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Abstract

Existing knowledge graph-based learning
methods for word sense disambiguation use
word-to-word relations to learn models, but
do not learn using the hierarchical relations
of word senses in a single word. In addition,
even when defining sentences in a Japanese
dictionary are applied, the accuracy of
judging the hierarchical relationship of
word senses is poor, and the effect of
knowledge graph embedding learning is not
fully achieved. This study analyzes how to
edit dictionary descriptions to improve the
accuracy of models that judge the
hierarchical relationship between senses in
a Japanese dictionary. The results of the
analysis showed that the accuracy of the
unedited dictionary was 60.9%, while the
accuracy of the edited dictionary was 83.3%,
confirming the improved performance of
the model.

1 Introduction

Word sense disambiguation (WSD) is the task of
identifying which sense is used in a sentence for a
polysemous word in the sentence. In the last few
years, many knowledge graph-based approaches
have been studied that do not require the cost of
word sense labeling. Related works include
GlossBERT (Huang et al., 2019) and BEM (Blevins
and Zettlemoyer, 2020), which combine word sense
definition sentences with supervised learning, and
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EWISE (Kumar et al., 2019) and EWISER
(Bevilacqua and Navigli, 2020), which use word-to-
word relations in knowledge data. However, these
methods do not learn models using the hierarchical
relationship of word senses in words. When the
EWISE system learned the hierarchical relationship
of word senses using the Japanese dictionary
definition sentences in their original form, it was
found that the relationship judgment accuracy of the
generated models was low, and the knowledge
information was not sufficiently learned. In the
Iwanami Japanese Dictionary, there are definition
sentences that only describe usage expressions and
part-of-speech expressions such as " {attached to
noun) " and "((adjective))". In Japanese, it is
expressed as " (&AW AT T) " and "((FE))".
Such definitions are likely to exist in multiple
dictionaries and overlap in content, thus inhibiting
learning of the hierarchical relationship between
senses. Therefore, in addition to the existing
relations between words, we will learn the
hierarchical relations of word senses and analyze
how the contents of the Japanese dictionary can be
edited and modified to improve the accuracy of the
hierarchical relation judgment model of word senses.
Learning a model for judging the hierarchical
relationship of word senses is an initial task to
improve the performance of the knowledge graph
embedding system.

To investigate how well the information in the
knowledge graph can be embedded, we use the
knowledge graph embedding learning of the
EWISE system, which provides accuracy in judging



the relationship between triples of data in the
knowledge data.

2 Related Work

Many approaches based on knowledge graphs have
been studied.

In GlossBERT, a pre-trained BERT encoder is
given a context and a word definition sentence, and
is trained to judge whether the word definition
sentence correctly describes the usage of the target
word. In BEM, two encoders are used for the
GlossBERT approach to learn the distributed
representations of the context and the word
definition sentences separately. These studies
combine word definition sentences with supervised
learning.

In EWISE, distributed representations of word
senses are learned from WordNet word-word
relations and incorporated into the WSD task. In
EWISER, the weights given to words are learned
using WordNet word-to-word relationships, and the
resulting matrices are incorporated into the WSD
task. These studies use word-to-word relationships
in knowledge data.

However, in these related works, no model
learning has been conducted using the hierarchical
relationship of word senses in a single word. In this
study, the model is trained using a single word
hierarchical relationship.

3 Hierarchical relation judgment system

The knowledge graph embedding system of the
EWISE system is used to judgment the hierarchical

relationship between senses in a Japanese dictionary.

The system is shown in Figure 1.
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Figure 1: Hierarchical relation judgment system

3.1 Definition Sentence Encoder

The definition sentence encoder uses the BiLSTM
Max encoder (Conneau et al, 2017). The fixed-
length representation obtained by inputting
definition sentences to BiLSTM and Max Pooling

the output is the output of the definition sentence
encoder.

