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1. Introduction
This document summarises the development of the Spanish EuroWordNet database. Detailed descriptions of the different building steps can be found in: EWN deliverable D005 for Nominal Base Concepts, D006 for Verbal Base Concepts, D014D015 for the description of Subset 1 and D027D028 for the description of Subset 2

2. Methodology 

The overall task (Rodríguez et al 98) can be roughly structured in the following steps:

1. Building the local BC set

2. Tuning the local BC set. Building the Common Base Concept set.

3. Building the Subset1

4. Tuning and refining Subset1

5. Building the Subset2

6. Tuning and refining Subset2

2.1 Building the local Base Concepts set.
For nouns, we translated manually all the variants occurring in the two highest levels of WordNet1.5. For these words, if the frequency as genus word in a taxonomy obtained from the monolingual VOX dictionary (Alvar 1987) was greater or equal to 5, they were automatically selected. If the frequency as genus word in the taxonomy was less than 5, a word was  selected only if the number of occurrences in the dictionary (definition and example fields of the monolingual VOX dictionary) was 50 or higher, or the number of occurrences in the Lexesp corpus was 100 or higher. A similar approach was followed for verbs without using any taxonomy. 

The result of the selection was 523 noun synsets and 128 verb synsets. 

2.2. Tuning the local Base Concepts set. Building the Common Base Concepts set.
As a result of the comparison with the Base Concepts for the rest of languages in EWN, a number of such local BCs were rejected (200 nominal synsets) as CBS and incorporated as part of Subset 1. On the other hand, 371 nominal synsets were missing and were added manually. The final set of CBC has 1024 synsets.

2.3. Building the Subset 1.
Subset 1 was built according to these criteria:

i. Incorporating the set of local BC rejected in phase 2 as members of CBC set (what we call the set of Spanish major concepts).

ii. Bottom-up extension of the above set following hyperonymy-hyponymy relations.

iii. In the case of nouns, application of a set of heuristics to map Spanish words to WN1.5 synsets using Bilingual dictionaries as Knowledge Sources. ( Farreres  el al 1998). The quality of the sources and procedures was assessed, and only the mapping over a pre-defined threshold (Confidence Score > 84%) were selected.

iv. For Verbs, the core material was the PIRAPIDES database, developed jointly by the Universities of Barcelona and Pennsylvania. It consists of 3600 English verb forms organized around Levin's Semantic Classes, connected to WN1.5 senses and ambiguously translated to Spanish. It also contains thematic role and diathesis information. Using this and other linguistic knowledge (Castellón et al 1998), the database was manually processed to produce correct Spanish WordNet (S-WN) synsets.

v. A set of synsets (both nominal and verbal) semantically related to the CBC was incorporated manually to subset 1.

2.4. Tuning and refining Subset 1.
Several comparisons were performed to increase the compatibility between languages and the significance and homogeneity of the distribution. Among others: i) degree of coverage of WN1.5 and distribution of such coverage (% of top concepts covered, density of distribution, etc.), ii) distribution of coverage of TO classes, iii) degree of coverage of the Parole lexicon, and iv) existence of islands in S-WN chains.

After a manual correction of some of the problems detected, we finally achieved the following figures:

Table 1: Subset 1 Overview ES


Nouns
Verbs
Others
Total

Synsets
18577
2602
0
21179

Number of senses (variants)
41292
6795
0
48087

X variants per synset
2.22
2.61
0
2.27

Corresponding to number of entries (words)
23216
2278
0
25494

X senses per word
1.77
2.98
0
1.88

Language Internal Relations
40559
3749
0
44308

Average per synset
2.18
1.44
0
2.09

Equivalent Relations to ILI (WN1.5)
18634
2602
0
21236

Average per synset
1.00
1.00
0
1.00

Synset without ILI
0
0
0
0

Percentage of Synsets without translation
0%
0%

0%

2.5. Building the Subset 2.
In the first building phase, mainly due to the extensive use of automatic methods of lexical knowledge acquisition, the S-WN already achieved the size estimated for the final database. Therefore, in the second phase we focused on a -mostly manual- effort to:

1.
Improve the overlap across wordnets.

2.
Enhance the quality of the Spanish WordNet.

As a side effect, both tasks have also led to a small increment of the database size.

