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Abstract. Complex nominals (CNs) are characterized by the omission of the
semantic relation between their constituents due to noun packing. Despite their
frequency in specialized texts written in English [1] their representation and in-
clusion in knowledge resources has received little research attention. This paper
presents a proposal for the inclusion of CNs in an English terminographic re-
source on renewable energy. For that purpose, we used knowledge patterns and
paraphrases to access the meaning of CNs in a wind power corpus. We then
filled the definitional templates proposed by Frame-based Terminology [2]. Our
main goal was to conceptually organize a term entry to facilitate knowledge of
the domain while keeping the entry length to a minimum. Furthermore, this
proposal is a valuable starting point toward the development of bilingual and
multilingual resources since translation should be based on meaning. Our re-
sults also afforded insights into compound term formation in English, as re-
flected in the addition of specific values to the semantic relations encoded by
the hypernym. Term instability and multidimensionality were also prevalent.
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1 Introduction

Renewable energies have led to the creation of new terms that should be included in
knowledge resources. Complex nominals (CNs) are of particular importance since
these phraseological units are very frequent in scientific texts [1][3][4][5][6][7]. Noun
packing, the omission of constituents, and the non-specification of the semantic rela-
tion between the units forming the CN, often result in a lack of compositionality and
transparency in these terms [8][9]. In other words, the meaning of a CN cannot al-
ways be predicted from its head and modifiers [10]. The only clear information is that
“it denotes something (conveyed by the head) that is somehow related to something
else (conveyed by the modifier)” [8: 100].
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This paper describes how CNs can be included in an English terminographic re-
source on renewable energies. For that purpose, a corpus of specialized texts on wind
power was used to extract paraphrases and knowledge patterns [11][12] (see sec-
tion 3), which facilitated access to the semantics of these phraseological units. Fur-
thermore, a specialized corpus on the environment (available in Open Corpora in
Sketch Engine) provided a larger amount of data. We then filled out the definitional
templates proposed by Frame-based Terminology [2], which include the semantic
relations encoded by the CNs and permit the clustering of related terms.

Our objectives were to access the semantics of CNs, verify whether their meaning
could be understood in terms of similar CNs [10], and conceptually organize the term
entry on the basis of this shared meaning. To the best of our knowledge, the semantic
organization of specialized CNs, and the inclusion and description of CNs formed by
more than two terms have not received sufficient research attention. Moreover, this
proposal facilitates knowledge representation of the domain while keeping the entry
length to a minimum. It is also a valuable starting point toward the development of
bilingual and multilingual resources [3][13].

2 Complex nominals in dictionaries

Complex nominals (CNs), e.g. power plant, are very frequent in English specialized
texts [1][31[4]1[5][6][7]. They are expressions with a head noun preceded by one or
more modifiers (i.e. houns or adjectives) [14]. These multi-word terms are character-
ized by their syntactic-semantic complexity since two or more concepts are juxta-
posed without any explicit indication of the relation between them [10]. This usually
entails the formation of long CNs that may be difficult to understand [15], which
highlights the need to describe them in specialized resources. CNs can be endocentric
(the focus of our study), when one term is the head and the other constituents modify
it [1], e.g. wind power. Alternatively, they can be exocentric, when the CN is not a
hyponym of one of its elements, and thus appears to lack a head [16], e.g. saber tooth.

One of the essential characteristics of CNs is the existence of underlying proposi-
tions that can be inferred in the term formation processes, as highlighted in Levi [14]:
predicate deletion (e.g. power plant instead of a plant produces power) and predicate
nominalization (e.g. power generation instead of power is generated). Along these
lines, Mel’¢uk et al. [17] argue that argument structure is fundamental when describ-
ing predicates. Given that CNs have concealed or nominalized verbs, the study of
micro-contexts (i.e. the relation between a predicate and its argument structure [18])
is crucial in terminographic descriptions.

