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Abstract. The paper presents the CRUD functions of the Hydra for Web
system for work on lexical-semantic databases with relational structure similar to
the structure of WordNet. It supports functionalities for editing of relational data,
simultaneous access of multiple users, parallel data visualisation. Hydra for Web
has been used for the development of the Bulgarian wordnet.
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1. Introduction

WordNet' is a lexical-semantic database firstly created for English —the Princeton
WordNet (Miller, 1995; Fellbaum, 1998) where synonymy is the main relation
between words, and synonyms (termed ‘literals’) are organised in unordered sets
called synonym sets (synsets) that are interlinked via conceptual-semantic and
lexical relations.

Wordnet encodes data into relational format and needs flexible tools to give
the users easy access to data editing and visualisation. One such tool is Hydra for
Web that is at focus of the present paper. It is a system application for working
with complex relational data of wordnet (including parallel data between two
or more wordnets). It integrates an editing functionality and a simple interface
that keeps the structure of a synset with all the relations integrated into one
hierarchical structure.

The paper contains a discussion on: the wordnet and its structure (section 2);
the Hydra for Web system’s interface and functionalities (section 3); and a brief
overview of its applications (section 4).

2. WordNet

WordNet is a large lexical database of English (started as the Princeton Wordnet,
cf. Miller, 1995) which contains nouns, verbs, adjectives and adverbs that are
grouped into sets of cognitive synonyms (synsets), each expressing a distinct
concept (synsets are considered to reflect (psycho)linguistic concepts, as claimed
by Miller (1990). In the last decades, wordnets for over 43 languages have been
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developed and among them, the Bulgarian wordnet (BulNet) (Koeva et al., 2004;
Koeva, 2010) which started within the project BalkaNet — a Multilingual Semantic
Network of the Balkan Languages (Stamou et al., 2002) covering five Balkan
languages — Bulgarian, Greek, Romanian, Serbian, Turkish, plus Czech. In the
recent years, the Bulgarian WordNet has been expanded to over 120,000 synsets
(of which over 80,000 are manually validated). While the Princeton WordNet
(PWN) includes only open class words, i.e., nouns, verbs, adjectives, adverbs,
synsets in the Bulgarian wordnet are distributed into nine parts-of-speech — nouns,
verbs, adjectives, adverbs, pronouns, prepositions, conjunctions, particles, and
interjections (function words were added within the work on the development of the
Bulgarian Sense-Annotated Corpus where every word is linked to a corresponding
synset (Koeva et al., 2011).

Synonymy is the main relation between the words, and synonyms (‘literals’) are
organised in unordered sets (synonym sets or synsets). A synset obligatorily contains
literals (at least one, in the examples below, these are the sets of words into curly
brackets), a definition, an identification number (ili — interlingual lexical index (Vossen,
2002) and information about the part-of-speech (pos). It often contains usage examples
(one or more phrases or short sentences) to illustrate the use of the concept.

Synsets are interlinked via conceptual relations — hypernymy/hyponymy,
antonymy, meronymy, holonymy, etc., morphosemantic relations (agent, event,
result, material, location, etc.) (for detail, see Miller, 1995; Fellbaum, 1998;
Fellbaum et al., 2009}. Nouns and verbs are obligatorily linked to hypernyms, as
in Ex. 12 where {remuwe:2; nemamenno none:1} /! {airfield:1; landing field:1;
flying field:1; field:6} is a hypernym (relation hypernym) of the synset {aepoeca-
pa:l; aeponopm:1; nemuwe:l; nemuwen xomnnexc:1} // {airport:1; airdrome:1;
aerodrome:1; drome:1} where each member (a single word or a phrase/multiword
expression) is a literal. Synsets are also interlinked via conceptual relations such
as meronymy/holonymy (relations more_part, holo_part) as with {xaneap:1} //
{airdock:1; hangar:1; repair shed:1} in Ex. 1, antonymy (relation antonym) (for
adjectives and adverbs), among other.