3.2 Fine-grained Sense Relation Judgment
Model

The fine-grained sense relation judgment model
takes as input a distributed representation of two
Japanese definitions and judges the hierarchical
relation between the definitions. ConvE (Dettmers
et al., 2013) is used for this fine-grained sense
relation judgment model. A knowledge graph
usually consists of a set K of N triples (h, [ t)
consisting of two entities (h, t) and one relation (1).
h is the head entity and t is the tail entity. ConvE
formulates the scoring function y;(ey, e;) for a
triple (h, [, t) as:

Wilen ) = f(vec(f([en; &l *w))W)e, (1)

where e;, and e; are the parameters of the entity, ¢,
is the parameter of the relation, x is a 2-dimensional
deformation of x, w is a 2-dimensional convolution
filter, vec(x) is a vectorization of x, w is a linear
transformation, and f is a normalized linear unit.
For the target head entity h, we compute the score
Y, (ey, e;)for each entity in the graph as a tail entity.
Probability estimates for the validity of a triple
(h, 1, t) are obtained by applying a sigmoid function
to the scores:

p =0a(¥i(ener)) (2)

3.3 Model Learning

Figure 2 shows the training flow of the definition
sentence encoder and the fine-grained sense relation
judgment model. The training data are knowledge
data describing the hierarchical relationship of word
meanings and definition sentences associated with
the definition sentence I1Ds. The definition sentence
is decomposed into morphemes, and the distributed
representation of each morpheme is input to the
definition sentence encoder. The distributed
representation of morphemes is pre-trained using
fastText (Bojanowski et al., 2016) and GloVe
(Pennington et al., 2014). The word sense relations
are transformed into embedding vectors by the
embedding layer in the inter-sense relation
judgment model. The parameters of the fine-grained
sense relation judgment model are initially set to the
parameters of the initial model trained with only



triples (h, [, t) of word sense hierarchical relations.
Equation (1) is modified to Equation (3) to learn the
definition sentence encoder.

Yi(en,e) = f (Vec (f([q(—h)' e_l] * W)) W) e, (3)

where g(.) is the definition sentence encoder and

the head entity is the encoded definition of the entity.

The parameters of the model are updated based on
the estimates p and the labels. The loss function
uses the binary cross-entropy:

1
Le==5 ) (t-log) + (1= t) - log(1 = p)) (4

where t; is 1 if the triple (h, [, t) is appropriate, 0
otherwise. p; is an estimate of the score shown in
Equation (3).

Section 5.1 shows the training data, the
distributed representation of morphemes, and
Section 5.3 details the evaluation method of the
model.
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Figure 2: Model Learning Flow

4 Editing and modifying the definition text

4.1 Editing Definition Sentences

Edit the Iwanami Japanese Dictionary to correspond
to the WordNet (Miller, 1995) triple data used in
EWISE.

4.1.1 Assigning IDs to Definition Sentences

The Iwanami Japanese Dictionary's definition
sentence IDs are assigned by combining the
headword number (1 to 5 digits), major category
number (1 digit), middle category number (1 digit),
and minor category number (1 to 2 digits) in this
order, excluding the compound word number.

The hierarchical relationship of word senses is
learned on the two relationships of hypernym and
hyponym from the classification method of the
Iwanami Japanese Dictionary. The hierarchical

relationship is a tree structure as shown in Figure 3.
The parent of a tree structure is a hypernym of its
children, and its children are hyponym of the parent.
When recording triples, only the relationships

between nodes connected by edges are recorded.
Original

Headword & (T %

544-0-1-0-0<—> [BAIF 2] ((F—8))
544-0-1-1-0<1>HADIF>THE { 5D,
544-0-1-2-0<2>H A MA@ E TROKREE D,
544-0-2-0-0<=> [EAI+5 - BT B] (F—)

544-0-2-1-0 <108 7T - {£E]Y - BEWICHE-TLELOERKR, -
544-0-2-2-0<2>% ZH EHT WAL OEEL TS, -
544-0-2-2-1 < T>8{WOT O DEMES THIZHET,
544-0-2-2-2<A >V F 2T 5, AL ETICH L, -
544-0-2-2-3 <7 >EFICT B, -

Translated

Headword akeru(unlock, end, make space, clear out, dawn...etc)