In the last twenty years, research on CNs has addressed the formation and use of
these multi-word units, their semantics, and different methods for interpreting them
[14][19][20][21][22][23][24]. More recently, CNs have been investigated for transla-
tion purposes [5], and special attention has been paid to their formation and interpre-
tation [7][25], namely by means of paraphrasing verbs and prepositions [1][26]. How-
ever, the focus has been on two-term CNs. Furthermore, CNs have not been systemat-
ically treated in dictionaries [27] though most authors agree on their inclusion as sub-



lemmas of a main entry [11][28] because other locations could prevent readers from
finding the right information [11]. Whereas some authors point out that multi-word
units should appear under the first content word [29], others defend that CNs should
be a sublemma of the head noun [28][29]. Nonetheless, there is general consensus that
the inclusion and treatment of phraseological units depends on user needs [11][27].

3 Meaning access in complex nominals

The non-specification of the semantic relation between CN constituents often makes it
difficult to understand the meaning of these phraseological units. Traditionally, inven-
tories of semantic relations have been the preferred way of accessing this conceptual
link ([19][20][30][31] inter alia). However, these classifications can pose problems
such as the choice of the best set of relations, their abstract nature, and the existence
of more than one possible relation in the same CN [1].

For these reasons, Downing [21] argues that current inventories of semantic rela-
tions cannot capture the conceptual relation between the constituents of a CN. In this
respect, authors such as Nakov and Hearst [32] suggest that the best way of ascertain-
ing the meaning of a CN is by means of multiple verb paraphrases. For instance, ma-
laria mosquito can be paraphrased using different verbs such as carry, spread, cause
or transmit, which specifically convey the action carried out by the mosquito (for
more examples, see Hendrickx et al. [4], Butnariu et al. [26], and Nulty and Costello
[33] inter alia). In our opinion, inventories of semantic relations and paraphrases are
complementary approaches since the informativity of conceptual relations can be
enhanced by means of fine-grained verb paraphrases [18].

Knowledge patterns (KPs) are also very useful for the extraction of semantic rela-
tions [34][35][36]. They are lexico-syntactic patterns that encode semantic relations in
real texts [11][12]. Table 1 shows some of the most frequent KPs in the environmen-
tal domain (as well as in general language) [37: 8].

Table 1. Knowledge patterns in Ledn-Aralz and Reimerink [37: 8].

Semantic relation Knowledge pattern
IS_A such as, rang* from, includ*
PART_OF includ*, consist* of, formed by/of
MADE_OF consist* of, built of/from, constructed of, formed by/of/from
LOCATED_ AT form* in/at/on, found in/at/on, tak* place in/at, located in/at
RESULT OF caused by, leading to, derived from, formed when/by/from
HAS_FUNCTION designed for/to, built to/for, purpose is to, used to/for
EFFECTED_BY carried out with, by using

Another kind of KP are ‘grammatical knowledge patterns’ (e.g. noun + verb), that
coincide to a great extent with verb paraphrases and are very useful when identifying
functional relations [11].

Nevertheless, KPs also have difficulties such as noise and silence, pattern varia-
tion, anaphora, linguistic and domain dependence, etc., which must be taken into ac-
count [36]. Section 4 describes the use of paraphrases and KPs in this research.



4 Materials and methods

For the purpose of the study, a corpus® on wind power of approximately 1 million
words was manually compiled. It was composed of highly specialized texts, namely
scientific articles and PhD dissertations, originally written in English and published in
high-impact academic journals. The corpus was uploaded to Sketch Engine
(https://www.sketchengine.co.uk/) [38], a corpus analysis tool that can generate con-
cordance lines, word sketches (frequent word combinations), wordlists, etc.

The ‘Keywords/Terms’ function of Sketch Engine was then used to extract a list of
the single-word (keywords) and multi-word lexical units (terms) most typical of the
wind power corpus, which was automatically contrasted with a reference corpus. Giv-
en the limited scope of this study, the maximum number of keywords and terms was
set at 100. We observed that turbine was ranked first in the keywords list and wind
turbine appeared in third position on the terms list. The high prevalence of these terms
was confirmed in a term extractor, TermoStat (http://termostat.ling.umontreal.ca/)
[39], where wind turbine was the second most frequent term of a list of 8,533% CNs of
the wind power corpus. After consulting specialized resources [40][41][42], it was
found that wind turbine was not uniformly treated, and more often than not, its hypo-
nyms were not described, despite the fact that they are recurrent terms in the domain.

