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Abstract

Hydra is a Wordnet management system that in-
tegrates synsets from multiple languages into a
shared relational structure, modeled as a Kripke
frame. It features an intuitive graphical user in-
terface (GUI) for searching, editing, and align-
ing language objects. Data retrieval is facili-
tated by a modal logic query language, enabling
flexible interaction with the multilingual word-
nets.

The original Hydra system, like other exist-
ing Wordnet systems, captures only the cur-
rent state of the Wordnet, leaving open crucial
questions about how Wordnet data, structure,
and consistency evolve over time. To address
this limitation, Time Flow Hydra introduces a
dynamic Wordnet model with discrete time
embedding. This model not only stores all his-
torical states of Wordnet objects but also allows
simultaneous access to them.

Time Flow Hydra manages data from multi-
ple languages within a unified relational struc-
ture and enables users to query the data at any
point in time. Additionally, it provides fine-
grained access control through a robust permis-
sion framework, ensuring that users can man-
age and interact with the data securely.

With Time Flow Hydra, users can track changes
over time and analyze the effects of data evo-
lution, both desired and undesired. For exam-
ple, users can query which synsets had two
hyponyms 10 days ago and three hyponyms 5
days later.

1 Introduction

Wordnets across the world are continuously evolv-
ing and expanding, with new languages and lexical
databases being developed regularly. Over the past
few decades, various tools for managing and vi-
sualizing these databases have been created. One
of these tools is Hydra, which stood out for its
modal logic query language tailored to Wordnet
management.

However, one might ask: What would the ideal
Wordnet management system look like? In our
vision of such a system, the "nirvana" would:

* Support multiple languages,

e Allow concurrent user access with fine-
grained permissions,

» Store every version of every object in the
database, providing access to it in every single
moment,

» Offer a powerful query language,

* Provide an intuitive graphical user interface
(GUI), and

* Have a robust model that cannot be compro-
mised by misuse or by malicious users.

Several years ago, we introduced a new web-
based system called Hydra for Web that brought
us closer to this vision. It featured a simple, fast,
and mobile-first web interface, allowing multiple
users to visualize and edit Wordnets across several
languages simultaneously. One of its standout fea-
tures is the ability to clone or replicate data from
other languages, which accelerates the creation of
new synsets and supports linguistic comparisons
between languages.

One of the key challenges in the Wordnet com-
munity has been the alignment of databases devel-
oped for different languages. Hydra addresses this
by enabling teams working on various languages to
collaborate concurrently within a unified environ-
ment, significantly streamlining the overall Word-
net development process.

In this paper, we present a new dynamic model
for Hydra that not only ensures data integrity but
also captures every intermediate stage of Wordnet
development. This model helps detect data and
structural inconsistencies in real time, saving valu-
able human resources. With access to data across



all stages of its evolution, users are also provided
with a powerful modal query language enhanced
with new temporal modalities. Additionally, the
system prevents data loss and ensures protection
even against malicious user behavior.

The new Hydra system also offers a vastly im-
proved database model, with queries processed
much faster than in the previous versions—some
by orders of magnitude.

We begin with a traditional view of Wordnet,
framed as a relational data structure. Next, we
introduce Hydra, outlining its features and limita-
tions. Finally, we present the new dynamic model
of Wordnet and its implementation in the Time
Flow Hydra system.

2  Wordnet for Many Languages

Wordnet development began with the creation of
the English WordNet at Princeton (Miller et al.,
1990), and the concept has since been applied to
more than 40 languages. Most of these Wordnets
are developed, or are still under development, using
a so-called synchronous model, where the hyper-
nymy structure mirrors that of the Princeton Word-
Net. Using common identifiers or alignment map-
pings, synsets encoding similar concepts across
different languages are linked. This relation, or
identifier, is known as the Interlingual Index (ILI).

These large multilingual Wordnet databases,
built using a relational model, have proven to be
highly valuable for numerous linguistic tasks. How-
ever, they also encounter several significant chal-
lenges. Since different teams develop these Word-
nets using different software platforms, file formats,
and database systems, the databases are stored and
maintained separately. The alignment process (i.e.,
maintaining the ILI) is typically performed periodi-
cally, often focusing on specific language pairs and
particular versions of these Wordnet databases.

The development of a Collaborative Interlingual
Index aimed to reduce the sparseness of ILI map-
pings, but it has achieved limited success. Among
the key issues that persist are the separation of
language databases and the inconsistent synset
identifiers within the central Princeton WordNet
database.

