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1. Introduction

In this paper we shall look into semantic relations and give suggestions as to what role they should play in OntoQuery theoretically, in relation to the ontology, and  in relation to the elaboration of a prototype.

During the last decade, attempts have been made to exploit among others the Princetown WordNet Database in Information Retrieval, applying in particular the synonymy relation represented via the so-called synsets (a synset is a set of words with the same part-of-speech that can be interchanged in a certain context). Enriching queries with semantically related terms as well as comparing queries and documents via conceptual distance measures are two of the aspects that have been addressed here. In EuroWordNet this has been brought a little further (cf. Gonzalo et al. 1998), partly by extending the idea of a synset so that nouns and verbs do not form separate networks. This means that synonymy and hyponymy relations can be further exploited as cross-part-of-speech relations. Furthermore, the so-called topic relation, where words can be related via domain labels, has increased the utility of the network with respect to Information Retrieval. 

In this paper we propose to be a little more ambitious with respect to the application of semantic relations in Information Retrieval. As an introduction to this, we shall first compare how semantic relations are used within two different fields, namely lexical semantics and terminology. For each field one or two representatives are used as source; for the field of lexical semantics two large-scale, state-of-the-art lexicon projects in Europe are taken as representatives, namely EuroWordNet and SIMPLE.  As regards the field of terminology, the set of commonly used relations at the Copenhagen Business School is used here. Finally, we relate these relations to those defined within Formal Ontology by Nilsson (1999). 

Secondly, we shall present a proposal of how semantic relations can be grouped into coherent classes and ordered hierarchically. Each relation is defined and its affiliation in the hierarchy is discussed. The aim of this ordering of the relations is again to facilitate search. The relations are to be used in the semantic representation of complex NPs from the texts in the database, which form descriptions of the contents of the texts. Likewise, in the analysis of NL queries, the relations will be part of the semantic representation. The hierarchy of relations can be used in a more refined conceptual distance measure, which can be applied when comparing queries with the descriptions in the database.

2. Semantic relations in lexical semantics: Examples from EuroWordNet and SIMPLE

Within the field of lexical semantics, semantic relations typically have the function of establishing links between senses of words. The classical relations dealt with in this connection are synonymy, antonymy and hyponymy. But in essence the list of semantic relations is infinite, spanning from very general ones holding between large sets of senses to the fully idiosyncratic ones which may only hold between two specific senses. In the following we examine how semantic relations are applied in two large-scale European lexical projects, EuroWordNet and SIMPLE.

EuroWordNet (cf. Vossen 1998) was an EU-project with the aim of building a multilingual lexical database with wordnets for the following European languages:  Dutch, Spanish, Italian, English, French, German, Czech and Estonian. The networks were built on the basis of the English lexical network elaborated within the Princeton WordNet (cf. Miller et al. 1990). The aim of a lexical network is to relate words to each other first of all via the so-called synset. A synset is a group of words with the same part-of-speech that can be interchanged in a certain context, as for example {car; auto; atumobile; machine; motorcar}. A synset can furthermore be related to other synsets by means of relations such as hyperonymy and meronymy  as seen below in figure 1 (Vossen 1998: p 74).



Figure 1: EuroWordNet relations

A set of the most frequently used semantic relations applied in EuroWordNet (based again on a smaller set of relations in Princetown WordNet) can be found in table 1 (based on Alonge et al. 1998: pp 104-113).

	SEMANTIC RELATION IN EUROWORDNET:
	EXAMPLE:

	SYNONYMY & ANTONYMY
	

	near_synonym (not in same synset)
	tool <> instrument

	antonym
	good <> bad

	HYPONYMY
	

	has_hyponym
	vehicle > car

	has_hyperonym
	car > vehicle 

	PART-WHOLE RELATIONS
	

	has_meronymy
	(for underspecified cases such as: has as parts)

	has_holonymy
	(for underspecified cases such as : is a part of)

	has_mero_part
	hand > finger

	has_mero_member
	fleet > ship

	has_mero_made_of
	book > paper

	has_mero_portion
	bread > slice

	has_mero_location
	desert > oasis

	has_holo_part
	finger > hand

	has_holo_member
	ship > fleet

	has_ holo_made_of
	paper > book

	CAUSE RELATIONS
	

	is_caused_by
	(for underspecified cases)

	causes
	(for underspecified cases)

	results_in
	to kill > to die

	for_purpose_of 
	to search > to find

	enables_to
	vision > to see

	SUBEVENT RELATIONS
	

	is_subevent_of
	to snore > to sleep

	has_subevent
	to sleep > to snore

	INVOLVED/ROLE RELATIONS
	

	involved_agent
	to bark > dog

	role_agent
	dog > to bark

	involved_patient
	to teach > learner

	role_patient
	learner > to teach

	involved_instrument
	to paint > paint-brush

	role_instrument
	paint-brush > to paint

	involved_location
	to swim > water

	role_location
	water > swim

	involved_source​_direction
	to disembark > ship

	role_source_direction
	ship > disembark

	involved_target_direction
	rincasarse > casa

	role_target_direction
	casa > rincasarse

	involved_result
	to freeze > ice

	role_result
	ice > to freeze

	involved_manner
	shout > loudly

	role_manner
	loudly > shout



Table 1: semantic relations in EuroWordNet

The aim of the EU-project SIMPLE (Semantic Information for Multifunctional Plurilingual Lexica, Lenci et al. 2000) is slightly different from the aim of EuroWordNet. In SIMPLE, a semantic dictionary is being developed with links to syntax and morphology
 based on an extended Qualia Structure model with Pustejovsky’s Generative Lexicon (Pustejovsky 1995) as point of departure. In the SIMPLE model, part of the Qualia Structure is expressed by means of  relations between lexical units.  In this respect the lexical network that emerges from such a linking can be seen as a ‘side-effect’ of the actual semantic description of each word.  For instance, consider the semantic representation for a word like puslespil  (‘jig-saw puzzle’) illustrated in figure 2.



