role in the formation of CNs (Cabezas-Garcia and
Faber 2017a). Therefore, the concepts designated by these phraseological units can emphasize different
characteristics or dimensions. For instance, both wound rotor induction generator and variable speed
generator can designate the same concept, although the former refers to its rotor and the latter alludes to
its operation at variable wind speeds. Multidimensionality is also at the origin of long CNs, which in our
sample were composed of up to five constituents in English and seven in Spanish. These long CNs often
stem from the combination of dimensions, which is related to the specification of the micro-context. For
example, brushless electrically excited synchronous generator refers to the rotor and stator speed in the
generator (synchronous), its excitation (electrically excited), and the lack of a component (brushless). As
can be seen, these longer strings are especially complex, because their internal structure must be
identified in order to elicit the semantic relations among the different groups.

Long CNs are usually condensed in the form of abbreviations (e.g. PMSG, DDPMG, SCIG, etc.).
Namely, 30% of the English term candidates® and 23% of the Spanish set of terms were abbreviations.
However, the abbreviations used in Spanish did not always stem from the Spanish CNs. There were often
English abbreviations in Spanish (such as SCIG, which stands for squirrel cage induction generator, and
is used instead of generador asincrono de jaula de ardilla), some Spanish terms were formed from a
combination of English and Spanish constituents (e.g. generador DFIG [doubly-fed induction
generator]), and in some cases the abbreviations in both languages coexist in Spanish (as in generador de
induccion auto-excitado [self-excited induction generator], which is abbreviated either as GIAE or SEIG).
These particularities, which are recorded in the CN module of EcoLexicon, are a sign of the instability of
CNs. The frequent variation of these phraseological units is evidenced in their high number of synonyms,
which were particularly based on morphosyntactic permutations. In English, 19 out of the 21 concepts
analyzed had more than one variant, with up to nine denominations in some cases (see Figure 12). As for
Spanish, 15 out of the 21 concepts were designated by more than one denomination, although some of
them had up to thirteen designations (see Figure 12). These synonyms often entail minimal changes, such
as hyphens, but they can also have significantly different forms, as evidenced in the synonyms and
equivalents of wind turbine generator system (Figure 12):

6 For the elaboration of these percentages, the sets of term candidates were augmented to 56 and 52 terms in English
and Spanish, respectively, instead of the previous amounts of 39 and 42, which included CNs extracted by means of
CQL queries and their synonyms, but did not take abbreviations into account with a view to exploring the number of
constituents and parts of speech of the full forms of CNs.
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wind turbine generator system
WTGS

wind turbine

wind generator

EN windmill

wind energy conversion system
WECS

wind machine

aerogenerator

acrogenerador

turbina edlica

generador edlico

sistema edlico

WECS

molino de viento

ES turbina de viento
aeroturbina

sistema de conversion de energia edlica
sistema de energia edlica
AG

sistema de generacion edlica
maquina edlica

Fig. 12 Synonyms and Spanish equivalents of wind turbine generator system

This marked variation is often regarded as a sign of neology (Cabré 1999), which is also
indicated by the frequent use of calques in Spanish (Cabezas-Garcia and Faber 2017¢). Some examples of
calques are generador de induccion doblemente alimentado [doubly-fed induction generator] and
generador asincrono de jaula de ardilla [squirrel cage induction generator], which maintain the
metaphor alluding to the form of the rotor. In conclusion, it has been shown that exploring the formation
of CNs is an essential step towards their analysis and representation in linguistic resources, such as the
CN module that we have presented in this paper.

6. Conclusions

Phraseological units play a major role in general language and specialized discourse because of their high
frequency (Sinclair 2000) and the difficulties that they usually cause to non-native users (Benson et al.
2009; Inoue 2014). In English, the lingua franca of communication (Tono 2014), specialized concepts are
usually conveyed by means of CNs (Sager et al. 1980; Faber 2012; Sanz Vicente 2012; Nakov 2013).
However, these phraseological units, which are characterized by their syntactic-semantic complexity, are
not usually recorded in specialized resources and their treatment is not systematic (Cabezas-Garcia and
Faber 2017a).

