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Foreword

Dictionaries are no doubt indispensable tools for everyone, particularly
for those who write or otherwise use language in their work. In this age
of the information society, as computers are used to write text, as well as
to search, suimmarize, generate, and even translate languages, dictionaries
for computer-based language processing have become increasingly
important as well.

Over the past 50 years, many electronic dictionaries have been
created for computer use, but almost none of them have offered a high
degree of both reliability and ease of use for natural language processing.
WordNet in English and the EDR dictionary in English and Japanese are
perhaps the only two dictionaries that are accessible for use by computer.
Now, the completion and broad dissemination of the HowNet dictionary
for Chinese and English, created by Zhendong Dong, is truly a piece of
good news for researchers in the field of natural language processing
around the world.

I used the term “dictionary” in the above to describe all of these
systems, but the goals, contents and features of WordNet, EDR
dictionary, and HowNet are quite different and quite unique, so that
readers are to be careful about the word “dictionary” used here. They
must, first of all, read Chaps. 1 and 2 of this book carefully to understand
the goals and contents of HowNet.

The creation of a dictionary is a long process of trial and error, and it
is a process that is never truly complete. Particularly in the case of
HowNet, where the definitions are given by a set of basic sememes and
relations, the settings for these sememes and relations must have required
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a huge amount of time and labor. Zhendong Dong’s efforts in
overcoming these difficulties and creating a truly rich and detailed
dictionary based on clear definitions are worthy of great respect. I have
no doubt that HowNet will be used for generations to come as a most
extensive and reliable Chinese and English dictionary for computer
applications, such as the “Koki” character dictionary has been used
centuries as a standard dictionary of Chinese. The contents of HowNet
are many times more detailed and rich than those found in the Koki
dictionary.

Now that 18 years of long and patient efforts have finally borne fruit,
and HowNet has reached the stage of circulation and use, Zhendong
Dong has written this book to provide details of HowNet’s content and
unique features, as well as its description system and software with
which the system is used. His explanation of the system’s applications in
natural language processing will also be of great value to natural
language processing researchers throughout the world.

I have been a close friend of Mr. Dong for many years, and each time
we meet | gain an even deeper respect for his sincere character, his gift
for language, and his great determination and indefatigable efforts to
create HowNet, which no doubt will continue in perpetuity.

I hope that this book will be read widely — and that HowNet will
come to be used — not only by researchers in the field of natural
language processing, but by many people throughout the world who are
involved in the study of languages.

i h

Makoto Nagao

President, National Institute of Information and
Communications Technology (NICT)

Former President, Kyoto University

July 2005



Preface

The striking advance of computers and especially the emergence of
Internet ushered in the information society. Information has become
wealth of the society as well as a resource of the globe. Today when one
wants to acquire any information, say, where to buy an antique camera,
which is the most suitable hotel in Birmingham, or some knowledge
about Chinese characters and radicals, he can surf the Internet or the
World Wide Web to retrieve it. If he gets it, but if it is not in his native
language, then he may use a language translation tool which is attached
to the search engine. Unfortunately, in many cases he may get into some
embarrassing position. For example, the search engine may drown him in
hundreds of thousands — if not millions — of results to his retrieval, in
which there are so many duplications, and the translation tool may give
him a translation so awkward that he may take it as another foreign
language. All this shows that it may not be hard to retrieve some
information with a keyword on the Internet, but it is not so easy to get
precisely what one actually needs; it may not be difficult for a computer
to look up a translation of a word in a bilingual dictionary, but it would
by no means be easy to translate a real text. When the first computers
appeared in 40s of the last century, the scientists’ first attempt of its
application was to deal with natural languages. However, 60-year
experience has proved that natural language processing (NLP) is really a
very hard nut to crack.

In order to improve the technology of NLP, the scientists in the field
have tried so many ways, one of which is to create large-scale knowledge
resources, including machine-tractable dictionaries. HowNet is one of the

vii
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cases in which great effort has been devoted to the building of
knowledge resources.

HowNet is unique with its definition in a set of basic sememes (the
smallest units of meaning) and semantic relations. HowNet has been now
widely applied in a lot of subject areas of NLP, such as word similarity
measurement, information extraction, text categorization, question
answering, word sense disambiguation, etc.

HowNet demonstrates its prominent power in the computing of
meanings. If anyone wants to know what the coverage and depth of the
meaning computation that HowNet can achieve, he can try the
Mini-HowNet and its affiliated tools which are attached to this book. For
example, if he wants to know the semantic distance between “doctor”
and “dentist”, and between “doctor” and “nurse”, the tool, called
Concept Similarity Measure, will tell that the first pair is much closer
than that of the second pair. If anyone wants to know how meanings are
computed by HowNet, how it can achieve such an extent and depth, or
the theory of meaning and its computation, he should read this book. To
play with the Mini-HowNet and its affiliated tools while reading this
book will be of great fun!

This book is not the termination of the development of HowNet, but
the beginning of its new stage. At this moment to look back into the past
and recall some of the great events and figures that exercised influence
on the development of HowNet will be of significance. In the late 80s, in
Makoto Nagao’s frequent academic visits to China, I interpreted for him
and learned a great deal from his rich experience in building semantic
dictionary, especially the principles for semantic classification of nouns
and verbs. From 1987 to 1992 when I was the chief technical leader of
Chinese team participating in the machine translation project among
Japan and other four Asian countries, I learned quite a lot from various
kinds of MT dictionaries of Japanese IT companies and labs, especially
from Japan’s EDR concept dictionary. In 1988 I was invited by Antonio
Zampolli to attend the Summer School on computational linguistics.
During the 1-month course, for the first time I learned ontology from
Sergei Nirenburg’s lecture, and visited the knowledge base built in the
lab of Pisa University. In 1993 when I worked in Tokyo, I visited
Hozumi Tanaka of Tokyo Institute of Technology, during the whole
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morning of discussion, he gave me lots of valuable advice and gave me
many papers which described taxonomy or discussed semantic
categorization. My 3-year work in Institute of Information Systems in
Singapore was a substantial preparatory stage for the research of HowNet.
I would like to thank all my friends who have rendered their help in the
creation of HowNet. At this moment my deep memorial goes to Chen
Liwei, late President of Chinese Information Processing Society, who
was the respected guide to my research career.

Finally, thanks to my wife who is always a strong supporter of my
life and work.

Zhendong Dong
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Introduction

Language is an essential carrier of human beings’ thoughts and the most
important vehicle of human communications. When the first computer
appeared in the 40s of the last century, one of its first applications people
tried to accomplish was to process natural languages, for instance, to
develop automatic translation systems. Natural language processing
(NLP), a subfield of artificial intelligence, has become a prominent
research and development area. It aims at two closely-related goals: to
enable computers to interact with humans using natural language
capabilities, and to serve as applications for providing services such as
automatic text understanding, extraction of knowledge from digital
libraries, information retrieval, question answering systems, machine
translation, automatic text summarization, speech recognition and speech
synthesis. In addition, a new subject of research, computational
linguistics has come into being. In more than half a century, it struggled
a long way from one approach to another, philosophically, from
empiricist (before 1960) to rationalist (1960—1985) first, and then from
rationalist back to empiricist (since 1985). The rationalist approach is
characteristic of its intelligent system using a set of rules to simulate the
human linguistic competence. The empiricist approach is mainly based
on statistics, large-scale corpora and machine learning. The new
paradigm has shifted the research focus from selected sample to
real-world texts and from ‘“toy systems” to practical engineering
solutions. Thus a new term of the research area has come into being, i.e.
human language technology (HLT). Whenever a new paradigm shift
appeared, a new breakthrough was anticipated and heralded naively.
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Unfortunately, any breakthrough became in vain at last after a long
expectation.

Nowadays more and more researchers have become aware of the
inherent pitfalls and limitation of both approaches. They have begun to
seek some so-called hybrid-integrated approaches and new knowledge
resources. It is not wise to stick to only one approach to the end.
Application demands are the mother of invention. Different types of food
need different cuisines, kitchen utensils and cooking materials.

It is widely acknowledged by the HL'T community that ambiguity in
the language is the key problem in HLT or computational linguistics. The
ambiguity haunts a language at all levels and nearly in all aspects. All
kinds of the ambiguity in a language, either in word sense, syntactic
structure, or discourse relations, can be summed up as a problem of
meaning, for example:

(1) Word sense:

bank — river bank or financial bank?

(2) Morphological form:

lay — This hen doesn’t lay. / She lay in bed all day.

(3) Syntactic structure:

(a) He joined Beijing Institute of Computing which is
well-known for HLT — What is well-known? The institute
or computing?

(b) He tried to translate with a MT system the book in which
there is a lot of description of natural scenery — What
governs “the book™?

(¢) The old man and woman refused to leave — Is the woman
old or not?

(4) Ellipsis:

When A is added into B and C into D... — What is omitted?

(5) Anaphora:

Julia and I went to see Paula, because she wanted me to help her

with her studies — What does “she” refer? Paula or Julia?

Let’s look at a real example of the application of some HLT products
— English part-of-speech taggers.
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We had the following English sentence and input it in four English
part-of-speech taggers that are found at the Internet can be tested freely.

“Numerous studies have shown that furry companions — just by their
presence — can help lower blood pressure and cholesterol levels, raise
chances of survival after a heart attack, reduce loneliness and depression
and spread all-round good cheer.”

Before the test by part-of-speech tagging, many words in the sentence
are ambiguous in part-of-speech shown as follows:

“Numerous [a] studies [v/n] have [aux/v] shown [v] that
[det/pron/conj] furry [a] companions [n/v] — just [adv/a] by [adv/prep]
their [pron] presence [n] — can [aux/n/v] help [n/v] lower [n/v/a] blood
[n] pressure [n] and [conj] cholesterol [n] levels [n/v], raise [n/v] chances
[n/v] of [prep] survival [n] after [prep/conj] a [det] heart [n] attack [n/v],
reduce [v] loneliness [n] and [conj] depression [n] and [conj] spread
[n/v/a] all-round [a] good [a/n] cheer [n/v].”

Result of Tagger 1:

“Numerous [a] studies [n] have [aux] shown [v] that [conj] furry [a]
companions [n] — just [adv] by [prep] their [pron] presence [n] — can
[aux] help [v] lower [v/a] blood [n] pressure [n] and {conj] cholesterol
[n] levels [n/v], raise [n/v] chances [n] of [prep] survival [n] after
[prep/conj] a [det] heart [n] attack [n], reduce [v] loneliness [n] and
[conj] depression [n] and [conj] spread [n/v] all-round [a] good [a] cheer

[n].”

Result of Tagger 2:

“Numerous [a] studies [n] have [aux] shown [v] that [conj] furry [a]
companions [n] — just [adv] by [prep] their [pron] presence [n] — can
[aux] help [v] lower [a] blood [n] pressure [n] and [conj] cholesterol [n]
levels [n/v], raise [n] chances [n] of [prep] survival [n] after [prep] a
[det] heart [n] attack [n], reduce [v] loneliness [n] and [conj] depression
[n] and [conj] spread [v] all-round [a] good [a] cheer [n].”
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Result of Tagger 3:

“Numerous [a] studies [n] have [v] shown [v] that [det] furry [a]
companions [n] — just [a] by [prep] their [pron] presence [n] — can [v]
help [v] lower [adv] blood [n] pressure [n] and [conj] cholesterol [n]
levels [n/v], raise [n] chances [n] of [prep] survival [n] after [prep] a
[det] heart [n] attack [n], reduce [?] loneliness [n] and [?] depression [n]
and [?] spread [v] all-round [a] good [?] cheer [v].”

Result of Tagger 4:

“Numerous [a] studies [n] have [aux] shown [v] that [conj] furry [n]
companions [n] — just [adv] by [prep] their [pron] presence [n] — can
[aux] help [v] lower [a] blood [n] pressure [n] and [conj] cholesterol [n]
levels [n], raise [v] chances [n] of [prep] survival [n] after [prep] a [det]
heart [n] attack [n], reduce [v] loneliness [n] and [conj] depression [n]
and [conj] spread [v] all-round [conj] good [a] cheer {n].”

The above taggings in bold are incorrect. The only correct tagging
should be as follows:

“Numerous [a] studies [n] have [aux] shown [v] that [conj] furry [a]
companions [n] — just [adv] by [prep] their [pron] presence [n] — can
[aux] help [v] lower [v] blood [n] pressure [n] and [conj] cholesterol [n]
levels [n], raise [v] chances [n] of [prep] survival [n] after [prep] a [det]
heart [n] attack [n], reduce [v] loneliness [n] and [conj] depression [n]
and [conj] spread [v] all-round [a] good [a] cheer [n].”

Unfortunately, none of the above taggers could achieve 100% correct
tagging. It should be pointed that part-of-speech tagging may be just one
of the very early phases for English parsing. The early stage errors would
lead to rippling erroneous results in the later stages and would no doubt
cause the final failure in the parsing.

After careful observation, we can conclude that in appearance
part-of-speech tagging belong to the syntactic category, but in essence it
is an issue of meaning. In the final analysis, the ultimate goal of HLT is
none other than to seek solutions to ambiguity of the computer-processed
language. Can a computer really handle and solve the meanings of the
language? Our answer is positive. If a computer can give the correct
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answer to your question: “What is the height of Mount Everest?” Is it
able to handle the meaning of the sentence? If a computer can give a
correct Chinese translation of your input sentence: “Can we get credit
from your bank?” Is it able to handle the meaning of the sentence? We
suppose the answer should be positive too. In a strict sense, the solution
to HLT is to remove ambiguities at all levels in the processed language.
The disambiguation should rely on the computation of meanings. In
order to obtain satisfactory results in the computation of meaning,
knowledge resources are indispensable. The computation of meaning at
different levels needs various kinds of knowledge resources.

The long experience in working on HLT shows that in HLT we need
three types of knowledge: intralinguistic knowledge, interlinguistic
knowledge, and extralinguistic knowledge. Intralinguistic knowledge
incorporates a wide range of conventional linguistic areas such as
phonetics, morphology, syntax, semantics and pragmatics. By
interlinguistic knowledge, we mean cross-language knowledge, such as
comparative linguistics, or the knowledge that we especially apply in
language translation or recently in cross-language information retrieval.
Extralinguistic knowledge in fact is common sense knowledge or world
knowledge. Different tasks need different kinds of knowledge. We
should be very clear about how to use knowledge, how to use the right
knowledge in the right place.

What HLT needs is computer-oriented knowledge resources rather
than human-oriented resources. Human-oriented knowledge and
computer-oriented knowledge resources are quite different in nature and
in the way of acquisition and representation. These two types of
knowledge resources may benefit each other but can never substitute
each other. In these past ten years, we have noticed two unhealthy
tendencies in HLT, that is, a self-claimed “computational linguistics”
without computation or with no care about the possibility of
materialization by the computer and a computational linguistics with
computing only and without linguistic considerations or without any care
about linguistic peculiarities. Besides, we have also noticed some
misunderstandings about the building of linguistic knowledge resources.
Some people thought that the computer-oriented knowledge resources
should be built in an automatic way or at least not by human-coding.
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They believe in machine-acquired knowledge resources only. It is really
naive to go from one extreme to another. Different kinds of knowledge
resources serve different application demands.

This book is intended to discuss computation of meaning for HLT
and the construction of linguistic knowledge systems. The book is not a
users’ manual of HowNet, but is a writing which theoretically manifests
the process as well as the basis of the computation of meaning. The book
reveals how the computation of meaning is actually based on sememes
rather than concepts and demonstrates how accurate and how deep the
computation of meaning can be made when a knowledge system like
HowNet is used. In addition, through the detailed presentation of
HowNet, the book -elaborates the acquisition of sememes, the
representation of taxonomy and axioms, the materialization of meaning
computing, and the evaluation of linguistic knowledge systems.

We would like to express our special thanks to Hao Changling, who
is an active member of HowNet team and has offered her valuable effort
in assembling and editing the book.



Chapter 1

MEANING AND ITS REPRESENTATION

What is meaning? Or what is the meaning of meaning? “Meaning” is
really a very difficult issue. Traditionally, meaning is discussed in the
subject fields of philosophy and linguistics. This book is intended to
discuss meaning in terms of HLT in general, and the construction of
computer-oriented knowledge resources and the computation of meaning
in particular. Linguistically, meaning exists in various levels such as
word sense, the meaning of a phrasal structure, sentential meaning, and
textual meaning. In this book, we would like to focus on the meaning of
concepts, or linguistically, on senses of words and expressions. The
computer-oriented understanding of meaning differs greatly from the
human-oriented one.

First of all, let’s take a look at some definitions of word in
human-oriented lexicons. Suppose we want to know the meaning of the
English word “possess”, we may look it up in an English dictionary, say,
Longman Dictionary of Contemporary English (LDOCE) and then find
that the first sense of the word “possess” is defined as follows:

1 to own; have: He possesses 2 cars

If we do not know the meaning of “own” yet, we have to go on to
look it up again, and find the definition is as follows:

1 to possess (something), esp. by lawful right, who owns this
house/this dog?

So here we find a loop: starting from “possess”, and then to “own”
and going back to “possess”. It is not unique, but has its counterpart. In
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Chinese dictionaries the cases of recursive definitions can also be found
here and there. Needless to say, to humans all the above definitions may
be perfect. If a computer could really understand and process them, then
all the tasks of HLT might have been fulfilled! That is the reason why we
need computer-oriented representation.

How can we testify that someone really understand the meaning of
“possess”? Let’s make a simple experiment by asking him the following
questions:

“If you possess a car, do you have the car?”

“If you possess a car, does the car belong to you?”

“If you buy a car, do you possess it?”

“If you borrow a car, do you possess it?”

“If you possess a car, can you give it to anybody?”

If anyone can give correct answers to the questions, we take it for
granted that he may have understood the meaning of “possess™.

Secondly, let’s compare the definitions of the word “paper” in three
different dictionaries: WordNet, LDOCE and Contemporary Chinese
Dictionary (bilingual version) and try to see its meaning in them.

(1) Definition in WordNet:
“a material made of cellulose pulp derived mainly from wood or
rags or certain grasses”

(2) Definition in LDOCE:
“material made in the form of sheets from very thin threads of
wood or cloth, used for writing or printing on, covering parcels
or walls, etc.”

(3) Definition in Contemporary Chinese Dictionary
“substance-made from cellulose fibers derived from rags, wood,
etc. often with other additives, and formed into flat thin sheets
suitable for writing, painting or printing on, or for decorating
walls, wrapping, etc.”
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If we make analysis of these definitions, we may extract the
following understandings:

(a) Paper is a kind of material or substance;

(b) it is made from cellulose pulp derived from wood, rags, etc.;

(c) paper is in the form of sheet;

(d) it can be used for writing, painting, wrapping, etc.

We may be enlightened by the aforesaid experiment and comparison
that meaning can be understood through the relations. We can understand
the concept of “possess” through its relations with some other concepts,
like the concepts of “buy”, “belong”, “own”, “lose”, “give”, etc.
Similarly, the concept of “paper” can be understood through its relations
with the concepts of “material”, “write”, “print” and “wrap”, etc., and the
relations based on the attributes such as form, use, softness, contrast, and
so on. The relations which represent meanings can be divided into two
categories: Concept Relation (CR) and Attribute Relation (AR).

When we say we understand the meaning of a concept, it means that
we know its concept relations and its attribute relations to some extent.
For example, when we say we understand the meaning of “chair”, we
may know that it is a piece of furniture on which one person can sit,
which typically has a back. Our understanding of the meaning of “chair”
may be represented by the relations among the concepts “chair” and
“furniture™, “sit”, etc., and by the relations among the attributes “form”,
“weight”, “size”, “color”, etc., which a chair may have.

It should be pointed that any concept relation will fall into a net,
which is called Concept Relation Net (CRN) and any attribute relation
will fall into a net too, which is called Attribute Relation Net (ARN).

1.1. Concept Relation Net (CRN)

As discussed above, it is believed that every concept has a relation net,
called Concept Relation Net (CRN), by which the actual meaning of the
concept is represented, and by which computers, or even human, can
understand and manipulate its meaning. CRN consists of 3 components:
concept nodes, connection arcs, and relations. See Fig. 1.1.
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Concept nodes: “doctor”, “disease”, “hospital”, “patient”...

Relation arcs: 2, &, <>

Relations: [hypernym], [hyponym], [antonym], [meronym], [agent],
[patient], [instrument], [location]...

CRN is clastic or extendable as it varies with individual persons. In
other words, different individual has different CRN, even of the same
concept. This reflects different levels of knowledge among people. The
more knowledge one masters, the more concepts he will master, and
what is more, the larger or more complicated CRN of the concepts he
will know. It can be imagined that a 6-year child may know “doctor” but
his CRN of “doctor” would be far from that as shown in Fig. 1.1, which
is believed to be mastered by an ordinary adult. The same case goes with
mankind as a whole. Mankind increases his knowledge with each passing
year when he enlarges his volume of concepts and at the same time, the
CRN of the concepts.

human
hypemym
[ Goctr Jesynonm
* location
target agent
RV |
cost patifnt content
Co
pnss‘essiun possessor T
agent experiencer
<> —
pay

Fig. 1.1. Concept Relation Net (CRN) of “doctor”.
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»

condition  materia aterial instrument
contrast le o
patient
instrument v

shopping bag

Fig. 1.2. Attribute Relation Net (ARN) of “paper”.

1.2. Attribute Relation Net (ARN)

Careful observations find that the meanings of concepts are displayed not
only by their CRN but also by the relations among attributes of the
concepts, as called Attribute Relation Net. That is to say, in many cases it
is the attributes of a concept that act in the role of meaning representation.
Figure 1.2 reveals that it is not “paper” as a whole that is related to
“write”, but only one of its attributes, say “color”, is related to “write”
with “contrast” as the condition. Therefore in a strict sense, “paper” is
not necessarily related to “write”. We can sometimes even write on the
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sand with a twig or on the table with our wet finger. On the contrary, we
cannot write on a piece of white paper with a chalk or on the blackboard
in black ink. Therefore, for writing, what affects may not be the whole
lot of the concept like “paper”, but some attributes of the concept.
Besides, we can use “paper” to wrap up something because of its
attributes of the material which are almost the same as cloth or plastic.

Meanings at all levels, say, of a word, of a sentence, or of a text, can
be represented and understood through relations. The meaning of a word
and the meaning of a sentence differs in that the former is static and the
latter is dynamic.

To take the word “buy” as an example. “Buy” is represented by
several relation nets as follows:

(a) Hypernymous net:

event
==>act
==> ActSpecific
==> AlterSpecific
==> AlterRelation
=> AlterPossession
==> take
==> buy
(a-1) Relation of possession:
event
==> static
==> relation
==> possession
==> own
==> possess

Here (a) and (a-1) indicate that when the action of “buy” happens, it
will change the relation of possession. If you buy anything, you will
possess it.

(b) Hyponymous net:
The hyponymous net of the word “buy” is exemplified by the
following words and expressions:
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act as a purchasing agent, book, book a ticket, booking, buy and get
everything ready, buy at a high price, buy at negotiated price, buy at
reduced prices, buy goods wholesale, buy grain, buy liquor and
imbibe it, buy on credit, buy more of the same securities, buy
property, buy the whole lot, buy to resell, buying and selling, deal in,
deal in small business, fraudulently purchase, illegally buy up, go
shopping, insure, mail order, order, place an order, purchase by mail,
purchase from abroad, purchase in advance, renew one's subscription,
rush to purchase, shopping, subscribe

Hyponymous net makes “buy” connect all its hyponym:s.