As a solution, we analysed the word sketches generated in Sketch Engine. These
sketches showed the terms that usually modify wind turbine and thus allowed us to
select term candidates that were hyponyms of wind turbine. We selected those CNs
with a higher frequency?, which did not belong to an extended, irrelevant CN, and
whose constituents were linked by semantic relations, with a view to conceptually
organizing them and to facilitating knowledge acquisition. CNs formed by general
words were rejected (e.g. prospective wind turbine, offshore wind turbine, three-
bladed wind turbine) since the differentiae with other cohyponyms could be easily
inferred. However, other CNs such as variable speed wind turbine, apparently easy to
understand, convey information that is relevant to their meaning and which cannot be
directly elicited from their surface form. They were thus included in our proposal. Our
list of term candidates was then composed of 12 CNs, which were hyponyms of wind
turbine, such as lift force wind turbine, upwind turbine, and shroud wind turbine.

According to Frame-based Terminology [2], each conceptual category has a proto-
typical template composed of the semantic relations activated by this category. Defi-
nitional templates, which were used in Frame-based Terminology since the
ONCOTERM research project [2], are thus the basis for homogeneous category-specific
definitions that make the semantic relations explicit, as well as the logical organiza-

1 This corpus is planned to be annotated with CNs occurrences and made available in Open

Corpora (Sketch Engine).

Even though TermoStat is an excellent term extractor, it often offers some noise due to the
inclusion of wrong CNs (e.g. page u) or irrelevant parts of longer CNs (e.g. mw wind).

Since we focused on CNs that were hyponyms of wind turbine, the search was limited to
CNs mostly formed by three or more constituents. This explains the relatively low frequency
of term candidates (35 occurrences on average). However, since they are key concepts of the
domain, they should be described in a resource specialized in wind power.



tion of the microstructure of a term entry. First, the template of the hypernym wind
turbine was filled with the information extracted by means of KPs and paraphrases, as
detailed below, and later applied to its hyponyms. Property inheritance was evidently
present, and subtypes added specific values that distinguished them from their cohy-
ponyms. Table 2 shows the template of wind turbine, whose properties are inherited
by its hyponyms, which add specific values (Table 3), such as the attributes of the
parts (axis of rotation parallel to the ground). Although, this has some similarities
with traditional ontologies, as previously mentioned, it advances the idea of a catego-
ry-specific template that acts as a blueprint for the definitions of category members.

Table 2. Definitional template of wind turbine.

wind turbine

IS_A device

HAS_PART blade, rotor, shaft, generator, nacelle, gearbox, bearings,
yaw control, tower

USES_RESOURCE wind

HAS_FUNCTION convert wind energy to electrical or mechanical power

Table 3. Definitional template of horizontal axis wind turbine.

horizontal axis wind turbine

IS_A wind turbine

HAS_PART axis of rotation parallel to the ground

With a view to accessing the meaning of CNs and filling in these templates, KPs were
applied to the wind power corpus in order to ascertain the semantic relations encoded
by wind turbine. For that purpose, the KP-based grammars developed by Leén-Aralz
et al. [36] were implemented in the wind power corpus. This facilitated the grouping
of related terms in word sketches that specify the semantic relation between the terms
(e.g. PART_OF, HAS_FUNCTION, LOCATED_AT, etc.). Subsequent CQL queries of the
KPs collected in Ledn-Aralz et al. [36] were performed in order to find further
knowledge-rich contexts (KRCs), i.e. “a context indicating at least one item of do-
main knowledge that could be useful for conceptual analysis” [11]. Nevertheless, it
was impossible to extract sufficient data because of the reduced size of the corpus
(which will be expanded in future work) and the limited number of linguistic forms
that a semantic relation can have in specialized texts [35].