Ex. 1:

Synset: bg — {n: aeporapa:1; aeponopt:1; neruuie: 1; netumen komruekc:1} //
{ n: airport:1; airdrome:1; aecrodrome:1; drome:1}

definition: remamenna 3ona 3aeono ¢ kKomniekca om Ha3eMHU CLOPLIHCEHU
(nucmu, xaneapu, czpaou) 3a u3Iumare, Kayaue, nPecmotl u 0OCIYHC8aHe Ha CAMOo-
Jlemume u Ocucypseane Ha peooGHUs NPe6o3 HA NbMHUYU U MOeapu NO pasiuiHu
6b30YUIHU TUHUU

pos: n ili: eng-30-02692232-n semantic class: noun.artifact

hypernym: bg — {n: nerume:2; nerarenno mone:1} // {n: airfield:1; landing
field:1; flying field:1; field:6}
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hyponym: bg — {n: xenunopt:1} // {n: heliport:1}

mero_part: bg — {n: xanrap:1} / {n: airdock:1; hangar:1; repair shed:1}

mero_part: bg — {n: netumen tepmuHain:l} // {n: air terminal:1; airport
terminal:1}

mero_part: bg — { n: xourponna xyna:1} // {n: control tower:1}

Adjectives are linked to other synsets via derivational relations and relations
such as similar_to and also_see (to their near synonyms), as in Ex. 2.

Ex. 2:

Synset: bg — {a: nanexornen:}1 // {a: farsighted:2; presbyopic:1}

definition: xoumo suoicoa sicno oaneunu obexkmu, HO NOHAKO2A GUNICOA MbIABO
onusku obexmu (npu xopama 0OUKHOBEHO clied 45-200uuna 6v3pacm

pos: a ili: eng-30-02157399-a semantic class: adj.body

also_see: bg — {a: mpensumnums:1} // {a: provident:1}

antonym: bg— {a: xecoren: 1 ; muonmuen: 1} // {a: nearsighted: 1; shortsighted:3;
myopic:2}

eng_derivative: bg — {n: xuneponwus:l; xumnepmerpomnus:];aaneKoraeacT
Bo:1} // {n: hyperopia:l; hypermetropia:1; hypermetropy:1; farsightedness:2;
longsightedness:1}

eng_derivative: bg — {n: npecOuomnus:1; crapuecko manexornencrso:l} // {n:
presbyopia:1; farsightedness:3}

similar_to: bg — {a: xunepmerponuyen:1; nanexornen:3} // {a: hyperopic:1;
hypermetropic:1}

Adverbs are often linked via derived / derivative relation to the adjective
from which they are derived, as exemplified in Ex. 3. Adverbs in BulNet have an
obligatory relation category _member via which they are linked to synsets that
define specific concepts of time, place, manner, frequency, etc. (e.g., {kpacugo:1}
is linked via category_domain to {nauun:3; cmun:2; manuep:1} in Ex. 3).

Ex. 3:

Synset: bg — {b: kpacuso:1} // {b: beautifully:1; attractively:1}

definition: xapaxmepusupa nocouenomo 6 uszkazeanemo kamo 6yoewo npusm-
HU ecmemuyecKku ycewanus

pos: b ili: eng-30-00242006-b semantic class: adv.all

category_domain: bg — {n: naunn:3; ctun:2; manuep:1}

antonym: bg— {b: HearpakTuBHO: | ; HenpuBnekaTenHo:2 } // {b: unattractively:1}

derived: bg — {kpacus: 1; npekpacen:2} // {beautiful:1}

derived: bg — {mpusnekarenen:1} / {attractive:1}

Synsets can also be connected via morphosemantic relations (agent, event,
result, etc., see Miller, 1995; Fellbaum, 1998; Fellbaum et al., 2009), as in Ex.
4 where {nywene:1; momiononywene:1} // {smoke:2; smoking:1} is event of
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{nywa:2; usnyweam:1; usnywa:1} / {smoke:3}. In Ex. 4, relations on the level of
literal are also exemplified with the literal {nywene: 1} being derivationally related
to the literal {nywa:2} of the corresponding verb synset via the literal derivational
relation without_suffix — it basically means that there is no derivational suffix in
the verb form nywa (thus, it is marked as being ‘without suffix’) (the approach
to introducing a range of derivational relations on literals are described in
(Dimitrova, et al., 2014).

