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Introduction

• A hypernym is a general term of the hyponym. 

• The hypernym relation also called “is-a” relation.( i.e. “A car is a vehicle”)

• Hypernym relation is used as important information in many NLP tasks[1].
ex) Question-answering, ontology construction, textual entailment, and lexicon augmentation

Hypernym relation
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Hypernym Relation NLP systems

Lexicon Augmentation

Textual Entailment

Ontology Construction



Introduction

• Manually building hypernym relation taxonomies is very labor-intensive and time-consuming (WordNet)[2].

• Thus, Many studies attempted to automatically extract hypernym-hyponym pair from the large corpora.

Building hypernym relation taxonomy
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Construct manually
WordNet

Johnson says paying bonuses to employees 
is not an unusual practice , especially as the 
state tries to compete with the private sector 

to keep good employees …

Corpus

(“blood”, “body fluids”)
(“stress”, “internal conflicts”)
(“anxiety”, “internal conflicts”)

(“anti”, “medications”)
(“aggressive behavior”, “many behaviors”)

Hypernymy pair extraction

ü Labor intensive

ü Time consuming

ü Diffiulty of maintenance



Introduction

• Corpus, training set, validation set, testing set, and candidate hypernym vocabulary are given.

• Query(hyponym) of each splits are mutual exclusive.

• It is important to capture the relation between the query and candidate hypernyms.

Hypernym Discovery
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Candidate 1
Candidate 2
Candidate 3

Candidate N

Pre-defined Candidates

Hypernym Discovery

Query Hypernym
Retrieval 

Predict
Ranking

Compare 

one-word 
two-word 

three-word

Input Prediction Hypernym List

Candidate P1
Candidate P2

Candidate P15 

Gold Hypernym List

Gold G1
Gold G2

Gold GM 

Noun phrase



Related Work

Pattern-based method
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ℎ𝑦𝑝𝑜𝑛𝑦𝑚("𝑏𝑟𝑜𝑘𝑒𝑛 𝑏𝑜𝑛𝑒", "𝑖𝑛𝑗𝑢𝑟𝑦")

𝑏𝑟𝑜𝑘𝑒𝑛 + 𝑏𝑜𝑛𝑒

ü how to combine ?
ü senses of component 

words

“Injury, such as broken bone, is 
dangerous.”

𝑁𝑃! 𝑠𝑢𝑐ℎ 𝑎𝑠 𝑁𝑃", 𝑁𝑃#, … , (𝑎𝑛𝑑|𝑜𝑟) 𝑁𝑃$

pattern

Predefined  Hearst patterns

𝑁𝑃% such as 𝑁𝑃&
𝑁𝑃& and other 𝑁𝑃%
𝑁𝑃% including 𝑁𝑃&
𝑁𝑃% especially 𝑁𝑃&

…
𝑁𝑃: Noun Phrase 
𝑥 : hyponym , 𝑦 : hypernym

• Building lexical hierarchy(hypernym relation) automatically using predefined syntactic patterns.

• Problem of pattern-based methods : extremely sparsity – The sentence in which the word pair 
appears must match the pattern exactly.

Hearst pattern[3]



Related Work

Supervised approach with word2vec embeddings
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• Assume hypernym terms may come from different 
concept levels.

• Using recurrent projection matrix and word2vec 
embeddings with attention mechanism.

• Using word2vec embeddings with residual 
connection and weight vectors.

• Loss layer : distance between mapped query 𝑥 and 
candidate 𝑦

Recurrent Mapping Model (RMM)[4] Strict Partial Order Network (SPON)[5]
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Related Work

Prompting Masked Language Models
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• Using hypernym relation prompt to input of the language model.

• Without fine-tuning, BERT directly predicts [MASK] token of input prompt.

• Limitation of prompting masked language modeling is that the model can’t predict multiple words, but one word.

A car is a [MASK]

vehicle: 0.812, bicycle: 0.192 ..

Prompt

predict one word in BERT vocabulary



Common Drawback of Conventional Methods
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• Word2vec embedding maps noun phrases into a single vector.

• Thus, Word2vec embedding is vulnerable to rare or unseen word in the corpus.

• Language model may alleviate the problem of word2vec using 
subword tokenization.

• Pre-trained language model is trained on general sentences.

• General process of domain adaptation : Pre-training and Fine-tuning

• Considering hypernym relation as a linguistic domain.

• Follow the general process of domain adaptation like BioBERT[9] and FinBERT[10].

• To construct hypernym related corpus, extended Hearst patterns are used for sentence extraction.

online
online service
online service program

map vectorword
Word2vec

Prompting masked language models



Data Preparation Model Training

Hypernym Discovery System
Prediction

Hypernym Discovery Dataset

Generation Input Data
Input prompt

Query Masking Vector

Candidate Masking Vector

Hypert

Fine-tuned Hypert

[CLS] Embedding

𝑺𝑷

𝒎𝐐

𝒎𝑪

Score
0~1

Sorting Outputs
Probabilities 

of all candidates

Sort

Top 15 prediction

C1C2C3
Top 15

Candidate
hypernyms

dog – mammal, ...
red – colour, ... 