544-0-1-0-0 <—> [dawn,end] ((verbal conjugation))

544-0-1-1-0 <1> The sun rises and brightens. -+

544-0-1-2-0 <2> After a certain period of time, the following state
of affairs occurs. -+

544-0-2-0-0 <=> [open, make space...] ((verbal conjugation))

544-0-2-1-0 <1>Excluding those that are partitions, dividers, or
canopies,

544-0-2-2-0 <2>Lose what used to occupy it.--

544-0-2-2-1 <7 >Tilt the object in the vessel and transfer it to

another.
544-0-2-2-2 <A > Leave it alone. Do nothing. -
544-0-2-2-3 <77 > Absenteeism. -+

S

Figure 3: Hierarchical relationship of word senses
(The number in the node corresponds to the right
three digits of the dictionary ID.)

4.2  Change Definition Sentence

To improve the accuracy of judging the relationship
between triples of knowledge data, we propose the

following settings A, B, D to (5.

4.2.1 Setting Aand B

There are word definitions in which the definition is
written only with the double parentheses "(( ))",
double mountain brackets " ) ", and turtle-shell
bracket "[ ]", which do not explain the meaning of
the word, so the definition itself is deleted. Deleting
a definition sentence affects the total number of
triples of knowledge data differently from changes
in subsequent clauses. Experiments were conducted
for setting A, in which the Iwanami Japanese
Dictionary was not edited, and setting B, in which
definition sentences that do not explain word



meanings were deleted, and the setting with the
highest accuracy was carried over to the changes in
subsequent clauses.

4.2.2 Setting @ and @*.

The three types of expressions, double parentheses
"(())", double parentheses " ) ", and parentheses
"< >" indicate the attributes, uses, and classification
of the headword, and were deleted from the
definition text. For the turtle-shell bracket "[ ]"
expression, a similar expression exists in the
WordNet definition text, but the setting (D * is
deleted to check whether the category name is
necessary. Symbols were removed and replaced
because they were superfluous expressions. The
symbols deleted were " | ", A", and " X", and the
symbols replaced were "V" with". "and " [1"
with " [] ". In addition, full-width alphabetic
characters have been changed to half-width
characters. Example sentences are described in the
dictionary, but the headwords included in the
example sentences are replaced by hyphens "-". The
hyphen "-" is replaced by the headword (hiragana).

4.2.3 Setting @

In the case of hiragana, it is preferable to convert the
words to kanji to obtain an accurate representation
of the variance because of the presence of words
with homonymous meanings. Since many of the
headwords have more than one Kanji character,
those that can be replaced one-to-one were replaced
with Kanji characters.

4.2.4 Setting®

There are many expressions in the definitions that
cannot be the direct meaning of a word. The
following is a list of those that were deleted.

® The sentences following " \/ " provide

explanations that go beyond the meaning of the
target word.

® The sentence followed by " ik £ | "

("Derivatives|") indicates the derivation of the
declension.

® To remove reading kana, delete the content
enclosed in full-width parentheses "( )" if it is
in hiragana only.

® The content enclosed by single square brackets
"()" indicates the figure number and annotation
number in the dictionary.

4.25 Setting@®

In setting @, delete the contents enclosed in full-
width parentheses "()" regardless of the contents.

4.2.6 Setting®

In the Iwanami Japanese Dictionary, some example
sentences surrounded by " [ ] ™ are sentences

without headwords. In such cases, it is difficult to
complete the sentence and incomplete example
sentences remain. Therefore, if a single sentence
delimited by a punctuation mark is surrounded by

key brackets " [ ] " in the definition sentence, the
entire example sentence is deleted.