Figure 2: SIMPLE semantic representaion

Four components are involved: (i) the formal role, which provides information that distinguishes an entity within a larger set (in this case is_a), (ii) the constitutive role, which expresses a variety of relations concerning the internal constitution of an entity (in this case part_of), (iii) the telic role, which concerns the typical function of an entity (here used_for), and (iv) the agentive role, which concerns the origin of an entity (in this case made_by). These elements, plus a long list of additional information types such as definition, domain, corpus example, polysemy relations etc. are represented in the lexical entry as in table 2 (see also Pedersen & Keson 1999, as well as Pedersen & Nimb (2000) and Nimb & Pedersen (2000)  for further descriptions of the Danish SIMPLE lexicon):

	Lexical entry in SIMPLE

	Semantic Unit
	puslespil_ART (puzzle - artifact reading)

	Definition:
	et spil med træ- el. papbrikker i forskellige faconer som skal lægges sammen så de danner et hele (NDO)
 

(a game with wood or cardboard pieces in different shapes which must be assembled so that they make a whole)

	Corpus example:
	nu var hun næsten ved at være færdig med det puslespil, hun var begyndt på lige efter påske  

(now she had almost finished the puzzle she started right after Easter)

	Semantic type:
	Artifact

	Unification Path
	Concrete_Entity|Agentive|Telic

	Domain:
	General

	Semantic Class
	Artifact

	Formal quale:
	is_a = spil 

(game)

	Agentive quale:
	created_by = fremstille 
(produce)

	Telic quale:
	used_for = samle 
(assemble)

	Constitutive quale:
	has_as_parts=brikker  
(pieces)

	Complex:
	ArtifactAbstract= puslespil_ABS 




(puzzle - abstract reading)



Table 2. Lexical entry in SIMPLE

As can be seen, semantic relations between words are involved with all four qualia roles in this example
. The complete set of semantic relations can be seen in table 3, organised along the 4 qualia dimensions (Lenci et al. 2000)
. 

	Semantic Relations In SIMPLE
	Examples

	Formal Relations
	

	is_a
	(yacht, boat)

	Constitutive Relations
	

	is_a_member_of
	(senator, senate)

	has_as_member
	(flock, bird)

	is_a_part_of
	(head, body)

	has_as_part
	(airplane, wings)

	instrument
	(paint, brush)

	relates
	(kinship, brother)

	resulting state
	(die, dead)

	is_a_follower_of
	(marxist, marxism)

	made_of
	(bread, flour)

	is_in
	(oasis, dessert)

	has_as_colour
	(lemon, yellow)

	constitutive activity
	(bird, fly)

	produces
	(bird, egg)

	produced_by
	(honey, bee)

	property of
	(intelligence, intelligent)

	concerns
	(hepatitis, lever)

	contains
	(wineglass, wine)

	quantifies
	(bottle, liquid)

	measured_by
	(temperature, degree)

	related_to
	(second, two)

	successor_of
	(two, one)

	has_as_effect
	(storm, thunder)

	typical_of
	(distemper, dog)

	causes
	(measles, fever)

	Telic Relations
	

	indirect_telic
	(eye, see)

	purpose
	(send, receive)

	object_of_the_activity
	(book, read)

	is_the_activity_of
	(doctor, heal)

	is_the_ability_of
	(painter, pain)

	is_the_habit_of
	(smoker, smoke)

	used_for
	(crane, lift)

	used_by
	(lancet, surgeon)

	used_against
	(chemoterapi, cancer)

	used_as
	(wood, material)

	Agentive Relations
	

	result_of
	(loss, loose)

	agentive_prog
	(pedestrian, walk)

	agentive_experience
	(fear, feel)

	caused_by
	(infection, bacterion)

	source
	(law, society)

	created_by
	(book, write)

	derived_from
	(petrol, oil)



Table 3. Semantic relations in SIMPLE
In this context the semantic relations given for a word sense basically provide the central dimensions of meaning for that particular sense. An interesting aspect of semantic relations, which has  received some attention in the Danish SIMPLE group, is to examine what happens to the relations when a given word is used metaphorically. For instance in the case of puslespil, corpus examinations reveal that the concrete sense is fairly rare (20%) whereas the metaphorical sense is very frequent (80%). The question to be asked here is to what extent the semantic relations are transferred into the metaphorical sense. In Nimb & Pedersen (2000), we suggest a systematic solution to the treatment of one category of  metaphorical senses. For concrete artifacts which are used metaphorically it is typically the telic role used_for which forms the meaning of the metaphorical meaning so to speak
. For such nouns we suggest mapping the telic role from the concrete senses into a more general telic role, realised by the semantic relation object_of_the_activity. Thereby we systematically account for the parallelism that holds between the concrete and figurative senses.

The ability to treat also metaphorical uses – at least the conventionalised ones - is highly relevant for Information Retrieval since IR deals with real texts and thereby needs to cope with a large degree of metaphorical use. 

3. Semantic relations in terminology

Systematic terminology work is based on the elaboration of concept systems which give information on the relations between the concepts belonging to a certain domain or sub-domain (normally referred to as concept relations). The elaboration of concept systems is based on an analysis of the characteristics of the concepts, and concept systems and characteristics serve as a help for writing definitions of the concepts and for establishing equivalence relations between concepts in two or more languages. 

Concept systems also contribute to the end user’s better understanding of  the terms and their definitions. Information on concepts in one or more languages are normally stored in a terminological database which can be accessed by different kinds of users: terminologists, translators, subject field experts, students, etc. For each concept, information on concept system, concept relations, definitions and, in some systems, characteristics are stored together with other relevant information such as grammatical information, source references, text examples and collocations, cf. Hull, Madsen & Thomsen (1998), Madsen (1998b) and Madsen, Thomsen & Vikner (1999). 

The list of concept relations in table 4 contains the most commonly used relations  which are presented to the students of terminology, e.g. at the Copenhagen Business School (cf. Madsen 1999). Nuoppenen (1994) discusses a more comprehensive set of concept relations, but for practical terminology work it will probably not be realistic to use more types of concept relations than those found in the following subset, cf. Madsen (1996). 

Giving information about a concept relation and a related concept corresponds to the information on a characteristic of a concept. For example stating that there is a causal relation between slag (‘blow’) and deformation (‘deformation’), corresponds to giving a characteristic about slag, namely [CAUSE: deformation] (given in the form of a feature specification, cf. Thomsen (1998b) and Madsen (1998a). The types of characteristics generally accepted  in terminology work correspond to the relations found in table 4, cf. Madsen (1998a, 1999) and Thomsen (1998b). The characteristics purpose and function, which are very often used in definitions of concepts, do not correspond to relations commonly used in concept systems. However, a purpose relation has already been introduced into the list, and it has been considered to add a function relation to the list, too.