The strategy to achieve these improvements was derived from the results of the overall comparison performed over the results of subset 1. Such strategy is implemented in five interrelated actions shown in Figure 1.
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Figure 1. FUE Strategy for Subset 2.

The five actions are:

Action 1: Detection of gaps in hyponymy chains whose filling causes a substantial increase in the compatibility between wordnets. Manual filling of such gaps.

Action 2: Manual verification of synsets containing automatically generated variants. This action has been based on two lists: (i) a list of pairs of nominal synsets which are adjacent in the hyponymy chain and share at least one automatically-generated variant; and (ii), the list of multiword expressions present in synsets. This action typically resulted in deletion of wrong variants from synsets, re-location of some of those variants in other pre-existing synsets, and creation of new synsets to re-locate the rest of such variants.

Action 3: Manual addition of new vocabulary considered relevant —entailing the corresponding creation of new synsets. Such vocabulary mostly came from (i) a list of nominal synsets covered by the Catalan WordNet but not by S-WN, and (ii) a working database of verbal synsets containing automatically-generated variants; but also (iii) from other small areas of vocabulary detected incidentally while carrying the effort due to any of the rest of actions.

Action 4: Addition of new relations other than hyponymy and synonymy between nominal synsets. This action was carried out by (i) semi-automatic creation of near-synonym and cause relations imported from WN 1.5; and (ii) manual creation of other types of relations between synsets when the possibility was detected while performing other actions.

Action 5: Manual addition of Cross-Part-Of-Speech (XPOS) relations between nominal and verbal synsets. This work has been based on a list of noun-verb candidate pairs obtained by means of morphological criteria. (Gonzalo et al 1998)
These actions led to the following results:

Table 2: Subset 2 Overview ES


Nouns
Verbs
Others
Total

Synsets
19663
3538
0
23201

Number of senses (variants)
39782
8394
0
48176

X variants per synset
2.02
2.37
0
2.08

Corresponding to number of entries (words)
22881
3324
0
26205

X senses per word
1.74
2.53
0
1.84

Language Internal Relations
43151
6756
2661
52568

Average per synset
2.19
1.91
N/A.
2.27

Equivalent Relations to ILI (WN1.5)
19534
3534
0
23068

Average per synset
0.99
1.00
0
0.99

Synset without ILI
185
4
0
189

Percentage of Synsets without translation
1%
0%
0
1%

2.6. Tuning and refining Subset 2.
This last phase consisted of two actions:

· Iteration of the preceding actions for further refinement of the data.

· Inclusion of a first subset of adjectives. 

The subset of adjectival synsets has been included with the primary goal of linking adjectives to the noun and verb synset networks. The following steps have been completed:

· Manual analysis of the VOX Spanish monolingual dictionary in order to extract adjective-adjective, adjective-verb and adjective-noun (word form to word form relations) relation patterns (definition patterns and morphological suffixation rules). These rules produce automatically over 7.000 candidate pairs. 

· The candidate pairs were classified according to the suffix used to produce the adjective. It was tested whether, for a given suffix, the adjective/verb or adjective/noun relation was valid for all senses of the noun or verb. This was manually checked on 20% of the relations for each suffix. 

· We selected the suffixes that hold the above condition in 90% of the cases or more, and removed the adjectives that were polysemous in the VOX dictionary. These two filterings led to over 2000 relations that could be applied automatically to all senses of the noun/verb involved, which led to over 8000 XPOS_NEAR_SYNONYM relations adjective-noun and adjective-verb. The rest of candidate pairs need a more refined processing which is actually being carried out.

3. Results

The main features for the final S-WN are the following:

( The S-WN overcomes the initial foresight (50.000 variants).

( The S-WN achieves complete InterLingual connectivity for Nouns and Verbs (synsets) (all of them except for 67 remaining cases (0.2%) are full quality linked to the ILI. Only Adjectives are currently not connected to the ILI.