5 Experiment

5.1 Experimental Data

® The hierarchical relationship of word senses
Triples of training data from the Iwanami
Japanese Dictionary, in which the IDs of
definitions (h,t) and the hierarchical
relationship of meanings (1) are recorded in the
order h, I, t, are used. Setting A with no editing
obtained 24040 triples, while setting B, which
removed definition sentences without word
descriptions, obtained 10842 triples. The
triples of training data obtained are divided into
training, development, and test data in the ratio
of 8:1:1.
® Definition sentences

Avoiding duplicate definition sentences may
have improved accuracy. The definition
sentences of the word senses associated with
the definition sentence IDs of the knowledge
data are used as experimental data. MeCab and
mecab-ipadic-NEologd were used to separate
words in the definition sentences. The
distributed representation of morphemes in the
definition sentences is based on a corpus of
dumped data from the full-page articles of
Japanese Wikipedia updated on October 10,
2021, which was pre-trained using fastText and
GloVe.



Table 1: Experimental results
(Total vocabulary (total number of words in the definition sentence), Words Vector Number (number of words
for which a distributed representation was obtained), Ratio (number of vocabulary vectors/total vocabulary))

Setting/ fastText GloVe
Result Detail
esuit etal Words Total Ratio MRR Words Total Ratio MRR

Vector | vocabulary Vector vocabulary

Number Number
A 60067 72619 0.8272 0.60853 60066 72618 0.8272 0.60957
B 60147 72752 0.8267 0.82286 60146 72751 0.8267 0.82203
BO* 66813 81039 0.8245 0.83420 66812 81038 0.8245 0.82640
BO®@ 68311 79958 0.8543 0.82890 68310 79957 0.8543 0.82590
BO@® 62275 71860 | 0.8666 | 0.83137 | 62274 71859 | 0.8666 | 0.82874
BO@B®® 61449 70805 0.8679 0.83177 61449 70805 0.8679 0.82928
BOOB®@D® 43267 48612 0.8900 0.82251 43266 48611 0.8900 0.82098
BO*®@® 60417 72181 0.8370 0.83341 60416 72180 0.8370 0.83135
5.2 Hyperparameter

6 Results

Below are the hyperparameters for each study,
modified from the default values.

When training the definition encoder and the
fine-grained sense relation judgment model, the
batch size was changed to 64, and the number of
epochs was set to 160. The number of epochs for the
initial model was set to 300, while for GloVe pre-
training, the number of surrounding words
considered for training was set to 10, and the
dimensionality of the distributed representation was
set to 300.

5.3 Evaluation Method

The MRR (Mean Reciprocal Rank) is used as the
evaluation method for the fine-grained sense
relation judgment model. MRR is one of the ranking
evaluation indexes, which evaluates a model with a
target of the relationship estimates output from the
fine-grained sense relation judgment model. In this
case, MRR is given as:

MRR = 1 Z ! %)
yays
ueu

where u is the target triple, U is the total triple, and
k,, is the order in which the entities whose relations
were correctly judged for the target triple appeared.

Table 1 shows the experimental results. Deletion of
definitions that do not explain word meanings was
effective, while deletion of expressions in the
dictionary and deletion of additional information
slightly improved the accuracy of judgments.

The accuracy improvement was significantly
greater when definition sentences that did not
explain the word meanings were removed. Most of
these definitions are conjugational, which means
that there are multiple definitions that are identical
word-for-word.

Changing the definition sentence affects the
number of words in the entire definition sentence
and the number of words from which the initial
value of the distributed expression can be obtained.
Regardless of the number of word vectors or the
number of words in the vocabulary, it is acceptable
to remove expressions that are deemed unnecessary
to explain the meaning of the target word.

In setting ®, it is difficult to remove example
sentences that cannot be complemented, which may
have reduced the accuracy of the results.

In addition, training with fastText showed a slight
improvement in accuracy compared to GloVe.
Distributed representations of words learned using
subword information were shown to improve




decision accuracy compared to using global co-
occurrence information.

7 Conclusion and Future Work

Experimental results showed that learning by
removing or changing expressions that do not
explain the meaning of a definition sentence is
beneficial for improving the performance of the
hierarchical relation judgment model. The
hierarchical relationship judgment model obtained
in this study is expected to improve the performance
of knowledge graph embedding systems. In the
future, we plan to study the effectiveness of this
method by conducting word sense disambiguation
experiments using the knowledge graph embedding
system.
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Appendix: Specific examples of the settings

Specific examples of the settings shown in section
4.2 of the main text are given below. These
definitions are taken from the lwanami Japanese
Dictionary, 5th edition.