Ex. 4:

Synset: bg — {n: nmyuiene: 1; TroTIOHOMyIICHE: | }

definition: akmvm na nywene, noemane npez ycmama Ha Oum om miomiox U
opyau cybcmaHnyuu

literal: {mymene:1}

without_suffix: {myma:2}

literal: {TroTroHOMyIICHE: ]}

usage: [IynieHeTo e mo3BOJCHO CaMO HAaBBH.

usage: [lymieHero ycMbp/siBa crasta.

pos: n ili: eng-30-00834636-n semantic class: noun.act

hypernym: bg — {n: numane:1}

hyponym: bg — {n: ny¢prene:2}

bg_derivative: bg — {v: myma:2; n3mymsam:1; n3myma:1}

is_event_of: bg — {v: myma:2; uznymsam:1; n3myma:1}

mero_part: bg — {n: apbrnBaHe:2; BcMyKkBane: 1 ; rpprane:3; myxreHe:2}

Additionally, each synset is classified by a semantic primitive (Miller 1993 et al.,
Fellbaum et al., 2009} . Nouns are organised into 25 semantic classes (noun.person,
noun.animal, noun.plant, noun.event, noun.act, noun.body, noun.artifact, etc.)
while verbs are classified under 15 primes (verb.stative, verb.communication, verb.
change, verb.cognition, verb.cognition, verb.body, etc.). In the Princeton WordNet,
adjectives are classified into two larger classes: descriptive adjectives and relational
adjectives; plus an additional class of adjectival participles (Fellbaum, 1993),
while other wordnets have introduced more detailed classifications (including the
Bulgarian wordnet, cf. Stefanova 2016; Stefanova & Dimitrova, 2017).

3. Hydra for Web: User Interface and Functionalities

Hydra for Web is based on the notion of wordnet as a relational structure
organised around a set of objects that are interlinked via a set of binary relations.
The objects are of three types — Synset, Literal and Note. The Literals (i.e., the
words) in a synset are connected with it via a relation called literal. The Notes
objects represent the textual data in wordnet — usage examples and notes. In a
way similar to literals, every usage example is connected to its synset via the
relation usage.
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Hydra for Web started as a tool intended to show parallel wordnet data where
wordnets with the same identification can be visualised in parallel (for this purpose,
wordnets use the ILI — interlingual lexical index (Vossen, 2002). The editor was
further developed for online editing of the wordnet data. Hydra for Web (available
at http://dcl.bas.bg/bulnetedit/ - literals (and synsets) that have not been validated
yet and are not part of the validated BulNet database are dimmed) is a single page
web application that uses as backend the API of the open source modal logic tool
for wordnet development Hydra (Rizov, 2008; downloadable at: http://dcl.bas.bg/
hydra/). It is built with Node.js (Node.js® is a JavaScript runtime: https://nodejs.
org/.) and Express (Web application framework for Node.js, http://expressjs.com/).
The wordnet data retrieval is made by means of the Wordnet Service. It is mobile-
friendly on a small width (mobile), where the panels are ordered successively.

The navigation bar (as seen on: http://dcl.bas.bg/bulnetedit/) has a dropdown
menu for switching between the wordnets the user wants to work on. It contains
modes such as BulNet vs. PWN, BulNet vs. RoOWN and RoWN vs. PWN by default
but through a modal dialog the user can enable / disable additional wordnets. The
user can search for a word in Bulgarian and see the corresponding synsets in English
and Italian, for example. The tool allows users to work on any wordnet that is in the
database. The interface is currently available in English, Bulgarian, and Romanian
but it is possible for other languages to be added.

3.1. Search

The search system provides results in all of the available languages (restricted
by the selection of the user) — in addition to the Princeton WordNet (PWN) 3.0,
and the Bulgarian WordNet (BulNet), the database currently contains over 20
other wordnets. The tool allows for searching into databases of different language
wordnets with a single query. The selected result by the user is propagated to the
right hand side visualiser(s). Hydra for Web supports two visualisation modes:

— Single mode — one visualiser where what you select is what you see;

— Bilingual mode — two visualisers — where you see the correspondences of the
selected synset in the mode’s languages.

Every object visualisation is recursive in a sense that every relation (hypernym,
holo_part, etc.) that leads to other object (i.e., synset) is expandable in the same
way as the root one. The data in objects like pos, ILI, etc., are available immediately,
while the relations are loaded by means of AJAX query, but asynchronously without
blocking the UL

The tool allows searching for an exact match of a word string — a single word
such as {uaii}!, or a multiword unit, e.g., {kymus 3a uaiil, or a non-exact match
search which returns any synset where the searched word is found (e.g., a search for
{uaui} returns 22 synsets including {uepen uaii: 1}, the adjective {c uaer apomam: 1,
¢ apomam Ha yau. 1}, etc.).
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the search panel returns all

the synsets that contain a literal matching the search query.

9
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The search input is enhanced with autocomplete (with prefix match) as shown on Fig. 1

for a search for the word xaghe ‘coftee’ (up to to 10 elements are shown at once in a list).