Pre-defined 
Candidates

Further pre-training
using Hearst patterns

Query
Candidate Hypernym

Fine-tuning

Hypernym pair

Input Data

Corpus
… so he 
collected 
them until 

he had filled 
his breast 
pockets , 
and …dog

mother board

Sorted 
Prediction List

𝒌 Projection 
Matrix

MatMul

Candidate
Embedding

Query 
Embedding

Pr
oj

ec
tio

n 
Le

ar
ni

ng

FC + sigmoid

stop up : 0.55
stop watch : 0.64
stop words : 0.12
stop-and-search    : 0.53

“[CLS] [TYPE] Query [SEP] 
Candidate Hypernym”

Weight 
Initialization

Proposed Method
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0 0 1 … 1 0 0 … 0

0 0 0 … 0 0 1 … 1



Proposed Method
Data Preparation

10

Johnson says paying bonuses to employees is not 
an unusual practice , especially as the state tries to 

compete with the private sector to keep good 
employees . He says recent media coverage 
shows Howard was " unfairly scrutinized " by 
politicians and pundits who accused her of " 

emptying the drawers " before her successor came 
into office . " The fact that she ' s simply done what 

the Legislature told her to do probably puts an 
unfair burden on her ," Johnson said , citing a 

senate bill passed earlier this year by lawmakers 
allowing department heads to reward leftover 

salary money to employees at their discretion . …

Train

Valid

Test

a thousand million
a$
a&e
…
war
war baby
war chest
war cloud
…
¢
∂

Vocabulary
Carly Fiorina : person
Kim Il-sung University : academy university educational institution
phonetic transcription : written language written communication

Burger King : eating house eating place restaurant 
cingulate gyrus : neural structure anatomical structure 
Pinot blanc : grapevine grape vine white wine

oil pollution : misfortune disaster danger catastrophe slick 
XML : data file computer file software program
intermittent claudication : claudication disorder sickness

oil pollution : misfortune disaster danger catastrophe slick 
XML : data file computer file software program
intermittent claudication : claudication disorder sickness

Pre-defined 
Corpus

SemEval 2018 task9

Further pre-training
BERT

Hypernym pair
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ExtractionExtended 
Hearst Patterns

Hypert

Reconstruction 
Masked Hearst pattern sentences

Sentence Extraction Masked Language Modeling

Further pre-training

BERT

Weight 
Initialization

Hearst Corpus Pre-training Hypert

Extracted 
Sentences

Pattern
Retrieval

So he collected 
them until he had 
filled his breast 
pockets , and 

began to certify 
himself if they 

were or were not 
common fruits , 

such as grapes , 
figs , and 

suchlike edibles .

fruits , such as 
grapes , figs

… dogs such as [MASK], ...
… such authors as [MASK], Shakespeare, and …

…countries, including England and [MASK]...

… dogs such as poodle, ...
… such authors as Henrick, Shakespeare, and …

…countries, including England and Spain...

Proposed Method
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Hearst Patterns
Y such as X

such Y as X

Y (include|especially) X

Y (mainly|mostly|…) X

X like other Y

X (and|or) which be call Y

X (and|or) which be name Y

Y (e.g.|i.e.) X

X (a kind of|kind of|…) X

…



Experimental Settings

Dataset
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• SemEval-2018 task9: Hypernym Discovery[11].

• Each query has corresponding gold hypernyms up to 15.

• There are 3 sub-tasks. – 1A: General, 2A: Medical, 2B: Music

Comparison Methods

• Recurrent Mapping Model (RMM)[4]: Projection learning using word2vec embeddings.

• Strict Partial Order Network(SPON)[5]: Asymmetry and transitive properties to simple network with word2vec embeddings.

• Prompting Masked Language Model[7]: Inputting prompts with mask token into the language model.



Experimental Settings

Hyperparameter settings
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• Negative sampling : 50 samples per each pair

• Maximum 1000 epochs with 200 patience for the comparison methods.

• Maximum 15 epochs for the proposed method

• 10 iterations for each dataset with hold-out cross validation.

Performance measures

• Mean Average Precision (MAP)

• Mean Reciprocal Rank (MRR)

• Precision at k (𝑃@𝑘) 𝑘 ∈ 1, 3, 5, 15

Train

Validation

Test

Dataset

Train

Validation

Test
Shuffle

X 10



Overall Experimental Results

CAU AutoML Lab 14

Experimental Results of model performance



Overall Experimental Results
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Experimental Results of statistical test: Wilcoxon signed-rank test

1A Dataset 2A Dataset 2B Dataset



In-Depth Analysis
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• Comparing proposed model with Hypert and BERT.

BERTvs

Effectiveness of further pre-training method



In-Depth Analysis
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Prediction words for the rare query
• Query : “open proxy server” appeared 9 times in corpus.

• bold with ⋆ symbol for gold hypernyms, underlines for the relevant words.

• The results show that the proposed method predicts adequately for the rare word compared to others.



Conclusion and Contribution
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• An Additional pre-training method using Hearst pattern sentence extraction is proposed to enhance hypernym awareness of 
the  language model.

• The proposed model outperforms the existing models.

• An in-depth analysis is conducted to confirm the effectiveness of the further pre-training method compared to vanilla BERT.

• The analysis shows that the proposed model is robust for rare or unseen words.

Achievement
• In Domestic Competition

§ B-cell epitope (linear peptide) prediction competition, AI Graduate School Challenge, 2022, 2nd prize (LG AI Director Award)

• In International Conferences

§ Improved Phrase Embedding for Hypernym Relation Discovery, ICEIC, 2023

• In Domestic Conferences

§ Comparison of word2vec-based methods for Hypernym Discovery, IEIE, 2022

• Participation in corporate internships. – S2W, NLP team, 2022.Jan - 2022.Feb, cyberthreat-detection from twitter data.

Conclusion



Thank you
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Appendix

Extended Hearst Patterns
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Appendix

Model Performance: 0k to 10k pre-training step
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