	Terminological concept relation
	Example

	0. associative relation

    (unspecified relation)
	motorist - pedestrian

	1. generic relation (hyponymy)
	vehicle - bicycle

	2. partitive relation
	

	2.1 subpart-relation
	bicycle - wheel

	2.2 partition relation
	bread - slice

	2.3 material relation
	book - paper

	2.4 set-element relation
	firm - employee

	3. location relation
	nacelle - control system

	4. temporal relation
	issue - acceptance - endorsemenet - payment

	5. development relation
	frogs egg - tadpole

	6. causal relation
	blow-deformation

	7. purpose
	brake - speed reduction

ventilator - ventilation

	8. origin relation
	translator - translation

bakery - bread

drawer - draft

	9. instrumental relation
	

	9.1 instrument-use
	coffee machine – coffee making

	9.2 instrument-result
	coffee making - coffee

	10. transmission relation

     (sender-receiver)
	drawer - drawee



Table 4: Terminological concept relations

4. Fischer Nilsson's proposal   
In comparison to the relatively extensive lists of (lexically based) semantic relations in table 1, 3 and 4, Jørgen Fischer Nilsson (1999: p 19) presents a much more restricted and slightly different approach to what he calls ‘aspectual relations’ or ‘onto-relations’ between ontology types. The relations are being revised as the development of the formal language, ONTOLOG, progresses. Therefore tables 5 and 6 below do not present exactly those relations  mentioned in the cited paper and the tables may also differ from the presentation of ONTOLOG given by Fischer Nilsson in this volume.

	Relations proposed by Fischer Nilsson

	Aspect
	Legend

	TMP
	temporal relations 

(7 subaspects specified in table 6)

	LOC
	location, position

	PRP
	Purpose

	WRT
	with respect to

	CHR
	Characteristic

	MNR
	Manner

	CUM
	cum (with, accompanying)

	BMO
	by means of, instrument, via

	CBY
	caused by

	CMP
	comprising, has part

	AGT
	agent, benefactor

	PNT
	patient, recipient

	SRC
	source, origin

	DST
	destination, target, goal

	QUA
	according to

	DE
	possession



Table 5: relations proposed by Fischer Nilsson

	Subaspects of TMP

	START

	END

	DUR

	TENSE (past, present,future)

	PER

	FREQ

	DELAY



Table 6: Subaspects of TMP

In the cited paper, Fischer Nilsson does not provide examples or explanations of the temporal subaspects. We would assume that DUR (duration) and PER cover more or less the same temporal aspect, and we are not sure that DELAY is relevant in OntoQuery.

5 Comparison of the four sets of relations

In table 7 the relations applied in EuroWordNet and SIMPLE, respectively, are coordinated with the terminological relations and Fischer Nilsson's proposal to demonstrate similarities and differences.

The first column contains numbers which suggest a first attempt at a hierachichal ordering. A further ordering will be suggested in section 7. In this column we also have some new names for some of the relations.

The second column contains the terminological concept relations and the third EuroWordNet's semantic relations.

In the fourth column SIMPLE's relations are found together with a bold capital letter to indicate the qualia each relation is associated with (Formal, Constitutive, Agentive and Telic).

The fifth column contains the relations proposed for Ontolog by Fischer Nilsson. CUM (with, accompanying) has not been included in the above table. We are not sure if it can be considered a rather general relation, which should go in group 0. We have also left out DE (possession). This relation should probably be excluded if it is meant to cover all genitives (see Jensen & Vikner 1999), otherwise it should also be a group 0 relation.

	 
	Terminological concept relation
	EuroWordNet

semantic relation
	SIMPLE

semantic relation
	JFN

	
	
	near_synonym

antonym
	
	

	0. 
	associative relation
	near_synonym
	concernsC
related_to C
typical_of C
	WRT

QUA

	1. 
	generic relation (hyponymy)
	has_hyponym

has_hyperonym
	is_a F
	>

<

	2. 
	partitive relation
	has_meronomy

has_holonomy
	
	CMP

	2.1 
	subpart-relation
	has_mero_part

has_holo_part

is_sub-event_of

has_sub-event
	is_a_part_of C
has_as_part C
	

	2.2 
	partition-relation
	has_mero-portion

has_holo_portion
	
	

	2.3 
	material relation
	has_mero_made_of

has_holo_made_of
	made_of  C
	

	2.4 
	set-element rel.
	has_mero_member

has_holo_member
	is_a_member_of C
has_as_member C
	

	3. 
	location relation
	has_mero_location
	is_in C
contains C
	LOC

	3.1
	
	involved_location

role_location
	
	

	3.2
	
	involved_source_dir.

role_source_dir.
	
	

	3.3
	
	involved_target_dir.

role_target_dir.
	
	DST

	4. 
	temporal rel.
	
	successor_of C
	TMP

	4.1
	
	
	
	START

	4.2
	
	
	
	END

	4.3
	
	
	
	DUR

	4.4
	
	
	
	TENSE 

	4.5
	
	
	
	PER

	4.6
	
	
	
	FREQ

	4.7
	
	
	
	DELAY

	5. 
	development rel. 
	
	
	

	6.
	causal relation
	
	
	CBY

	6.1 

agent-

result
	
	is_caused_by

causes
	caused_by A
causes C
has_as_effect C
	

	6.2 

process-

result
	
	results_in 

involved_result
role_result
	resulting state C
result-of A
	

	7. 
	purpose
	for_purpose_of


	indirect_telic T
purpose T
used_for T
used_as T
	PRP

	8. 
	origin relation
	
	sourceA
produces C
produced_by C
created_by A
derived_from  A
	SRC

	9. 
	instrumental rel.
	
	
	BMO

	9.1 
	instrument-use
	involved_instrument

role_instrument 

enables_to
	instrument C
	

	9.2 
	instrument-result
	
	
	

	9.3 

instr.-

agent
	
	
	used_by T
	

	9.4 

instr.-

agent
	
	
	used_against T
	

	10. 
	transmission relation
	
	
	

	11.

activity-

agent
	
	involved_agent

role_agent
	const. activity C
is_the_activity_of T
is_the_ability_of T
is_the_habit_of T
agentive_prog  A
	AGT

	12.

activity-

patient
	
	involved_patient

role_patient
	agentive_exp. A
	PNT

	13. 
	
	
	property_of  C
	CHR

	13.1
	
	
	has_as_colour C
	

	13.2 
	
	involved_manner

role_manner
	

	MNR

	14. 

measure-

ment
	
	
	quantifies C
measured_by C
	

	15. 
	
	
	is_a_follower_of C
	



Table 7: Comparison of proposed sets of relations

Some of the fields in the table contain several relations in EuroWordNet and SIMPLE. These relations suggest yet another level of subdivision, which will not be considered in this paper, as we find it better first to use only fewer, more general relations in the ontology and natural language analysis of the OntoQuery project.

5.1 Differences between lexical semantics and terminology
In lexical semantics, the focus is on words and the relations between them, whereas in terminology, focus is on the underlying concepts and the relations that hold between these. This gives rise to differences in the relations accounted for by the different approaches.