3 Static Model for Wordnet

At any given moment in time, a Wordnet consists
of a collection of synonymous sets, called synsets,
which represent concepts in the language. These

synsets are interconnected through semantic rela-
tions such as hyperonymy (is-a) and meronymy
(part-of). Within each synset, additional associ-
ated data can be found, such as the part of speech
and the specific words or phrases that comprise the
synset. A word belonging to a particular synset
is called a literal. It is important to note that
while a single word can appear in multiple synsets,
each literal is unique and can be thought of as
a (synset,word/compound) pair. Literals them-
selves are connected by lexical relations such as
antonymy.

In addition to these structural elements, Wordnet
databases often include text data such as example
sentences, notes on particular synsets or literals,
and other descriptive annotations. This text data is
referred to as notes, and can be conceptualized as
(synset/literal, text) pairs.

4 Wordnet as a Kripke Frame

We can model a Wordnet using three types of ob-
jects: Synset, Literal, and Note. To capture the
relationships between these objects, we define spe-
cific binary relations. For example, the Literal
relation links a literal to its parent synset, and the
Usage relation connects a note to the synset for
which it serves as a usage example. In addition to
these, we have the usual semantic relations such as
hyperonymy, meronymy, antonymy, and others.

From this structure, we derive a Kripke frame
(W, R), where W represents the universe of the
three sorts (Synset, Literal, and Note), and R is the
set of binary relations between these objects. This
Kripke frame naturally lends itself to a modal logic
language, which we will present in subsequent sec-
tions.

Each object in the Wordnet can be viewed as a
feature structure, with a fixed set of attributes de-
pending on its type. Synsets, for instance, are char-
acterized by features such as pos (part of speech),
lang (language code), and ili (an identifier shared
across languages for the same concept). Literals
have attributes like word and lemma, while Notes
possess the note feature (the text they represent).
All three types of objects share common attributes,
such as id (a unique identifier in the static model)
and userld (the identifier of the user who created
the object).



S Hydra

The Wordnet database management system Hy-
dra (Rizov, 2008) was developed in 2006 to ad-
dress the challenges encountered during the cre-
ation of BulNet, the Bulgarian Wordnet. Hydra
introduced a novel model for Wordnet based on a
Kripke frame, where linguistic data from various
languages—including Princeton WordNet and Bul-
Net—are integrated into a single relational struc-
ture.

Unlike earlier tools used to manage the Bul-
net (such as VisDic (HORAK and SMRZ, 2003)),
which managed Wordnet data using XML files,
Hydra adopted a relational database management
system (RDBMS) to store the data. Initially, early
Wordnets even did not utilize XML, which later
became the standard format for several years. How-
ever, XML proved insufficient for efficiently man-
aging the complexity of Wordnet data, and transi-
tioning to a relational database represented a sig-
nificant improvement, offering greater scalability
and performance.

Several years later, Hydra evolved into a mod-
ern single-page application (SPA) (Rizov and Dim-
itrova, 2016), providing a more user-friendly web
interface. This version of the system is currently in
production http://dcl.bas.bg/bulnet and sup-
ports Wordnets for 22 different languages.

Data searches within Hydra are conducted using
a modal logic query language, enabling sophisti-
cated and flexible interaction with the multilingual
Wordnet databases.

6 Dynamic Model for Wordnet

A static Wordnet database provides only an incom-
plete, instantaneous snapshot of a language. There
are synsets that remain undefined, some relation-
ships that are only partially instantiated, and the
Wordnet databases for different languages are of-
ten at various stages of development. Additionally,
certain languages may have specific concepts that
are unique to them. Over time, both the language
and its Wordnet representation naturally evolve,
which leads to different states of Wordnet at differ-
ent points in time. This evolution raises important
questions about the consistency of the data and its
structure, as defined by the binary relations across
time.

If we consider snapshots of a static Wordnet at
various moments, we obtain a collection of Kripke
frames. By assigning each object in each frame

a timestamp corresponding to its frame, we can
take the union of this set of disjoint frames. The
result is a single Kripke frame that captures all
the manifestations of all objects in Wordnet across
time. Formally, this is expressed as:

{Ws, Ry) beer

where T represents the time model. In our im-
plementation, we adopt a discrete time model, with
the assumption that at most one object or relational
pair changes at any given moment. This assump-
tion is strictly enforced, and we strengthen it by
ensuring that every change in the data results in
the creation of a new moment in this discrete time
model. Thus, each point in time corresponds to a
moment where a single object or relational instance
is created, modified, or deleted.

In terms of physical time, the state of an object
at any given point is equivalent to its state at the
nearest preceding moment in model time. At any
fixed moment in model time, we can retrieve all
objects from that moment and the preceding ones,
taking only the most recent (or "last version") state
of each object. This yields the static Kripke frame
for that particular moment in time.

The collection of all versions of all objects over
time is what we refer to as the Dynamic Wordnet
Model.