This article has described the representation of CNs in EcoLexicon (www.ecolexicon.ugr.es), a
multilingual terminological knowledge base that focuses on environmental science. CNs will be
incorporated into the phraseological module of EcoLexicon, which already includes verb collocations and
will provide different access points to information (Kwary 2012). This research focuses on two of the
views of the CN module, namely the formation of CNs from a specific term and the bilingual view. For
that purpose, we used a wind power corpus in English and Spanish for term extraction, semantic analysis
(by means of knowledge patterns, verb paraphrases and free paraphrases), establishment of interlinguistic
correspondences, and definition crafting.

The Modifiers + Head view presented in this article focuses on the CNs formed from a given
term (e.g. generator > synchronous generator, induction generator, wind generator, diesel generator,
etc.), which are defined and semantically organized (Figure 9). This semantic organization is present in
all the views of the CN module and is based on the conceptual dimensions evoked by these phraseological
units (e.g. ROTOR, EXCITATION, GRID CONNECTION). On the other hand, the bilingual view prioritizes
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translations (e.g. switched reluctance generator [EN]; generador de reluctancia conmutada [ES])
(Figure 10). Furthermore, secondary options are available in all the views, namely the internal semantic
relations between the constituents of the CN, usage examples, verb collocations that represent the same
phraseological pattern, notes, and the term entry in EcoLexicon, as well as definitions in the bilingual
view.

Our main objective was to structure the representation of CNs in EcolLexicon based on their
semantics, which is the basis for the establishment of mapping rules and facilitates knowledge acquisition
(Faber 2012). This led to the study of CN formation in English and Spanish, which is vital to the semantic
analysis and linguistic representation of CNs. Thus, premodification patterns were found to be prevalent
in English, while postmodification was preferred in Spanish. CNs were composed of a varying number of
constituents: from two to five in English, and from two to seven in Spanish, due to the fact that Romance
languages do not admit noun packing. Furthermore, CNs were found to be formed from underlying
predicates (Levi 1978), which are directly linked to micro-contexts. These are essential in the
establishment of interlinguistic correspondences and the formation of CNs. Multidimensionality played
an important role in CN formation, especially in the development of long CNs, which are often condensed
in the form of abbreviations. Finally, CNs usually had different synonyms to name the same concept. This
high instability has often been regarded as a sign of neology (Cabré 1999; Cabezas-Garcia and Faber
2017c).

Different users can benefit from this proposal of CN representation, such as specialists and semi-
experts in the environmental domain, and language professionals and students (Kernerman 2007; Ding
2018) since the design of the CN module and the information provided have been found to be especially
valued by users of terminographic resources (Lopez-Rodriguez et al. 2012; Ledn-Aralz and Reimerink
2018). Moreover, it can be applied to both general and specialized dictionaries and databases in different
languages, as well as to individual words. In future research the views regarding the syntactic and
semantic combinations in CNs will be further developed. One of our research focuses will be recurrent
semantic patterns in CN formation (e.g. SPEED + MACHINE: variable speed wind turbine, fixed speed wind
turbine, variable speed generator, fixed speed generator) and their usefulness in the inference of semantic
relations. The slot-filling of micro-contexts and their relevance for establishing correspondences will be
assessed using inter-annotator agreement. Once all the views of the CN module are implemented in
EcoLexicon, another evaluation of the resource by its potential users will be carried out following
previous evaluations of EcoLexicon (Lépez-Rodriguez et al. 2012) and of other related terminographic
resources (Lebn-Aralz and Reimerink 2018). For this purpose, different groups of subjects
(e.g. translators, domain experts, etc.) will be assigned a cognitive or communicative task related to the
environment and will be asked to use EcolLexicon and, in particular, the CN module to complete the
assignment. Then, they will be asked to fill out a questionnaire on their user profiles and give their
opinion of the tool’s usability, functionality and efficiency (as highlighted in the 1SO 9128 standard for
software product evaluation), as well as problems encountered and possible improvements, with a view to
enriching the CN module of EcoLexicon.
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