Therefore, we decided to use the EcoLexicon English Corpus, a corpus of special-
ized environmental texts, consisting of more than 23 million words pertaining to dif-
ferent environmental subdomains, which is now available in Open Corpora (Sketch
Engine). By using the KP grammars [36] and CQL queries of KPs, the semantic rela-
tions activated by turbine were ascertained, such as its parts and its function. Even
though future work will further refine these grammars and enhance them with more
KPs and restrictions, these word sketches permitted us to access the conceptualization
of wind turbine (essential in the formation of specific hyponymic CNs) and thus elab-
orate the definitional template of this CN. This template was complemented with and



confirmed by the data extracted by means of paraphrases, as subsequently explained,
and the information in specialized resources [40][41][42].

Thus, paraphrases were also used to query the corpus. As argued in Auger and Bar-
riere [35], when elucidating the semantic relation implicit in CNs, KPs must be com-
plemented by an analysis of the syntactic relations that show semantic relations. This
can be accomplished by means of paraphrases, which specify the relation between the
constituents of the CN [1]. We thus performed CQL queries in Sketch Engine, which
allows more sophisticated queries for the optimal extraction of paraphrases with spe-
cific lexical or grammatical patterns. Table 4 shows a query to extract words between
turbine and lift and vice versa, in a span of 10 tokens. As can be observed, the para-
phrases reveal the semantic content that is concealed in CNs because of noun packing,
and they also give access to explanatory segments. Furthermore, they permit the iden-
tification of related terms (e.g. lift force wind turbine and drag force wind turbine are
terminological antonyms, as reflected in the use of instead and either).

Table 4. CQL query of paraphrases of lift force wind turbine.

(meet [lemma= ""turbine'] [lemma=""lift""] -10 10) within <s/>

Modern wind turbines are predominantly based on aerodynamic lift. Lift force use aerofoils
(blades) that interact with the incoming wind.

Wind turbines using aerodynamic lift can be further divided according to the orientation of
the spin axis into horizontal-axis and vertical-axis type turbines.

Turbines can be divided into "'lift" machines and "drag" machines according to which force
is generated by the wind and exploited as "motive force".

In the "lift" turbines, with respect to the "drag" type, the wind flows on both blade surfaces,
which have different profiles, thus creating at the upper surface a depression area with re-
spect to the pressure on the lower surface.

The design of these modern turbines uses lift instead of drag to spin the blades.

Depending on the design of the turbine, either drag or lift moves the blades.

As previously mentioned, our objective was to verify whether the semantics of spe-
cialized CNs could be at least partly derived from the meaning of similar CNs
[10][15][25][43]. To this end, hyponyms were organized in different groups based on
the semantic relation between their constituents. The groups were alphabetically ar-
ranged, whereas the CNs in each group were listed according to their frequency. For
example, horizontal axis wind turbine had 33 occurrences and thus appeared before
vertical axis wind turbine, which had 27 occurrences (see Figure 1, where indentation
shows hyponymic relations, semantic relations appear in small caps in square brack-
ets, and attributes are in brackets).

wind turbine
[HAS_PART (DIRECTION)]
horizontal axis wind turbine; vertical axis wind turbine
[HAS_PART (LOCATION)]
upwind turbine; downwind turbine
[MOTIVE_FORCE]




lift force wind turbine; drag force wind turbine

[HAS_PART]

shroud wind turbine; gearless wind turbine

[HAS_PART (SPEED)]

variable speed wind turbine; fixed speed wind turbine
[HAS_PART (MOVEMENT_CONTROL)]
variable pitch wind turbine; stall-regulated wind turbine

Fig. 1. Organization of hyponyms based on the semantic relations between their constituents.

Finally, we performed CQL queries to find KPs that revealed synonyms of the CNs,
such as is a synonym of, also called, referred to as, etc. (see Figure 2 below). Other
synonyms were found by the identification of synonymic KPs when reading parallel
documents (i.e. online texts and websites on wind power) for documentation. For
instance, diffuser augmented wind turbine was found to be a synonym of shroud wind
turbine, as revealed in concordances such as A shroud wind turbine, often referred to
as a diffuser augmented wind turbine (...).