( Part-Of-Speech distribution is roughly 77% of the variants are Nouns, 17% are Verbs and 5% are Adjectives.

( The average synset in the S-WN contains 1.72 variants.

( As explained above, the methodology for building the S-WN involves a strong structural resemblance to Princeton's WordNet 1.5. Remarkably:

( The hierarchy for Nouns is quite deep, while for Verbs is rather flat. The usual depth of the nominal taxonomy is 6/7 (44.9% of the chains). On the other hand, the average for Verbs is a chain of length 3. 

( Nouns are organised below 11 tops (those of WordNet 1.5: Entity, Abstraction, Location, Shape, Event, Group, etc.) while verbal tops are 366 (a subset covering 65% of WordNet 1.5's Verb tops).

( The S-WN shows a high degree of internal connectivity: 2.42 relations per synset, from which about 15% are cross-part-of-speech relations.

( All internal relations are 100% reliable. The XPOS relations have been encoded manually, and the rest parallels WordNet 1.5 internal links.

( Our methodology ensures maximal overlap with the ILI and full reliability of the language internal relations, but leaves space for errors in the semi-automatic assignment of variants to the synsets. Nevertheless, the series of tuning and refining steps performed in the last phase of the project has led to these final high-confidence results:

( As shown in Table 6, 54% of the variants have been manually encoded or revised (100% reliability). The confidence index of the remaining variants range between 97% and 85%, as computed by testing statistically relevant samples.

( It should be noticed that such a feature only affects to Nouns (all Verbs and Adjectives have been manually encoded, therefore their reliability is 100% complete. 

( Moreover, manual encoding and revision of nominal synsets has been focused on the upper levels of the hierarchy and on the most frequent word forms (in our corpora) (as well as on Base Concepts. These revision criteria guarantee that the most important concepts of the S-WN are fully reliable.
3.1 Overview Tables

The final figures for the first release of EWN are shown below.

Table 3: Final Figures for the Spanish EWN database.


Nouns
Verbs
Others
Total

Synsets
24215
4079
2191
30485

Number of senses (variants)
40759
9317
2439
52515

X variants per synset
1.68
2.28
1.11
1.72

Corresponding to number of entries (words)
26485
3828
2439
32752

X senses per word
1.54
2.43
1.00
1.60

Language Internal Relations
54832
7978
10855
73665

Average per synset
2.26
1.96
N.A*.
2.42

Equivalent Relations to ILI (WN1.5)
24209
4074
0
28283

Average per synset
1.00
1.00
0
0.93

Synset without ILI
62
5
2191
2258

Percentage of Synsets without translation
0.00
0.00
1.00
0.07

* Not applicable as it comprises relations between nouns and verbs. 