Although the three types of objects are fully-fledged
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The search returns a paginated list with the respective synsets in the
database, as shown on Fig. 1 for the non-exact match search for xage ‘coffee’
which returns 41 different synsets from the Princeton WordNet database (the
exact match search returns only 7 synsets). The results shown at once are
limited to 30 synsets in a list below the Search input but the user can access
all the synsets found by using the button Next and Previous to browse between
the results (pages).

The tool shows the status of the data (literals) — literals that have been validated
by an expert, are visualised in the standard color, while those that have not been
validated yet, are dimmed (muted).

To limit the results shown, the search respects word (string) boundaries,
i.e., the user can search only for whole words but not parts of the words.

3.2. Editing a synset

The online editor Hydra for Web allows to:

— Edit object’s data. Some of the fields require free text like definition, while
others are with predefined value list — the part-of-speech.

— Add object (literals and notes are added by button clicks in the parent
objects).

— Delete object.

— Add binary relation (i.e., hypernym) between existing objects.

A synset can be edited by clicking on the top right-edge Edit button of the panel
to put the linguistic unit (Synset, Literal or Note) panel in Edit mode — the data
visualisation controls are replaced with those for editing.

The Edit panel for a synset consists of subpanels for elements which are part
of the synset — at least four, as shown on Fig. 2: the set of literals constituting
a synset; the definition; the literals visualised as a list — each literal can be
edited as an independent object with its own structure; and information that
is unique to the current synset only — part-of-speech (pos), ILI, sentiment
values according to SentiWordNet (Esuli & Sebastiani, 2006), semantic class.
Other elements that can be visualised are: usage, snote, relations such as
hypernym, hyponyms, derivational relations, morphosemantic relations, and
others. Fig. 2 shows a synset that has not been edited yet. The information in
Bulgarian as seen here, is not accessible publicly but only to the editors with
the appropriate rights. The information has been automatically translated and
added into the database to help the editors.
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From top to bottom, the following elements are part of the editor panel (for
Synset object in the example) as shown on Fig. 2:

1. Panel header — textual representation of the synset — all the literals to the
left, followed by buttons for canceling (the green arrow sign), deleting (the ‘bin’
sign), and saving the synset.

2. Three buttons for adding (with the plus sign) literal, usage and snote
relations (and new objects) of the synset.

3. The definition.

4.  Theliterals ordered in a list. Each literal can be edited independently by clicking
on the Edit button and opening an Edit panel which is much like the Editor panel of the
parent synset. By clicking on the literal — without opening the Edit panel — the user can
view the whole information about the literal at hand (word, lemma, status, and Inote if
available plus the entire synset — with all the literals — it pertains to).

5. Information about: pos, ILI, sentiment values according to SentiWordNet,
and semantic class. All values of these categories are editable — pos, SentiWordNet
values, and semantic class are available as a list with fixed values.

The synsets to which a currently edited synset is linked to via a relation
(hypernym, hyponym, etc.) are given as a list after the subpanel (5) and each of the
linked synsets can be edited further on its own.

3.3. Linking

The Linguistic Units (LU) can be connected by introducing a relation between
the two connected LUs. It is accomplished by means of a Wizard. To start, the user
clicks on the Connect button to the left of the Edit button on the unit panel. The
procedure requires the following steps:

Step 1: A new Select Relation panel is opened to replace the Search panel. The new
panel offers a list of all the relations available for the selected type of LU — as seen on Fig. 3.

Select Relation V' Synset: bg - n: kopau:1; xenesap:1 ¥ Synset: en - n: blacksmith:1

a t_of
is_agent o definition: eranopaborHuk, KoiTo u3paborsa definition: a smith who forges and shapes iron

region_domain P WNK NONPAaBA XENEIHW W3 ASNNA YPE3 KoBaHEe Ha with a hammer and anvil
region_member ropeul Metan

has_value

has_aftribute

has_derived ¥ literal: blacksmith:1
usage_menmber ¥ literal: kosau:1

usage_domain
verb_group

2 literal: xeneaap:1 posin ili: eng-30-08859152-n +0.125 =0
semantic class: noun.person

pos:n il 09859152-n + 0.125 =0
€IS ARLDErRon % hypernym: en - n: smith:1; metaiworker:1
has_vehicle
is for ' hyponym: en - n: farrier:1; horseshaer:1
% hypernym: bg - n: meTanopaborHuk:1; kosau:2

instance_hyponym
instance_hypernym ¥ hyponym: bg - n: nonkoay:1; HanBanTiH:1;
HanGanT:1

Fig. 3: Hydra for Web Editor — Select Relation
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Step 2: The target LU of the relation is shown via a Search panel identical to the
main Search panel. The search returns a list of synsets to be linked to the selected
synset. Fig. 4 shows a selection of the is_agent_of relation that has to link the
synset {kosau.1; acenezap:1} ‘blacksmith’ to the synset {xosa:2} ‘forge, hammer’.