Original

Headword &4 9 [824° 7]

288-0-0-0-0 ((EzE)) {(=IFAYIZ)

288-0-0-1-0<1l>H =23 ¥7Ic, [—BA3]

288-0-0-2-0<2>% 54 5MEHEF )LD, L,

Translated

Headword akazu [Without being bored, be forced to do]

288-0-0-0-0 ((phrase)) {Adverbially}

288-0-0-1-0 <1> Without giving up. TI'll never — looking at it. |

288-0-0-2-0 <2 It's not enough to do so, but we have no choice. [be —
to leave |

Figure A: Example of specific changes to setting B
(removing red text)

[—5lh2 ]

Original

Headword Z(E413

18050-0-0-1-0 <1> [ATh 3 » xBNB] (T—A)F->Tht2,

18050-0-0-1-1 <« 7> iffkpfifk o b ok Eh', HINTEELS, [RA—] o -

18050-0-0-1-2 <A =& W > THICH S, Hihd, -

18050-0-0-2-0 <2> [x#EnB] (F—E)NRWEY (FhiW LT, REhES
K5, [AH—] VI 2t TziEd) . -

Headword ZIZh 3

18050-0-0-1-0 [Fh3 - @h3] H->TRIAES,
18050-0-0-1-1 APk D H DA EH, HINTEL S,
18050-0-0-1-2 & W F > THICH B, Hihd, -
18050-0-0-2-0 [8Eh 3] Rt/ {Thi-U LT, RELESE

K5, [ANZIEFRS] . A)THS 208 [ZiXd] .

Ry ziEh 3] , -

Translated

Headwaord koboreru

18050-0-0-1-0 <1> [Afall, flood... - xfall, flood...] ((verbal conjugation))
Excess leaks out.

18050-0-0-1-1 < 7 =Liquid or granular material overflows and falls. [atear
beginsto —| . -

18050-0-0-1-2 < =Go out in abundance. Overflowing.---

18050-0-0-2-0 <2> [ = spills over ] ((verbal conjugation)) Chipped or crumbled,
it loses its integrity. lose their integrity. [Knife blade —] */
The transitive verb for (1) is "to spill.", -

Headword kobareru

18050-0-0-1-0 [fall, flood... - fall, floed... | Excess leaks out.

18050-0-0-1-1 Liguid or granular material overflows and falls. [a tear begins to
fall] o -+

1-2 Go out in abundance. Overflowing. -+

2-0 [spills over. Chipped or crumbled, it loses its integrity. lose
their integrity. [Knife blade spills over] , The transitive verb
for (1) is "to spill." ++

18050-0-0-
18050-0-0-

Figure B: Examples of specific changes to setting

@

Original

Before
Headword L 72\ [RE]

21323-0-1-3-0 <3>§8. FiTZ.
21323-0-1-3-1<7>¥E0HEE, (2505 7] [HBE
21323-0-1-3-2 <1 >f%, [—F (H%) |

12k ->Tid]

p.

After
Headword L7\ [RE]

21323-

0-1-3-0 <3>#%:8, FiTE.
21323-0-1-3-1<7>¥MEOFEHE, (230 53REL] [BrRFICL-TIE)
21323-0-1-3-2 <4 >33, [REL (AE) |
Translated
Before

Headword shidai [comes down, Circumstances, Program]

21323-0-1-3-0 <3>Progress. Accomplishment.
21323-0-1-3-1 < 7> Circumstances of things. [t — to this.]

21323-0-1-3-2 < > origin. [printed — |

[under certain

After

Headword shidai [ comes down, Circumstances, Program ]

21323-0-1-3-0 <3>Progress. Accomplishment.