7 Query Language

The process of constructing and editing a Wordnet
raises important questions about how the data and
its structure evolve over time. Users may be inter-
ested in tracking the presence of specific properties
or relations within the data, and detecting inconsis-
tencies when they arise. Ideally, these issues can
be addressed without needing to revert to a prior
backup state that may include many changes made
by multiple users.

For example, consider a scenario where object 1
has changed in the past, objects 2 and 3 have since
been modified or corrected, and object 4 has been
newly created. If a problem or inconsistency is later
detected with object 1 and its associated relations,
the dynamic model allows users to trace the history
of changes and pinpoint exactly when and why the
issue occurred. This capability eliminates the need
to undo unrelated changes made by other users.

This is achieved through the use of a modal logic
query language, initially developed for the early
versions of Hydra and subsequently enhanced with
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temporal modalities. The system operates using
a technique known as model checking, where for
a given modal formula, the system returns the set
of objects for which the formula holds true. This
enables users to efficiently investigate and correct
inconsistencies in the Wordnet data across its entire
evolution.

7.1 Dynamic Wordnet Language

We define the syntax and corresponding semantics
of the modal formulas inductively.

7.1.1 Syntax

The language consists of the following compo-
nents:

¢ N: A set of individual constants (nominals).
In the system, we represent them using deci-
mal numbers.

¢ O: A set of constants representing the fea-
tures of objects and their values, following the
schema type('value’). For example, pos('n’)
is a constant indicating that the part of speech
is a noun.

* R: A set of relation symbols that define the
relationships between objects.

e TM: A set of temporal modifiers.

There are four types of temporal modifiers, each
representing different aspects of time:

¢ Fixed timestamp (real-world time):
1159737980000

e.g.,
* Fixed operation moment (model time): e.g.,
01235

* Relative future: e.g., /5 (indicating 5 days
into the future)

* Relative past: e.g., p3 (indicating 3 days into
the past)

Atomic Formulae: AtomicFor
o |

e T
¢ N C AtomicFor

e O C AtomicFor

Formulae: For
e AtomicFor C For.

Let q and r be fomulae (queries), R € R, t € TM,
then the following are formulae:

. lq
*q&r

*qr

s q=>r

e q<=>r

* <R>q

* [Rlq

s K t>q

We also use some relation modifiers, namely:

* ~R - the reverse relation of R

* R+ - the transitive closure of R

* R* - the reflexive and transitive closure of R

7.2 Semantics

The semantics of the Dynamic Wordnet Language
is defined as follows:

* A Time structure is (T, t., <), where T' # ¢
is a finite set, < is a linear ordering, t. is
max T (the current moment)

* A Model of time is ((T',t., <), m), where m :
TM xT =T

* A static model (Kripke frame for a given mo-
ment ¢) is My = (Wi, Ry, V), where Wy # ¢,
Rt:R%P(WtXWt),VINUO—)
P(W) and for ¢ € N V(c) has at most 1 ele-
ment.

¢ A dynamic model is D = ({Mi}ier, T),
where 7 = ((T',t., <), m) is a model of time.

We define the truth of a formula in a object z in
the Dynamic model D by induction on the formula
construction:

e Dit,x ¥ L

e Dit,xl-T



* D,t,xl-cforce NUOiffz € Vi(c)

Each object in the database has an identifier
and it is a nominal (constant) in our language.
A synset identifier is encoded so as to be
portable and it depends only on ili (identi-
fier comming from PWN), pos (part of speech
code) and the language (code) of the synset.
In the implemented system this semantic more
concretely is:

— D,t,z I $siff = is a Synset
— D,t,z I $liff z is a Literal
— D,t,z IF $niff x is a Note

— D, t,x I type(’value’) iff x.type = value
(for instance X.pos=n, SO X is a noun
synset)

e D,t,xlF1qiff D, t,x ¥ q
e Dt,xlFq&rifft D,t,xlFqand D, ¢,z IFr

e D,t,x IF <R>qiff

e Dtz lF< t > qiff D,m(t,t),xlFq

* We say that a formula is true in dynamic
model at point z, denoted D,z | q iff
D,te,x IFq

For the sake of an example we’ll use concrete
natural numbers in the following:

e D.t,x IF <01235>q iff D, ty, x I q where
m(01235,t) = to.

As mentioned before, every data modification
creates a model time moment which is refered
as an operation id and t(.id=1235.