(¢) Rotle of agent — Who buys

The role of agent of the word “buy” represented by the following
words and expressions:

bargainer, buyer, buying party, client, customer, emptor, frequenter,

home buyer, itinerant trader, orderer, patron, pedlar, policy-holder,

purchaser, purchasing agent, purchasing station, regular customer,

shopper, stockbroker, stockjobber, subscriber, vendee

(d) Role of location — Where one buys

The role of location of the word “buy” represented by the following
words and expressions:

24-hours shop, bazar, black market, book store, car market, chain

store, chemist's shop, cigarette stall, cloth store, confectionery,

convenience store, fair, fish market, flagship store, flea market, florist,

food market, shopping mall

Roles usually play a significant part in relation net in representing
static meanings, and even more important part in representing dynamic
meanings. If we want to test whether a person comprehend a sentence or
a paragraph, a common method we usually adopt is to raise a few
questions about the sentence or the paragraph. For example, if we have a
testing sentence as follows:

“Mary’s brother bought her the book their father wrote in 1980”.



14 HowNet and The Computation of Meaning

The questions we can put to test a person’s comprehension of the
sentence. It is believed that all the questions are relation-oriented, for
instance:

(1) Who bought the book? — Agent

(2) For whom did Mary’s brother buy the book? — Beneficiary

(3) What did Mary’s brother buy? — Possession

(4) Whose father wrote the book bought by Mary’s brother? — Agent

(5) When did Mary’s father write the book? - Time

It would not matter whether a person knows the names of relations,
such as “agent”, “possession”, and “time”. If a person comprehends the
sentence and can answer the questions correctly, he would be clear about

the relations.



Chapter 2

OVERVIEVW OF HOWNET

This chapter is intended to give a panoramic picture of HowNet — its
brief history of research and development, its nature and architecture, its
main characteristics.

2.1. The History of HowNet

The research and development of HowNet can be dated back to the end
of 1980s. Even in the very beginning, the aim of construction of
HowNet was very clear, that is, to construct a common-sense knowledge
system or an extralinguistic knowledge system. In 1988 Zhendong Dong
wrote:

“Knowledge is assumed to be a system, which contains a
relation-base and an inference device. There are two types of relations in
the relation-base: one is the relations between concept features, the other
is the relations between events. A concept is composed of two parts, i.e.
concept core and relevant features of the concept. The inference device
works on the basis of the relation-base. And also, there are two types of
inferences. One 1s based on concept feature relations of which the typical
is shown by the substitution. For example, one may dry his hands by
rubbing them against his shirt after washing when he does not have a
handkerchief at his disposal. The other is based on event relations of
which the typical can be seen in a who-done-it story.

How to Build the Knowledge System?



16 HowNet and The Computation of Meaning

Since it is utterly impossible to build a practical knowledge system
overnight, we have to set limitation to it and to build it step by step. Then
shall we make it limited by a specific domain or scenario? We suggest
that, instead, we should have it limited by the numbers of concepts
deliberately selected and by the numbers of the features attached to the
selected concept. And we should proceed step by step from the static to
the dynamic, from the concept feature relations to the event relations,
from the low layer, i.e. more concrete and simple to the high layer, i.e.
more abstract and complex, and from the relation-base to the inference
device. Currently much effort has been given to build the taxonomy. It is
desirable to select from the taxonomy some essential concepts (e.g. bread,
eat, boy, etc.) and determine a certain concept feature circle (e.g. flour
for bread, mouth for eat, etc.) in order to build a first-layer prototype of
the concept feature relation-base. Next, in the same circle we can try to
build a second-layer prototype which is base on more abstract concepts
and their features, e.g. food for bread, grain for flour, digest for eat, etc.
after that we can try to build the relation network between the selected
concept features. The higher and more abstract layer the relation network
is based on, the more successful our work will be. It must be emphasized
that our aim is not to build an overall knowledge base of mankind, but to
build a universal relation system by which ordinary people, normally
experts of all the fields, can build their own knowledge base.”

Dong’s writing in 1988 depicted the general conception of the
construction of HowNet.

The research and development of HowNet underwent 5 stages:

(1) Conceptual design (1988-1993): working out the overall scheme,
extracting primitives or sememes, discovering the types of relations
among concepts and among attributes of concepts; in addition, creating
biaxial theory of the categorization of event concepts;

(2) Experiments (1993-1997): experimental coding of data in
knowledge dictionary, comparison with WordNet;

(3) Engineering implementation (1997-1999): large-scale coding,
programming the browser and management tools, release of the first
version of HowNet;
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(4) Revision (1999-2003): overall revision of Knowledge Database
Mark-up Language (KDML); re-coding the data in knowledge dictionary,
and release of HowNet 2000 version;

(5) Development of second resources as evaluation tools (2003-2005):
developing Concept Relevance Calculator (CRC) and Concept Similarity
Measure (CSM), checking, evaluating and modifying data coded, and
release of the latest version of HowNet.

HowNet is ever growing with its constant improvement and updating
in general, and its development of new second resources or application
tools in particular.

2.2. The Nature of HowNet

One of the frequent questions raised to us is: “Is HowNet an ontology, or
a thesaurus, or a WordNet-like lexical database?” Our answer is:
HowNet is none of these. HowNet is an on-line extralinguistic
knowledge system for the computation of meaning in HLT. HowNet
unveils inter-concept relations and inter-attribute relations of the
concepts as connoting in lexicons of the Chinese and their English
equivalents. HowNet is unique with the following salient characteristics:

HowNet is an extralinguistic knowledge system. Compared with
some existing linguistic knowledge resources, such as Roget’s thesaurus,
WordNet and EDR dictionaries, HowNet is unique in the following
aspects:

(1) The definitions of concepts are based on sememes and described
in a structured mark-up language which is easy to compute by a
computer,

(2) It reveals not only the concept relations within the same
part-of-speech (POS) categories, but also those cross-POS categories,
especially the semantic-role relations between nouns and verbs;

(3) The representation is based on concepts denoted by words and
expressions in both Chinese and English;
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(4) It can be self-tested, self-evaluated by using HowNet-based tools,
including Concept Relevance Calculator and Concept Similarity
Measure.

The comparison of a HowNet entry record with the word definitions
in LODCE and WordNet may give us a rough picture of the uniqueness
of HowNet. Let’s take “doctor” and “prison” (only one sense of each) for
example:

(1) LDOCE:
doctor n 2 a person whose profession is to attend to sick people
(or animals;) an animal doctor

prison n a large (government) building where criminals are kept
locked up as a punishment for as long as the law has decided: The
thief was sent to prison for a year.

(2) WordNet:
docter, doc, physician, MD, Dr., medico — (a licensed medical
practitioner; “I felt so bad I went to see my doctor™)

prison, prison house — (a correctional institution where persons
are confined while on trial or for punishment)

(3) HowNet:
NO.=127941
W _C=FE4%
G_C=N [yil shengl]
E C=
W_E=doctor
G _E=N
E_E-
DEF={human| A\ :HostOf={Occupation|FR{ },
domain={medical|l },{doctor|EE & agent={~} } }
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NO.=054998

W_C=MW%k

G_C=N [jianl yv4]

E C=

W_E=prison

G_E=N

E_E-

DEF={InstitutePlace[37 FIT :domain={police|%&},
{detain|#11¥:location={~},
patient={human| A\ :modifier={guilty[/F 58} }},
{punish|4b 11} :location={~},
patient={human| A\ :modifier={guilty[F £} }}}

The concept definition (DEF) in HowNet is not written in natural
language but in a mark-up language, whose basic units are sememes such
as “human| \”, “InstitutePlace|3% 57", “Occupation|FR{L”, “medical|FE”,
“doctor|BE¥5”, “detain|$14¥” and semantic roles and features such as
“HostOf”, “agent”, “modifier” and “domain”.

The definition of “doctor” can be literally paraphrased as follows:

“A doctor is a human being, who has the attribute of occupation; he
doctors (gives medical treatment to); he belongs to the domain of
medicine”.

The definition of “prison” can be literally paraphrased as follows:

“A prison is an institutional place, which is the location where guilty
people are detained and punished. The place belongs to the domain of
police and law”.

Obviously the definition in HowNet is formal or structured and
machine-tractable. We deliberately name HowNet a system because it is
not merely a static database, but a dynamic and computer-tractable
implement and because it does not only include a lexical database, but
also includes a set of taxonomies and documents of axioms which are all
capable to be manipulated and used for various kinds of the computation
of meaning.
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2.3. The Architecture of HowNet

HowNet knowledge system consists mainly of the following
components.

(1) Knowledge dictionary

Knowledge dictionary is the essential database of HowNet system. It
is bilingual of Chinese and English. Currently it contains over 160,000
records like the examples of “doctor” and “prison” shown above,
including over 84,000 unique forms of Chinese words and expressions
and over 80,000 unique forms of English words and expressions.

(2) Taxonomy bank

HowNet taxonomy bank includes the following sub-banks: entity
taxonomy bank, event taxonomy bank, attribute taxonomy bank,
attribute-value taxonomy bank, the bank of secondary features list, the
bank of antonymous sememes list, the bank of converse sememes list
and the bank of event role and feature.

(3) Maintenance tools
The maintenance tools include all kinds of programs for data
management.

(4) The devices of computation of meaning

HowNet the device of computation of meanings are developed to
make self-testing of knowledge data and to push HowNet nearer to
practical applications. The devices currently mainly include: HowNet
browser, Concept Relevance Calculator (CRC), Concept Similarity
Measure (CSM), and Query Expansion Tool (QET).

The detailed presentation of each of the components will be given in
the next chapters. The architecture of HowNet knowledge system is
shown in Fig. 2.1.



21

HowNet Browser

7| Knowledge Relation Index

.

]
[=]
8
= F
[y
]
r ¥
i ;
| 1 ]
- 1 H 1 X
o ! 1 H
Z i | Management Tool '
2 ! i !
2 : " “
]
s 2 wl i [ 2] [&]1
1 . =t
g 31 s HINNE ok
= hd -3 2 HI 8
Z 4 18 p O | 5 O |+
4 i 1 9 W. 1 b a |
2 & g ] g s |
© @ 13 & | g 1
b 8 m !
P m i
N 1 1 ]
i : :
i ! )
; “ “
AR T - N R L N, -
1
1
]
3
)
)
1
1
i
1
L

HowNet Knowledge
Bank
KDML Parser

Meaning Computiong Device

Concept Relevance Calculator

Concept Similarity Measure

Secondary
Resources

Fig. 2.1. Architecture of HowNet Knowledge System.



This page isintentionally left blank



Chapter 3

SEMEMES

3.1. What is a Sememe

When any computation is to be carried out, a basic computation unit
should be first decided. Numeric figures are taken as the basic units for
computation in mathematics. As aforementioned, in computing a natural
language, we too should determine its basic or smallest units.
Syntactically the smallest units are conventionally regarded as words.
The higher-level syntactic computation such as phrasal structures or
sentential structures are all based on words. However, when we intend to
compute meanings implied in the words and language structures, we
should then determine a set of the smallest units of meanings. Some take
concepts as the basic units, some select a small set of words called
primitive vocabulary. They consider that these smallest units cannot be
discomposed any more. For example, the meaning of “hijack” can be
discomposed into “take”, and “by force”, and the meaning of
“pedestrian” can be discomposed into “human”, and “travel by foot”, but
the meaning of “take”, “human” “travel” and “by force” seem to be
unable to be discomposed further or at least, is not easy to discompose
any further. LDOCE selects 2000 basic words as its core glossary that
has been used for all the explanations and examples in the dictionary.
Can they be used as the sememes for building our knowledge system?
Unfortunately the answer is negative. The units in the primitive
vocabulary or core glossary used in LDOCE are not the sememes that we
intend to use to build an extralinguistic knowledge resource and to
compute meanings, because they keep part of natural language

23
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characteristics and so remain ambiguous. Are there any basic or
non-discomposed meaning units in reality then? If so, where can we get
them? How can we acquire them? How can we know if the selected set
has adequate coverage or is powerful enough for the computation of meaning?

3.2. Acquisition of a Sememe Set

We consider that we should know where we can discover this full set.
Can we select thousands of words and try to discompose their meanings
to discover the sememe set? How big a vocabulary should we select?
How can we know that no serious omissions of the sememes would be
made? After a few years of exploration we at last found that the Chinese
language displays a considerable amount of semantic information even at
the character level. The composition of Chinese characters and the
Chinese way of formation of concepts suggest that they might involve a
sophisticated and pragmatic system of sememes.

3.3. Inspiration from Chinese

It is reported by Chinese linguists that although there are over 50,000
characters in the Chinese script, a highly educated Chinese knows
roughly about 6,000 characters and an ordinary Chinese people know
even much lesser in their daily life. Besides, this rather limited knowledge
is adequate to sustain the long-time updating of vocabulary, since the
way to enlarge the Chinese vocabulary is to create or even loan new
words and expressions by forming new combinations of characters
instead of coining new characters. Chinese words and expressions are
generally formed by characters and Chinese characters are basically
composed of radicals. The number of the commonly-used Chinese
characters is limited and the number of radicals is even limited.
According to Xu Shen’s etymological dictionary, over 99% of the
included Chinese characters display some semantic information relevant
to the real-world concepts that they denote. Most characters are
composed of two parts: meaning component and phonetic component.
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The meaning component reveals sense or give some hint of relevant
sense while the phonetic component indicates possible pronunciation of
the character, for example, the character “J¥” (ocean) is made of two
parts. Its first part “7 ”(Chinese call it “three drops of water”) is the
meaning part which denotes “7K” (water), and its second part “3”
indicates the pronunciation of the character. It is interesting to find that
all the following Chinese characters have the same meaning part “V ”:
“UL(river)”, “JH(lake)”, “1&(stream)”, “¥(sea)”, “Ui(flow)”, “Je(mud)”,
“J# (transport by water)”, since their meanings are all related to “water”.

More examples about meaning part and phonetic part are listed
below:

“{@(mother)” =  meaning Z(woman) +  phonetic &
“F&(house)’=  meaning /" (household)  + phonetic /5
“fit(vomit)’=  meaning [ (mouth) +  phonetic -
“fH(cypress)’= meaning A(tree) +  phonetic &
“B% (eyeball)’ = meaning H (eye) + phonetic

There are 214 radicals in Chinese, which we can roughly find in the
following categories as shown in Table 3.1.

Table 3.1. Classes of Chinese radicals.

Class Radical
nature  [sun(H), moon(B), water(Y ), gold(%), earth(1), rain(F), mountain(LLI),
sound(FF), steam(*%)
human |man({ ), father(), son(-F), woman(#)
animal _[horse(5), bird(1), fish(fh), insect(H), dog(K, 7 )
plant  [grass(*h), tree(’R), wheat(Z), millet(ZR)
artifact |dish(Ill), cart(%F), boat(33), knife( 1), arrow(’%)
material [riceCK), grain(R), silk(), leather(3), tile(FL)
part mouth(I1), hand(¥ ), foot(/£), heart(:», + ), eye(H), blood(IfiL), tooth(i4),

skin( %)
attribute |color(f4)
time evening(#), morning(J%)

location [city (&, [8), village(}), field(H)

fact sickness(J "), death(%), life(*£)

action  |see(J1L), eat(1 ), fly('¥), walk(i )

value  [big(?K), small(/}), long(K), old(3), red(FF), black(FE), white(I), blue(#),
sweet(}), fragrant(F)
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All Chinese characters are composed of radicals or a radial itself is a
character. Meanwhile, nearly all Chinese words and expressions are
formed by combination of characters or a character itself can be regarded
as a word. Table 3.2 displays the composition of Chinese characters by
radicals, where we can clearly see how it carries meanings.

Table 3.2. Composition of Chinese characters with Radicals.

radical | meaning character
v water F(river) #f(sea) E(stream) i (flow)
3 gold #(silver) £k(iron) $H(tongs) £hi(rust)
P fire K* Jf(smoke) ¥(roast) #(burn) F(scold)

fire #H(hot) E(boil) Ri(fry) & (shine)

rice K* H(grain) H(gruel) FE(millet)

woman | %* F(wife) M(she) {B(marry) Hr(tender)
foot J£* Bi(hoof) Bl(toe) Hil(run) Hi(kick)

eat Bt (cake) HR(hungry) HH(full) Hli(erode)

z
z

| fi (| %k

Some Chinese characters can be used as single-character words, such
as “xt(walk)”, “B=(give medical treatment)”, but some can not, they can
only appear as a component in multi-character words and expressions. In
reality there are much more multi-character words and expressions than
single-character words. In other words most Chinese words and
expressions are multi-character combination. Again the combination of
Chinese words and expressions are even more semantically dependent.
Therefore we can find a lexical, and even further phrasal, system of the
Chinese language which is very distinct from Indo-European languages.
The system follows a line as shown in Fig. 3.1.

radicals — s characters ——» words & expressions —>phrases

characters words set phrases
Fig. 3.1. Chinese lexical formation line.
In fact there is no clear-cut demarcation line between so-called words

and phrase in Chinese. This may be the reason why some Chinese
grammarians argue that there are no words at all but only characters and
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coined a term as ‘“character-phrase” to replace conventionally-called
words. We consider the debate on “word or character” has a common
ground that they are both eager to give a hard specification of the
Chinese language. Unfortunately Chinese is not so clear-cut and hard,
but it is soft. We have to recognize and adopt its “softness™. Let’s look at
the following two groups and study the Chinese way of formation of
concepts, needless to care about if they are words or phrases, though in
conventional dictionaries they are all taken as words.

Word Characterl Character2
£ %% (medical matters) =  E(treat) + %5 (affairs)
& Jfi(doctor) = B (treat) +  Jfi(skilled person)
P B (hospital) = B (treat) +  P#(institution)
= K (medical skill) = E= (treat) +  AR(skill)
= 2% (medicine) = BE (treat) +  Z(knowledge)
P& #4(drug) = FE (treat) +  Zj(drug)
B #}(medical course) = P& (treat) +  Bl(knowledge)
B (doctor’s ethics) =  EE(doctor) +  f#(ethics)

Word Characterl Character2
2B (college) = 2 (study) +  Bi(institution)
i 57 B (institute) = 97 (research) +  Pi(institution)
7= Bt (maternity hospital) = F=(childbirth) +  PBx(institution)
%8 Bt(nursery) = {#E (childcare) +  [Bi(institution)
B (court) = % (law) +  BE(institution)
Hj % (art academy) = Hj (painting) +  Bi(institution)
J7 F¢Bi(sanatorium) = ¥ FF(recuperate) +  Pi(institution)
J8I B (theatre) = J&l(drama) +  Bi(institution)

In the first group (related to medicine) we find all the Chinese
expressions share a character “B<” meaning “to give medical treatment”
while in the second group (related to organization) we find all the
expressions share a character “f¢” meaning “institution”. This is the
typical Chinese way of formation of words and expressions. Here we use
the term “words and expressions” instead of the term of sole “words”, as

we can see that it is really very difficult to define “Chinese word”. We
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believe that it is more important for us to represent the real meaning of
the words and expressions than trying to give any evidence to justify the
existence or non-existence of Chinese words. Anyway if we leave alone
for the time being the argument about “word or no word” in the Chinese
language, we may at least assume that all the words and expressions
above-listed are phrase-like. It is clear that they are combined by two
meaningful components. We believed that the sememes we tried to
acquire must be there among them.

Hence, inspired by the aforesaid facts, we began an experiment in
1989. We selected about 4000 frequently-used Chinese characters,
extracted and listed all their senses. Note that we used a 3-part
combination of an English word plus a Chinese word or expression with
a “|” in between to represent the senses, and sememes in HowNet later on,
Here in order to save space we omit the Chinese part. In other words, the
symbol like “abandon|” in the following table is no longer an English
word but a representation of senses or a sememe. Then we made a sense
table out of the 4000 characters as exemplified in Table 3.3.

Table 3.3. Sense list.

character sense

Jiid abandon| add] lend| put] shoot|
&= abandon| lose| throw]

g buy| puy

& borrow| lend| use]

H cat| expense| need| use|

7 eat] destroy]| exhaust| suffer|
=3 eat| edible]

bt exhaust| expenditure| extravagant]
R fast sharp| soon|

% disease] fast:

=5 eat| food|

By deleting all the duplications, we extracted our initial testing
sememe list including around 1500 different senses, and we noticed that
although they covered the 4000 characters, there was some subtle
difference between similar senses. It needed some slight modification or
adjustment. It took us three years to do trial tagging over 50,000 Chinese
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words and expressions and their English equivalents using our initial
sense list of 1500 sememes. This process itself was a large-scale
linguistic engineering and experiment, which, though labor-intensive and
time-consuming, proved to be very valuable for the subsequent research
and development of HowNet.

Next we would take some of the sememes in Table 3.3 and see how
they govern the concepts when they are used to tag both English and
Chinese words and expressions.

Let’s take “eat|” and “use|” as the examples of sememes.

(1) “eat|” is extracted as a sememe meaning “to take solid food”, it
can be used to tag:

English: eat, take, take in, etc.

Chinese: Wz, %, M, &, i, etc.

(2) “use|” is extracted as a sememe meaning “to make work”, it can
be used to tag:
English: use, utilize, utilise, apply, employ, etc.

Chinese: F, 30, 1, XM, #IA, NH, iEH, etc.
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Chapter 4

CONCEPT CLASSIFICATION AND
PROPERTY DESCRIPTION

In building a semantic knowledge resource like a thesaurus or ontology,
we may confront a choice of approaches to the scheme of concept
organization, either the concept classification or the property description
using sememes or primitives. Up till now most current semantic
knowledge resources such as Roget’s Thesaurus and Japan’s EDR
concept dictionary adopt the former approach. Before the development of
HowNet, we had worked on a large-scale English-Chinese dictionary for
a MT system, in which we adopted concept classification approach for its
semantic part. However, when we constructed HowNet, we gave up the
old approach of pure concept classification and turned to a hybrid
approach, that is, a combination of the two approaches with the priority
to the property description. It would be proper and fit for us to share our
experience in both the approaches with our readers.

This chapter will be devoted to the discussion on the pros and cons of
the two approaches.

4.1. Concept Classification

In concept classification, a set of classes and subclasses should be
worked out. In some classification scheme, the classes and subclasses are
organized into a class hierarchy; some schemes just have their classes in
a discrete way. A pure concept classification, with or without a
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hierarchical organization, may be a good approach to building a
human-oriented thesaurus, or a word finder, because the purpose of
classification is to make it easier for readers to find relevant or
synonymous words and expressions.

4.2, Arbitrariness and Purpose of Classification

It is not an easy task to assure faithfulness and accuracy in modeling
the complicated relations that exist among real-world concepts. The
developers’ subjective arbitrariness would no doubt impede the
consistency and coherency, and even further hinder the effectiveness in
its applications.

In reality, arbitrariness is inevitable in classification. Is it really
possible to achieve any classification which can be free from its
developers’ views on the real world or a specific domain of the world? It
is known that different libraries have their own library classification
systems, such as Library of Congress Classification, Chinese Library
Classification, or specific-domain classification systems like National
Library of Medicine Classification, and so on. It is hard to say which has
better accuracy or which has avoided arbitrariness and subjectiveness. In
addition, when careful comparison is made between a classification
system in common-sense lexical database and in botany or zoology, it is
found that there is a big difference in their organization. Any
classification system would inevitably reflect its developers’ realm of
knowledge.