5 Semantic organization of a term entry

At first glance, a user of a specialized resource might think that all the CNs based on
wind turbine are subtypes of this concept without any internal differences. However,
after an in-depth conceptual analysis of CNs by means of KPs and paraphrases, hypo-
nyms of wind turbine were found to belong to different hierarchical levels. In other
words, they established different semantic relations, and some of them were found to
be hyponyms of other terms. An effective specialized resource should reflect these
differences to facilitate understanding and the eventual translation of the terms.

We thus propose the inclusion of CNs as sublemmas of a main entry. Since they
are subtypes of a superordinate concept, a logical structure would presumably reflect
this conceptual hierarchy. Furthermore, CNs usually designate very specific concepts,
which explains the relatively low number of occurrences in the corpus that would
validate their inclusion as main entry terms. On the other hand, the head of these CNs
is a noun, which is the part of speech most often consulted by users [29], thus avoid-
ing difficulties in finding the CN in question.

Our proposal focuses on the conceptual organization® of the microstructure of a
term entry. Hyponyms are usually CNs, which, despite their formal similarity, may
have quite different meanings, as reflected in the concealed semantic relation between
their components. Many authors defend a semantic approach to lexicographic and
terminographic resources [2][17][44] since this reveals domain structure, facilitates
understanding of the concepts, and provides the basis for translation. This is extreme-
ly important because English texts are often translated for knowledge dissemination
purposes. Furthermore, in our opinion, hyponymic CNs must be defined since they

* The overlap in the CNs of this study is not a general rule since many hyponyms do not show

the same linguistic form as their hypernyms, e.g. abrasion as a hyponym of erosion.



are often formed by more than three constituents with no specification of the relation
between them. This evidently makes their comprehension more difficult.

With a view to conceptually organizing a term entry, we studied whether in spe-
cialized CNs, similar modifiers complemented the head in the same way
[10][15][25][43]. For instance, given the semantic relation CAUSES in wind erosion,
water erosion is expected to establish the same semantic relation [25] since the slots
opened by similar heads tend to be filled by similar modifiers [43], and vice versa.
This would indicate that the semantics of CNs could be partly derived from the mean-
ing of similar CNs [10]. In other words, our assumption was that CNs modified by
similar terms (e.g. variable speed wind turbine and fixed speed wind turbine) establish
the same semantic relation between their constituents. Thus, if one of the CNs were
defined, it would not be necessary to define the other. Nevertheless, after analysing
the meaning of CNs and their implicit semantic relations by means of KPs and para-
phrases, it was found that this hypothesis was not satisfactory for all specialized CNs.
This occurred because many of the specialized CNs were not compositional, i.e. their
meaning could not be directly construed from the meaning of their parts [8][9][10],
because there were often concealed constituents that were required for an accurate
understanding of the CN. For instance, stall-regulated wind turbine is not fully com-
positional because there is information missing (namely, the high wind speed condi-
tions necessary for the turbine to stall). Without further clarification, the meaning of
the CN is opaque since it cannot be understood from the meaning of its parts [10].

Therefore, our assumption was only applied to compositional (i.e. transparent)
CNs, where the only difficulty was the specification of the semantic relation between
their parts. This was especially true for CNs that are in opposition to each other (e.g.
horizontal axis wind turbine and vertical axis wind turbine). In these cases, it was
possible to infer the meaning of one of the related CNs from the definition of other
CNs in the same group (i.e. modified by similar terms and linked by the same seman-
tic relation [10][15][25][43]). As for non-compositional CNs (which does not mean
that they are idiomatic), both co-hyponyms were defined (e.g. variable pitch wind
turbine and stall-regulated wind turbine). Despite the fact that their constituents be-
longed to the same family, the meaning of the second CN was not easily construed
from the definition of the first because additional information was required. There-
fore, we found that the omission of the semantic relation was not the only problem in
CNs. More specifically, domain specificity and excessive noun packing (a source of
bracketing complexity) do not support the statement that the semantics of CNs can be
partly derived from the meaning of similar CNs [10]. However, this hypothesis is of
great importance since it considers essential features of CNs, though its application
depends on the purposes of the resource.