Synonymy is a relation holding between expressions and not between concepts, and consequently it is not counted as a concept relation in terminology. In SIMPLE, a relation is given for synonymy, which, however, is not included in the Qualia Structure. In general, the relations used in SIMPLE seem to be a little more concept-oriented than those applied in EuroWordNet and also slightly simplified.

Many of the relations in lexical semantics are relations between pairs of entities typically realised linguistically as verb-noun, e.g. actions and their agents, patients, results, etc. The relations thus correspond to relations between verbs and their arguments (e.g. involved_result, involved_agent (EuroWordNet) and agentive_prog, agentive_experience (SIMPLE)).

Terminology is concerned with entities that are typically realised as nouns, and therefore verb-noun relations are not considered central. On the other hand, what could be described as the relations between the arguments of a verb are included in the terminological inventory (e.g. the provenance relation (agent-result), the relation instrument-result and the transfer relation). Also SIMPLE has a number of  what could be called argument-argument relations (e.g. used_by and used_against).

The relations not considered central for terminology work in this overview may very well turn out essential when analysing the terminology of some specialised domain. For example, the relations quantifies and measured_by under 14 in table 7 would certainly be used in describing the terminology of measurement.

As mentioned above, any relation plus a related concept can be considered an attribute-value pair, and thus a characteristic of a given concept, e.g. if a liver disease causes vitamin A deficiency, then [CAUSE: vitamin A deficiency] is a characteristic of liver disease. If any pair consisting of a relation and a related concept is considered a property, it is not entirely clear how relation number 13 concerning ‘properties’ and ‘characteristics’ is to be used. In the example above we might expect to get a representation such as [PROPERTY[CAUSE: vitamin A deficiency]]. It therefore seems that this relation should be discussed further.

The relations 14 and 15 are very specialised. Measurement is useful for semantic analysis of NPs, but may not be relevant for database querying. Is_a_follower_of should be included in a larger group.

6 Two examples based on SIMPLE relations and terminological relations, respectively

In this section we illustrate the use of the semantic relations applied in SIMPLE and the terminological concept relations. We have done so by establishing relations through analysis of a specific encyclopedic entry in Den Store Danske Encyklopædi, namely A-vitamin, from the nutrition domain. The two illustrations contain concept designations in Danish, versions containing English glosses can be found in the appendices.

The first example, given in figure 3, illustrates the use of SIMPLE's semantic relations. We have tried to focus on the central semantic relations that we believe could be of relevance in a general information querying environment. The relations applied are all taken from the SIMPLE vocabulary.

Several aspects have been left underspecified in this structure for simplicity reasons; for instance, it is not expressed that caroten is a preliminary stage of A-vitamin, whereas retinol is a ‘pure’ kind of  A-vitamin. This again relates to the foods in which A-vitamin can be found; in kød (‘meat’), fisk (‘fish’), æg (‘egg’) and lever (‘liver’) we find pure A-vitamin, in frugt (‘‘fruit’) and grønt (‘vegetables’) we find a preliminary stage caroten which is transformed to retinol in the body. Also the semantic relation ‘has_as_effect’ does not distinguish between desirable effects, such as regulering af cellevækst (‘regulation of cell growth’) and negative side effects such as fostermisdannelser (‘fetus deformations’).

Two aspects which could be considered very central in specific querying contexts are  not represented in the structure at all because they are a little too complex to be represented by means of the semantic relations available: 1) the fact that child death can be reduced by 25 % if  A-vitamin deficiency is avoided, and 2) the recommended daily dosis of A-vitamin for adults.


Figure 3: Semantic relations from SIMPLE concerning vitamin A

In figure 4, we give the semantic relations between the concepts extracted from the article on vitamin A seen from a terminological perspective. 

Concepts in parentheses are not mentioned directly in the text on A-vitamin. Some aspects have not been mapped (the fact that symptoms of deficiency will only appear when the diet has been without vitamin A for several months; the question of industrialised vs. developing countries; the fact that child mortality can be reduced by covering the requirement for vitamin A; and finally the recommended daily vitamin A intake for adults).



Figure 4: Terminological relations concerning vitamin A

In the terminological concept system we use the following relations:

generic


associative 


location

partitive

instrumental

development

causal

In the diagram based on SIMPLE relations (figure 3), the concept vitamin A is central, and most relations have this concept as one of their arguments. In contrast to this, the terminological concept diagram in figure 4 contains many relations not involving vitamin A (or vitamin A deficiency). This is due to the fact that in terminology we represent all concepts in the domain and the relations between them, whereas the SIMPLE example is more simplified, one word or concept is focused and the relations between this concept and other concepts are illustrated. The focus of discussion in the OntoQuery group should here be which level of detail we should strive towards in the project as a whole when building ontologies.

As already mentioned in section 3, a relation between two concepts may be represented as a feature specification consisting of a attribute-value pair. For example there is a purpose relation between monitor and monitoring which may be illustrated in the following way:

This relation may also be represented by means of a feature specification:

monitor

[PURPOSE: monitoring]

On the basis of the concept diagram in figure 4 it is for example possible to represent the relations by means of feature specifications 

A-vitamin

KIND-OF: fedtopløseligt A-vitamin

PART-OF: synspigment

LOCATION: kost

INSTRUMENT-RESULT


INSTRUMENT: A-vitamin


RESULT: regulering af genekspression

This way of representing relations widely corresponds to the representation of relations in the terminological database DANTERM. In this database KIND-OF and PART-OF, for example, correspond to BC-GEN (broader concept - generic relation) and BC-PART (broader concept - part-whole relation). Apart from generic and part-whole relations the standard list of relations so far only comprises successive, causal and associative relations as well as the antonymy relation.

Since A-vitamin is in many cases related to several concepts by means of the same type of relation, the values of the feature specifications will have to be in the form of lists.

7  A hierarchy of semantic relations

As mentioned above, the numbers in the first column of table 7 constitute a first attempt at a hierarchical ordering of the relations. This hierarchical ordering is further developed in figure 5, where the temporal subrelations suggested by Jørgen Fischer Nilsson have been left out in order to make the diagram simpler. Also the relation near_synonym has been left out, as it is a relation between expressions, and not between concepts. Antonymy is not shown in the concept diagram; it is usually not considered a terminological relation, but on the other hand it does relate concepts rather than expressions so it could be argued that it should be included as a semantic relation. For querying purposes both synonymy and antonymy relations are valuable.

In figure 5, we have ordered the relations from table 7 in a concept diagram using only the hyponymy relation. When constructing the diagram we draw on the fact that a given concept in the diagram inherits all characteristics of its hyperonyms and has some (1 or several) characteristics more than (each of) the immediate hyperonym(s).