* D,t,z IF <t159737980000>>q iff D, tg, = I+
where tg is the nearest previous model mo-
ment to this timestamp

e D,t,x IF «p3>q iff D, tg, x I where tg is
the nearest previous model moment to the mo-
ment ¢ — 3 days

e D, t,x IF <t5>q iff D, tg, x IF where tg is
the nearest previous model moment to the mo-
ment ¢ + 5 days

7.3 Query Answering

A formula in the defined modal language is a query
in Hydra. The result of such a query ¢ at a given
time moment ¢ is the set of unique objects with
respect to their IDs, such that their time is the most
recent one which is prior to the time ¢. By default,
the time ¢ is the current moment ¢, when the query
is executed. This moment ¢ can be fixed to an
arbitrary time via the GUL. We call this feature
Time Machine.

8 Example queries
Let’s see some useful queries.

* Find the noun synsets that are on top of hyper-
onymy hierarchy in English:

pos(’n’) & [hypernym]L & lang(’en’)

Find the synsets that are exactly two levels
below the top in the hyperonymy hierarchy:

[hypernym][hypernym][hypernym] 1L &
<hypernym><hypernym>T

Find inconsistency between Bulgarian and En-
glish:

<ili>(lang(’en’) & pos(’n’) &
[hypernym][hypernym] L & <hypernym>T)

& lang(’bg’) & [hypernym]L

Find the literals that before 3 days were pre-
senting the word ’test’ and 2 days later are
not:

<p3>(word(’test’) & !<f2>word(’test’))

9 Graphical User Interface and
Implementation

Hydra is implemented in JavaScript, consisting of a
modern SPA (single-page application) web app and
a REST API service. The WordNet data is stored in
a Postgres database, and the queries are translated
to SQL. There is a preprocessing step where each
subformula’s model time is determined.

While most of the relations are stored in the
database, some are implemented directly in the
translations of the formula—such as the universal
relation U, and the transitive and reflexive closures
of other relations. An important feature is that no
data can be lost during WordNet development, even
in the presence of a hostile user. Every change in
the data creates a new copy of the object or rela-
tional instance touched, with the same ID but the



Figure 1: Hydra

new data. For instance, when an object is deleted,
a new record for it is created (operation record)
where it is marked as ’deleted’. At any point, the
user can see the data as it existed in the past using
the so-called Time Machine. The user opens a di-
alog, selects a moment in the past, and views the
data as it was at that time.

The GUI is simple yet powerful. It has a Search
Panel with three modes for searching—using a
word, regular expression, or a formula. The first
two options find synsets that have literals matching
the provided word or regular expression. The latter
uses the defined modal query language and is much
more powerful.

There are two modes to visualize the data found.
The first one (called *Single’) visualizes the object
selected from the list of found items. The second
one aligns a pair of language WordNets present in
the system. When the user selects an item from
the list, the corresponding copies in the aligned lan-
guages are visualized. This way, a user can search
for a Spanish word and see the aligned correspond-
ing entries in French and English, for example.

The visualization of an object consists of its
static data (like POS and language for the synsets)
and the relations—all the connected objects by all
the relations. The view is recursive, and the data
for related objects is visualized on demand.

Hydra is also a fully-fledged editor for WordNet
data. A user with sufficient rights can put an object
into edit mode, where the representational controls
are replaced with edit controls, allowing the user to
edit and save the data. Relational pairs are added
using a wizard. These changes are sent to other
users via notifications.

10 Tracking User Edits

User actions are tracked out of the box! The nature
of the dynamic model automatically maintains a
history of all editing operations. Unlike version
control systems, previous versions do not need to
be checked out—they are just available.

11 Real-time Updates

Edits to the Wordnet data are instantly propagated
to all users via notifications, enabling smoother
and more efficient collaboration. The system im-
plements a strategy to prevent data loss during si-
multaneous updates to the same data. Conflicting
changes are detected and managed to ensure con-
sistency and integrity of the Wordnet data.

12 Conclusion and Future Work

The primary achievement of our work is the en-
hancement of Hydra’s capabilities through the in-
corporation of time operators. Among these en-
hancements, the most valuable feature is the abil-
ity to easily identify and repair issues within the
Wordnet. This functionality not only facilitates the
correction of errors but also aids in understand-
ing the underlying causes and identifying the users
responsible for these inconsistencies.

However, one limitation of the current system is
that its effective use necessitates a certain level of
proficiency in logical languages. To address this
challenge, we are developing a graphical user inter-
face (GUI) assistant designed to assist linguists by
providing predefined queries and schema queries.
While this will streamline many tasks, it is impor-
tant to note that some degree of expertise will still
be required for more complex queries.

13 Deployment and Access

The Time Flow Hydra system, the latest and most
advanced version of Hydra, now implements all
of the features and concepts discussed. It is fully
deployed and accessible for use. Users can explore
its functionalities at the following link:

https://hydra.fmi.uni-sofia.bg/
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