Table 4: Language Internal Relations ES

Language Internal Relations
Nouns

Verbs

Other

Total


HAS_HYPERONYM
24608
44,9%
3728
46,7%
0
0,0%
28336
38,5%

HAS_HYPONYM
24608
44,9%
3728
46,7%
0
0,0%
28336
38,5%

XPOS_NEAR_SYNONYM
0
0,0%
0
0,0%
8806
81,1%
8806
12,0%

NEAR_ANTONYM
684
1,2%
320
4,0%
0
0,0%
1004
1,4%

HAS_HOLO_MADEOF
110
0,2%
0
0,0%
0
0,0%
110
0,1%

HAS_HOLO_MEMBER
427
0,8%
0
0,0%
0
0,0%
427
0,6%

HAS_HOLO_PART
1929
3,5%
0
0,0%
0
0,0%
1929
2,6%

HAS_MERO_MADEOF
110
0,2%
0
0,0%
0
0,0%
110
0,1%

HAS_MERO_MEMBER
427
0,8%
0
0,0%
0
0,0%
427
0,6%

HAS_MERO_PART
1929
3,5%
0
0,0%
0
0,0%
1929
2,6%

INVOLVED
0
0,0%
0
0,0%
105
1,0%
105
0,1%

INVOLVED_AGENT
0
0,0%
0
0,0%
513
4,7%
513
0,7%

INVOLVED_INSTRUMENT
0
0,0%
0
0,0%
292
2,7%
292
0,4%

INVOLVED_LOCATION
0
0,0%
0
0,0%
84
0,8%
84
0,1%

INVOLVED_PATIENT
0
0,0%
0
0,0%
6
0,1%
6
0,0%

ROLE
0
0,0%
0
0,0%
105
1,0%
105
0,1%

ROLE_AGENT
0
0,0%
0
0,0%
513
4,7%
513
0,7%

ROLE_INSTRUMENT
0
0,0%
0
0,0%
292
2,7%
292
0,4%

ROLE_LOCATION
0
0,0%
0
0,0%
84
0,8%
84
0,1%

ROLE_PATIENT
0
0,0%
0
0,0%
6
0,1%
6
0,0%

CAUSES
0
0,0%
101
1,3%
6
0,1%
107
0,1%

IS_CAUSED_BY
0
0,0%
101
1,3%
6
0,1%
107
0,1%

XPOS_FUZZYNYM
0
0,0%
0
0,0%
37
0,3%
37
0,1%

Total
54832

7978

10855

73665


Synsets
24215

4079

2191

30485


Average per synset
2.26

1.96

N.A.*

2.42


* Not applicable as it comprises relations between nouns and verbs. 

Table 5: Equivalence Relations ES

Equivalence Relations
Nouns
Verbs
Total

EQ_SYNONYM
24153
4074
28227

EQ_NEAR_SYNONYM




EQ_HAS_HYPERONYM
39

39

EQ_HAS_HYPONYM
14

14

EQ_INVOLVED




EQ_ROLE




EQ_IS_CAUSED_BY




EQ_CAUSES




EQ_HAS_HOLONYM
1

1

EQ_HAS_MERONYM
2

2

EQ_HAS_SUBEVENT




EQ_IS_SUBEVENT_OF




EQ_BE_IN_STATE




EQ_CO_ROLE




Total
24209
4074
28283






3.2 Reliability and status of the relations 

Table 6: Confidence of assigned variants

Confidence (Variants)
Nouns
Verbs
Adjectives
Total

99% (Manual)
16568
9317
0
28324

97%
310
0
0
310

95%
2652
0
0
2652

93%
1173
0
0
1173

90%
6
0
2439
6

86%
16605
0
0
16605

85%
3445
0
0
3445

Total
40759
9317
2439
52515

Average (%)
92
99
90
93

3.3 Corpus Frequency/Parole

Table 7: Overall Coverage of Spanish PAROLE lexicon


EWN ES
PAROLE ES
Intersection
Coverage

Nouns
26485
10952
7737
70.64%

Verbs
3828
3379
2004
59.31%

Table 8: Coverage of PAROLE nouns by frequency

Frequency
PAROLE entries
PAROLE covered
%coverage

1001-
147
146
99.32

501-1000
261
258
98.85

251-500
462
451
97.62

101-250
933
911
97.64

51-100
959
874
91.14

31-50
892
762
85.43

21-30
730
556
76.16

11-20
1202
875
72.80

6-10
1024
616
60.16

3-5
968
670
69.21

2
435
256
58.85

1
643
333
51.79

Table 9: Coverage of PAROLE verbs by frequency.

Frequency
PAROLE entries
PAROLE covered
%coverage

1001-
110
110
100.00

501-1000
139
131
94.24

251-500
218
194
88.99

101-250
381
306
80.31

51-100
374
297
79.41

31-50
347
216
62.25

21-30
286
160
55.94

11-20
469
223
47.55

6-10
360
169
46.94

3-5
254
91
35.83

2
123
41
33.33

1
131
34
25.95

3.4 Description of the most important nodes

3.4.1 Number of tops per POS

The number of tops of Spanish WN are 11 for nouns and 366 for verbs. All these synsets are connected to the corresponding WN1.5 tops giving a high degree of coverage.  Being the coverage of nominal WN1.5 from Sp WN 39.98 % the tops are fully covered. Being the coverage of verbal WN1.5 from Sp WN 35.89 % the coverage of tops is 63.87 %. The following table depicts these figures
Table 10: Number of Tops per POS