In discussion of classification issues, more emphasis should be placed
on the purpose to attain rather than the arbitrariness and subjectiveness.
The aim for classification varies with what it serves, for example, for the
library the purpose is to make a good arrangement of books, whereas for
a lexical database such as a thesaurus or a word finder, the purpose is to
help a reader choose the right word he wants. In these two cases we
rarely pay much attention to the logic relations among the books or the
words themselves. Classification is really a very common practice in
developing world knowledge resources. However, the purpose of this
kind of classification should be completely different. The purpose of the
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classification for knowledge resources is to discover the relations among
real-world concepts in general, and to achieve a hierarchy of
hypernym/hyponym relations among them in particular. It must be bore
in mind that the relation of hypernym/hyponym is just one of numerous
kinds of relations among real-world concepts.

4.3. Classification by Top-down or Bottom-up

There are two ways to classify concepts, i.e. top-down and bottom-up.
We find that top-down is most frequently adopted, especially by
traditional linguists and that it seems easy to use top-down way when
concepts of things such as animals, plants, instruments, etc. are
classified. However, HowNet adopts the bottom-up way instead. The
reason to do so is that classification of concepts is not the focus for
HowNet. The aim of HowNet is to find the primitives to represent the
concepts as precisely as possible and to form the relation nets among
concepts and attributes. In other words, we tried to exhaust the most
primitive senses. After we believe we have found all the sememes, or
most of primitive senses, we rearranged in a hierarchy and extracted the
classes. Let’s take event concepts as an example. We first extracted all
the event senses from 4000 Chinese frequently-used single-character
words, then we reshuffled them and removed all the duplications, finally
we obtained about 800 event senses. We used these 800 event senses as
sememes to code verbs (including phrasal expressions) both in Chinese
and English and meanwhile to do some necessary adjustments. By doing
so we finally produced a hierarchical classification of event concepts.
The detailed illustration of sememes extraction was given in Chap. 3.

4.4. General Guidelines for Concept Classification in HowNet

In classification in HowNet we strictly observe the following general
guidelines:

(1) Only concepts are taken into consideration. It is concepts that are
classified but not words, for example, it is the concept “plant” that is the
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hypernym of the concept “tree”, because a word may be ambiguous, but
a concept is not. When we say “plant” is the hypernym of “tree”, the
“plant” should be the concept of “a living organism” and the “tree”
should be the concept of “a tall perennial plant”.

(2) A hyponym concept must inherit all the essential attributes of its
hypernym concept, meanwhile it must have at least one attribute that its
hypernym concept does not possess.

(3) No class as miscellany or grab-bag is allowed to exist in
classification scheme. Whenever an entity is found to fall out of any one
of classes, the whole classification scheme is to blame and re-design of
the classification scheme has to be made.

(4) Any class can be taken as a sememe in defining real-world
concepts. In other words, the determination of the sememes adopted in
HowNet and the classification of concepts are simultancously conducted.

(5) Different types of concepts such as things, parts, events, attributes,
should have their own unique classification schemes.

(6) No overlapping is allowed, in other words, any one concept is
allowed for only one class, or one immediate hypernymous concept. In
HowNet the primitives can compensate such a case when it is really
inevitable.

Last but not the least important, if we intend to build a semantic or
world knowledge classification scheme, the interference of syntax should
be avoided because syntax is language-dependent. Moreover, divergence
of criterion in classification scheme is always harmful especially for
computer-oriented knowledge resources, not only for the classification of
event concepts, such as take, buy, have, put, walk, etc. but also for all
kinds of classification, the best classification scheme should have a
unified and consistent classification criterion. The criterion should
embody the essence of what are to be classified. All the factors that many
dictionaries have adopted are by no means the essence of event concepts,
for instance, the domains that the events usually appear in, the body parts
that the events happen with, the feelings that the events express, etc.
Besides, if these are all adopted as the criteria in classification, the
scheme would be spoiled.

In contrast to the classification of entities or things, or linguistically,
of nouns, the classification of events, or linguistically, of verbs
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diversifies greatly with different grammars or schools. For entities or
things, more or less similar schemes of classification could be found
although they came from various grammars or schools. Most of them
were arranged in a hierarchy with classes of “inanimate” and “animate”,
and then “animal”, “plant”, “human”, “artifact”, “instrument”, and so on.
However, for the classification of events very few similar schemes could
be found. What’s the reason? It is because there are too many different
aspects from which events can be observed. We consider that two facets
are harmful and should not be encouraged. One is the interference of
syntax; the other is multi-criterion. HowNet adopts a biaxial theory for
event classification, which is generally acknowledged to be one of the
most significant originality of HowNet. The theory will be discussed in
detailed in Chap. 6.

4.5. Root-nodes in HowNet

When discussing the top-level of classes, we will answer the question:
what are the entities that are exclusively most essential in the world. It is
believed that nothing in the world can fall out of the top-level classes and
no overlapping should happen across the top-level classes. We maintain
a philosophy on the world that all things (physical and metaphysical,
including their parts) are in constant motion and are ever changing in a
given time and space. Things evolve from one state to another as
recorded in the change in their attributes with the display of their
corresponding values. Hence we assert that there are seven top-level
classes. They are thing, part, attribute, time, space, event and
attribute-value. The relations of the root-nodes are shown in Fig. 4.1.



36

HowNet and The Computation of Meaning

Fig. 4.1. Relations of root-nodes.



Chapter 5

SEMANTIC ROLES

5.1. What is a Semantic Role

A semantic role is defined by HowNet as the inherent relation that a
participant has with the event in a real or imagined context, which is also
known as thematic role, theta role or deep case.

When discussing semantic roles or deep cases, some people very
often tend to ask a seemingly theoretical question: “If we adopt a scheme
of deep cases, how many cases should we have in a language?” We
believe that HowNet can give a satisfactory answer, because we have
observed and coded over 95,000 meanings of Chinese and English words
and expressions with inherent semantic roles.

Before the penetrating discussion of the semantic roles in HowNet,
two points should be emphasized:

(1) Semantic roles should be defined without any consideration of
syntactic structure;

(2) They are strictly specified and matched to every event class, thus
to every event in both Chinese and English.

5.2. Semantic Roles in HowNet

HowNet uses 91 semantic roles. They are categorized into two groups:
main semantic roles and peripheral semantic roles, which are further
sub-classified as follows:

(1) Main semantic roles
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(a) principal semantic roles: 6

agent, coagent, existent, experiencer, possessor, relevant

(b) affected semantic roles: 11

isa, ContentProduct, PartOfTouch, PatientPart, PatientProduct,
content, contrast, partner, patient, possession, target

(2) peripheral semantic roles

(a) time: 12

DurationAfterEvent, DurationBeforeEvent, EventProcess,
SincePeriod, SincePoint, TimeAfter, TimeBefore, TimeFin, Timelni,
TimeRange, duration, time

(b) space: 10

LocationFin, LocationIni, LocationThru, SourceWhole, Statelni,
StateFin, direction, distance, location, source

(c) resultant: 8

ResultContent, ResultEvent, Resultlsa, ResultWhole, Purpose, result,
sequence, succeeding

(d) manner: 11

accompaniment, aspect, cost, degree, frequency, instrument, manner,
material, means, method, times

(e) modifier: 16

HostOf, MaterialOf, OfPart, PatientAttribute, PatientValue, RelateTo,
Belong, concerning, descriptive, host, modifier, quantity, range,
restrictive, scope, whole

(f) basis: 6

AccordingTo, CoEvent, beneficiary, cause, concession, condition

(g) comparison: 2

ContentCompare, QuantityCompare

(h) coordination: 6

and, besides, but, except, or, transition

(i) commentary: 2

comment, emphasis

Each of the illustrations of them below includes three parts: (1)
definition and discussion; (2) contextual example (in italic); (3) sense
example (in quotation marks) of words and expressions in HowNet.
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1. AccordingTo — the entity that an event is based on, e.g.
In accordance with the regulations, the medicine should be destroyed
“size”
DEF={classify|43-3:
AccordingTo={Size| R~ :host={physical # 5} } }

“customization”
DEF={produce]|#lli:AccordingTo={aspiration| & J&} }

2. CoEvent — specially designed by HowNet to denote the event
which has the role frame that its “cognate” entity shares, e.g.

My belief in his sincerity

Cf. I believe in his sincerity

“belief” shares the same role frame as “believe”: experiencer and
target.

“Wi sh”
DEF={aspiration| 7 J&:CoEvent={expect/}{f]$&}}

“environmental protection”
DEF={fact|Z % :CoEvent={protect|ff H/":
patient={Environment|{# {7l :host={entity| 3£k} } } }

3. ContentCompare — the content in comparison, which is rarely
shown explicitly in a sentence and usually denotes a certain attribute, e.g.

This factory makes shoes twice as much as our factory (quantity)

This brand of milk powder is the best (quality)

He is taller than his brother (tallness)

4. ContentProduct — something that is produced by the events
such as “compile”, “write”, “draw” types, etc., e.g.

They compiled a new dictionary

The publication of the book

The boy is drawing a horse
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“publishing house”
DEF={InstitutePlace|3% T : {publish|H k%
ContentProduct={publications| i ]} ,agent={~} }}

5. DurationAfterEvent — a period of time ever since an event ends,

e.g.
It is 3 weeks since I arrived

“long parting”
DEF={farewell|% 5l|:DurationA fterEvent={time|FJ |&]:
modifier={TimeLong| £ i 8]} } }

6. DurationBeforeEvent — a period of time before an event
happens, e.g.
After three years of hard work, the experiment succeeded at last.

7. EventProcess — the process of an event, e.g.
In the operation, the program may be affected by this virus

“course of treatment”
DEF={process|id #2: {doctor|E& & :EventProcess={~} } }

8. HostOf — the attribute that a concept is its host, e.g.
“teacher”
DEF={human| A\ :HostOf={Occupation|BR i/ },
domain={education|#(F }, {teach|#:agent={~} } }

9. LocationFin — the location where an entity locates after an event
of “AlterLocation” type happens, e.g.

They left for Tokyo

Please put them in the box

“go home”
DEF={GoBack|i& |F]:LocationFin={family|Z £ } }
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10. LocationIni — the location where an entity locates before an
event of “AlterLocation” type happens, e.g.

He fled from the house in fire

She will leave UK next week

“leave home”
DEF={leave| & FF:LocationIni={family| % £ } }

11. LocationThru — the location where an entity goes through
when an event of “AlterLocation” type happens, e.g.
He came to Moscow via London

“intersection”
DEF={part|&}{4::whole={route|it %},
{cross|i# it :LocationThru= {route|1& 4% } ,Jocation={~} } }

12. MaterialOf — the entity that is the product which an entity is its
material, e.g.
“flour”
DEF={material[#1 #}:MaterialOf={edible| & ¥},
material={crop| L% }}

13. OfPart — the part of an entity in the events of “include” type
and “exclude” type, e.g.
The device includes two components

“illustration”
DEF={image| &4 : {contain|fl & :Of Part={~},
whole={publications| 15T} }}

“humpbacked”
DEF={disable|5%# :OfPart={part|3{:
PartPosition={body| 5 },modifier={hind|/5 },
whole={AnimalHuman|Z)#)}}}
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14. PartOfTouch — the part which is touched in the event of
“AlterForm” type while its whole is the patient of the event, e.g.

He slapped the boy in the face

His leg was broken in the accident

She cut her finger

“clap one’s hand”
DEF={beat|+] :PartOf Touch= {part|3#{{4-:whole= { part| &1
PartPosition={hand| 3} ,whole={human| A\ } } }}

15. PatientAttribute — the attribute or sometimes the attribute
value, which is changed in the events of “AlterAttribute” type, e.g.
“air-conditioning”
DEF={adjust| 1§ 3 :PatientAttribute={ Temperature|{& & } }

16. PatientPart — the part which is moved in the events of
“CausePartMove” type, €.g.

He nodded his head

She blinked her eyes

She shed tears when she heard the news

“bow”
DEF={CausePartMove| {4 fh# :
PatientPart={part|##4:PartPosition={body| & },
whole={human| A\ }}}

17. PatientProduct — the entity which is produced in the events of
“CauseToExist” type, e.g.

The boy is making a wood gurn for himself

railway construction

The institute was set up last year

“brewery”
DEF={InstitutePlace{37 T :domain={industrial| T.},
{produce]HiliE&:
PatientProduct={drinks|¥X /ils } ,location={~} } }
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18. PatientValue — the value which is changed in the events of

“AlterAttribute” type, e.g.
Wash hands clean first
Don'’t paint the wall red

“heighten”
DEF={AlterForm|%Z J& R :PatientValue={high| &} }

19. QuantityCompare — the quantity in comparison, e.g.
This street is fwo miles longer than that
This factory make shoes twice as much as our factory

20. RelateTo — a concept to which another concept has an

indistinct relation, e.g.

“hurricane”
DEF={wind|X\:RelateTo={WeatherBad|}} X},

modifier={strong|7} }

“bloom”
DEF={pregnant|}f Z2:RelateTo={plant/ ¥} }

“put”
DEF={provide|f}t:RelateTo={fund| % %},

domain={finance|&@l}}

21. ResultContent — the result in the events of “punish” type, e.g.
He was sentenced fo death

“ﬁne,’
DEF={expenditure|# F: {punish| 4t {1} :ResultContent={~} } }

22. ResultEvent — the event which is caused by “MakeAct” and is

done by the patient, e.g.
He asked her to come early
She was asked to come early
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“hurt”
DEF={beat|4] :ResultEvent={wounded| %15} }

23. Resultlsa — the entity which is referred to in the events of
“CauseToBe” and “CauseNotToBe” types, e.g.

We called him Little Snake

He was appointed as our new coach

“discharge”
DEF={dismiss| 22 #2:Resultlsa={Occupation|ER {7} }

24, ResultWhole — the whole in the events of “include” and
“classify” types, e.g.

When did he join the army

This kind of words may be classified into verd category

“call up”
DEF={include|44 A :ResultWhole={army| A},
domain={military| % }}

25. SincePeriod — a period of time since when an event occurs and
lasts till now, e.g.
Over the past three years, she is looking for him

26. SincePoint — a point of time since when an event occurs and
lasts till now, e.g.
She likes singing since childhood

27. SourceWhole — the whole as the source in the events of
“AlterInclusion” type, e.g.
We should expel the officials like him from the public service

“demobilize”
DEF={discharge|FF f&:SourceWhole={army| % A},
domain= {military|%-}}
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28. StateFin — the new state into which something changes after an
event happens, e.g.
The book has been translated into many languages

“upstart”
DEF={human| A : {prosper| X iA:StateFin={rich| & } agent={~},
manner={sudden| ¥R} }}
29. StateIni — the initial state from which something changes

before an event happens, e.g.
Is it translated from Chinese?

“come around”
DEF={BeRecovered|R i :StateIni={dizzy| &K} }

30. TimeAfter — the event happens before another, e.g.
After graduating, he went to Shanghai

“tea break”
DEF={time|7 [&]: {rest}fk &.:
TimeA fter={discuss|# i } ,duration={~} } }

31. TimeBefore — the event happens after another, e.g.
They finished the experiment before the school was over

“dress rehearsal”
DEF={drill|% 3] : TimeBefore= {perform| & &},
domain={entertainment| 2} }

32. TimeFin — the point of time up to which an event lasts, e.g.
We’ve been working from morning fo night
We won'’t start until Bob comes

33. TimeIni — the point of time from which an event begins, e.g.
She has lived here ever since
We’ve been working from morning to night
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34. TimeRange — the period of time which covers from the present
till an event occurs in the future, ¢.g.

How soon will he come

I’ll come in a minute

35. accompaniment — two or more events happen in
accompaniment, €.g.

He slept with the window opened
Don’t talk too much while eating

“risk investment”
DEF={provide|ft:accompaniment={dangerous|f&},
domain={economy|Z % } ,possession={fund| % &} }

“take a walk with pet birds”
DEF={walk|&: :accompaniment= {bird|& } ,manner={idle|H }}

36. agent — the doer or actor of any event of “act” type in HowNet;
it is not necessarily animate nor with volition, e.g.

He bought a watch yesterday

Most birds and some insects fly

He was killed by a young girl

Can the system really translate the text

His treatment of the data

The stone hit her head

The tree was broken by strong wind

The ship sailed in the sea

“buyer”
DEF={human| A :domain={commerce|#j}},
{buy|%:agent={~}}}

37.and — the concepts coordinates, ¢.g.
He likes singing and dancing
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38. aspect — Chinese aspect only. See Sec. 3, Chap. 14 for details.

39. belong — a member which belongs to a whole, e.g.
He is the headmaster of the high school.

“New York”
DEF={place|#. /7 :PlaceSect={city|Ti },
belong="US|3& [#",modifier= {ProperName| %} }

40. beneficiary — the entity which an event benefits, e.g.
He bought me a book for 5 dollars
For whom the bell tolls?

“serve the people”
DEF={do|f#:beneficiary={human| A :quantity={mass|£x}}}

41. besides — another event that occurs, e.g.
He not only can read it, but can write it
In addition, 1 wrote a report

42. but — implies in spite of a certain situation, e.g.
I'd like to join you, but I am afraid I can.

43. cause — the cause of an event, ¢.g.
Why didn’t he come yesterday

He died of illness

I am sorry he didn’t come

Thanks for your prompt reply

“tsunami”
DEF={mishap| )% :cause={mishap|£j #:cause={shiver|Ei 5}
agent={land|F 1} } } location={waters|7K3&k } }

“food poisoning”
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DEF={disease|}%Jj :cause={eat|"7:
patient={physical|#] Jii:modifier={poisonous|f &} } } }

44. coagent — the entity that should acts equally together with
another, in the events such as “talk”, e.g.
This morning, I played chess with Mary

“Iran-Iraq War”
DEF={fact|Z 5 :CoEvent={fight| 3} :
coagent="Tran|{} B ""Traq| {2 72"},
domain={military| % },modifier={ProperName|% } }

45. comment — the speaker’s view which normally related to the
whole event rather than the individual element, e.g.

Hopefully, the computer can manipulate them

In the final analysis, knowledge is strength

As a matter of fact, nobody likes it

Of course I will be responsible for that

46. concerning — the entity which concerns, e.g.
He knows a lot about religious rules

“zoology”
DEF={knowledge|%1iR:concerning={animal| & } }

47. concession — the state showing willingness to admit a point that
goes against the event, e.g.
Although he lost the game, he was the best

“have a false appearance”
DEF={useless|J; A :concession={GoodLooking|{F &} }

48. condition — the state on which the event depends, e.g.
I will take it if it is less expensive

We will go unless it rains

He will join us on condition that he is invited
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Take it in case it rains

“buy one, get one free”
DEF={obtain|3 #:condition= {buy| ¥},
manner={FreeOfCharge|%.%%} }

49. content — the entity or event which is affected by the event
types of “ActGeneral”, “StateMental”, “AlterMental”, etc. And it differs
from “patient” in that it is not changed in the same way as “patient”, e.g.

I have been engaged in NLP for over 20 years

It started raining

Telephone numbers are difficult to remember

He said ke would come

English is taught in that school

“homesickness”
DEF={thought|& k:CoEvent={ThinkOf] B &
content={family|ZK &} }}

“unbelievable”
DEF={impossible| N & :scope={believe|#{5 :content={$} } }

50. contrast — the concept which is correspondent to the main

2 & 2

body in the events of “comparison”, “AlterComparison”, “suit relation’
or “win” and “surpass” types, etc., e.g.

He is as tall as his brother

He is taller than his brother

It is different from them

My opinions are similar to his

“outdoors”
DEF={location|fi & :contrast={room|/55 [},
modifier={external|#}}}

“asphyxia”
DEF={phenomenaJl % :CoEvent={BeSimilar|f§{%:
contrast={die|ft.}}}
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51. cost — the entity one pays in purchase or for service, e.g.
How much did you pay for it

He bought me a book from them for 5 dollars

I sold him my car for $100

1 paid 100 dollars for my room a day

“postage”
DEF={expenditure| 3% Fi: {post|Hil & :cost={~} } }

52. degree — the position on a scale of intensity or quality, e.g.
How big is it

The place is extremely large

We all love the boy very much

1 took it when it was less expensive

“largish”
DEF={big| X :degree={ish|fH}}

“light green”
DEF={green|%:degree={light{X } }

“at full speed”
DEF={fast|t}:degree={extreme| %} }

53. descriptive — the attribute value which modifies an entity in a
“isa” type event, e.g.

The house is very big

Is it really difficult to write a novel?

“ﬂush,7
DEF={become|fi{ 4 :descriptive={red|4L } }

54. direction — the direction which an entity faces in the event of
“TimeOrSpace” and “AlterLocation” types, e.g.
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The house faces the south
Suddenly a car came up fo me

“move south”
DEF={AlterLocation|32 78] {i7 & :direction={south|F5 } }

55. distance — the extent of space between two objects or places,

e.g.
He walks ten miles to come here

“neighbour”
DEF={human|\ : {reside|f¥ T :agent={~},
distance={near|if}}}

“go far to”
DEF={LeaveFor|Fi 1% :distance={far|iz } }

56. duration — the period of time for which the event lasts, e.g.
How long have you been in the city
We have stayed here for 3 days

“shelf life”
DEF={time|f [&]: {store|{f 17 :duration={~} } }

57. emphasis — special forcefulness of expression that gives
importance to something singled out, e.g.
Only she can do it

58. except — excepting or being excepted, e.g.
All should come to report except those who have submitted their

papers

59. existent — the main entity in the events of “TimeOrSpace” and
“ExistAppear” types, €.g.

Where is my book?

Your book is on his desk
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The room is facing the south

There are fwo books on the table

The man disappeared in the dark

Six traffic accidents happened this morning
There comes the bus

“fall ill”
DEF={happen|& 4 :existent={disease| /i } }

“case rate”
DEF={Rate| Lt % :host={place|H1 77},
scope={happen| & *£ :existent={fact| F1%:
modifier={guilty[5 JE}}}}

60. experiencer — the topic in the events of “state” type except
“ExistAppear”, e.g.

Their plan to improve the quality of products failed

He was ill

He likes swimming

The man was disappointed

I forget his phone number

The competition will start soon

It threatens to rain

“doghouse”
DEF={house|5 |&: {alive[i§ &

experiencer={livestock|#4 &} ,location={~} } }

“busybody”
DEF={human| A : {FondOf]E -¥X :experiencer={~},
target={MakeTrouble[f§#L}}}

61. frequency — the frequency an event repeats, e.g.
How often do you go there in a year?

He rarely comes to see us these days

Sometimes 1 do, sometimes I don’t
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“rebuild”
DEF={build|# i&:frequency={again|F } }

62. host — the concept which is the host of an attribute, e.g.
“color”

DEF={Color|%if4 host={physical #J 5t } }

“temperament”
DEF={Behavior|%$ II-:host={ AnimalHuman|31 4} }

63. instrument — the entity which is used as a tool in an event, e.g.
We can do that with a computer
He came by train

“banguet”
DEF={fact|{Z{#:CoEvent={entertain|f {F:
instrument={edible| & ¥} }}

“propose a toast”
DEF={congratulate|#% 3% :instrument= { drinks|{X & } }

64. isa — the entity which is referred to in the events of “isa”
relation type, e.g.

Horses are animals

Necessity is the mother of invention

She became one of my best friends

“epaulet”
DEF={fittings|Bc {4 :whole={clothing| & 47},
{mean|}§/X:instrument={~} ,isa={Rank|%& %} } }

65. location — the location where an event happens, e.g.
Where is my book?

He is in the office

There is a book on the table



54 HowNet and The Computation of Meaning

He lives in London
He wrote the book in a small village

“reception center”
DEF={InstitutePlace|3% FT: {entertain{f £ :location={~} } }

66. manner — the way in which the event happens, e.g.
How did they treat their parents?