Figure 2 shows our proposal for the entry of wind turbine in a specialized
knowledge resource on renewable energies. This model can be applied to any lexico-
graphic or terminographic entry, both in electronic and printed® format. Electronic
resources are a frequent option in today’s world, given the fact that, unlike printed
dictionaries, they have no space restrictions and are easily updated. Furthermore, this

5 Usage examples should be explicitly stated in printed resources.



format offers different access points to the information [45] (e.g. search for phraseo-
logical pattern, conceptual category, lemma, conceptual representation, etc.).

wind turbine: turbine [USES_RESOURCE] wind.
Wind-driven device that converts wind energy to electrical or mechanical power (syn. wind
generator, windmill, aerogenerator). Usage examples.

horizontal axis wind turbine: wind turbine [HAS_PART (DIRECTION)] horizontal axis.
Wind turbine whose axis of rotation is parallel to the ground (syn. HAWT). Usage exam-
ples. Related terms: vertical axis wind turbine (syn. VAWT). Usage examples.
upwind turbine: horizontal axis wind turbine [HAS_PART (LOCATION)] upwind.
Horizontal axis wind turbine whose rotor faces the wind. Usage examples. Re-
lated terms: downwind turbine. Usage examples.

lift force wind turbine: wind turbine [MoTIVE_FORCE] lift force.

Wind turbine that uses lift forces (perpendicular to the direction of the air flow) to spin
the blades and turn the rotor. Usage examples. It contrasts with drag force wind turbine
(syn. impulse wind turbine), which uses drag forces (parallel to the direction of the air
flow). Usage examples.

shroud wind turbine: wind turbine [HAS_PART] shroud.

Wind turbine protected by a shroud that accelerates the incoming wind, significantly
increasing the mass and power available to the turbine (syn. ducted wind turbine, diffuser
augmented wind turbine, DAWT). Usage examples. Related terms: gearless wind turbine.
Usage examples.

variable speed wind turbine: wind turbine [HAS_PART (SPEED)] variable speed.
Wind turbine in which the rotor speed increases and decreases with changing wind
speeds. Usage examples. Related terms: fixed speed wind turbine (syn. constant speed
wind turbine). Usage examples.
variable pitch wind turbine: variable or fixed speed wind turbine [HAS_PART
(MOVEMENT_CONTROL)] variable pitch.
Variable or fixed speed wind turbine that adjusts the angle of the blades out of
the wind when experiencing high operational wind speeds in order to control the
output power (syn. pitch controlled wind turbine). Usage examples. It contrasts
with stall-regulated wind turbine (syn. passive stall-regulated wind turbine,
fixed pitch wind turbine), whose blades respond to high wind speeds by stop-
ping turning. Usage examples.

Fig. 2. Term entry proposal for wind turbine and its hyponyms.

As can be observed, the semantic relation between the CN constituents was specified
as a first step towards a full understanding of meaning. Related CNs were grouped
together when they were modified by similar terms, and the same relation was estab-
lished between their constituents. In each group, the phraseological unit with the
highest frequency in our wind power corpus was defined. As for compositional CNs,
the other CNs in the same group were only included as ‘related terms’. A definition
was not needed since their meaning can be easily inferred from the definition of the
first CN. The only difficulty in compositional CNs was the non-specification of the
semantic relation. Some examples are horizontal axis wind turbine and vertical axis
wind turbine, upwind turbine and downwind turbine, shroud wind turbine and gear-
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less wind turbine, and variable speed wind turbine and fixed speed wind turbine. Al-
ternatively, in non-compositional CNs, it was not possible to deduce the meaning of
the CN from the definition of other related CNs (mostly because of the omission of
constituents relevant to their meaning). Thus, the description of the related CN (e.g.
drag force wind turbine and stall-regulated wind turbine) was preceded by the ex-
pression it contrasts with. The latter CN does not require a full definition, given that
the characteristics differentiating it from its cohyponym are sufficient.