Sp WN
( (WN,ES,NL,IT)
WN 1.5
% ( (WN,ES,NL,IT)
% WN1.5

Noun WN overall
24215
79152
60557
30.59
39.98

Noun tops
11

11

100.00

Verb  WN overall
4079
16041
11363
25.43
35.89

Verb tops
366

573

63.87

3.4.2 Hierarchical nodes

The way the Spanish WN has been built implies that all the nominal and verbal synsets are connected by means of  hierarchical links and almost all of them (only 62 nominal synsets and 5 verbal synsets have no WN1.5 equivalent) are connected to the corresponding WN1.5 synsets. The hierarchical structure of Sp.WN follows closely, at least in the highest levels, the corresponding structure of  WN1.5. The average depth of Spanish chains (6.61 for nouns, 3.26 for verbs) are close to the corresponding English chains (7.19 for nouns, 3.58 for verbs). Table 11 depicts the number of ILI nodes placed at different levels in the hierarchy. What is important is to point that most nodes are placed in the highest levels contributing to a quite robust coverage. In fact most of the extensions of Spanish WN consist of developping top- down (vertical extension) the current hierarchy.
Table 11: Hierarchical nodes

depth
Nouns
verbs

1
11
366

2
149
1165

3
1041
1174

4
2511
752

5
4354
375

6
5303
160

7
5016
66

8
3285
30

9
1856
3

10
967
2

11
347


12
135


13
76


14
18


15
4


3.4.3 Other major clusters or typical lexicalization patterns

The way of building Spanish WN starting from the highest nodes of WN1.5, performing a manual translation of tops and 2nd level synsets in the case of nouns and most of the tops in the case of verbs, taken profit of bilingual resources and extending vertically bottom-up the new added synsets suposes that adding not connected ILI nodes is performed in a extremelly few cases (as has been said above, only 62 nominal ILIs and 5 verbal ILIs correspond to inexistent WN1.5 synsets). Only a few amount of multiwords (most of them corresponding to Common Base Concepts) have been included in Spanish WN. Most of the multiwords occuring in subset1 have been removed later after manual inspection. So, our approach has not used any systematic lexicalization pattern. 

After analyzing the results of subset1 some efforts have been devoted to cover the most uncovered semantic areas. The results now are that 24,123 (from 24,215) nominal ILIs and 3,760 (from 4,079) verbal ILIs are connected to the Top Ontology providing a quite armonious coverage. Tables 12 and 13 show the distribution.
Table 12: coverage of TO from nouns

Vehicle
244

SituationType
1

Container
461

Place
1345

Phenomenal
575

Comestible
965

Static
1379

Existence
108

Software
53

Garment
222

Building
298

Functional
78

ImageRepresentation
236

Communication
1792

Part
3171

Object
11459

LanguageRepresentation
718

Instrument
2040

Physical
2209

Covering
557

Relation
1893

Quantity
809

Manner
313

Mental
3108

3rdOrderEntity
2412

BoundedEvent
2466

Furniture
76

Property
2342

Dynamic
4774

UnboundedEvent
1518

Function
5578

Condition
1197

Substance
2161

Experience
2154

Liquid
284

Living
6241

Group
1800

Modal
160

Purpose
4317

Artifact
5304

Time
410

Stimulating
324

Cause
2646

1stOrderEntity
1

Animal
1161

Representation
330

Agentive
3229

Usage
811

Occupation
761

Possession
50

Natural
6668

Human
3832

Location
337

Solid
1579

Social
3537

Creature
177

Gas
33

MoneyRepresentation
119

Plant
890

Table 13: coverage of TO from verbs
Mental
3108

Manner
313

SituationType
1

BoundedEvent
2466

Property
2342

Dynamic
4774

UnboundedEvent
1518

Phenomenal
575

Condition
1197

Static
1379

Existence
108

Experience
2154

Modal
160

Purpose
4317

Time
410

Stimulating
324

Cause
2646

Agentive
3229

Usage
811

Communication
1792

Possession
50

Location
337

Social
3537

Physical
2209

Relation
1893

Quantity
809
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