It should be done very effectively

Don't do it in a hurry

“cheer”
DEF={cry|#:manner={joyful|=-1% } }

67. material — the entity out of which something is made, e.g.
Wine is made out of grapes

“seafood”
DEF={food| & {4 :material={fish|f}}

68. means — the event or the fact by which an event is completed,
e.g.

How can you make it?

She made her wishes known by means of signs

Dough is made by mixing flour and water

“exchange and get” »
DEF={obtain|#3 #|:means={exchange|AS #}}

69. method — the entity by which an event is completed, ¢.g.
He finished the work by traditional craft

“trick”
DEF={plans|}{ £!: {deceive|{ik Ii:method={~}}}

70. modifier — the attribute-value which modifies an entity, e.g.
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new car
blue sky
high-risk group

“white clouds”
DEF={CloudMist| % :modifier={white| 1} }

71. or — the concept which is an alternate, e.g.
you or me go there

72. partner — the entity which is correspondent to the main body in
the events of “connective”, “AlterConnection”, “TimeOrSpace” or
“HaveContest” types, etc., e.g.

She doesn’t relate well fo her mother

The marriage of a queen concerns the people

I'll come with my brother

The Chinese team had the competition with the Korean team

Can we mingle this medicine with that drug?

“bullfight”
DEF={compete| tt. #¥:partner={livestock|#: &} }

73. patient — the entity which is affected, and typically changed in
the events of “act” types, e.g.

They smuggled a lot of drugs

Oil exporting is the main economic resource of the country

The computer was repaired by him

His treatment of the data

He will be punished severely

The mother dressed her baby patient

She dried her skirt in the sun

The manager encouraged us to develop new technology

‘Gﬁsh”
DEF={catch|# ¥ :patient={fish|# } }
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74. possession — the entity is owned in possession relation, e.g.
John has three cars

How much I owe you?

the teacher’s book

Honor belongs to the people

Whose pen is this?

He bought a watch yesterday

Unfortunately I didn’t get the post

“forfeit”
DEF={abandon|f F:possession={rights|# F] } }

75. possessor — the owner in possession relation, e.g.
John has three cars

How much I owe you

Teacher’s book

Honor belongs fo the people

Whose pen is this?

“beneficiary”
DEF={human| A\ : {obtain|#3 £]:possession={ Advantage|F},
possessor={~}}}

76. purpose — the intention for which an action is done, e.g.
He came for the purpose of seeing his family

He came fo see his family

He came for talking to her

In order to catch up with them, we have to work harder

DEF={tool| ] &: {PutOn| % #:instrument={~},
purpose={decorate|$&/fi} }}

“oblation”
DEF={tool|H £ : {submit|3 :possession={~},
purpose={salute| B #} } }
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77. quantity — the quantity of something, including, approximate
of number itself, e.g.

ten people

two directions

about five years

a little sugar

“every family”
DEF={family|% i£:quantity={many|% } }

78. range — the range an event covers, ¢.g.
They all came

“generality”
DEF={Role|Z}jH :host={entity|SZ{&} range={extensive|iZ } }

“read extensively”
DEF={read|i{t:range={cxtensive[{Z } }

79. relevant — the topic in the events of “relation” types except
possession relation, €.g.

What’s this?

Horses are animals

It is difficult fo write a novel

His carelessness led to the failure of the task

“synonym”
DEF={expression|i7]i&: {BeSame|#H [7]:relevant={~},
scope={information|{5 & }}}

80. restrictive — the entity used to restrict something, but not in
attribute nor in possession, e.g.

a dictionary of modern Chinese

the dog running after the boy was caught

the teacher corrected the mistake he made in his homework
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“waste gas or steam”
DEF={gas|<:restrictive={waste|[Z ¥} }

81. result — the result caused by an event, e.g.
His carelessness led to the failure of the task

He was almost beaten to death

She was so frightened o say a word

“pack full”
DEF={fill| X :result={full|i#} }

82. sequence — the order in which some events occur, €.g.
This is his first time to come to New York

“display for the first time”
DEF={CauseToAppear| & J:sequence={first| & X} }

83. scope — the area within the limits an event affects, e.g.
They are the same in color but different in size

This article is easy fo read

Of course I will be responsible for that

“devaluate”
DEF={BecomeLess|##/>>:scope={ Worth|{/I{& } }

84. source — the source which a possession (physical or mental) is
obtained, e.g.

I bought it from a second-hand bookstore

They robbed him of his watch

We learned much from him

“purchase from abroad”
DEF={buy| % :source={place|} /7 :modifier={foreign|F}[F} }}
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“well”
DEF={facilities|#% jifi:
{take|H :possession={water{7K } ,source={~} }}

85. state — the state in which something happens, e.g.
Most of the miners lead a very miserable life

86. succeeding — the event which follows another, e.g.
They discussed and made the decision

“encircle and suppress”
DEF={surround}f. [ :domain={military| % },
succeeding={destroy|{H ‘K } }

87. target — the entity which is affected but not changed, e.g.
Give me the book

We all respect him greatly

Who taught you chemistry?

He spoke to her

“model”
DEF={human| \ : {imitate[{&{}j:target={~} } }

“favourite”
DEF={entity| L {&: {like| & & :target={~} }}

88. time — the time when an event happens, €.g.
When did you get it?

He lived in England 3 years ago

He arrived on Monday morning

She entered while I was reading the letter

“runner-up”
DEF={human| A : {win|3k } :experiencer={~},
time={compete| L\, 5} }}
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“morning dew”
DEF={RainSnow| ¥ Z :time={time|F [f]:
TimeSect={morning|/Z} } }
89. times — the specific times which the event repeats, €.g.
I played cricket 5 times last week

90. transition — the passage from one subject to another in
discourse, e.g.
Some people like fat meat, whereas others hate it

91. whole — the entity which is the whole of its parts, e.g.
These organizations will be subordinate fo the State Department

“bud’,
DEF={part|{{4:PartPosition={embryo|if },
whole={plant/{247}}

“watch strap”
DEF={fittings|Et {4 :whole={tool|FH & {tell| &
content={time|f} [f]},instrument={~}} } }

“digestive organ”
DEF={part|#{4:PartPosition={viscera| ilf }
whole={AnimalHuman|z#]},
{digest|¥i§ k. instrument={~} }}

“stomach”

{part| ¥ #F :PartPosition={visceralfit },
whole={part|&B {4 :PartPosition={viscera|fif },
whole={AnimalHuman|3#)}, {digest|7} {£.:instrument={~} } } }

The last two examples show the relation of the “part” of a “part”
(“digestive organ” is the part of “animals” while “stomach” is the part of
“digestive organ”, so it is the part of a part).



Chapter 6

TAXONOMY

By taxonomy we mean the classification of sememes in a hierarchical
structure. Taxonomy mainly provides the hypernym-hyponym relations
of concepts. In correspondence to the root nodes of sememes discussed
in Chap. 4, HowNet organizes its sememes into the following 4
taxonomies: (1) taxonomy of events; (2) taxonomy of entity, including
things, parts, time and space; (3) taxonomy of attributes; and
(4) taxonomy of attribute-values. In this chapter, apart from the 4
taxonomies, we will discuss the secondary features list and the
antonymous and converse sememes lists.

6.1. Event Taxonomy

Event is something that happens in a given time and space, and
linguistically in most situations are denoted by verbs. In HowNet there
are 812 classes of events.

Event concepts can be observed and analyzed in their multiple
semantic facets, which can be classified into two types: intrinsic and
extrinsic. The former includes (1) development of things (including the
development of physical things and the development of metaphysical
substance); (2) correspondence between static events and dynamic events;
(3) entailment of events; and (4) cognate RoleFrame between incidents
(denoted usually by verbs) and facts (denoted usually by nouns). The
latter includes: (1) involvement of things in events; (2) relations between

61



62 HowNet and The Computation of Meaning

events and attributes and attribute-values; (3) shifting of semantic roles
of events; and (4) features of subject domains.

The event concepts can be sub-classified into the following two
higher-level groups as shown in Fig. 6.1.

Static events

/

elations States,
1

Dynamic events {(actions)

General actions  Specific actions

Y

General changes  Specific change

2

Fig. 6.1. Higher levels of event hierarchy.

The first group denotes no actual actions while the second denotes
actual actions. The first group is sub-classified into two sub-groups: the
event of relation and the event of state. The second group, the event of
action, is also sub-classified into two sub-groups: general actions such as
“do”, “make”, and specific actions such as “eat”, “buy”, “walk”.

6.1.1. Biaxial theory

It is generally acknowledged that the most significant originality or
uniqueness of HowNet is its biaxial theory of events. The theory is based
on 812 classes of events with which presently over 20,000 Chinese and
English verbs respectively have been tagged. The theory unveils an
intrinsic biaxial scheme of events. The two axes are intersected each
other. One of the axis is the development of things, the other is the
correspondence between static events and dynamic events. Biaxial theory
is proved to be one of the most important discoveries made by HowNet
researchers.
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6.1.1.1. Development of things

The basic functions of events reflect what happens to things i.e. the states
that things lie in and the change that things undergo.

Although things differ greatly in form and nature, they are in
common in terms of their basic process of development. Physical things,
either animate or inanimate, or social units, undergo the same basic
process of development, that is, a process of development of coming into
being, then growing up and maturing, gradually becoming old and weak,
finally passing from physical life. In other words, they undergo a process
from living to death or from appearance to disappearance. As for any
happenings, for example, a meeting or a birthday party, or a company or
even a government undergoes nearly the same basic process of
development, it begins or emerges , may get into a climax or flourishing
afterwards, and finally comes to an end or perishes. Psychological
features are roughly sub-classified into feelings and cognition. They too
may undergo a process from appearance to disappearance like the other
types of things, but there is one outstanding feature attracts our attention,
i.e. apart from the similar process of development from rising to fading,
they may be expressed or shown.

6.1.1.2. Correspondence between static events and dynamic events

We have discovered a perfect correspondence between the concepts of
static events and the concepts of dynamic events. Any relation or state is
caused or changed by its corresponding action, for example, events
denoting the relation of possession such as “have”, “own” or “lose”
correspond to the events denoting the change of the possession relation
such as “take” and “borrow” or “give” and “lend”. We discuss more
details on the correspondence between relation events and
relation-change events, between state events of and state-change events
respectively in the following two sections.

(1) Correspondence between relation events and relation-change events:
There are 9 sub-classes of relation events we discover and represent in
HowNet.

(a) Relation of is-a, e.g.
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He is head of the department
She became a school teacher
(b) Relation of possession, e.g.
My brother has a car
She lost the money
(c) Relation of comparison, e.g.
She resembles her mother very much
They differ in color
(d) Relation of fitting, e.g.
This suits his needs
The two proposals conflict
(e) Relation of inclusion, e.g.
The list includes the names of many famous writers
The cost for the trip excludes food
(f) Relation of relatedness, e.g.
The case relates to his family
It has nothing to do wiih her
(g) Relation of cause-result, e.g.
The heavy fog resulted in the accident
The problem roots in her depression
(h) Relation of location/time, €.g8.
Where is my handbag
The house faces south
(1) Relation of arithmetic, e.g.
Five minus three equals two
The bill amounted to $1000

As shown above obviously, all the 9 classes of events denote neither
actions nor states. They only express some special kinds of relations, for
example, in “He is a teacher”, the event “is” expresses an is-a relation,
and in “My brother owns a car”, the event “owns” expresses a possession
relation, that is, a relation between “my brother” and “the car”. Similarly,
in “My father is in London”, the event “is” expresses a location-relation,
that is, a relation between “my father” and “London”. The events do not
indicate any state of “my brother” and “the car” or “my father” and
“London”, nor do they express any actions on them. All the above 9
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classes of relations are caused by their corresponding relation-change
events. The correspondence is illustrated in Table 6.1.

Table 6.1. Correspondence between relation event and relation-change event.

Relation events Relation-change events
(a) [|be, become, be not ... appoint, demote, call ...
(b) {have, own, have not ... take, buy, give, borrow, sell ...
(c) jresemble, differ ... compare, equalize ...
(d) |suit, conflict, disagree ... observe, conform, breach ...
€ contain, exclude, belong ... join, admit, expel, dismiss ...
(f)  |connect, havetodo ... link, disconnect, divorce ...
(g) |incur, result in, root ... infect, affect ...
(h) |lie, be situated, face ... move, swim, send, stop ...
(i) |plus, minus, amount to ... add, multiply, reduce, divide ...

To put it in a nutshell, any relation between entities is caused by an
action which is corresponding to the relation, for example, the relation of
possession such as “possess”, “own” or “do not have” is caused by the
actions denoting the change of possession like “take”, “buy”, “borrow”,

and “give”, “sell”, “lend”, etc.

(2) Correspondence between state events and state-change events

The state events denote the states that an entity is situated in. The

main sub-classes of state events are formed into a hierarchy as follows:
{State}

- {State Physical}

- {Appear}

- {Begin}

- {State Normal}

- {State Good}

- {Recovered}

- {Change}

|- {Change-in-Appearance}

} {Change-in-Quantity}

| {State Bad}

|- {End}

L {Weather-Change}
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- {Change-Not}
- {Disappear}
{State Mental}

- {Feeling}

- {Attitude}

- {Volition}

- {Cognition}

|— {Have-Knowledge}

| {No-Knowledge}
|- {Misunderstand}
L {Unable}

concepts of state-change events is illustrated in Table 6.2.

Table 6.2. Correspondence between state event and state-change event.

State events State-change events
(a)  |appear, expose ... disclose, veil, unveil ...
(b) __ |be born, come into being ... produce, bring forth ...
(c) be alive, live, survive ... raise, bring up, support ...
(d)  |boom, progress ... develop, improve ...
(e) suffer, ill, break down ... affect, damage ...
(f) recover, get well ... treat, cure, repair, mend ...
(g) die, pass away, perish ... kill, murder, suicide ...
(h)  |disappear, vanish, get lost ... hide, conceal, destroy, ruin ...
(i) joy, rejoice ... please, delight, satisfy ...
() be annoyed ... annoy, displease, provoke ...
(k)  |anger, seered ... anger, make angry ...
) perceive, feel, sense ... look, listen, smell, taste ...
(m) |know, cognize, learn ... read, study, tell, teach ...
(n) Misunderstand ... deceive, fool, mislead ...

HowNet discovers any state is caused by a kind of corresponding
state-change event. For example, in “a baby was born”, this state was
caused by a state-change event, “its mother gave birth”. “Giving medical
treatment” 1s a state-change event which may cause the state of
“recovery”.
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In HowNet only relation-change events and state-change events are
actions.

6.1.2. Event frames

In the event taxonomy of HowNet, each of 812 classes of events is
attached to an event frame based on semantic roles as shown in Fig. 6.2,

F {own[H } {possession| TE X E possession={*} possessor={*}}
| F {obtain/{SF|} {forwn| F possession={"} possessor={*},source={*}}

F {AlterPossession/3EMB } {AlterRelation I F: agent={*} possession={*}}

| | {take[HY} {dlterPossession FHE agent={*} possession={*},source={*}}

| | b {stealfii} {take B8 agent={"} marmer={covert f& &5 possession={*},

|1 source={}}

I 1 b {buyl3R} {takel 80 agent={"} beneficiary={*} cost={*},
domain={commerce| YL} possession={*} souwrce={*}}

Fig. 6.2. HowNet Event frame.

Each frame includes three parts:
(a) hypernym:
as take| 4% for steal|fil and buy|3%; AlterPossession| Z$i/& for take|
BY; AlterRelation| 35 & for AlterPossession|ZE4 & ; own| & for
obtain|#3 Fl;and possession| $U/EFHF for own|F

(b) indispensable roles:
as agent={*}, possession={*}, source={*}, manner={covert|f23 5}

(c) feature(s):
as domain={commerce|Fj MV}

The event frames ensure two types of event relations: vertical
relations and crosswise relations. The vertical relations of the events are
based on the hypernyms; the crosswise relations are ensured by the roles.
It is noted that only absolutely necessary semantic roles are included in
the event frames, in other words, whenever an event happens the
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indispensable semantic roles will inevitably participate in. If any one of
the listed roles was absent, the event would not stand. It should be noted
that not all the indispensable roles have to appear in a real context at the
same time. For example, when the event “buy” happens, “buyer” (agent),
“something to be bought” (possession), “some place from which
someone buys” (source), “money to be paid for purchase” (cost), “for
whom someone buys” (beneficiary) must participate in logically, but not
necessarily appear in one sentence in a real text. Sometimes they may
come in different sentences. For example,

“My brother bought her the book in a second-hand book store”

my brother - agent

her - beneficiary
the book -> possession
second-hand book store = source

Though the sentence does not mention the money paid for the book, it
is certain that the agent has paid for it. If not, the action would not be
“buying” any more!

As for “time” and “space” or “location”, they are deliberately omitted
in the event frames because any event happens in a certain time and
place with no exceptions even though they do not appear in the context.

In the event frames some roles may be specified with definite
sememes as their values, such as manner={covert|f&##} in the frame of
“steal|fif >, but for most cases there are no definite values yet, so
wildcards are used. The next section — “Typical actors or selectional
restriction” will be devoted to the detailed discussion.

6.1.3. Typical actors or selectional restrictions

HowNet uses an innovative term “typical actor” instead of “selectional
restriction”. We consider that “selectional restriction” is too tough, not as
flexible enough as “typical actor”. As we have specified the
indispensable roles in the event frames, we will further specify who or
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what will usually plays the roles, that is, who will be the actors for the
role, for example,
{eat|M7}
{metabolize| L H:agent={animate| 2D}, patient={food| & 13}}

{drink|"%}
{metabolize| {CHf:agent={animate| £ #) 3} patient={drinks| tL45}}

Cf. the event frames, without the typical actors
{eat|"z}
{metabolize| {CHjf:agent={*} patient={*}}

{drink|"5}
{metabolize| {CH-agent={*} patient={*}}

The typical actors for the events “eat” and “drink” are: “animate and
its hyponyms (indicated by “—>”)” for the agents, and “food” and
“drinks” for the two patients respectively. By typical actor, we mean that
in most cases they may be the correct selections, but they are by no
means restrictions, or they should be used exclusively. In other words,
we do not want to make any tough rules on the selections of the concept
for a specific role. Our past experience in NLP tells us that the
performance of NLP systems was often harmed by over-restrictive
semantic selections, especially when the systems handle large-scale real
texts.

6.2. Entity Taxonomy

HowNet entity taxonomy contains the sememes of things, parts, time and
space as its top-level nodes. In HowNet there are 151 classes which
cover “things”, “time”, “space”, and “parts”. The main scheme of the
hierarchy is shown in Fig. 6.3.

In contrast to the classification of physical things, traditionally the
classification of so-called abstract things varies greatly with different

language resources. In most of them it seems a subclass of abstract things
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or nouns is adopted, which naturally includes those concepts (or nouns)
of attribute. However, we consider that in terms of semantics the nature
of concreteness or abstractness is not an essential one. HowNet has
adopted a unique scheme.

- {entity| %44}

F {thing 740}

| | {physical ¥/}
| b {animate/£47}
| | F {AnimalHuman/Z40}
| | | F {human/A}
| | | | L {humanizeditl A}
I | | b {animal®}
| | {plant{fE4}
| | L {bacteriaist4}
| F {manimate|TTA}
| | F {(NaralThing R4}
| | | {artifac AT49}
| ] b {waste|E40}
| L {shapeFs}
F {mentall#&34}
F {factZE{F}
- {group|E¥i&}
b tomelsTia)
F {space|/<®ia}
L {component/&H5}

|
|
l
|
|
|
|
I
l
I
|
|
I
l
I

Fig. 6.3. Skeleton of entity taxonomy.

6.2.1. Things

Things are the main entity that instigate or cause the happening of events.
Things include physical things, metaphysical things and social units.
Physical things are objects with material form while metaphysical things
are those without material form. Physical things include animate beings
and inanimate substance. Metaphysical things include psychological
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features and happening. Things can be sub-classified as shown in
Fig. 6.4.

Things

— | T~

Physical things Social units Metaphysical things

/N SN

Animate  Inanimate Psychological features Happening
Fig. 6.4. Top levels of thing hierarchy.

Similar to the taxonomy of events in HowNet, the taxonomy of entity
is not merely a hierarchy of the hypernym-hyponym relations of entities,
but also a representation of sememe definitions. In a sense, it prepares for
the axioms and rules of inference. Let’s take part of it and give detailed
explanation. See Fig. 6.5.

{entity|325}

F {ihing T4} fenny| S {ExistAppear| fE T existeni={~}}}

| | {physical 3R} {thing| T HostOf={Appearance| #} 35 {perception) B content=1~}}}
| & {animatel 4} {physicall $14F HostQf ={Age| 43} {alive| 58 aperiencar={~}},

| {die} FL-aperiercar={~}} {metabolize| - eperiencar={~}},

| {reproduce| L agent={~}, PatientPraduct={~}}}

b {AnimalHomanZ¥0)}  {animate| 48 HostQf={Sex| P51,

| {AlterLocation| & T B agent={~}},

| {StareMentall H AR epariencer={~}}}

b {pumaniA}  {dnimalHuman) 5587 HostQf={Name) £ £} { Wisdom) & 53

{ {Ability| §2/5), {thirdd (8% agent={~}}, {speald ¥-agenr={~}}}

l

Il
]
|
[
I
A
I & {humanized @A} frman| A modifier={falee| 6%}, (forge| 6418 Patient Product={~}}}

l
I
|
I
|

Fig. 6.5. Part of entity taxonomy.

This part of taxonomy of entity should be interpreted as follows:

(1) One of the hyponyms of entity is “thing”; one of the hyponyms of
“thing” is “physical thing”; one of the hyponyms of “physical thing” is
“living thing”; one of the hyponyms of “living thing” is “animal”; one of
the hyponyms of “animal” is “human”; and finally, “personified thing” is
the hyponym of “human”. This is part of the hierarchy of
hypernym-hyponym relations as shown more clearly as in Fig. 6.5.
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(2) The sememe definitions convey the following detailed
information about the concepts:

(a) “thing” is an “entity” which “exists (in the world)”;

(b) “physical thing” is a “thing” which has the attribute of
“appearance” and can be “perceived”;

(¢) “living thing” is a “physical thing” which has the attribute of
“age”, and may “live”, “die”, and “has metabolic process”, and
can “reproduce offspring” as well as “is reproduced”;

(d) “animal including human” is a “living thing” which has the
attribute of “sex”, and can “move”, and may “experience mental
states (such as feelings)”;

(e) “human” is an “animal” which has the attributes such as “name”,
“ability” and “wisdom”, and can “think” and “speak”;

(f) “personified thing” (such as ghost, fairy) is a “human” which is
“fake”.

(3) Inheritance of properties of the hypernyms

As aforesaid, HowNet specifies that any concept inherits all the
fundamental properties of its hypermnym and must have at least one
property that its hypernym does not own. Hence in the part of entity
taxonomy shown in Fig. 6.5, “human” inherits all the listed properties of
its hypernyms. “Human” has not only the attributes of “name”, “ability”
and “wisdom”, but also has the attributes of “sex” (from “animal”),
“age” (from “living thing”) and “appearance” (from “physical thing”). In
addition, “Human” not only can “think” and “speak”, but also can
“move” and “experience mental states” (from “animal”), and may “live”,
“die”, “metabolize”, “reproduce offspring” and “be reproduced” (from
“living thing”).