Definitions were based on the templates proposed by Frame-based Terminology
[2]. These templates reflect the semantic relations activated by a conceptual category
and provide consistency to term entries. The definitions in our proposal are composed
of a genus and differentiae. The genus indicates the category to which the term be-
longs. In this case, all the CNs were hyponyms of wind turbine, although there were
also more specific subtypes, such as upwind turbine, a hyponym of horizontal axis
wind turbine. Thus, property inheritance is evident in the sense that hyponyms acquire
the characteristics in the definition of their hypernym. On the other hand, the differen-
tiae are the features that distinguish a hyponym from its hypernym and the other units
in its lexical domain [2]. The differentiae of the hyponyms of wind turbine are usually
based on attributes of the parts of a turbine.

Although CNs are characterized by a high degree of instability [46], as shall be
explained, our proposal only included abbreviations and those synonyms whose lin-
guistic form was significantly different from the CN in question. Synonyms were
presented in brackets, introduced by the reduced expression syn. and followed by a
full stop. In non-compositional CNs, where all related CNs were defined, their syno-
nyms were placed immediately after the name of the CN to avoid possible misunder-
standings. Finally, usage examples can be consulted by clicking on the hyperlink
(simulated with underlined characters), which shows concordance lines of each CN in
the EcoLexicon English Corpus, available in Open Corpora (Sketch Engine).

As previously highlighted, the semantic organization of term entries facilitates
translation, because meaning is the starting point when rendering terms into another
language. English is the lingua franca of specialized communication, but there is a
need for translation for purposes of knowledge dissemination. For these reasons, this
proposal can be the basis for creating resources in other languages, especially given
the proliferation of renewable energy solutions in many different countries. In particu-
lar, this model can be used for the implementation of multi-word terms in the phraseo-
logical module of EcoLexicon (www.ecolexicon.ugr.es), a terminological knowledge
base on environmental science that is conceptually organized.

6 Term formation

The hyponyms of wind turbine were analysed as an example of CN formation in spe-
cialized domains. In English, the creation of CNs is the order of the day [5][7][46].
CNs are generally created to name more specific concepts, and thus are usually hypo-
nyms of a superordinate term. The hyponyms of wind turbine were created by adding
specific values to the semantic relations encoded by wind turbine, which appear in its
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definitional template. The CNs studied refer to different parts of a turbine, namely to
specific features of these parts, but such components are not explicitly mentioned in
the CN. This adds extra syntactic-semantic complexity to these phraseological units.

A distinguishing feature of new CNs is their instability, as reflected in their vari-
ants [28][46]. This instability is clearly evident in the concordance lines of the CNs,
where the frequent omission of some of the constituents of the CN is noteworthy. This
elision usually occurs as longer CNs with a high frequency in specialized discourse
are formed. For instance, in the case of (long) hyponyms of wind turbine, the constit-
uent usually omitted is wind or the part of the turbine in question since this is the most
evident information that can be disregarded. In contrast, the differentiae are always
present, because these are the distinguishing features of the term.

This instability of complex terms is linked in many cases to multidimensionality,
an essential phenomenon in specialized domains. The features of a concept are usual-
ly specified from different perspectives and the set of characteristics that define a
concept is normally multidimensional [47: 120]. Therefore, the hyponyms of wind
turbine emphasize different features, such as the direction of the axis of rotation, and
the location or the speed of the rotor. This conceptual dynamism does not mean that
several concepts are involved, but rather that different perspectives are taken in order
to highlight one or more characteristics of the same concept. For example, a horizon-
tal axis wind turbine can also be regarded as a variable speed wind turbine or a lift
force wind turbine, depending on the information emphasized.

Furthermore, CNs are a special type of term since they have the potential to com-
bine different dimensions in one phraseological unit. The union of these dimensions
results in the formation of very long CNs since these dimensions are part of the mi-
cro-context of the concealed proposition. In other words, they belong to the argument
structure, either as arguments, adjuncts, or attributes of these complements. Different
examples of this phenomenon were observed in the wind power corpus. For example,
stall-regulated horizontal axis wind turbine alludes to the direction of the axis of rota-
tion and the mechanism of movement control in high wind speeds, whereas horizontal
axis offshore wind turbine refers to the direction of the axis of rotation as well as the
location of the turbine. The formation of long CNs adds syntactic-semantic complexi-
ty to these units since internal groupings must be identified (i.e. bracketing) in order
to ascertain where semantic relations are established.