In comparison with table 7 a further ordering of the relations has taken place in figure 5:

· relation 5, development, is now a subtype of the temporal relation. The phase relation is the typical temporal relation generally considered in terminology work. The temporal relations will be discussed below.

· relations 6 through 12 (causal, origin, instrumental, transmission, activity-agent and activity-patient) have been grouped together as activity or role relations, indicating that one of the arguments of the relation is either an activity or a role. These relations will be discussed in more detail below.

Furthermore, a new relation, the function relation, has been added. This is a relation between some entity and the way in which it works. It is new to terminology work, but we have added it here because we believe that all types of characteristics correspond to a semantic relation. This issue will not be further developed in the present paper.

Finally, follower-of (15) is omitted in figure 5 as we find it extremely specialised.



Figure 5: Hierarchy of relations

7.1 The associative relation

In terminology work, associative relations are ’relations not further defined’ (Madsen 1999:27), and therefore we have discussed whether the associative relation should be the top of the hierarchy. Being undefined it has no characteristics that will conflict with any other relation lower down in the hierarchy. On the other hand the associative relation is often used where none of the others apply, an indication that it excludes the characteristics of all other relations. It is in opposition to the other relations and not a relation used when it cannot be decided which of the more accurately specified relations apply, and a possible paraphrase is thus ”other (unspecified) relation”. On this background we have decided to introduce a general, unspecified concept semantic relation and locate the associative relation below this one in the hierarchy.

7.2 The temporal relation

The temporal relation generally used in terminology relates concepts that refer to successive phases of some process. We find that also the development relation is temporal in nature as it relates concepts referring to different stages in a development that proceeds over time. We have decided to let the original temporal relation be a sister to the development relation, changing its designation to phase relation. As a superconcept to the phase relation and the development relation we have introduced a more general  temporal relation characterised only by having temporally successive arguments. The two daughter concepts are characterised by different constraints on their arguments.

7.3 The role relations

The role relations comprise various relations that all involve some role in an action or activity. Some are relations between two roles in an action/activity.

The roles involved in the relations 6 through 12 above are:

· agent (6.1 agent-result; 8 origin (produced_by in SIMPLE); 9.3 instrument-agent; and 11 activity-agent)

· patient (9.4 instrument-target (used_against in SIMPLE); 10 transmission and 12 activity-patient)

· instrument (9.1 instrument-use; 9.3 instrument-agent; 9.2 instrument-result and 9.4 instrument-target (used_against in SIMPLE))

· result (6.1 agent-result; 6.2 process-result; 8 origin (produced_by in SIMPLE) and 9.2 instrument-result)

The roles are more or less equivalent to the roles defined by Fillmore (1968).  At this point we are working with a rough approximation of the roles, but the roles will be discussed and defined more accurately at a later stage of our research, in order to test the relations on a larger set of examples.

The list of roles and relations above suggests a polyhierarchy of relations, as shown in figure 6, where the first level after role relation consists of one relation for each of the four roles mentioned above. In the list, three of the four roles are involved in relations also with an activity or process, and therefore we have decided to include the activity relation at the same level as the role relations in the diagram in figure 6. 

The last level in the diagram includes all the possible combinations of the four role relations plus the activity relation. The numbers in the boxes refer to the original table 7 whereas some of the names of relations have been altered in order to have systematically correct expressions. 

It turns out that all the role relations suggested in table 7 are included in the diagram in figure 6, and only one relation has been added, namely patient-result.

This new relation, patient-result, is somewhat similar to the development relation as the examples indicate. In the development relation, however, the result, or rather the resulting stage, comes about merely by the passing of time, whereas in the patient-result relation, an activity (performed by an agent) is involved. Patient-result could thus be considered a subtype of development with the additional characteristic of activity. Note that the activity is not specified as an argument of the relation, the patient-result relation is characterised as implying only that some activity is involved, but without specifying which activity.

The patient-instrument relation is new to terminology work, but would be relevant e.g. in a domain where different tools are used for different materials.

The agent-result relation includes two relations from diagram 7, namely 6.1, a causal subrelation, and 8, origin. This indicates that the agent-result relation may be subdivided into causal and origin relations. On the other hand, examples of the origin relation are translator – translation and bakery – bread, which may both be classified as causal as well (’cause to exist’), and therefore it is not necessary to distinguish the origin relation from the causal relation. 

If the relations are to be used for purposes involving reasoning, the causal relation will probably have to be reintroduced, not as a role relation but rather directly as a semantic relation. In this case the causal relation will have both acitivity-result and agent-result as subtypes.



Figure 6: Hierarchy of role relations



examples marked with * are taken from ENV 12611:1997

7.3.1 The activity relation

It can be discussed whether the activity relation can be properly classified as a role relation, since ’activity’ as such does not refer to a role.  In figure 6 it is classified as a role relation, and thus has to inherit all the characteristics of role relation. We elaborate on this in the section on definitions of the role relations below. In the section on the location relation, however, we conclude that the activity relation will have to be moved upward in the hierarchy.

7.3.2 Definitions of role relations based on the hierarchy 

In this section we will present some definitions of the role relations and discuss some aspects of definitions of concepts in a polyhierarchical system. First we will present some definitions based on figure 6, where the activity relation is considered as belonging to the role relations. The hierarchy is extended in section 7.4 and the activity relation will be moved in the hierarchy, so that it will no longer be considered as a kind of role relation. This also means that the definitions presented in this section should be changed. In section 7.5 we present such changed definitions of the concepts based on the hierarchy in figure 7.

When defining concepts belonging to LSP one should always adhere to the principle of using analytic definitions specifying a superordinate concept (genus) and the features delimiting the concept in question from other co-ordinate concepts (specifica differentia). In many cases it is a good solution to specify the genus and the delimiting features either before or instead of writing a full definition in running text. In this case one will use feature specifications consisting of feature-value pairs like for example: PURPOSE: monitoring (cf. Thomsen 1998a). Below you find an example based on ENV 12611:1997, cf. for example Thomsen (1998b) and Madsen (1998a).

airway temperature monitor

GENUS:
temperature monitor
PURPOSE:
monitoring

When defining technical devices, it is normally very easy to decide upon the differentiating feature  (PURPOSE, CONSTRUCTION, MATERIAL, etc.). In the case of concepts within other subject fields it is, however, not always easy. In the following we will not specify the nature of the feature. The definition of role relation could be as follows:

role relation

GENUS:
semantic relation

FEATURE:
at least one argument refers to an entity that plays a role in an activity

activity relation

GENUS:
role relation

FEATURE:
at least one argument refers to an activity

This definition automatically implies that the other argument must refer to a role in an activity, since this is the characteristic of role relation, and the activity relation is a type of role relation.