(4) Coverage and pass-on of hyponyms

(a) According to the taxonomy of entity:

{thing| T ¥} {entity| SL/E: {ExistAppear| 7. existent={~}}}
“thing” may “ExistAppear|f7-31”;
meanwhile according to the taxonomy of event as shown in Fig. 6.6:



Taxonomy 73

} {ExistAppear[fFIN}
| | {existiF7E}

| | L{ComeToWorld|ialtt}
{ l}:{Ex:stNotTﬁE}
|

|

{appear| ]}
| | L{exposure/BBH!}
L {happen| X4}

Fig. 6.6. Part of event taxonomy.

“thing” then may “ExistAppear|f7-BL”, “exist|f7 £, “ComeToWorld|
5] >, “ExistNot| AN77E”, “appear|Hi I, “exposure|#& H”, or “happen|
ﬁﬁzn‘

Again according to the taxonomy of entity:
{animate|EY} {physical| P )% HostOf={Age| F4%},
{alive| )Z 7 experiencer={~}},{die| FL:experiencer={~}},
{metabolize| {{#-experiencer={~}},
{reproduce| Z48: agent={~},PatientProduct={~}}}
“living thing” may “metabolize|{{ i} (processes necessary for life);
meanwhile according to the taxonomy of event as shown in Fig. 6.7:

F {metabolize|{{1§1}
| F {digest[iH{L}

F {absorb/TR W%}
F {eatlfZ}

| {drink|"8}

| {feed "%}

b {excreteiddFitt}
L {respire|FFIE }

Fig. 6.7. Part of event taxonomy.

“living thing” then may “digest|V§ft”, “absorb| K>, “eat|Hz”,
“drink|"g” “feed|/i”, “excrete|Hilt”, or “respire|"FH%”. This is what we
mean by “coverage of hyponyms”.
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(b) According to the taxonomy of entity as the follows:
| {thing|J7 41}
| F {physicall ¥}
| | | {animate|Z:4}
| | } {AnimalHuman|Zh47}
|11 ] F thumani),
“human” may “absorb| i, “eat|tz”, “drink|"5” or “respire|FFI”.
This is what we mean by “pass-on of hyponyms”.

6.2.2. Components

In HowNet we use the sememe “component|4;” to refer to the
root-node of “part”. “Component|#B 4}~ includes two subclasses of
sememes: “part| {4 and “fittings|EC{4” as shown in Fig. 6.8:

- {entity| 3314}
F {thing 77497}
L {componentEB33} famnity bk whole={entin: 1k
{contain| &2 OfPart={~}}} modifier={other! 57}}
- {partfEBiF} fcomponent| 385 -whole={entity! THE:
| {contain €15 OfPart={~}}}, modifier={other: 7} {necessary & &}}
{ fittings|EC 1 } {component| 385 whole={entity| SE6E:
{contain &E OfPart={~}}}, modifier={other| 7} fmecessary | T 44 E}}

Fig. 6.8. Component in entity taxonomy.

This part of taxonomy of entity is interpreted as follows:
(1) “thing” and “component” are sister-nodes whose hypernym is
“entity”. And “component” has two hyponyms: “part” and “fitting”;

(2) The sememe definitions give the further information about the
concepts:
(a) “component” is an “entity” which takes another “entity” as its
whole;
(b) “part” is a “component” which takes another “entity” as its
whole and is a necessary part of it; “fitting” is a “component”
which takes another “entity” as its whole but is not absolutely
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necessary, for example, the sole of shoes is “part”; the shoelace
of shoes is “fitting” as HowNet defines.

The philosophy on which we understand a “component” states firstly
that all objects are probably part of something else and at the same time,
all objects can also be taken as the whole of something else. Doors and
windows are components of buildings and limbs are components of
animals. However, at the same time, buildings form the components of a
block or street. A human is part of a family or society that he/she belongs
to. All things can be divided into their respective components. Space can
be segmented into “upper part”, “lower part”, “left side”, “right side”
while time can be seen from “the past”, “the present” and “the future”.
Nothing can only function as a component but not the whole, and the
reverse is true.

Secondly, as we pointed out previously, a hyponym concept inherits
the principal properties of its hypernym. Hence it is inappropriate to
regard a component as the hyponym of its whole. Component is as
independent as its whole. Component does not inherit the main attributes
of its whole. A “bomber” or a “fighter” inherits the main attributes from
its hypernym “airplane”, but a “wing” never carries the main attributes of
an “airplane”. A human being as his/her main properties, can think and
speak, but his/her hand or leg cannot.

Thirdly, component is taken as a constituent in a larger whole, thus in
HowNet all the concepts which are defined as “part”, its “whole” class
must be specified without exception, for example,

“roof”
DEF={part|#{4:PartPosition={head|k } ,whole={house| /5 /£}}

“twig,,
DEF={part|#{}:PartPosition={limb| i } ,whole={plant| f5 )} }

“memory”
DEF={part|{{:whole={computer| {1},
{store|{R 7 :instrument={~} }}
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Moreover, the role and function of the component resemble the
human body, for instance, “hilltop”, “hillside”, “mountain foot”, “table
leg”, “back of chair”, “estuary”. “Doors” and “windows” of a building
are analogous to the relevant components of the human body such as the
eyes, mouth etc. It is interesting to note that the same analogy applies to
various languages. This shows how similar the mankind shares their
views on the relations between a component and its whole.

6.2.3. Space

In fact many things imply the concept of space, such as land, waters, sky
and places, or institutions such as schools, hospitals, shops, or buildings,
houses, or even many artifacts such as vehicles, furniture, containers. By
“space” as one of seven root-node classes, we mean those that are highly
abstract and sub-classified into two classes:

(1) directions, such as east, west, wind direction;

(2) locations such as address, point, entrance, inside.

In the entity taxonomy, the hierarchy and sememe definitions of space
are found in Fig. 6.9.

{entity| 4}

F{space| 18} {entity| 3 £4: fovent| S Tocation={~}}, modifier={abstract| B}

| H{direction[F 17} {space| T fevent, S direction={~}}, modifier={abst-act| B 5
| “locationfi B} {space| P {event| S location={~}} modifier={abstract| BE1

Fig. 6.9. Space in entity taxonomy.

6.2.4. Time

Similar to space or place, time has its own, as we called, sections, rather
than subclasses or parts, because they are neither subclasses nor parts. In
HowNet they are placed in the taxonomy of secondary features.

A question is frequently raised: why you do not classify time into
“point of time” and “period of time”? The suggested two subclasses
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sound reasonable and sometimes may be useful, but it is very difficult to
manipulate them in practice. Whether it is a point of time or a period of
time may in many cases depend on the view from the relevant event. For
example, is “afternoon” a period of time or a point of time? It seems to
us in many cases it depends on the event related to it. Let’s compare the
following sentences:

He spent a quiet afternoon in the park

He will arrive this afternoon

Time has its own special sections and features as specified in
secondary features list of HowNet as follows:

F {TimeSect|F 8] B}

| {dynasty[BAfR}

|} {lifespan|#4:}

| b {year|%)}

I L {season|ZE}

| | {spring|%}

| | {summer|X }

I I {autumn|£k}

| F {winter|%}

| L {month|H}
|  {TenDays|f]}
I L {week| &}
| - {day|H}
I I {daytime| 5}
| | F {moming|&}
| | L {afternoon|F}
| | {night|#(}
| L {hour|f}}
I L {minute| 5%}
| L {second|¥}}
I_
|
|
|
|

{TimeF eature| i )45 14 }
I {beginning|4fi}

F {ending| K}

F {middle|ia}

L {festival|*i}
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6.3. Attribute Taxonomy

The way we understand affribute is that any object necessarily owns a set
of attributes. Similarities and differences between the objects are
determined by the attributes that they carry. There will be no objects
without attributes. Human beings are attached with natural attributes
such as race, color, gender, age, ability to think, ability to use language
as well as social attributes such as nationality, family origin, job, wealth,
etc. Under specific conditions, it is true to say that the attached attributes
are even more important than the host itself, a fact most evident in the
“next-best alternative” exercises associated with our daily life. For
instance, if we want to clamp a nail on the wall but does not have a
hammer, what would be the best alternative tool? Obviously, it would be
something that carries attributes close to a hammer, where in this case,
weight and hardness would be the key attributes. The relation between
the attributes (e.g. weight and hardness, etc.) and their host (a hammer) is
unbending. The attributes simply come with the host and vice versa. The
attribute-host relation differs from the part-whole relation. HowNet
reflects the difference by way of coding specifications such that
attributes are necessarily defined in terms of the possible classes of host,
for example,

“depth,,
DEF={Depth|¥# ¥ :host={physical| ¥} J%}}
“depth,,

DEF={Abstruseness|{ i%:host={Content| A/ 2}

In fact, the definitions of attributes in natural language also indicate
their host as usual. Let’s take the definitions of “depth” in WordNet:

“depth” — extent downward or backward or inward,;

“depth” — degree of psychological or intellectual depth

The attribute taxonomy of HowNet contains 247 classes of sememes,
and they are classified into 7 subcategories as shown in Fig. 6.10.
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{Attribute|B 1}

I {Appearancel?NI}

F {Measurement| E/F}

F {PropertyfiFit}

I {Relationship|* %}

b {Simation[t£)

I {QuantityProperty B E45 14}
L {Quantity#}{ &}

Fig. 6.10. Skeleton of attribute taxonomy.

6.4. Attribute-value Taxonomy

Each attribute inherently points to its host on the one hand, and points to
its corresponding values on the other. In other words, there exists an
inherently inter-referential relation between attributes and attribute
values. We consider all the attributes have their corresponding values
meanwhile all attribute-values have their own corresponding attributes.
The attribute-value taxonomy of HowNet contains 889 classes of
sememes. As we mentioned above that in HowNet the attributes are
classified into 7 subcategories, the attribute-values can inherently be
classified into 7 subcategories which corresponds to the attribute
subcategories shown in Fig. 6.11.

{AttributelE 1} {AttributeVatueE 14 H}

{Appearance? M} F{AppearanceValuel? b W{H}
FiMeasurement® [¥ } {MeasurementVatuels ¥ 18}
F{Propertyisit} | {PropertyVateis 1t {H}
I{Relationshipk % } I {RelationshipValue S5 % {H}
F{Situationsth (1, } b {SituationValue {18 }
F{QuantityProperty# B451t} | {QuantityPropertyValue BE B 5141}
L {Quantity 3 2} L {QuantityValue i 2 {H}

Fig. 6.11. Correspondence between attributes and attribute-values.
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In HowNet Browser a detailed list of the attributes and their
corresponding attribute-values is provided for computing their relations,
for example:

{AppearanceValue| /M8 }

F-{ColorValue|Zifa (&} - {ValueOf={color|Fift}}

- {colored|#}

F {plain|%&}

| {red/41}

b {yellow|#}

 {blue|¥}

- {green|%%}

I {purple| )

F {brown|#5)}

F {white|9}

I {black|®Z}

F {greylk}

 {RedBrown|##}

- {BlueGreen|#}

L {colorless| Lt}

{MeasurementValue| & & {4}

[{LengthValue[#& {4} - {Length[ & &}
| |k {LengthLongl¥}

| L {LengthShort|4T}

F{StatureValue| = %18 } -> {Stature| &%)
| F {StatureTall| 5 %}

| & {StatureShort|5 4%}

{Property Valuel|43 14 {8 }

F{SoundQualityValue|# i {& } - {SoundQuality|#% i}
F {euphonious|{F¥r}

| - {cacophonic|xHT}

{RelationshipValue| 5% Z& {8}
F{Intimacy Value|3E i {8 ) - {IntimacyValue|3E & {5}
| | {intimate|35 %}
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distant|iBiz }
friend| &2}
enemy|#}
antagonistic| N &}

| F A
| FA
| k¢
|

{SituationValue[tR /718 }

I {FateValue|fyi& 18 } - {Fate|f7iZ}
| F {fortunate|#i%}

| b {misfortunate|{%| %}

| F {auspicious|®&#¥}

| & {inauspicuous|"##}

{QuantityValue| ¥ & 14}
F{AmountValue|% /> } - {Amount|% b}
| {many|%}
F {few|Z>)
I {single|#}
I {double|&}
F {mass|£x}
F {fragment|%5)}
F {some|4¥)}
F {sufficient|2 }
I {insufficient| A/ &}
L (half)¥}

6.5. Secondary Features List

Secondary features list includes 113 semantic features. They are all the
units of the computation of meaning too like the 4 classes of sememes
discussed above. They are categorized into 7 subclasses (domain,
position of parts, time section, time feature, place section, grammatical
person, some adjunct features) and arranged in a hierarchical structure as
follows:
- Secondary Feature
F {domain|315}
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F {economy|£:5F)
| L {industrial| T}
| {sport/{5H}
| F {TableTennis|f=EER}
| & {badminton|F] BER}
L {physics|#2}
{PartPosition|F3 47 &}
F {head3k}
F {body|}
L {BodyFluid|{A ¥}
{TimeSect|i 8] B}
L {year|%F}
L {season|ZE}
L {month| A}
- {day|H}

L {hour|i}}
{TimeFeature|{H [B)4F P}
{PlaceSect|Hiiz}

b {country|[E %}
- {county|E}
F {district|IX }
 {ResidentialAreal|/& X}
L {village| %}
{PersonPro| AFR)
{adjunct|/{& 415}
- {question|%% 7]}
F {neg/&}
L {MaChinese|iZ Bfj}
{aspect|[{£}
F {Vdirection|zh#4}
F {Vprocess|5h#2}
L {Vresult|Zh &}
F {Vachieve|iX i}
F {Viaill Rk 5L}
L {(Viry[iRik}

r-——— ,rT—""~—FY7F7T  ~— ~—~TT—~—~—"~—>"™"FT7T ~_ ——T— ——— ——
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According to the regulations, all the features in the secondary features
list are not allowed to be used as the categorial sememe, that is, the first
unit in the definitions of any concepts in defining a concept. For example,
in the definition of the word “morning”, its first unit is {time|H
(8]} ,which is correct in HowNet definition.

“morning”

{time|F [&]: TimeSect={moming| &} }

6.6. Antonymous and Converse Sememes Lists

In HowNet, two attribute-values imply opposite sememes are antonyms
while two events imply opposite sememes are converse. The opposite
sememes of attribute-values and events are specified in the antonymous
sememes list and the converse sememes list respectively. In HowNet, the
antonymous relations and the converse relations of concepts are not
manually coded, but are computed based on these two lists. The
antonymous relation has 242 pairs of sememes of attribute-value
concepts, part of which is shown in Fig. 6.12 while converse relation has
112 pairs of sememes of event concepts. Some of the examples are
shown in Fig. 6.13.
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{HighQuality|l &} {inferior|<5/H}
{HighRank| 5%} {LowRank|ftt55}
{LowVoice|fEFE } {loud &7 }
{aged &} {child2> L}
{alike|{BA} {differentF }
{atways| B2} {never \A~}
{beautiful|3 } fughy B}
{beneath| T} {upper| L}
{benevolent/™} {wickedF }
{biased T/ 1E } {fair{/YIE}
{bigi K} {smalll’)»}
{fast|f} {slow][%}
{fat/f¥} {bony}& }
{many|% } {few|/l}

Fig. 6.12. Part of antonymous sememe pairs.
{BecomeMore &% } {BecomeL ess{&/l}
{ComeToWorld|[F]tH } {perish K 1=}
{ExistNot| N 71} {exist{TF1E}
{ExpressAgainst{iE & } {praise[ZF I}
{MarryTo[Ji%} {MarryFrom/3%}
{MoveItDown| F 4%} {lift{=E 71}
{OwnNot| T} {own[H}
{satisfiediH = | {unsatisfied[ T/ }
{PayAttentionT 5.} {despise}EiN}
{PickOutifg '} {insertifdi A }
{PlayDown|Z {&} {PlayUp[EEIR}
{PutOn(F B} {StripOfiFI &}
{sleep|BE} {awake|Bg}
{teach{#} {study|=>] }

Fig. 6.13. Part of converse sememe pairs.



Chapter 7

KNOWLEDGE DICTIONARY OF HOWNET

The knowledge dictionary is the essential database of HowNet. It serves
as the foundation on which all the computation of meaning in HowNet is
based. The nature and quality of HowNet depends mostly on its volume
and quality. The general status of the dictionary is usually displayed by
HowNet browser and the statistic data shows its ever-growing and
updating. In terms of knowledge data, the knowledge dictionary of
HowNet is composed of two databases: taxonomy database and lexical
database.

The taxonomy database contains all the taxonomies (event, entity,
attribute, attribute-value) and the special lists (secondary features list,
antonymous sememes list, and converse sememes list) that we presented
and discussed in Chap. 6. The browser can display the size and hierarchy
of each taxonomy and list. The lexical database contains Chinese and
English lexical entries in the form of records. Each record is composed
of 8 items:

NO.=  Serial number

W_C= Chinese word or expression

G_C= Chinese part-of-speech, phonetic transcription
E C= Examples for Chinese word or expression
W_E= English word or phrase

G_E=  English part-of-speech

E E=  Examples for English word or phrase

DEF= Concept definition

A couple of concrete examples are shown below:

85
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NO.=022935

W_C=kK

G_C=N [da4 ful]

E_C=l@#l~, E~EH, 2EFLEN~ Z~ ~WBHEIZEWRH

W_E=doctor

G_E=N

E_E=My doctor said I had high blood pressure

DEF={human| A :
HostOf={Occupation|Ji{ } ,domain={medical|EE },
{doctor|= JA:agent={~}}}

NO.=009326

W_C=fii+

G_C=N [bo2 shi4]

E _C=

W_E=doctor

G_E=N

E_E=She is a doctor of philosophy in physics

DEF={human| A\: {own|H :possession={Status|£ 7
domain={education|#( & },modifier={HighRank| & %
degree={most|f%}} },possessor={~}}}

The first item “serial number” is not meaningful but only for casual

statistics in data management and updating. The rest of items needs
further explanation and discussion.

The data structure looks very human-oriented. We consider that the
record should be well-readable and easy for developers to maintain and
update the data when necessary.

7.1. Lexical Entry

The latest version of HowNet database statistics currently totals 84,000
Chinese words and expressions and 80,000 English words and

expressions. The figures represent the absolutely unique word forms
(Chinese) or strings (English) irrelevant to the syntactic category or the
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difference in pronunciation. For example, the English word “lay” is taken
as a unique word in HowNet knowledge database, no matter how many
parts-of-speech it may falls into. The Chinese word “4T” is taken as a
unique word although common Chinese dictionaries usually take it as
different entries according to their different meanings, different
pronunciation and different parts-of-speech.

7.1.1. Chinese words and expressions

All the Chinese words and expressions in HowNet are mainly selected by
means of comparison among the following resources: two word lists
based on two large-scale corpora in modern Chinese each of which
contains over 400 million Chinese characters, and on a few medium-size
popular modern Chinese dictionaries. Similar to the compilation of any
other general Chinese dictionary, either computer-oriented or
human-oriented, the first difficult problem that HowNet confronts is the
determination and selection of words and expressions. We would like to
leave detailed and somewhat theoretical discussion to Chap. 14, which is
specially devoted to Chinese peculiarities.

In selecting words and expressions, HowNet observes the following
principles:

(1) to admit the reality that in the Chinese language there is no
clear-cut demarcation between multi-character words and multi-character
phrases; never try to find any golden rule for distinguishing them in
HowNet;

(2) to avoid using the term of “word”, but to use the term of “word
and expression” instead;

(3) to seclect the entries based mainly on their frequency in the
corpora;

(4) to design a sophisticated mark-up language which is highly
competent to define all kinds of entries no matter how big their linguistic
units are and how complicated their internal structures are formed.

(5) to include as many frequently-used Chinese function words and
expressions as possible, because Chinese has very few pure function
words and expressions which have no content senses. Moreover, it is
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widely acknowledged by Chinese grammarians that Chinese syntax is
mainly based on two mechanisms: one is the word order and the other is
the employment of function words and expressions. If we mimicked
WordNet and ignored Chinese function words and expressions, the
lexicon would be terribly incomplete and would be very awkward to the
users.

7.1.2. English words and expressions

All the English words and expressions in HowNet under W_E are mainly
natural English words or phrases and at the same time are the equivalents
to the Chinese words and expressions under W_C. Only part of them are
the literal explanations of its Chinese source as HowNet is bilingual,
mainly Chinese-to-English. If chance leaves choice between literal
explanations and natural English equivalents, the latter always takes
priority, because we consider that HowNet is computer-oriented and is
concept-based. For example:

NO.=015921

W_C=litvk

G_C=ADIJ [chen2 yv2 luo4 yan4]

E C=

W_E=exceedingly beautiful

G_E=AD]

E E=
DEF={beautiful|3%:degree={extreme[#} } }

The W_E in this example is a phrase in natural and plain English, but
the literal translation of its source “Yl# % JfE” should be as follows: “(of
feminine beauty) make fish sink and birds alight”.

One and the same Chinese word or expression with the same concept
definition is allowed to have two or more than two of its English
equivalents, that is, in a one-to-many mapping. This is the same case
with English to Chinese, so in fact in HowNet a many-to-many mapping
is formed between the words and expressions in the two languages. For
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example, Chinese word “iA]#8” has 2 English equivalents: “dictionary”
and “lexicon”; English word “dictionary” has 4 Chinese equivalents: “&F

gﬂ_”’ “ﬁ_—_i:g”’ “"Lﬂﬁ”, and cc?ﬂﬂ_”.

7.2. Part-of-Speech (POS)

Part-of-speech in both Chinese and English, as the basic and necessary
syntactic information, is given to each entry of words and expressions in
HowNet.

7.2.1. Part-of-speech of Chinese

In this item two kinds of data are provided: (1) Chinese part-of-speech
and (2) Chinese phonetic transcription in Pinyin.

The asymmetry in POS between Chinese and English should be
considered normal and should be reflected in bilingual dictionaries. We
code Chinese part-of-speech and English part-of-speech independently.
One Chinese part-of-speech may correspond to two or more than two
English parts-of-speech. In HowNet the major cases of asymmetry in
POS can be found as shown below.

Chinese part-of-speech English part-of-speech
Verb Verb / Noun
ADJ ADJ/ADV / Noun
Verb Verb / ADJ

Look at the following examples of correspondence cases between
Chinese POS and English POS.

Chinese part-of-speech English part-of-speech
@© iR (Verb) explain (Verb)
explanation (Noun)

@ 218 (ADJ) slow (ADJ)
slowly (ADV)
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slowness (Noun)

® A (Verb) generate (Verb)
generative (ADJ)

With the above general survey, we may realize that the problem of
Chinese part-of-speech is really a challenge not only to the compilation
of human-oriented Chinese dictionaries but to the construction of any
computer-oriented extralinguistic knowledge systems relating to Chinese.
Because of the uniqueness of Chinese, HowNet observes special
guidelines in dealing with the issues of part-of-speech.