Because of multidimensionality, the same concept can be involved in different sit-
uations, which can affect its relations in the conceptual system, and thus should be
considered in knowledge representations [37]. Therefore, the multidimensionality in
our CNs underscores the semantic complexity of these phraseological units. It also
gives the user a situational picture since it elicits the frame or underlying knowledge
structure by making the conceptual dimensions explicit, either by forming long CNs
or by highlighting certain dimensions. Frames and multidimensionality thus play a
key role in term formation, which is represented in our proposal by means of the con-
ceptual organization of term entries.

Furthermore, micro-contexts are the root of compound term formation since these
CNs are the result of concealed propositions. English CNs are characterized by noun
packing. However, when translating these phraseological units, this mechanism must
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be adapted to the term formation rules of the target language. For instance, in Ro-
mance languages the underlying semantic relation must be made explicit, namely in
long CNs. This usually produces paraphrase structures that make the concealed verb
explicit. The conceptual organization of term entries is thus valuable since translation
and idiomatic adaptations must be based on meaning.

7 Conclusions

CNs are very frequent in English specialized texts [1]. These phraseological units are
characterized by their syntactic-semantic complexity, which highlights the need to
include multi-word terms in linguistic resources. However, up until now CNs have
not been systematically treated in dictionaries. This paper presents a proposal for the
inclusion of CNs in an English terminographic resource on renewable energies. For
that purpose, a wind power corpus was used to extract paraphrases and KPs [11][12],
which allowed access to the semantics of CNs. Also used was an environmental cor-
pus that provided further data. We then filled in the definitional templates proposed in
Frame-based Terminology [2], which included the semantic relations activated by the
CNs and allowed the clustering of related terms. Our main goal was to conceptually
organize a term entry in order to accurately structure knowledge and facilitate the
understanding of concepts.

The results of this study showed that the description of CNs in specialized re-
sources is essential, because they play a key role in conceptual systems
[51[71[47][48]. As stated by Sager et al. [48], the constituents of a CN are linked by a
semantic relation in the conceptual system. Thus, the terminological system is con-
nected to the conceptual system since the semantic relations in CNs (see Figure 1)
allow the reconstruction of the semantic network of a domain [5]. Accordingly, the
semantic organization of term entries allows the specification of the different types of
hyponym, which are usually CNs. In addition, it favours awareness of the frame or
knowledge structure underlying term formation by including related terms, while
keeping the entry length to a minimum.

In this research we studied compound term formation based on an analysis of the
hyponyms of wind turbine. These multi-word terms added specific values to the se-
mantic relations in their hypernyms. A high degree of instability was also observed,
since some of the constituents were frequently omitted. Multidimensionality, which is
frequent in specialized domains, was found to take part in compound term formation
by selecting one dimension in the CN or combining several dimensions, which result-
ed in long phraseological units.

This proposal for the inclusion of complex terms in specialized resources can be
helpful for different users ranging from specialists and semi-experts in the energy
domain to language professionals and students. In spite of being a monolingual re-
source, it provides the basis for the transfer of knowledge to other languages since
meaning is the starting point in translation. In particular, when translating CNs into
Romance languages, a concept-based approach is particularly useful, because English
noun packing is usually rendered in the form of paraphrase structures that make the
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concealed semantic relation explicit. Accordingly, plans for future research include
the analysis of the role of predicates in compound term formation as well as the trans-
lation of CNs into Spanish, with a view to implementing these multi-word terms in
the phraseological module of EcolLexicon (www.ecolexicon.ugr.es). Although the
procedure is mostly done manually, its application to different types of CN will allow
the extraction of conceptual information (sets of semantic relations, attributes, con-
ceptual categories) to be implemented in EcoLexicon. This will speed up the inclusion
of new CNs in the phraseological module. Moreover, the use of a distributional se-
mantic model [49] will help to identify related terms. Nevertheless, in contrast to
phraseological information that is automatically included (without classification or
filtering) in other resources such as the word sketches of Sketch Engine, manual work
is an added value in EcoLexicon.
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