The definitions of agent relation, patient relation, instrument relation and result relation are all very similar. The definition of agent relation is, for example:

agent relation

GENUS:

role relation

FEATURE:

one argument refers to an agent

The definitions of the concepts that inherit characteristics from two superordinate concepts pose special problems. It is not correct to refer to only one superordinate concept (GENUS) in the concept system, so the definitions in (1) below are not acceptable. Instead of referring to the nearest superordinate concept one might use the more general concept role relation which is illustrated in (2). This however is against the principles of definitions, and the relations between the concepts are not clear.

The solution chosen in (3) is the more correct. In this case however it is redundant to specify the feature: ’one argument refers to an activity and the other refers to an agent’, since this is just a combination of the features of the activity relation and the agent relation.

activity-agent relation

(1)

GENUS:

activity  relation

FEATURE:

one concept refers to an agent

GENUS:

agent relation

FEATURE:

one argument refers to an activity

(2)

GENUS:

role relation

FEATURE:

one argument refers to an activity and the other refers to an agent

3)

GENUS:

activity relation and agent relation

FEATURE:

one argument refers to an activity and the other refers to an agent

7.4 The location relation

In figure 5 the location relation has not been elaborated very much. In this section we will look more at this relation.

In EuroWordNet an example of the location relation is (oasis – desert), whereas examples of the three subtypes are:

· location  (swim – water) 

· source-direction (disembark - ship)

· target-direction (Italian: rincasare – casa (= to go home – house/home)

Looking at these examples it is not clear what characteristic the subrelations inherit from their hyperonym. In this section we will reorganise all 4 relations along the lines followed in the case of role relations.



All four relations involve a location as one argument, so they should all be hyponyms of a general relation – we use the designation location relation for this general relation, which should not be confused with the relation originally called so.

Some of the relations are dynamic with respect to their location (i.e. source-direction and target-direction) while the others are static. Therefore we introduce dynamic and static location relation as hyponyms of the location relation (see figure 7). In the dynamic location relations the location argument can be either source or target, so source and target relations are introduced as hyponyms to the dynamic location relation.

All the three original subrelations listed above involve an activity as one argument. This indicates that they have a common hyperonym similar to the activity relation introduced as a role relation earlier. These new activity relations, however, do not have a role as one argument, so the activity relation can no longer be a role relation – it has to be moved upward in the hierarchy as shown in figure 7. The three activity-location relations shown in figure 7 (activity-source, activity-target and activity-static location) correspond to the original location subrelations (source-direction, target-direction and location).

The original location relation with the example oasis – desert can now be located in the diagram as a hyponym of the static location relation. We have called it entity-static location relation as opposed to the activity-static location relation.

Finally, we have introduced a source-target relation as a polyhierarchically subordinate hyponym of the source relation and the target relation. This relation covers examples such as drawer - drawee, where something (the draft) ’moves’ from one ’location’ to another. This is the relation usually referred to as the transmission relation in terminology work. At an earlier stage (see figures 5 and 6) we classified the transmission relation as a role relation, at the same time renaming it agent-patient relation. This treatment is not satisfactory since the designation transmission relation implies that some third entity (the patient) is transmitted from argument A to argument B. This does not imply that the agent-patient relation should be removed, just that it is not equal to the original transmission relation.

7.5 Redefining the role relations and the activity relation

After the introduction of the hierarchy in figure 7, the definitions of the relations will have to be changed accordingly.

The definition of the role relation will not have to be changed.

Since the four relations activity-agent relation, activity-patient relation, activity-instrument relation, activity-result relation are still sub-ordinate to both activity relation and role relation, it would be wrong to introduce a new definition telling that both arguments in the role relation refer to entities that play a role in an activity.

The definition of the activity relation, however, will have to be changed as indicated in the definition below, since the genus is no longer role relation but semantic relation. Furthermore one could also specify that the other argument in this relation refers to either a role or a location. In the hierarchy in figure 7 only three types of locations, i.e. source, target and static location are possible in combination with an activity, which means that the definition could be more restrictive. For the time being we will suggest a definition which does not include a specification of the location.

activity relation

GENUS:
semantic relation

FEATURE:
one argument refers to an activity 

The definitions of the kinds of role relations (agent relation, patient relation etc.) and the definitions of the sub-ordinate relations (for example activity-agent relation and agent-patient relation) are still valid, and thus should not be changed. 
8 Exploiting the hierarchy of relations in search

In this section we present our ideas about the exploitation of the hierarchy of relations in search. We use the small sample ontology in figure 8 and the fragment of the hierarchy of relations presented in figure 9. The names of some relations have been abbreviated in this illustration. The four concepts in figure 8 have the following interpretations:

· Vit_A means: vitamin A

· Vit_A MAT(pigment) means roughly: vitamin A as an 'ingredient' of pigment of vision

· Vit_A LOC(pigment) means: vitamin A in pigment of vision

· Vitamin_A INSTR-PAT(pigment_of _vision) means something like: vitamin A used for pigment of vision



Figure 8: Small sample ontology

Suppose we present the query Vitamin A in pigment of vision to the system. This query would get the description (or semantic representation) Vit_A LOC(pigment). If there are no texts associated with the description of the query, it is necessary to be able to tell which of the two other concepts is a better match. According to the small ontology in figure 8 they are equally good (or bad). Looking at the hierarchy of relations in figure 9, however, we can measure the distance between relations as the number of steps necessary to get from one relation to another. Using this measure, we can see that the distance between the relation in the query (LOC) and the MATERIAL relation is 3 steps, whereas the distance between LOC and INSTR-PAT is 4 steps. Therefore the texts associated with Vit_A MAT(pigment) are likely to be a better answer to the query than those associated with Vit_A INSTR-PAT(pigment).



Figure 9: Hierarchy of some relations

This distance measure may be refined further, e.g. it is possible that going up the hierarchy should be more expensive than going down. The exact specification of the distance measure will have to be discussed further in the larger project group when discussing search strategies.

9 Concluding remarks

In this paper we have examined semantic relations from different technical fields and we have proposed a unified hierarchical model where semantic relations as applied in lexical semantics, terminology and formal ontology are represented together. Some of the semantic relations have been defined and their affiliation in the hierarchy has been discussed. 