21323-0-1-3-1 <7 > Circumstances of things. ['It comes down to this. |
[under certain circumstances]

21323-0-1-3-2 <A > origin. [printed program ]

3-
3-

Figure C: Specific examples of changes in setting

@

Original
Headword 1+ - =5 [§&#5)

14890-0-0-2-2 </ >&FFETH L L, [—AHEHZ (ZLA) | ViEELS LA,

14890-0-0-2-3 <= hbl ki, Lok, [H9— (TF) | Vold, F&
LTEWIY ofE Tt 5. il

Headword = T [§g]

17794-0-0-2-0 <2>Z T IcRofltz, L TESIEE,

Translated
Headword kekkou [tolerable]

14890-0-0-2-2 < > gracious. [man of — character (gojin) | */ Old-
fashioned way of saying.

14890-0-0-2-3 <> don't want any more. lalready — (desu) | "/ 7 is
used primarily in the form of an alliteration. Derivative|sa

Headword kote [trowel]

17794-0-0-2-0 <2 A tool similar in shape to an iron (1) that is heated to be
used. -+

Figure D: Example of specific change in setting &
(removing red text)



Original

Headword W& [EL - B - 5]

2216-0-1-2-1<7> (B@h') <&3, [WAITH—]
2216-0-1-2-2 <4 > (£ - BYA LYy BiET2, [Rr%r—]
Translated

Headword itamu [ Hurts, Wounds, Mourns ]

1<7> (Food) stinks. [Theapple —|
2 <4 > Damage (to property, buildings, etc.). [Thenib
—J

2216-0-1-2-
2216-0-1-2-

Figure E: Example of a specific change in setting @
(removing red text)

Qriginal

Headword # [@E]

.1.;0-0-2-1<7> [FEME (F7¥7) | OB, [FEHE - H=iE)

A;adword Wiz

2161-0-1-1-0 <1>--4F) - TR CHECIRAE L1, [< b0 s

Cond] (BoThahLWETHHEIIND) [TARER
ChHhwl by (2L, |Wilawl) |

Translated
Headword a [a]

1-0-0-2-1 <7 > abbreviation of [Asia (Asia) | . [Asia-Europe and East
Asia.]

Headword itai

2161-0-1-1-0 <1=--- Physical or mental suffering due to external forces or
iliness.
[be suspected without] ( You'll get the wrong idea by
something you don't expect. )
[That won't anything (= not be daunted at all . | itashika
yushi) |

Figure F: Example of a specific change in setting &
(removing red text)

The Wikipedia corpus used for pre-training of word
distributed representations was obtained from

https://ja.wikipedia.org/wiki/Wikipedia:%E3%83
%87%E 3%83%BC%E3%82%BF%E3%83%99%
E3%83%BC%E3%82%B9%E3%83%80%E3%82
%A6%E3%83%B3%E3%83%ADY%E3%83%BC
%E3%83%89



https://ja.wikipedia.org/wiki/Wikipedia:%E3%83%87%E3%83%BC%E3%82%BF%E3%83%99%E3%83%BC%E3%82%B9%E3%83%80%E3%82%A6%E3%83%B3%E3%83%AD%E3%83%BC%E3%83%89
https://ja.wikipedia.org/wiki/Wikipedia:%E3%83%87%E3%83%BC%E3%82%BF%E3%83%99%E3%83%BC%E3%82%B9%E3%83%80%E3%82%A6%E3%83%B3%E3%83%AD%E3%83%BC%E3%83%89
https://ja.wikipedia.org/wiki/Wikipedia:%E3%83%87%E3%83%BC%E3%82%BF%E3%83%99%E3%83%BC%E3%82%B9%E3%83%80%E3%82%A6%E3%83%B3%E3%83%AD%E3%83%BC%E3%83%89
https://ja.wikipedia.org/wiki/Wikipedia:%E3%83%87%E3%83%BC%E3%82%BF%E3%83%99%E3%83%BC%E3%82%B9%E3%83%80%E3%82%A6%E3%83%B3%E3%83%AD%E3%83%BC%E3%83%89
https://ja.wikipedia.org/wiki/Wikipedia:%E3%83%87%E3%83%BC%E3%82%BF%E3%83%99%E3%83%BC%E3%82%B9%E3%83%80%E3%82%A6%E3%83%B3%E3%83%AD%E3%83%BC%E3%83%89