Firstly, in determination of the part-of-speech of a Chinese word or
expression, we take the following factors into consideration:

(1) semantics or meaning as the first priority, because Chinese is
heavily-based on semantics rather than syntax;

(2) formation rules of message structure; Chinese words have no
inflexions, nor prefixes and suffixes denoting parts-of-speech in a strict
sense as English like “ex-”, “pre-”, “-tion”, “-ness”, “-ful”, “-ly”, but it
has some rules of internal structure of words and expressions, which are
mainly based again on semantics and convey certain information (this is
the reason why we create the term -— message structure). Some of the
rules of message structure formation are given below with corresponding
examples:

Rules POS Examples
@ event/fact + human NOUN ITA, EFRAL, FEHERL
® thing + event NOUN ®iz, Kig4, XUER
® event/fact + attribute  NOUN ARRe BEAE, ¥, iR
@ value + attribute ADJ KR, B, =R

® time + event/fact VERB F#, BHW, 284

Note: The part-of-speech of the phrases of Type @ is coded as noun
in HowNet. However it should be pointed out that it refers only to the
phrase as a whole, in other words, the whole phrase is a noun, but the
word “3EFA” in it remains as a verb. Owing to this treatment, the phrase
is then coded in HowNet as follows:
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W_C=RMER

G_C=N [du2 pin3 zou3 sil]

E C=

W_E=smuggling of drugs

G_E=N

E_E-

DEF={fact| 31§ :CoEvent={transport|JZ % :manner={guilty| %5 5t },
patient={addictive|F& {7 ¥ :modifier={guilty|5 £} } }}

(3) roles in the distribution in context; In HowNet we deliberately
avoid using the term of “grammatical functions”, but use roles in the
distribution in context instead.

Secondly, The correspondence between Chinese parts-of-speech and
the concept classes in HowNet is shown below:

Concept class Chinese part-of-speech
Entity Noun
Thing Noun / Pronoun
Component Noun
Space Noun
Time Noun
Attribute Noun / Classifier
Attribute-value Adj / Adverb / Numeral
Event Verb
Function Word Preposition / Conjunction / Adverb

7.2.2. Part-of-speech of English

HowNet follows established English grammar in treating English
part-of-speech. It may seem unfamiliar to English users that there is a
contradiction between English part-of-speech and concept classification.
The correspondence between English parts-of-speech and the concept
classes in HowNet is shown below:
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Concept class English part-of-speech
Entity Noun
Thing Noun / Pronoun / Adj
Component Noun
Space Noun
Time Noun
Attribute Noun / Unit
Attribute-value Adj / Adverb / Noun / Numeral
Event Verb / Noun / Adj
Function Word Preposition / Conjunction / Adverb

A few examples are given below to show an English noun
corresponding to attribute-value and an English adjective corresponding
to event:

NO.=015954
W_C=yiH
G_C=ADIJ [chen2 ji4]
E C=
W_E=quietness
G_E=N

E E=
DEF={quiet|##}

Cf. WordNet:
tranquility, tranquillity, quietness, quietude — (a state of peace
and quiet)

NO.=032427

W _C=kKE

G_C=V [fal zhan3]

E C=

W_E=developmental
G_E=ADIJ

E E=
DEF={CauseToGrow|f# i}
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Cf. WordNet:

developmental — (of or relating to or constituting development;
“developmental psychology™)

7.3. Example

As a rule each sense of a polysemous word and expression should have
some examples. These examples are collected and given according to the
following two guidelines:

(1) They are used mainly to help to distinguish the senses in word
sense disambiguation (WSD) by the computer, but not merely to explain
the meanings;

(2) They should be given as many as possible and they should be as
easy as possible.

Temporarily in HowNet only Chinese words and expressions have
examples. Look at Chinese examples in the following records:

NO.=012582
W_C=2&1

G_C=V [canl jial]

E_C=49 FULRT~TAERT, ~&3h, ~dbfk, ~4E#, ~&u
~BURIES), ~RAN}G, ~BHE, ~HBE, ~FEE, ~TTRE.
~BEAE YRS, ~EEERIS, ERIERSR~G, ~FARE,
W_E=attend

G _E=V

E E=

DEF={engage| \ %}

NO.=012585
W_C=&

G_C=V [canl jial]

E C=RE~FEENFER, ~EHRE, ~H%, ~RERK,
~LREE, ~EFTR, ~MHaBE ~DFRBRIN, ~RINSET,
~HRAR, ~FHRIITFIRR, ~DSER, B ARIKEA~
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W_E=join

G _E=V

E_E-
DEF={include|#I A}

As shown above, the Chinese word “ZJJ1” has two senses: “be
engaged in” and “join”. We can see that for the sense “be engaged in or
attend”, the objects of “Z 1 (represented by “~”)” are the words or
expressions denoting various kinds of activity, such as “work”, “fight”,
“meeting”, “sports meet”, “birthday party”, “demonstration”, etc. while
for the meaning “join”, the objects of “Z M (represented by “~”)” are
the words or expressions denoting various kinds of organizations, such as
“political party”, “army”, “gym team”, etc. To take one more example:

NO.=056434

W_C={L

G_C=N [jiangl]

E_C= N‘]EL ""lo-’%r “’ﬁl‘v NE’ ~E; ~7ky j(“’r N?',?l—‘ér Nﬁ' ‘H-ZILN;
~XFR, ~XfTH, e, ZE~BIEEK, ~BE, AR, ~ET T,
fi~t, ~#F, ~FENE

W_E=river

G_E=N

E E=

DEF={waters|7Ki&:modifier={linear|2&} }

NO.=056433

W_C={L

G_C=N [jiangl]

E_Czﬁ"’r "‘ﬁ! "%éE! Ni(;k’ “‘/J\tlﬂ’ ~}’Ii, %~: /J\"‘;
~KE, ~B ~5, %5, ~Afl, ~Aaf, ~EF, ~KED,
NEE%}J-E) ~g_-;éf_¥, "’j‘:‘:’ﬁ—:: "’&‘-&’ NK%’&! "’&b&r “‘gg\ﬂ)
~J|:'3iE., Nﬁﬁy ~i¥:9fﬁ, "‘j(j%r ~1Fj:+«/<; "‘B)\’ ~/Eén ~I
W_E=Jiang

G_E=N

E_E=

DEF={surname| %}
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The Chinese word “YI.” has two senses: “river” and “used as a
Chinese surname”. The examples given to these two senses may seem
insignificant or even a bit silly. However they are believed to be very
useful to WSD by the computer. These examples are formed into a
specific annotated mini-corpus, which will be able to contribute much to
WSD by analogy.

7.4. Concept Definition

This is the most important of all the items of a record. In this item the
concept definition of a word or expression is given. The computation of
meaning in HowNet mainly depends on the concept definitions. As
mentioned previously, the concepts are defined on the basis of sememes.

Moreover, it should be reminded that the definitions in HowNet are
not merely coded in a single semantic category, but are written in a
special mark-up language, called Knowledge Database Mark-up
Language (KDML), which is powerful enough to differentiate even very
subtle ambiguities in word meanings. This feature will guarantee
effective computation of meaning. To take the following words for
example and compare them with Longman Dictionary and see what
accuracy HowNet definitions can achieve.

“nurse”
DEF={human| A :HostOf={Occupation{HR {7 },
domain={medical|EE },{TakeCare| & #}:agent={~}}

Cf. Longman Dictionary
1. nurse — (a person, typically a woman, who is trained to take
care of sick, hurt, or old people, esp. as directed by a doctor in a
hospital)

“nurse”
DEF={human| A :HostOf={Occupation|§R i },
{TakeCare| & ¥} :agent={~},
patient={human| \ :modifier={child|/> )L} }} }
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Cf. Longman Dictionary
2. nurse — (a woman employed to take care of a young child)

Thus we can find that the definitions of HowNet are so similar in
actual meaning to those that are written in natural language, for instance,
the HowNet definitions of “nurse” above-listed can be interpreted
roughly as follows:

® nurse is a human who is a professional person and works (as the
agent) to care for sick persons.

® nurse is a human who is a professional person and works (as the
agent) to care for a child.



Chapter 8

KNOWLEDGE DATABASE MARK-UP
LANGUAGE AND CONCEPT DEFINING

As previously discussed, different from ordinary dictionaries and
WordNet, HowNet does not use natural language to define its words and
expressions, but uses a formal language based on sememes and semantic
roles. In order to help readers or users have a thorough understanding of
the depth of the representation of the inter-concept relations and the
inter-attribute relations in HowNet, a detailed presentation of the way
that HowNet defines its concepts will be given in this chapter.
Theoretically, with the detailed presentation, the readers may be aware of
the necessity and possibility of defining large-scale knowledge data with
sememes and the depth of its revelation of the concepts. Practically, the
detailed presentation may help the users learn what and how to apply the
knowledge of HowNet to their own research and development.

Description of concepts in HowNet is an attempt to present the
relations between concepts and between attributes. As the description is
so complex that a clear set of rules should be established, otherwise it
would be very difficult to maintain consistency and robustness.

The method of description and the relevant rules ensure that the
inter-concept relations and inter-attribute relations are expressed clearly
and thoroughly. In this connection, the building of HowNet is also the
design and building of such mark-up language. To date, the Knowledge
Database Mark-up Language (KDML) includes 2099 sememes, 121
secondary features and 91 semantic roles as its vocabulary and adopts an
extended BNF as its syntax.

97
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8.1. Extended BNF of KDML

BNF is an acronym for Backus-Naur Form. The extended BNF of
KDML is the syntax of the Knowledge Database Mark-up Language of
HowNet. Most of the relations among concepts and attributes revealed in
HowNet are not manually coded but computed by the HowNet’s devices
of computation of meaning. The realization of the computation of
meaning is ensured by the extended BNF of KDML in which the

concepts are defined.

The meta-symbols of the extended BNF of KDML are shown in

Table 8.1.
Table 8.1. Meta-symbols of the extended BNF of KDML.
symbol meaning
= defined as
| or
<> category names enclosed
0 optional items enclosed
{3 repetitive items (zero or more times) enclosed

The extended BNF for KDML is as follows:

<Concept>::=
<concept expression>{<semicolon><concept expression>}

<semicolon> ::=;

<concept expression> ::=
<left-brace><sememe>[<colon><concept modifier>
{<comma><concept modifier>}]<right-brace>

<left-brace> ::= {

<right-brace> ::=}

<colon> ::=:

<comma> ::=,

<sememe> ::=<Event>|<Entity>|<Attribute>|<Attribute Value>

<Event> ::=<event sememe table>

<Entity> ::=<entity sememe table>

<Attribute> ::=<attribute sememe table>

<AttributeValue> ::=<attribute value sememe table>
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<concept modifier> ::=
[<Role><equal>]<RoleValue>{<RoleValue>}

<equal> ;==

<Role> ::= <semantic role table>

<RoleValue> ::= <concept expression>
|<left-brace><secondary feature><right-brace>
|<double-quote><ProperNoun><double-quote>
|<left-brace><swung-dash><right-brace>
|<left-brace><dollor-sign><right-brace>
|<left-brace><question-mark><right-brace>

<secondary feature> ::= <secondary feature table>

<ProperNoun> ::=<ProperNoun table>

<double-quote> ::="

<swung-dash> ::= ~

<dollor-sign> ::= $

<question-mark> ::=?

8.2, Identifiers of KDML and Referent Signs

8.2.1. Identifiers of KDML

As mentioned above, Table 8.2 shows the identifiers used in HowNet
KDML and their functions.

Table 8.2. Identifiers of KDML.

identifier function
{} to quote sememe or feature
to introduce an extensive description
to separate description nodes of the same level
= to introduce a value of a semantic role or a feature
to express coordination in compound concepts
" to quote a specific value, such as proper names

(1) Curly braces — {}
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Every sememe or secondary feature should be put in a set of curly
braces. For example:
“policewoman”
DEF={human| A :HostOf={Occupation|§R {1},
domain={police[%&},modifier={female| % }}

Note: “human| A ”, “Occupation|§i{7”, “female|Z” are sememes and
“police/% (one of the domain values) is a secondary feature.

(2) Colon — :
A colon should be used to introduce an extensive description of a
sememe. For example:
“washing machine”
DEF={tool| ] & : {wash| ¥ instrument={~},
patient={clothing| & #J}}}

Note: The first “:” introduces an extensive description of the sememe
“tool| 1 ., describing what kind of tool it is; the second *“:” introduces
a lower-level extensive description of the sememe “wash| ¥t ¥ ”,
indicating what is washed and what is its relation with the tool, agent,
method, time or instrument, etc.

3) Coma — ,
Two same-level sections of the description of relations should be
separated by a coma. For example:

DEF={tool|F§ &:
{PutOn|%¥ #:instrument={~}, purpose={decorate| 3 i} }}

Note: The coma is used to separate two sections: “instrument={~}"
and “purpose={decorate|3%1ffi}”, which are of the same level as they both
express the relations with the event “wear” (PutOn| % #).

“emergency patient”
DEF={human| A :domain={medical|EZ },
{SufferFrom| & & :experiencer={~} },
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{doctor|E& J&:patient={~} },
modifier={urgent|=}}

Note: This example includes four same-level sections, which are all
attached to the first sememe of the definition: “human| \”.

(4) Equal sign — =
An equal sign is used to express the value of DEF, and a semantic
role or secondary feature. For example:
“seller”
DEF={human| A\ :domain={commerce|Fj M},
{sell|3%:agent={~}}}

Note: The example shows the three kinds of values: “DEF=",
“domain="( secondary feature) and “agent=" (semantic role).

(5) Semicolon — ;

A semicolon is used only to separate coordinating sections for a
compound concept definition or a compound complex definition. For
example:

“day and night”
DEF={time|l [&]: TimeSect={daytime| 3 &} };
{time|F [8): TimeSect={night| %X } }

(6) Quotation marks — """

Some special values should be put in quotation marks instead of curly
braces, such as proper names. For Example:

“California”
DEF={place|#f /7 :PlaceSect={provincial| &'},
belong="US|3% # " ,modifier={ProperName| %} }

“Buddhism”
DEF={community| ] {4:
belong=""Buddhism|f##{" domain={religion|3* &} }
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8.2.2. Referent signs

There are three referent signs in HowNet KDML. They are “~”, “?”, and
‘G$,,.

Table 8.3. Referents of KDML.

referent function

to refer to the value of an explicit semantic role
? to refer to the value of an implicit semantic role
to refer to the value of an implicit, passive semantic role

(1) Swung-dash — ~
The swung-dash is the value of a semantic role which attributes the
concept the swung-dash refers to. For example:
“excavator”
DEF={tool| i F: {dig|#Z #:instrument={~} },
{pick|#A 2 :instrument={~} } }

Note: These two swung-dashes are the values of the semantic roles
“instrument” of the two events “dig[{Z#i” and “pick|¥ii&”. They both
refer to the entity “tool|f{ & . They imply that “excavator” serves as an
instrument of two events “digging” and “picking”.

“forbidden area”
DEF={place|#i /7 : {Golnto|i#f A\ :LocationFin={~},
{prohibit|Z% :ResultEvent={~} } } }

Note: In this definition the first swung-dash refers to “place|th 5~
and indicates that it is a place which is the final location people get into.
The second swung-dash as the value of “ResultEvent” refers to “Golnto|
# A\ and indicates that it is the event which is prohibited.

(2) Question mark — ?
The question mark is the value of an implicit semantic role. The value
indicates that although the real relevant entity does not appear in the
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current word or expression, it will actually appear in the real context. For
example:

W _C=ET

G_C=V [shu3 yv2]

E C=

W_E=belong to

G _E=V

E E=

DEF={BeMember|# J&:whole={?}}

Note: When both Chinese word “/& T and English phrase “belong
to” are used in a real text, the entities as their whole shall appear
unavoidably, though there is no definite entities in both of the word and
phrase themselves.

NO.=008617

W_C=HiT

G_C=V [binl yv2]

E C=

W_E=be on the brink of

G _E=V

E E=

DEF={BeNear|4£if :partner={?} }

Ct.
NO.=008614
W_C=#i3t
G_C=V [binl si3]
E C=
W_E=be on the brink of extinction
G E=V
E E=
DEF={BeNear|#£iff ;partner={perish| K T=}}

Note: When both Chinese and English expressions “#iiT and “be on
the brink of” in Record NO.=008617 are used in a real text, the entities
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as their partners shall appear unavoidably, though there are no definite
entities in both the expressions themselves. Different from Record
NO.=008617, in Record NO.=008614, the definite entities denoted by
the sememe {perish|’KT=} as their partners of “¥l” and “be on the brink
of ” appear in both the expressions. So {?} can no longer be used in
there.

(3) Dollar sign — $

The dollar sign is the value of an implicit and passive semantic role.
The value indicates that there is a passive relation between the event and
the entity which the value refers to. For example:

NO.=064755

W_C=HPjj~¢

G_C=ADI [ke3 fang2 shou3]
E C=

W_E=defensible

G_E=ADIJ

E_E=a defensible stronghold
DEF={able|f:scope={defend|B}i 57 :patient={8} } }

Note: The meaning of both the Chinese expression and English word
is “that can be defended”, for instance, “a defensible position”. If
something is defensible, then it is defended; if something is defensive,
then it defends. Compare the two examples in Record NO.=064755
above and Record NO.=034055 below. “A defensible stronghold” is a
stronghold which is capable of being defended; “defensive weapons” are
weapons that are used to defend.

NO.=034055

W_C=pift

G_C=ADI [fang2 yv4 xing4]
E C=

W_E=defensive

G_E=ADJ

E_E=defensive weapons
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DEF={able|ft:scope={defend|F 57} }

Let’s compare more examples:
“convincing” (a convincing argument)
DEF={able|ft:scope={persuade|X ¥} }

“convincible” (a convicible person)
DEF={able|fé:scope={persuade| ¥ iii:patient={8$} } }

“laudatory”
DEF={able|f¢:scope={praise|5 %} }

“laudable”
DEF={able|f¢:scope={praise|5 3 target={$} } }

Note: The sign “$” can help us to distinguish the above two pairs of
words and expressions with their subtle difference.

Let’s look at some more examples:
“instant noodles”
DEF={food| ¥ #:modifier={able| fE:manner={prompt|FZ & },
scope={eat|lZ patient={$}}} }

“Instant coffee”
DEF={material|#4 ¥}:Material Of={drinks| X},
modifier={able|§&:scope={StateChange| &7
StateFin={liquid|#% } ,manner={prompt|FE&l}}}}

Note: The first example indicates that “instant noodles” is a kind of
food which can be cooked and eaten instantly. However, in the DEF of
the second example the dollar sign cannot be used because its related
event does not belong to “action” category but to “state” category and
thus “coffee” is not the patient of “drink|™5” but the experiencer of

“StateChange| 22"
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8.3. Defining Regulations

As aforesaid, the concepts are defined in a Knowledge Database
Mark-up Language with the sememes as its key components. The
defining of concepts observes some hard regulations.

8.3.1. General regulations

First of all, the defining of concepts observes the following general
regulations:

(1) No DEFs should be left blank;

(2) The definition of each concept begins with DEF=;

(3) All the sememes, secondary features, identifier, and symbols
must be those that are specified by HowNet database and KDML;

(4) Each sememe should be put in braces;

(5) The first unit, or the unit that is immediately after DEF=, termed
as categorial sememe, must be a sememe of either entity, event,
attribute or attribute-value; this first unit indicates the basic class
that the defined concept belongs to;

(6) A sememe is allowed to be defined in an embedded way, for
instance:

“call”
DEF={communicate|3 {fi :instrument=
{tool| ] & : {communicate|3Z Ji :instrument={~}}}}

In the definition, the first pair of braces contains the sememe
represented by “call”. The second pair of braces contains the sememe
denoting a tool which is an instrument for communication (i.e.
telephone). The third pair of braces contains the sememe denoting
“communicate”, and the fourth pair contains “~” which refers to the
“tool” (indicated by “toolll £ ). The whole definition carries the
meaning: “call” means “to communicate using an instrument that is a
tool which can be used to communicate as an instrument”. In other words,
{tool| F & : {communicate| 3 {ii :instrument={~}}} is a definition for
“telephone”, which is embedded in the definition for “call”.
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(7) There are four types of concepts in terms of defining:
(a) Simple concept: with only one simple sememe as its categorical
sememe, €.g.
“house” (Noun)
DEF={house|/5 &}

“elaborate” (Verb)
DEF={explain|i}7H}

“pretty” (Adj.)
DEF={beautiful{3£}

“pretty” (Adv.)
DEF={ish|f4}

(b) Compound concept: with two or more than two simple categorial
sememes in coordination separated by semicolon(s), €.g.

661anky”
DEF={StatureTall| 5 &} ; {bony| %}

“sooner or later”
DEF={early|®};{late|iR }

(c) Complex concept: the categorial sememe is attached to an
extended elaboration, e.g.

man
DEF={human| A\ :modifier={male| 5 } }

“pedestrian”
DEF={human| A : {walk| 7 :agent={~} }}

“CPU”
DEF={part{#i{4:
PartPosition={heart|:(»},whole={computer|F.fix } }
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“inspiring”
DEF={able|f:scope={urge|{&
ResultEvent={excited| &/} }}

(d) Compound-complex concept: with two or more than two
sememes in coordination, at least one of them is a complex sememe, €.g.
“Sino-American”
DEF={RelatingToCountry| 5§ & B K%
RelateTo="China|*+ [E"};
{RelatingToCountry| 54F & B 2 AH 5%
RelateTo="US|&E"}

“chew carefully and swallow slowly”
DEF={masticate|H ' :manner={careful|4§.0»} };
{swallow|"# T :manner={slow| &} }

8.3.2. Specific regulations

The presentation of specific regulations will be done on the basis of the
content of the concepts, for example, how to describe a thing with its
function, a thing with a definite value, an attribute with a definite scope,
or any utterance that expresses a definite content in a certain context, and
so on and so forth.

To define specific concepts, there are two types of regulations: one
for simple concepts and the other for complex concepts. In the following
sections of the discussion about how to define various categories of
concepts, the emphasis will be put on the complex concepts.

A comparison between HowNet definitions and natural language
definitions will be made in some of the following examples given below.
By doing so we can show what accuracy the definitions with sememes
can be attained.
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8.3.2.1. Regulations for defining things

(1) Simple concepts of things
A simple concept of things is defined with only one categorial
sememe which belongs to the entity taxonomy except the following
classes: component, time, space and their subordinate subclasses, e.g.
“sky”
DEF= {sky|Zi%}

(2) Concepts value-restrictive
A complex concept of things is defined with certain value(s). The
values may be an attribute value or some other kinds such as relatedness,
material, etc., e.g.
“lad”
DEF={human| A\ :modifier={child|/)> J.} {male| 53 }}
Cf. natural language definition:
a male child (a familiar term of address to a boy)

“lullaby”
DEF={music| % & :modifier={able|fE:
scope={urge|{2fi :ResultEvent={sleep|RE}}}}
Cf. natural language definition:
a quiet song intended to lull a child to sleep

“dough”

DEF={material|# ¥}:MaterialOf={edible| & ¥} }
Cf. natural language definition:

a flour mixture stiff enough to kneed or roll

(3) Concepts function-restrictive
A concept is defined with its specific functions. The functions may be
represented by various semantic roles, among which agent, instrument,
location are most popular, e.g.
“ugly duckling”
DEF={human| A : {grow| % :
StateFin={promising|f £},
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Statelni={dismal|F 5 % } ,experiencer={~} } }
Cf. natural language definition:
an ugly or unpromising child who grows into a beautiful or
worthy person

“pilot”
DEF={human| A\ :HostOf={Occupation|ER{ },
{drive|Z I:agent={~} patient={aircraft| K 1T858} }}
Cf. natural language definition:
someone who is licensed to operate an aircraft in flight

“pilot”
DEF={human| A :HostOf={Occupation|§Rfif },
{guide|5| 5 :patient={ship|#},
ResultEvent={VehicleGo|3'} ,agent={~}}}
Cf. natural language definition:
a person qualified to conduct a ship into and out of port or
through dangerous waters.

“clinical thermometer”

DEF={tool| Fl & : {measure|#l| & :content={ Temperature|# & :
host={AnimalHuman|3}4J} } ,instrument={~} } }

Cf. natural language definition:
a mercury thermometer used to measure the temperature of the
human body, especially a small glass thermometer designed
with a narrowing above the bulb so that the mercury column
stays in position when the instrument is removed from the body.