Due to the different approaches to - and different aims of - semantic relations in the different fields, not all the relevant relations are included directly in the model. For instance, synonymy relations are only dealt with as a type of semantic relation in the area of lexical semantics, since we here deal with word senses and not necessarily with different concepts.  This does not mean, however, that synonymy will not be dealt with in search. In contrast, the fact that two words can refer to the same concept is likely to play a central role in the construction of the search engine in the prototype. Also it can be seen that the granularity with. to different relation types differs radically among the different technical fields. In the field of formal ontology for instance, a rather fine-grained division into different temporal relations is proposed; a granularity, which is not found in the terminological and lexical approaches. It has nevertheless proved to be more or less unproblematic to include such differences in granularity in the hierarchy; only it needs to be tested where fine-grained distinctions are important for semantic analysis and search and where such distinctions are not significant. 

In other words, further work in this area encompasses a weighting of the relations with respect to their plausible importance in the area of information retrieval: for instance synonymy as mentioned above, but also hyponymy will most presumably receive a high weighting in the search calculations, whereas for instance role relations are most presumably less significant for search and should therefore have less weight in the calculations.

10 References
Alonge, A. N. Calzolari, P. Vossen, L. Bloksma, I. Castellon, M.A. Marti, W. Peters (1998): ‘The Linguistic Design of the EuroWordNet Database’, in: Computers and the Humanities, Kluwer Academic Publishers, The Netherlands.

ENV 12611:1997: European prestandard: Medical informatics – Categorial structure of systems of concepts – Medical devices. European Committee for Standardization, Brussels, 1997.

Fillmore, Charles J. (1968): 'The case for case'. In: Emmon Bach & Robert Harms (eds.): Universals in Linguistic Theory. Holt, Rinehart && Winston: New York. p.1-88.

Gonzalo, J., F. Verdejo, C. Peters & N. Calzolari (1998): ‘Applying EuroWordNet to Cross-Language Text Retrieval’. In: P. Vossen (ed.) EuroWordNet, A Multilingual Database with Lexical Semantic Networks, Kluwer Academic Publishers, Dordrecht, Boston , London.

Hull, Anthony, Bodil Nistrup Madsen & Hanne Erdman Thomsen (1998): 'DANTERMCBS for Everyone'. In: TAMA '98 - Proceedings. Fourth TermNet Symposium: Terminology in Advanced Microcomputer Applications. Tools for Multilingual Communication, 67-85. Wien: TermNet.

Jensen, Per Anker & Carl Vikner (1999): A semantic analysis of the English genitive. Interaction of lexical and formal semantics. Manuscript, Department of Computational Linguistics, Copenhagen Business School.

Lenci, A., F. Busa, N. Ruimy, E. Gola, M. Monachini, N. Calzolari, A. Zampolli, El. Guimier, G. Recourcé, L. Humphreys, U. Von Rekovsky, A. Ogonowski, C. McCauley, W. Peters, I. Peters, M. Villegas (2000). ‘Specifications’, SIMPLE Work, Linguistic Deliverable D2.1, Pisa.

Madsen, Bodil Nistrup (1996). Ikke-generiske begrebsrelationer. LAMBDA Nr. 21, 1-13. Handelshøjskolen i København.
Madsen, Bodil Nistrup (1998a). Typed Feature Structures for Terminology Work - Part I. In: LSP - Identity and Interface - Research, Knowledge and Society. Proceedings of the 11th European Symposium on Language for Special Purposes, Copenhagen, August 1997, 339-348.  Ed. L. Lundquist, H. Picht & J. Qvistgaard. Copenhagen Business School. 

Madsen, Bodil Nistrup (1998b). The DANTERM Concept. In: Terminology in Advanced Microcomputer Applications: Proceedings of the 4th TermNet Symposium, TAMA ’98, 55-65. TermNet, Vienna, 1999. 

Madsen, Bodil Nistrup (1999). Terminologi, 1 Principper og metoder, Terminologi 2 Øvelser og eksempler. København: Gads Forlag.

Madsen, Bodil Nistrup & Hanne Erdman Thomsen (1998). Using feature specifications in developing concept systems writing definitions and establishing equivalence relations. In: Proceedings of the International Conference on Professional Communication and Knowledge Transfer (Vienna 24-26 August 1998) Vol II:  4th INFOTERM SYMPOSIUM: Terminology Work and Knowledge Transfer – Best Practice in Terminology Management and Terminography, 223-253. Vienna: TermNet.

Madsen, Bodil Nistrup, Hanne Erdman Thomsen & Carl Vikner (1999). The project 'Computer-Aided Ontology Structuring' (CAOS). Copenhagen Studies in Language 13, World Knowledge and Natural language Analysis, 9-38. Ed. Steffen Leo Hansen. København: Samfundslitteratur. 

Miller G., R. Beckwith, C. Fellbaum, D. Gross, K.J. Miller (1990). An On-line Lexical Database, in: International Journey of Lexicography, 3(4), p.235-244.

Nilsson, Jørgen Fischer: A Logico-Algebraic Framework for Ontologies - ONTOLOG. This volume

Nimb, S. & B.S.Pedersen (2000).’Treating Metaphoric Senses in a Danish Computational Lexicon – different cases of regular polysemy’, in:  EURALEX 2000, Stuttgart, Germany.

Nuopponen, Anita (1994). Begreppssystem för terminologisk analys. Acta Wasaensia, No 38, Språkvetenskap 5. Vasa.

Pedersen, B.S. & B. Keson (1999): ’SIMPLE - Semantic Information for Multifunctional Plurilingual Lexicons: Some Examples of Danish Concrete Nouns’ SIGLEX 1999, ACL-Workshop, Maryland, USA. 

Pedersen, B.S & S. Nimb (2000). ‘Semantic Encoding of Danish Verbs in SIMPLE – Adapting a verb-framed model to a satellite-framed language’, in: Proceedings from 2nd Conference on Language Resources and Evaluation, LREC, Athens, Greece. 

Pustejovsky, J. (1995). The Generative Lexicon, Cambridge, MA, The MIT Press.

Thomsen, Hanne Erdman (1998a). Feature Specifications applied to the field of Life Insurance. In: Terminology Science & Research - Journal of the International Institute for Terminology Research, vol. 8 (1997), no. 1/2, 21-36. Wien: TermNet.

Thomsen, Hanne Erdman (1998b): ‘Typed Feature Structures for Terminology Work - Part II’. I: LSP - Identity and Interface - Research, Knowledge and Society. Proceedings of the 11th European Symposium on Language for Special Purposes, Copenhagen, august 1997, 349-359. Copenhagen Business School. 

P. Vossen (ed.) (1999). EuroWordNet, A Multilingual Database with Lexical Semantic Networks, Kluwer Acaddemic Publishers, The Netherlands.