The selection of a target synset from the searched for list in the Search panel shows
the whole synset below the list in the Search panel. If this is the intended synset,

the user clicks on the button Connect and the link is visualised on the panel to right.

|:190ysasioy ‘|:aley iU - ua iwhuodfy ¢

JepomElaw £ ypws U - ud swAwediy ¢

uosiad-unou ;sejo auewRs
0= 2104 U-Z5165860-08-Bus 2yl u isod

LUWISYORIq 29| ¢

|IAUR pUE JWILEY B UM
uol sedeys pue sabio] oym YUWS  uolulap

11UNWSHOBIG U - U JasUkg .

|:1HEQUEH
{]:HMLHEQUEH | :hesoxou iU - B iwkuodiy ¢

2Z:hBECH {|MHL0gedoLeLaN (U - By twhuwadAy ¢

uosiadunoU 1SS IUBIAS
0= SZ1°0+ U-Z5le5860-0e-Bue iy uisod

L:decauax el ¢
|:heso ([elall] &
ue1aW mado.

2H 9HEE0N £adh BUIATEN MHEALDX BEedUOL MUK
ealogeden 01KoN iNH10gEdOUE LaW uoIIulap

> |:desauax | hesoy U - Bq jasukg .,

UeLon
10 3UUSTEN WEB10gRdEY SHBSON O TUSIIULSP

FIHEEX03LLIO GNegea0Nd
i L WBWdodho IZNELIB Y (S WESEEONEY ¢ | IWEXAREN
2 LIWRENAREM [ZIWeN AR (Zie80N 1A - B jasuls

greson A - Bg g
}:MHYOM tpreaod A - By

o1 wsndocho ¢ |:peOXEm | WeapsoNEN ‘ge80% A - B 6

INES0aUUD
GINEEEON0 i L IWENdOhO [ZNELaL Y IS NegeaodEn

{LIWENAREY | TWesdARer (7 WedAh zreeoN 1A - By 7
£INEEN0OUUD

£ IWEBNARO ‘GIWEERA0NEE | | IWENAR { | TBg0N 1A - By 1|

G :puno4
@ :uoteI 10eX3

yoreag

10n

Hydra for Web Editor — Link Relat

Fig. 4
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3.4. Concurrent Editing

All modified data is propagated to the other connected users immediately
by means of notifications by the wordnet server. In case of a conflict (the
same object is edited by more than one user), the last user is responsible
for merging the data. When receiving a notification that some data is in edit
mode, Hydra puts it in merge mode.

Hydra for Web is freely accessible to all. Anonymous users have access
to view BulNet, PWN, RoWN, SlovakWN and [taWN for the time being.
Additionally, the system is enhanced with user management with the following
privilege options for every given language/wordnet:

— The wordnet is unavailable to the user.

— View: The user can search and browse this wordnet.

— Edit: The user can edit the data and relations in this wordnet.

4. Applications

Hydra for Web can be used for queries and viewing and for development
of wordnets or any lexical resource that has relational structure similar to the
structure of the wordnet. Parallel data can be used for comparative lexical and
other linguistic studies including translation studies (as the synsets are also
edited with a view to being interpreted as translation equivalents, cf. Angelov
& Lobanov, 2016), for improving machine translation systems (Kim et al.,
2002; Salam, 2009).

It can be used also as a multilingual dictionary especially since the list of
results (single words and multiword units) returned also contains information
about other (synonym) words and the part-of-speech of the resulting words.

It can be used also in language teaching including in foreign language
teaching (possible applications in this area are discussed in (Leseva et al.,
2016).

NOTES

1. “WordNet’ is used for the Princeton WordNet (WordNet for English); other
lexical-semantic networks that have being developed following the model
of the Princeton Wordnet are termed ‘wordnet(s)’ (e.g., the Bulgarian
wordnet).

2. The examples in the article are extracted from the Bulgarian wordnet - the
parallel English synsets follow the Princeton WordNet (as can be viewed
at: http://dcl.bas.bg/bulnet/). The numbers of the literals (words) are
arbitrarily applied.
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