“florist shop”

DEF={InstitutePlace|3% BT :domain={commerce|fj NV},
{buy|3%:location={~} ,possession={FlowerGrass|{£ %} },
{sell|3&:agent={~},possession={FlowerGrass|{£. 5L} } }

Cf. natural language definition:
a shop where flowers and ornamental plants are sold

Note: The definition of “florist shop” indicates that a florist shop is a

commercial place where people can buy flowers and the shop as the
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agent sells flowers. It is very similar to the definition in natural language,
but it is non-ambiguous and thus computable by the computer.

(4) Situational expressions
The class of “things” includes situational expressions such as “Good
morning”, “Sorry”. A special way of defining is regulated, which is
focused on the purpose for using the expression, e.g.
W_C=Xf At
G_C=EXPR [dui4 bu4 qi3]
E C=
W_E=Sorry
G_E=EXPR
E E=
DEF={expression|1d] & : {express|3 7~ :content={~} ,time=
{apologize|lE#K}}}

W_C=R%

G_C=EXPR [za03 anl]

E C=

W_E=good morning

G_E=EXPR

E E-

DEF={expression|id] i&: {express|& 7~:content={~} time=
{SayHello| [} {% :time={time| "} [8]: TimeSect={moming|/Z } } } } }

Note: The definitions for “Sorry” and “Good morning” are not
explanations of the words, instead they denote that they are the
expressions which are the content one uses to express when he is sorry or
he is saying hello to someone in the moming.

8.3.2.2. Regulations for defining events

(1) Simple concepts of events
A simple concept of events is defined with only one categorial
sememe which belongs to the event taxonomy, e.g.
‘Glie,7
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DEF={LieDown|§ &}
Cf. natural language definition:
be lying, be prostrate, be in horizontal position

‘Glie”
DEF={deceive| ¥}
Cf. natural language definition:
tell an untruth, pretend with intent to deceive

(2) Concepts value-restrictive
A complex concept of events is defined with certain value(s), in most
cases they express the manner of the events, e.g.
“mumble”
DEF={speak|i:manner={LowVoice/{& 5 }}
Cf. natural language definition:
talk indistinctly, usually in a low voice

“lead astray”
DEF={guide|5| F:manner={wrong|i% } }

Cf. natural language definition:
lead someone in the wrong direction or give someone wrong
directions

(3) Concepts function-restrictive
A concept is defined with its specific functions. The functions may be
represented by various semantic roles, e.g.
“program”
DEF={compile|%#&:ContentProduct={software| 14} }
Cf. natural language definition:
write a computer program

“profiteer”
DEF={seek| X :possession={wealth| &4} }

Cf. natural language definition:
make an unreasonable profit, as on the sale of difficult to obtain
goods
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(6ﬁsh”

DEF={catch|#2{F :patient={fish| i} }
Cf. natural language definition:

catch or try to catch fish or shellfish

“shoplift”
DEF={steal|fij:source=
{InstitutePlace|3% FT:domain={commerce|F Mk},
{buy|¥E:location={~} },{sell|zE:agent={~}}}}
Cf. natural language definition:
to steal from a store

Note: It should be reminded that this sort of definitions can be done
only when the words or expressions themselves actually contain the
concept that the semantic role denotes. To take the “shoplift” as an
example, the word “shoplift” intrinsically contains the concept “shop”
which serves as the semantic role “source”.

8.3.2.3. Regulations for defining components

In defining concepts of components, no simple concepts are allowed.
Any concepts of components must be defined with the sememe
“component| 43, or, in most cases, its hyponymous sememes “part|3
4> and “fittings|AC /4" as its categorial sememe and with its whole as the
indispensable semantic role. For example:
“act”
DEF={part|34-:whole={shows| R &} }
Cf. natural language definition:
a subdivision of a play or opera or ballet

“scene”

DEF={part|#{:whole= {part|ZB {4 :whole={shows| R E ¥} } }
Cf. natural language definition:

a subdivision of an act of a play (the first act has three scenes)
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In most cases another semantic roles will be usually added in the
definition, which is termed “PartPosition”, for example:
“prologue”
DEF={part|3#fi{4:PartPosition={head| 3k},
whole={shows|R{E¥)}}
Cf. natural language definition:
an introduction to a play

In appearance “PartPosition” indicates what position the part defined
lies in its whole, but in reality it expresses what role the part defined
plays, for instance, PartPosition={heart|.(>} not only indicates the
position but also states that it is the core of its whole, and it is so
important that its whole will lose the main function or even will
unavoidably collapses once it breaks down. For example: a man will die
if his heart ceases to beat; a computer cannot work if its CPU breaks
down; an oil lamp will no longer light if it has no more wick. So the
words “heart”, “CPU”, and “wick” are defined as {heart|»} in their
definitions:

“heart”
DEF={part|#§14:PartPosition={heart|:(»},
whole={AnimalHuman|3#)},
{circulate|ff§ ¥ :instrument={~} } }

“CPU”
DEF={part|{#{} PartPosition={heart|:(»},
whole={computer|H i} } }

“wick”
DEF= {part| &} {4 :PartPosition={heart|:2},
whole={tool| f§ &: {illuminate|f 5} :instrument={~}} } }

8.3.2.4. Regulations for defining attributes

(1) “Simple” concepts of attributes
In defining concepts of attributes, no simple concepts are allowed.
Any concepts of attributes must be defined with the sememe listed in the
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taxonomy of attributes as its categorial sememe and with its host as the
indispensable semantic role. For example:
“size”
DEF={Size| R~} :host={physical|#) i} }
Cf. natural language definition:
the physical magnitude of something (how big it is)

“draft”
DEF={Depth| /& :host={ship| i},
scope={Golnto|i# A\ :LocationFin={waters|7K 3%} } }
Cf. natural language definition:
the depth of a vessel’s keel below the surface (especially when
loaded)

In the above examples, the semantic role “host” of the HowNet
definitions are similar to “of something” and “of a vessel’s keel” in the
natural language definitions. Again the HowNet definitions are
non-ambiguous,

As the semantic role “host” is absolutely necessary in the definitions
for attributes, we can regard those that have only one categorial sememe
besides “host” as the simple concepts of attribute.

(2) Concepts value-restrictive
A complex concept of attributes is defined with certain value(s), in
most cases they express the concrete property. Generally, there are two
ways: by means of “modifier” or “scope”. The former is used for
attribute values; the latter is used for events or other attributes, e.g.
“toxicity”
DEF={Property|fF%:
host={physical|#J 5 },modifier= {poisonous|H &} }

“masculinity”
DEF={Sex|{4 %I|:host={animate| 4 4 } ,modifier={male{ 5 } }

“discretion”
DEF={Ability|f /7:host={human| A } ,scope={judge|#E } }
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“contrast”
DEF={Similarity| 7 [ :host={physical ] 5 },
scope={Brightness|i %} {Color|Hifh} }

Note: “Modifier” or “scope” gives a certain restriction to the attribute
defined, for instance: “discretion” is an ability which belongs to human
being (its host) when he judges.

Cf. Natural language definition:
the trait of judging wisely and objectively (a man of discretion)

(3) Concepts of unit of measurement
Concepts of unit of measurement are divided into three subclasses in
HowNet: units in general (Unit|®#.47), units for measuring events
(ActUnit|3 &), and units for measuring things (NounUnit|4 &). Among
the three the last two are mainly used in Chinese. For example:
“unit”
DEF={Unit|$.47 :host={Measurement| & & } }
Cf. natural language definition:
any division of quantity accepted as a standard of measurement
or exchange

(‘ﬁ,,
DEF={Unit|#.{ :belong="UK | ¥ [&",
host={Distance|# 5} {Length|4& & } {Width| % & }}

“glassful”

DEF={NounUnit| 4 & :host={inanimate| 5= 4]} }
Cf. natural language definition:

the quantity a glass will hold

“piece”
DEF={NounUnit|4 & :host={inanimate| TG /¥ } }

Cf. natural language definition:
a serving that has been cut from a larger portion; “a piece of
pie,,
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“drop”

DEF={NounUnit|44 & :host={liquid[#&} }
Cf. natural language definition:

a small quantity (especially of a liquid)

“round”
DEF={ActUnit|3}] & :host={event|Z {4} }
Cf. natural language definition:
an interval during which a recurring sequence of events occurs

8.3.2.5. Regulations for defining attribute-values

(1) Simple concepts of attribute-values
A simple concept of attribute-values is defined with only one
categorial sememe which belongs to the attribute-values taxonomy, e.g.

W_C=w#

G_C=ADIJ [qvl]

E C=

W_E=crooked

G_E=ADJ

E_E=crooked coutry roads
DEF={curved| 5}

W_C=EEMH

G_C=ADIJ [wail wail niu3 niu3]
E C=

W_E=crooked

G_E=ADJ

E_E=crooked teeth
DEF={slanted|{E}

W_C=M

G_C=ADJ [zei2]

E_C=MRA~ERRKI AR AL R, ~k~N
W_E=crooked
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G_E=ADJ
E_E-
DEF={wicked|% }

(2) Concepts value-restrictive or scope-restrictive
A complex concept of attribute-values is defined with certain value(s).
Generally, there are two ways: by means of “degree” or “scope”, e.g.
“light brown”
DEF={brown|#5:degree={light|7% } }

“brand-new”
DEF={new|#7:degree={most|5}}
Cf. natural language definition:
completely new

“impalpable”

DEF={difficult|#:scope= {understand|41 < :content={$} } }
Cf. natural language definition:

difficult to perceive or grasp by the mind

“inspiring”
DEF={able|fi&:scope={urge|{Z 1§
ResultEvent={excited|[# 5} }}
Cf. natural language definition:
tending to arouse or exalt

8.3.2.6. Regulations for defining time

(1) Simple concepts of time
A simple concept of time is defined with only one categorial sememe,
that is, {time| (8]}, e.g.
“time”
DEF={time|i} [&]}
Cf. natural language definition
the continuum in which events occur in apparently irreversible
succession from the past through the present to the future.
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(2) Time restricted by time section and time feature
Time has its own section line and its special features. They are
specified in the secondary features list. Most of the time concepts are
defined with {TimeSect|F} /8] Bt} or {TimeFeature|B [A1FFHE}, e.g.
“year”
DEF={time|f [d]: TimeSect={year|£F} }
Cf. natural language definition:
a period of time containing 365 or 366 days

“day,D
DEF={time|f} [f]: TimeSect={day|H } }
Cf. natural language definition:
time for Earth to make a complete rotation on its axis

“Tuesday”

DEF={time|F [8): TimeSect={day| H :whole= {week]| i } } }
Cf. natural language definition:

the third day of the week

“beginning”

DEF={time|H7 &) : TimeFeature={beginning|4f } }
Cf. natural language definition:

the time at which something begins or is begun

‘Lend,’

DEF={time|F [A]: TimeFeature={ending| K } }
Cf. natural language definition:

the point in time at which something ends

“year-end”
DEF={time]f} [&]: TimeFeature={ending| 7 },
TimeSect={year|5:}}
Cf. natural language definition:
the end of a calendar year
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“Christmas Eve”

DEF={time|F} [d]: TimeFeature={festival| 15},
TimeSect={night|# } ,domain={religion|5R &},
modifier={ProperName|%}}

Cf. natural language definition:

The evening before Christmas

(3) Concepts value-restrictive
A complex concept of time is defined with certain value(s), e.g.
“long time”
DEF={time|i} &) :modifier={TimeLong 4 i} [&] } }
Cf. natural language definition:
a prolonged period of time

“golden age”
DEF={time |} []:modifier={flourishing|>%} }
Cf. natural language definition:
A period of great peace, prosperity, and happiness

(4) Concepts function-restrictive
A concept of time is defined with its specific functions. The functions
may be represented by various semantic roles, e.g.
“wedding day”
DEF={time|f [d]: TimeSect={day|H },
{GetMarried|& 1&:time={~}}}
Cf. natural language definition:
the day of a wedding

“bedtime”

DEF={time|i [d]: {sleep|f:time={~} } }
Cf. natural language definition:

the time one goes to bed
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8.3.2.7. Regulations for defining space

As aforesaid, the “space” is an abstract concept. It does not include any
concrete things which may imply space, such as “land”, “sky”, “sea”,
“buildings”, “organizations”. The “space” is classified into two
categories: “direction|/j [7])” and “location|fi/ &”.
(1) Simple concepts of space
A simple concept of space is defined with only one categorial
sememe which is either “space|ZS[{]”, “direction| /7 [1)”, or “location|/f¥
' eg.
“room”
DEF={space| % [a]}
Cf. natural language definition:
a space that is or may be occupied

“direction”
DEF={direction| /7 [}

Cf. natural language definition:
the spatial relation between something and the course along
which it points or moves

(2) Concepts space-restrictive
Many concepts of space, including direction and location, are defined
by a categorial sememe with a restrictive of something or certain space
attached, e.g.
“wind direction”
DEF={direction|/j 4] :belong={wind| X} }
Cf. natural language definition:
the direction of wind

“bull’s eye”
DEF={location|fif & :belong={tool| i F: { AimAt| & [
patient={~} time={drill|Zk > :content={firing| 7} } } } }
Cf. natural language definition:
the center of a target
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(3) Concepts function-restrictive
A concept of space is defined with its specific functions or affected
by a specific function, e.g.
“tear”
DEF={location|{\. & : {split|/# JT:location={~} } }
Cf. natural language definition:
an opening made forcibly as by pulling apart

“destination”

DEF={location|{;. & {arrive|F|iX:LocationFin={~} }}
Cf. natural language definition:

the place designated as the end (as of a race or journey)

“course”
DEF={direction| /5 [F: {SelfMoveInManner| 5 X tE B #:
direction={~}}}
Cf. natural language definition:
general line of orientation

8.4. Principles of Defining Concepts

After the detailed description of KDML, we would like to have some
deep-going discussion about the principles of defining concepts. We will
show the way from concept definition to the visualization of the relations
among concepts and the relations among the concept attributes.

Concept definitions are the basis of HowNet. The computation of
meaning in HowNet is based on the concept definitions. In a sense, the
concept definitions govern the senses or meanings denoted by the words
and expressions. Besides, HowNet has verified that the concept
definitions are language-independent. The relations between words and
meanings in HowNet can be depicted as shown in Fig. 8.1, according to
the latest statistics of the data in knowledge dictionary.

In practice, the the computation of meaning of HowNet is not based
on words and expressions, but on the concept definitions.
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sense «—— Word & Expression — Bilingual record
Chinese 96000 Chinese 81000 156000
English 96000 English 77000

Concept definitions 24000

Sememes 2099 + Secodary feature 121+ Semantic roles 89 in KDML

Fig. 8.1. Relations between words and meanings in HowNet.

8.4.1. Static defining and dynamic activating

The defining of concepts in HowNet is featured by its static and isolated
way. When we are defining a concept, we need not care its possible
connections with other concepts. In HowNet most of the concept
relations are not coded manually. In practice it is impossible to do so, as
HowNet is bilingual and the correspondence between two languages is in
a many-to-many way. Most of the concept relations are visualized by
automatic computation. How can we achieve this then? What we should
do in developing HowNet is:

(1) to define concepts in a static and isolated way;

(2) to develop the devices of computation of meaning which are

instructed to dynamically activate various kinds of relations.

By the way of static and isolated defining, we mean that when we
define a concept, we only focus on the meaning of the concept to be
defined itself, we need not care for its possible relations with other
concepts. For example:

“fire”
DEF={fire|’K }

Cf. natural language definition:
the process of combustion of inflammable materials producing
heat, light, and smoke

“fire’,
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DEF={mishap| 7 :cause={fire| K } }
Cf. natural language definition:
the event of something burning (often destructive)

“fire engine”
DEF={LandVehicle|%:
{remove|iH B :instrument={~} patient={fire|’K } } }
Cf. natural language definition:
any large motor vehicles that carry firefighters and equipment
to the site of a fire and support extinguishing operations

“fire door”
DEF={part|#4:PartPosition={mouth| 1},
whole={building|#Z K4},
{obstruct|PHl 11-:instrument={~} patient={fire| /K } } }
Cf. natural language definition:
a door made of fire-resistant material that can be closed to
prevent the spread of fire

All the above concepts are defined in a static and isolated way.
However, in reality they are closely interrelated in meaning. Maybe the
concept “fire” will be a stimulant. Thus when we use one of the
secondary resources of HowNet — Concept Relevance Calculator to
check the relevance of the word “fire fighting”, all the above words and
phrases are evoked in the list of relevance.

8.4.2. Uniformity in various levels of language structure

The mechanism of defining concepts in HowNet proves to be very
effective to various structural levels of the language. The mechanism
guarantees the best uniformity in the levels of words, phrases, even
sentences. We can successfully use HowNet KDML based on sememes
and semantic roles to represent all kinds of structures of the language.
For example:
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(1) Word level
W_C=3if¥
G_C=V [jie2 chi2]
E C=
W_E=hijack
G _E=N
E_E-
DEF={control|# #l:manner={fierce|%#} {guilty| & §E}}

(2) Phrase level
“W_C=%Hl
G_C=V [jie2 jil]
E C=
W_E=hijack a plane
G_E=V
E E=
DEF={control|#% fi]:manner={fierce| % }
{guilty|#5 5} ,patient={aircraft| KiT2%}}”

W_C=&HHlie

G_C=N [jie2 jil fan4]

E C=

W_E=woman hijacker

G_E-N

E_E=

DEF={human| A\ :modifier={female| %},
{control[#Z#|:agent={~} ,manner={fierce| % }
{guilty|F5 58 } ,patient={aircraft| X1T#5}}}

W_C=7%M

G_C=V [luo4 wang3]

E_C-

W_E=be caught

G _E=V

E E-

DEF={suffer|## 52 :content={catch|#2} } }
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(3) Sentence level

W_C=ZHHIEH M

G_C=V [luo4 wang3]

E C=

W_E=the woman hijacker was caught

G E=V

E_E-

DEF={suffer|# 57 :content={catch|$2 ¥},
experiencer={human| A\ :modifier={female| %},
{control|#Z #:agent={~} ,manner={fierce| % }
{guilty|F5 58} ,patient={aircraft| XT38} }}}

W_C=ZHhHIIEME RAEAE N ¥ 7
G_C=V [luo4 wang3]
E_C-
W_E=the woman hijacker was caught in Fuzhou yesterday
G_E=V
E_E-
DEF={suffer|i# 5% :content={catch|$#2{F },
experiencer={human| A\ :modifier={female| %},
{control|¥2 #l):agent={~} ,manner={fierce|# }
{guilty|F 8} ,patient={aircraft| K1T2%}}},
location={place|}#h 77 :
PlaceSect={city|T } ,belong="China|+ [H",
modifier={ProperName| % }},
time= {time| 7 [&): TimeSect={day| H },
modifier={past|id %£}}}

In this sense the HowNet scheme of the sememes and semantic roles
is suitable to be used for semantic annotation of texts.
8.4.3. Language-independent

The defining of concepts in HowNet is independent of languages. We are
confident that the scheme of sememes and semantic roles and KDML are
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undoubtedly suitable to any languages. This has been fully verified by
the bilingual knowledge dictionary and the secondary resources that
HowNet itself contains.
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Chapter 9

REVELATION OF RELATIONS IN
HOWNET

The essence of a computer-oriented knowledge system lies in the
revelation of the relations among concepts and the relations among the
attributes of concepts. The fundamental task of HowNet, as a knowledge
system, is to unveil the relations. In terms of the depth that the
computation of meaning reaches, the relations are classified into two
types: explicit relations and implicit relations. The former is mainly
computed and represented by HowNet browser while the latter by
HowNet secondary resources.

9.1. Explicit Relations

There are 11 types of explicit relations in HowNet. They are the relations
of synonym, synclass, antonym, converse, hypernym, hyponym,
part-to-whole, value-to-attribute, attribute-to-host, cognate role-frame,
semantic-roles-to-event. Linguistically, the last four types among them
are cross-parts-of-speech relations.

9.1.1. Synonym

The synonymous relation represented by HowNet is not manually coded
but is computed when the following rules are satisfied among the words
and expressions:

129
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(1) they have one and the same concept definitions (DEF item);

(2) they share an identical translation or an identical set of

translations;

(3) they share the same part-of-speech when an English synonymous

set is searched.

For example, the word “photo” has the words “photograph” and
“picture” as its synonyms, because (1) they share one and the same
definition:

DEF={image|&]14: {TakePicture|# & :LocationFin={~}}};

and (2) they share a set of their Chinese equivalents: “f§ Ji, “H& 7>, “I&
F7, “”, “B8”; and (3) they share the same part-of-speech. Meanwhile
all the Chinese words listed here are synonyms too because they share
one and the same definition and share a set of their English equivalents:
“photo”, “photograph” and “picture”. Hence we acquire two synonymous
sets that correspond to each other in Chinese and English. They are
computed according to the above rules and acquired from the following
records (only related parts shown below) in the knowledge dictionary.

W_C=t§)7

G_C=N [xiang4 pian4]

W_E=photo

G_E=N

DEF={image| &l {4 {TakePicture|#11%:LocationFin={~}}}

W _C=FH

G_C=N [zhao4 pian4]

W_E=photo

G_E=N

DEF={image|R{&: { TakePicture|#{#%:LocationFin={~} } }

W _C=R K

G_C=N [tu2 pian4]

W_E=photograph

G_E=N

DEF={image| 4 {TakePicture|[#fi$%:LocationFin={~} }}
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W_C=tg 5

G_C=N [xiang4 pian4]

W_E=photograph

G_E=N

DEF={image| {4 {TakePicture|#I#%:LocationFin={~} } }

W_C=%&

G_C=N [ying3]
W_E=photograph
G_E=N

DEF={image| &4 : { TakePicture|#1#%:LocationFin={~} }}

W_C=H

G_C=N [zhao4]

W_E=photograph

G_E=N

DEF={image|& {4 {TakePicture|#i#%:LocationFin={~}}}

W_C=RH

G_C=N [zhao4 pian4]

W_E=photograph

G_E=N

DEF={image| & {4 {TakePicture|fi#%:LocationFin={~}}}

W_C=#%

G_C=N [ying3]

W_E=picture

G_E=N

DEF={image| &l {%: {TakePicture[#f13%:LocationFin={~} } }

W_C=H&
G_C=N [zhao4]
W_E=picture
G_E=N

DEF={image| &% {TakePicture[f1#%:LocationFin={~} } }

131
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W_C=Hify

G_C=N [zhao4 pian4]

W_E=picture

G_E-N

DEF={image|&l{%: {TakePicture|#1$%:LocationFin={~} } }

A question may be raised: “Does the way HowNet acquire synonyms
means that the synonyms of one language depend on another language?”
Our answer is no. The way HowNet acquires synonyms is just a clever
technical treatment to avoid manual coding. It would be extremely
difficult to acquire bilingual synonyms if they are coded manually. In
addition, theoretically synonyms are not based on the relation among
concepts but are based on the relation among words, because a
synonymous set is of the same concept. In other words, synonyms are
based on the level of words rather than the level of concepts, so the
equivalents between different languages can offer a useful way to acquire
synonyms. The latest version of HowNet totally acquires over 13,000
Chinese synonymous sets and 18,000 English synonymous sets, for
instance:

English synonymous sets:

(D photo; photograph; picture;

@ BSE, bovine spongiform encephalitis, mad cow disease;

@ automobile; car; limo; limousine; motor vehicle; sedan;

@ admission; entrance; entry; incoming; ingress;

® come; come in; enter; entry; get in; get into; go in; go into; plunge;

into; walk in;

® attentive; careful; close; conscientious; deliberate; elaborate;

meticulous; painstaking; remindful; scrupulous; thorough:

(D attentively; carefully; conscientiously; deliberately; elaborately;

intently; meticulously; painstakingly; thoroughly;

attention; attentiveness;

@ biology; biological science;

biologic; biological

@bootlick; curry favor with; fawn on; flatter; flattery; ingratiate;

ingratiate oneself with; laud to the skies; lavish praise on;
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lick ... boots; make up to; oversell; play up to; shamelessly flatter;
soft-soap; toady; toady to; try to ingratiate oneself with; try to
please; try to win .., favor.