Appendix A: English glosses for figure 3

Appendix B: English glosses for figure 4
patient


relation





agent


relation





activity


relation





role


relation








Example:





coffee machine - coffee 





student – graduate


meat - roast





*oral disease – dental device


wood  - plane





translater - translation 


drawer - draft 





surgeon - scalpel 





teacher - student 


drawer - drawee 





coffee making - coffee 


loose – loss





paint - brush 


*detecting – ultrasonic 


     blood flow detectors 





teach - student


 





heal - doctor 








function


relation





14 measurement


relation








role relation





13 property-characteristic


relation





7 purpose


relation





temporal


relation





3 location


relation





2 partitive


relation





1 generic


relation





0 associative


relation 





semantic relation





12 activity-patient


relation





11 activity-agent


relation





10 transmission


relation





9 instrumental


relation








8 origin


relation





6 causal


relation





4 phase relation





5 development


relation 





3.3 target


direction





3.2 source-direction





3.1 location





2.4 set-element


relation





2.3 material


relation





2.2 partition-


relation





2.1 subpart-


relation





stor indtagelse af frugt og grønt





mindre risiko for udvikling af flere kræftsygdomme





melon





abrikos





gulerod





spinat





mælk





æg





lever





fisk





(ikke-animalsk føde)





(animalsk føde)





kost





A-vitamin





retinol





fedtopløseligt vitamin





caroten





betacaroten





vitamin





for stor indtagelse af A-vitamin





fostermisdannelser





mangel på A-vitamin





globalt 


ernæringsproblem





sygdomme der medfører nedsat fedtoptagelse fra tarmen





natteblindhed





tørre slimhinder





øget modtagelighed for infektioner





børnedødelighed





øjentørsot





blindhed





regulering af genekspression





regulering af cellevækst





omdannelse af lys til synsindtryk





dannelse af glykoprotein





slim der dækker slimhinder





glykoprotein





slimhinde





øje





synspigment





lever





kronisk leversygdom





instrument relation





result


relation





11 activity-agent


relation





12 activity-patient


relation





6.2 


activity-result


relation ??





10 agent-patient


relation








9.3 agent-instrument


relation





8 + 6.1 


agent-result


relation ??





9.4 patient-instrument


relation ??





patient-result


relation





9.2 instrument-result


relation





9.1 activity-instrument


relation





activity 


relation





role


relation





agent


relation





patient


relation





instrument relation





result


relation





activity-agent


relation





activity-patient


relation





activity-result


relation 





agent-patient


relation








agent-instrument


relation





agent-result


relation





patient-instrument


relation





patient-result


relation





instrument-result


relation





activity-instrument


relation





semantic relation





source-target relation


(10 transmission rel.)





activity-source relation





activity-target relation





source relation





target relation





dynamic


location 


relation





location relation





static


location 


relation





activity – 


static location relation





entity – 


static location relation





Figure 7: The relations location, activity and role





Vit_A INSTR-PAT (pigment)





Vit_A MAT(pigment)





Vit_A LOC(pigment)





Vit_A





   WRT





PARTITIVE





   LOC





ROLE





SUBPART





MATERIAL





INSTRUMENT





PATIENT





INSTR-PAT





monitoring





monitor





purpose relation:





has_as_effect





kræft





blindhed





infektions-


sygdomme





has_as_effect








has_as_effect





synonym_of





mangel på 


A-vitamin





A-vitaminmangel





relates_to





retinol





caroten





is_a





is_a





has_as_effect





foster-


misdannelser





omdannelse af lys


 til synsindtryk





regulering af


cellevækst





regulering af


arveanlæggenes funktion





has_as_effect





has_as_effect





has_as_effect








  A-vitamin





is_a





is_in





is_in





is_in





is_in





is_in





is_in





vitamin





æg





mælk





fisk





lever





grønt





frugt





made_of





akne





used_against





A-vitaminsyre





{door lock}





{hinge, 


flexible joint}





{arm rest}





{car mirror}





{car window}





{bumper}





{car door}





{cab, taxi, hack, taxicab}





{cruiser, squad car, patrol car, police car, prowl car}





{car,auto;automobile;machine;motorcar}





{motor vehicle, automotive vehicle}





{vehicle}





{conveyance, transport}





puslespil (puzzle)





fremstille (produce)





 agentive





samle(assemble)





    telic





 brikker (pieces)





 constitutive





spil (game)





formal





has_as_effect





cancer





blindness





infectuous diseases





has_as_effect





has_as_effect





synonym_to





deficiency of vitamin A





vitamin A deficiency





relates_to





retinol





carotene





is_a





is_a





has_as_effect





fetus deformity





transformation of light into visual sensations





regulation of cell growth





regulation of the functioning of the genes





has_as_effect





has_as_effect





has_as_effect








  vitamin A





is_a





is_in





is_in





is_in





is_in





is_in





is_in





vitamin





egg





milk





fish





liver





vegetables





fruit





made_of





acne





used_against





vitamin A acid





large consump�tion of fruit and vegetables








smaller risk of developing  further cancer diseases








melon





abricot





carrot





spinage





milk





egg





liver





fish





(non-animal food)





(animal food)





food





vitamin A





retinol





fat soluble vitamin








carotene





betacarotene





vitamin





too large vitamin A consumption








fetus deformation





vitamin A deficiencyy








global dietary


problem








diseases causing reduced  intestine fat absorption








night blindness








dry mucous membrane








increased suscepti�bility to infections








infant mortality





xerophthalmia





blindness





regulation of gene expression





regulation of cell growth





transform. light - visual sensations





formation of glycoprotein





mucus cove�ring mucous membrane








glycoprotein





mucous membrane eee








eye





pigment of vision








liver





chronic liver disease 








� Syntax and morphology was given for 20.000 lexical units in the so-called LE_PAROLE-project. The semantic information is given partly by means of semantic relations, partly by means of semantic features.


� NDO indicates that the definition is taken from the Danish dictionary ‘Nudansk Ordbog’.


� This need not always be the case; for instance the constitutive role is often realised by means of simple features, such as for instance ‘sex=female’ for a word like søster (sister)


� Semantic relations for adjectives are not included here since the guidelines for these are not completed yet.


� Consider for example puslespil (puzzle) which is used for putting pieces together, vindue (window) which is used for looking out, or sovepude (sleeping pillow) which is meant for sleeping at etc. These relations are exactly the ones that are ‘transferred’ into the metaphorical use of these nouns. When something is a puzzle it means that a lot of different parts need to come together; when something is a window to something it means that this something helps us see new aspects; when something is a sleeping pillow it means that it makes us ‘sleep’ in the figurative sense of the word.


� Examples marked with * are taken from ENV 12611:1997
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