Chinese synonymous sets:

OB h; B, Bi; & B

QIAT; WAIE; 44 RIm;

OHE, RE,; BE;, ME;, MNRE;, MNRE;, PMEE;

@ N; Bt #R; BT #EE; G N AN 3L EEE E
N B i

O, A%, Mo, AH, IH; BE; B HE; B, 20,
L8, B BME %, B, 4% B A THAE; 4,
ME; MM, AL, BBG F#F;, 0N, —EAG;, —ER,
B, BV, 740; fHFa9; 5, E%,

LY, EW¥;

O, B4; ki, BRIE, BRET, &0, £4&;, £10; ¥
o MY, LEF; R M W L BR; BE; 1Pk,
B, #iy; B, B B BT W BRiE; & )
; A BB

Why do we have to add one more condition that restricts English
synonymous sets to the same part-of-speech? The reason is that
English words have grammatical inflections and words of different
parts-of-speech may carry the same meaning, and then in HowNet will
share one and the same concept definitions. Let’s look at the following
English sentences:

To translate from one language into another by a computer
The transiation from one language into another by a computer

In the above sentences, the words “translate” as a verb and
“translation” as a noun are the same in meaning and their relations
between preposition phrases headed by “from”, “into” and “by” are also
identical. It may be noticed that in LDOCE words of this kind are
regarded as “related words listed without explanation” and the ways of

showing such words are: “~ness”, “~lation”, and “curliness” as at the
end of “curly”.

(1
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Therefore, in order to avoid the unreasonable synonymous sets of, say,

L 1 L2 11

“compute”, “computation”, “computational”, or “careless”, “carelessly”,
“carelessness” in English, we add part-of-speech restriction to the
computing of English synonymous relation. Thus we can see the gap
between concepts and English words and phrases. We can also see the

peculiarity of the Chinese language.

9.1.2. Synclass

Synclass denotes the relation in which words and expressions share the
same concept definition. The Synclass relation represented by HowNet is
not manually coded either, but is computed when the following rules are
satisfied:
(1) they have one and the same definitions;
(2) they share the same part-of-speech when an English synclass set
is searched.

The synclass relation is obviously looser than the synonymous
relation, for instance, “photo”, “photograph” and “picture”, “bareheaded
photo”, “black-and-white photo”, “group photo”, “group picture”,
“half-length, barcheaded, full-faced photo”, “photo of a person in stage
costumes” and “stereo” are of the same class. Their corresponding
Chinese translations are naturally of the synclass relation too. They are
also computed according to the above-listed rules and acquired out of the

following records apart from those above-listed records of the synonyms.

W_C=% 5 i

G_C=N [mian3 guanl zhao4]

W_E=barecheaded photo

G_E=N

DEF={image| &% { TakePicture|#1$%:LocationFin={~} }}

W_C=REMK
G_C=N [heil bai2 zhao4]
W_E=black-and-white photo
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G_E=N
DEF={image| &% { TakePicture|#1#%:LocationFin={~}}}

W _C=H%

G_C=N [he2 ying3]

W_E=group photo

G_E=N

DEF={image|&|{%: {TakePicture|[fi&:LocationFin={~} } }

W_C=8H

G_C=N [he2 zhao4]
W_E=group photo
G_E=N

DEF={image| &l {&: {TakePicture|#1#%:LocationFin={~}}}

W_C=H#%

G_C=N [he2 ying3]

W_E=group picture

G_E=N

DEF={image| &l {8 {TakePicture|#1$%:LocationFin={~} }}

W_C=£5 % IEHHH

G_C=N [ban4 shenl mian3 guanl zheng4 mian4 xiang4]
W_E=half-length, bareheaded, full-faced photo

G_E=N

DEF={image| &4 : { TakePicture|$i$%:LocationFin={~} } }

W_C= i kB H

G_C=N [li4 ti3 zhao4 pianl]

W_E=stereo

G_E=N

DEF={image| 14 : { TakePicture|#1#%:LocationFin={~} } }

Because of the same reason as that in handling English synonymous
relation, we add part-of-speech restriction when searching English
synclass sets.
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9.1.3. Antonym and converse

Converse relation can be regarded as a special kind of antonymous
relation. In HowNet the converse relation is only related to event
concepts while antonymous relation is referred to attribute-value
concepts. In HowNet the computation and acquisition of these two kinds
of relation need two sets of specifications of antonymous and converse
pairs of sememes as shown in Fig. 6.12 and Fig. 6.13.

These two kinds of relation are established when the following three

conditions are satisfied:

(1) they should include in their definitions a pair of antonymous
sememes or converse sememes which can be found in the
antonymous and converse sememes lists;

(2) the rest of their definitions should remain identical;

(3) they share the same part-of-speech when an English antonymous
or converse set is searched.

For instance, “young” and “aged” are antonymous, as their
definitions include a pair of antonymous sememes:{child|/l> )L} and
{aged|ZZ4F} while “child” and “aged” are antonymous too, as their
definitions include a pair of antonymous sememes:{child|/>>JL} and
{aged|ZZ} and the rest part of the definitions remain identical, as
shown respectively by the records below.

W_C=41/\ W _C=tE#

G_C=ADI [you4 xiao3] G_C=AD]J [nian2 lao3]
E C= E C=

W_E=young W_E=aged

G_E=ADJ G_E=ADJ

E E= E E=

DEF={child|/>JL} DEF={aged|# )}
W_C=HH W _C=%8FA

G_C=N [hai2 tong2] G_C=N [lao3 nian2 ren2]
E C= E C=

W_E=child W_E=aged
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G_E=N G_E=N

E_E- E_E-

DEF={human| A\ DEF={human| A :
:modifier={child|/> )L} } modifier={aged|Z}}

Similarly, “rise” and “drop” are converse, as their definitions include
a pair of converse sememes: {BecomeMore|[84%} and {BecomeLess|/il
/b} while “range of rise” and “range of fall” are converse too, as their
definitions include a pair of converse sememes: {BecomeMore|}% %5} and
{BecomeLess|##/>} while the rest part of the definitions remain identical,
as shown respectively by the records below.

W_C=H§ W_C=p%

G_C=V [zengl] G_C=V [jiang4]

E C= E_C=i&~T, LH~T %
W _E-=rise W_E=drop

G E=V G_E=V

E E= E_E=
DEF={BecomeMore|}¥ £ } DEF={BecomeLess|/#/>}
W_C={ikilE

G_C=N [zhang3 fu2]

E C=

W_E=range of rise

G_E=N

E E=

DEF={Range] /% :domain={economy|2 5 } ,host={Price| {1 1%},
scope={BecomeMore| %} }

W_C=kiE

G_C=N [diel fu2]

E C=

W_E=range of fall

G_E=N

E_E-

DEF={Range| & & :domain={economy|£: 5 } ,host={Price| 1%},
scope={BecomeLess|ik/>}}
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Because of the same reason as that in handling English synonymous
relation, we add part-of-speech restriction when searching English
antonymous sets and converse sets in order to avoid ungrammatical
phenomenon that antonyms or converses of different parts-of-speech in
English.

9.1.4. Hypernym

The hypernym relation is computed and acquired from the taxonomies of
HowNet. Figure 9.1 shows the result of retrieving the word “ship”
denoting “a watercraft” at HowNet browser. The result is acquired from
taxonomy of entity as shown in Fig. 9.2. Figure 9.3 shows the result of
retrieving the word “lend” denoting “temporarily give” at HowNet
browser. The result is acquired from taxonomy of event as shown in
Fig. 9.4.

Browser (HowNet Knowledge System)

=@ ship
7.4 {InstitutePlace|IZER :{engage | )\ ZE :agent={"},content={affairs|ES:Co

Yo g{ship|il}

=i {transport |i5¥

Fig. 9.1. Hypernyms of “ship”.
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- {entity| )
| {thing T80
F (ohysical| 8152
b fanimatelE 47}
| F {AnimalHuman[Zh4}
| | F {humanlA}
| | b {animal&}
| L {bacteriafid 4
b franimate| €80
F {NaturalThing{ R 291}
F {artifact A T8
b fimplement #£.8)
| F {computer| 0}
| & fvehicle ZiE LR}
} : F {LandVehiclePE}

|
|
|
|
|
l
|
|
l
|
|
|
|
| F {shipl A

Fig. 9.2. Part of Taxonomy of Entity.

:Browser {HowNet Knowledge Sysiem)

-§ 1lend
Wedilend|{{BH)

L4} 624102
-4} 058837
- 058855

Fig. 9.3. Hypernyms of “lend”.


http://li-rlli-l.il
http://linili-.il
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- {event| F 4
I {static/EHaF)}
| {possessionfB * K}
| | F {ownfH}
| | F {OwnNotF}
| | & {oweR}
L {statelk75}
F {StatePhysical #IEHAS)
L {StateMental ML)
L Jact| f7 5
F {ActGeneraldZ Zh}
L {4ciSpecific| F 5
I {AlkterGenerali7 3%}
L fdlterSpecific )
b falterRelation| F K E)
| F {dlterPossession| FNE}
| | {take}
} F {give| &)
|
|

|
|
l | | {retunp®}
| | b {selliZE}

I | & {lend| &

Fig. 9.4. Part of Taxonomy of Event.

In HowNet, different types of categories vary in the depth of
hypernymous relation levels. Entity category has 8 levels at the deepest
while event category has 13 levels at the deepest. The attribute and
attribute-value have no more than 5 levels at the deepest. This
shallowness results from their nature of dependency. They never can be
as independent as entity and event concepts do, because they usually
attach to other types of categories.

Let us take “talent” as an example of attribute concept and “talented”
as an example of attribute-value concept. Their depths of hypernymous
relation levels are shown in Fig. 9.5 and Fig. 9.6 respectively.
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Browser (HowNet Knowledge System)

N
@ {human| A :nodifier={able|gk)}
-4 {human{ A :modifier={able|gE}{wise|E}>

Fig. 9.5. Depth of hypernymous relation levels of “talent”.

‘Browser (HowNet Knowledgze System)

s

talented

o ETIOTEER

Fig. 9.6. Depth of hypernymous relation levels of “talented”.


http://rtl.il
http://yU.il
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Speaking of the depth of a taxonomy, which is better, deep one or
shallow one? This is a frequently-asked question too. Our answer is: it is
hard to say which is better. It is not desirable to evaluate a scheme of
taxonomy by its depth. We would like to answer the question in a
reversed way. It should not be encouraged to build a taxonomy with an
uneven depth, that is, a taxonomy too shallow in one part and too deep in
another.

-4 {LandVehicle|Z: :nodiFier={slow|}2},{Vehiclego|Yf :agent={"~},loca
slow train
- {LandVehicle|ZE :{VehicleGo |3 :agent={™},location={route}if }§ :mal
® mail car
w-@ mail train
Vehicle|ZE :{UehicleGo |3 :agent={~},location={route |JE}%:

Fig. 9.7. Hyponyms of “train”.

9.1.5. Hyponym

In HowNet, hyponym is a concept that is more specific than the given
concept, including troponym, as conventionally termed.
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Unlike the acquisition of hypemyms, the hyponymous relation is
computed and acquired on the basis of the concept definitions, or to be
accurate, on the basis of the sememes in the concept definitions.

Let us take the hyponyms of “train” meaning “a vehicle of transport”
as an example before going to further discussion. Figure 9.7 shows the
result that HowNet browser displays.

The hyponymous relation is established when the following is
satisfied:

(1) the hyponyms and the given word or expression should share one

and the same categorial sememe;

(2) the definitions of the hyponyms should cover the definition of the

given word or expression;

(3) the definitions of the hyponyms should have at least one more

section than the definition of the given word or expression. We
call this part “specific”.

Look at the details of the hyponyms of the word “train” meaning “a
vehicle of transport”. The specific as compared with the definition of the
given word “train” is in italic.

“train” — given word
DEF={LandVehicle|%:
{VehicleGo|4:agent={~},
location={route|1& ¥ :material={material|[#1 #}:
RelateTo={LandVehicle|%},
material={metal|& & } ,modifier={linear|2% } }} }}

(a) military train
DEF={LandVehicle|%:domain={military| %},
{VehicleGo|3#:agent={~},
location={route|i& ¥ :material={material {1 %
RelateTo={LandVehicle|%},
material={metal| & J& } ,modifier={linear|2%} } } } }

(b) bullet, bullet train, express, express train, nonstop train,
streamliner
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DEF={LandVehicle| 4 :modifier={fast| 2,
{VehicleGo|%:agent={~},
location={route|i# % :material={material|[#1 }:
RelateTo={LandVehicle| %},
material={metal|& & },modifier={linear{%}}}}}
{transport| IZ3X: instrument={~},patient={human| A }}}

(c) slow train
DEF={LandVehicle| % :modifier={slow| /&),
{VehicleGo|%:agent={~},
location={route|1& ¥ :material={material|#1 ¥} :
RelateTo={LandVehicle|%},
material={metal|& J& } ,modifier={linear|2k}}} }}
{transport| B instrument={~},patient={human| A }}}

(d) mail car, mail train
DEF={LandVehicle|%-:
{VehicleGo| % :agent={~},
location={route|18 % :material={material #1 #} :
RelateTo={LandVehicle| 4},
material={metal|& J& },modifier={linear|Z£} }} },
{post| HE&F-instrument={~}}}

(e) boat train, commuter, commuter train, passenger car, passenger
train, passenger van
DEF={LandVehicle|%::
{VehicleGo|J:agent={~},
location={route|i¥ ¥ :material={material[#1 ¥}:
RelateTo={LandVehicle|%},
material={metal| & /& },modifier={linear|£%} } } },
{transport| &% instrument={~},patient={human| A }}}

(f) freight car, freight train, goods train
DEF={LandVehicle|%:
{VehicleGo| ¥ :agent={~},
location={route|i& % :material={material|#4 %}
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RelateTo={LandVehicle| %},
material={metal| 4 J& } ,modifier={linear|2%}}}},
{transport| IZX: instrument={~},
patient={physical| J/7}}}

(g) morning coach, morning train
DEF={LandVehicle|%:
{VehicleGo|3':agent={~},
location= {route|i¥ % :material={material 4 %}
RelateTo={LandVehicle| %},
material={metal| %8 },modifier={linear|2k} }},
time={time| #7]: TimeSect={morning| /=2}}} }

(h) night train
DEF={LandVehicle|%:
{VehicleGo|$:agent={~},
location={route|i¥ % :material={material|[#f %}
RelateTo={LandVehicle|%},
material={metal| & J& },modifier={linear|2%} } },
time={time| #7/H]: TimeSect={night| &} }} }

The definitions of all the 8 hyponym sets have their own unique
specifics (in italic), meanwhile they share the definition of the word
“train”, i.e.

DEF={LandVehicle|%:

{VehicleGo|#f:agent={~},
location={route|1& ¥ :material={material|#4 %}
RelateTo={LandVehicle| 4},
material={metal| £ J& } ,modifier={linear|£k}}},
which carries the meaning: “a train is a vehicle of transport that goes on
railroad.”

The hyponym relation may cover any categories of concepts only if
the concept relations satisfy the above-described conditions. The
common feature shared by any categories of concepts such as entity,
attribute, event and attribute-value is that all the hyponyms has some
specifics compared with the given word or expression. In HowNet, there
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is no distinction between hyponyms and troponyms. Let us look at some
more categories of concepts other than entity.
“temperature” — given word
DEF={Temperature|{& /& :host={physical|# Ji } }

(a) critical temperature
DEF={Temperature[{& & :domain={chemistry| t£ %}
{physics| ##8} host={physical|#] )57 } }

(b) high temperature
DEF={Temperature|i& f& :host={physical| ¥ i },
modifier={GreaterThanNormal| /& 7 iE %}}

(c) ultrahigh temperature
DEF={Temperature|{t & :host={physical|#) i},
modifier={GreaterThanNormal| & FiF 7"
degree={over| &} }}

(d) low temperature
DEF={Temperature|¥5 /¥ :host={physical| ¥} i },
modifier={LessThanNormal| it F iF: %} }

(e) ultralow temperature
DEF={Temperature[{& & :host={physical/4) i},
modifier={LessThanNormal| . FiF -
degree={over| &} }}

(f) constant temperature
DEF={Temperature|{& & :host={physical # i1 },
modifier={constant| 5E}}

(g) homoiothermy
normal atmospheric temperature
DEF={Temperature[{& & :host={physical #J i1},
modifier={normal| iF %)}
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(h) boiling point
DEF={Temperature|i /& :host={physical|#] i},
scope={StateChange| &3:
PatientValue={StateGas| T2},
means={WarmUp| W#}}}

(1) melting point
DEF={Temperature[{i & :host={physical|#) it },
scope={StateChange| Z53%:
PatientValue={StateLiquid| X7},
means={WarmUp| JI#}}}

(j) condensation point, solidifying point
DEF={Temperature[{ [ :host={physical|#] i},
scope={StateChange| 235"
PatientValue={StateSolid| [F]75}}}

(k) freezing point
DEF={Temperature|{& & :host={physical # i},
scope={StateChange| Z5%":
PatientValue={StateSolid| [F &},
means={cool| #7%}}}

“walk” — given word (part of hyponyms)
DEF={walk|E}

(a) march, night march, rapid march
DEF={walk|3£ :domain={military| %}, manner={fast| 43}

(b) walk alone
DEF={walk|3E :manner={alone| # }}

(c) tiptoe, walk gingerly, walk on tiptoe, walk softly
DEF={walk|3E :manner={gentle| 5}}

147
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(d) go for a stroll, go for a walk, loaf, promenade, ramble, roam,
saunter, stroll, take a leisurely walk, take a short walk, take a
stroll, take a walk, walk aimlessly, walk with measured steps,
wander about unhurriedly

DEF={walk| :manner={idle| /fj}}

(e) careen, dodder, limp, limping, lurch, reel, stagger, stumble, swag,
walk haltingly, walk unsteadily, wobble, walk unsteadily in a
zigzag

DEF={walk|3E :manner={shaky| 755} }

& {black|E)
& {dark|FE}

Browser (HowNet Know] ge System)

Dictionary Ira"ﬂnomyi L

KeyWord: ihlack

. {daﬂrklﬂ%}:attﬁﬁ e

‘ black
2 (hlack]E)
& (u1sgraced|l§)

« @ {human} A ={oun|fg :possession={part|EFff :PartPosition={skin|[7},modi
;g*»{partl”ﬁﬁ: modifier=¢black| X} ,whole={tool | B :{recreation|iRF:in

Fig. 9.8. Attribute of the word “black” (two senses).
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9.1.6. Value-to-attribute

As aforesaid, we consider that any one of attributes should have its
corresponding value(s), vice versa, any one of attribute-values should
have its corresponding attribute. One of the taxonomies in HowNet
specifies the relations between attributes and their corresponding values,
see Secs. 6.3 and 6.4.

Boowmledes Syeten

1ity) S oh |7
Browser (HowNet Knowledge System)

¥

calor
w4 {Color | B thost={physical |7 }}
I B (SoundQualily| 35k chast={sound|/ 3}

Fig. 9.9. Values of the word “color” (two senses).
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Hence the browser can achieve the representation of the
value/attribute relations according to the taxonomy. Any sense of a value
can retrieve its corresponding attribute as shown by Fig. 9.8 and any
sense of an attribute can retrieve its corresponding value(s) as shown by
Fig. 9.9.

9.1.7. Part-to-whole

As discussed in Chap. 8, when defining a component including part|&344
and fittings|BCf4, the class of its whole or the definition of its whole
should be coded under the role “whole” and the information about its
position (function) in the whole should also be coded if possible. Thus a
relation of part-to-whole is established by imperative coding. For
instance:

“roof”

DEF={part|{#14:PartPosition={head|3k},
whole={house|}5J2}}
house: DEF={house| /% /&}

“wing”
DEF={part|¥§{::PartPosition={wing|3#},
whole={aircraft| ¥173%}}
airplane: DEF={aircraft| § 1745}

“wing’,
DEF= {part|#{4}::PartPosition={wing[i# } ,whole={bird|& } }
bird: DEF={bird| &)

watchband
DEF= {fittings|AC {4 :whole={tool|[Ff] F: {tel]| &
content={time|f [A] } instrument={~} } } }
watch: DEF={tool| J§-A. {tell| & VF:content={time| #7/H]},
instrument={~}}}

finger
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DEF={part|ifi{t}::whole={part| &8 {4 :PartPosition= {hand| F},
whole={human| A\ }}}
hand: DEF={part| 551#:PartPosition={hand| F},
whole={human| A }}
man: DEF={human| A}

With the help of the way of defining parts or fittings, HowNet
browser realizes the representation of the whole-to-part relation, that is, it
can acquire the parts of any whole if it owns. For example, when we
retrieve the parts and fittings of “watch” denoting “timepiece” using icon
“whole” in Sec. 3 of Search mode 3, the browser will return the
following: “watchband”, “watch chain”, “balance wheel”, “crystal”, “dial
plate”, “hour hand”, “minute hand”, etc. Similarly, the browser will
return “wheel” as a part if the word “car” is the query, and “rim”,
“spoke”, “tyre”, etc. as the parts if the word “wheel” is the query.

9.1.8. Attribute-to-host

Again as discussed in Chap. 8, in defining an attribute, the class of its
host or the definition of its host must be coded under the role “host”.
Thus a relation of attribute-to-host is established by imperative coding.
For instance:
“learnedness”
DEF={Learning| ¥ ] :host={human| A } }

man: DEF={human| A}

“curative effect”
DEF={Effectivity| % :domain={medical 5 },
host={medicine|Z5 4} {method| /7 £},
scope={doctor|EE74}}

medicine: DEF={medicine| Zi ¥}
therapy: DEF={method| 77 7%:domain={medical| F5},
{doctor| B 75 method={~}}}
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“shade”
DEF={Hue|#< ¥ :host={Color| it} }

color: DEF={Color| 2 £5:host={physical| )7} }

With the help of the way of defining attributes, HowNet browser
realizes the representation of the host-to-attribute relation, that is, it can
acquire the attributes of any host if it owns. For example, when we
retrieve the attributes of the word “drug” denoting “medicine” using icon
“host” in Sec. 3 of Search mode 3, the browser will return the following:

b2 I 11 9% <L

“dosage”, “curative effect”, “aftereffect”, “indication”, “form of a drug”,

b I 17

“property of a medicine”, “compatibility of medicines”, etc. as shown in
Fig. 9.10.

4 {addictive |BE47H) :noaifier={guilty| T IE}
{medicine |24}
A {Amount| £/ :host={nedicine |£§#},quantity=(many| £ :degree={ext
- maximum dose
A {Amount| &L shost={medicine |24} ,scope={eat| P {use [FIFF3?
@ dosage
& dose
@ @ size of a dose
4P {Effectivity| IR :domain={medical |[R } ,host={medicine]|Z5#) y¢{meth
& {(Effectivity| R shost={drinks |{} 5 }{nedicine | 2543}

Fig. 9.10. Attributes of the word “drug”.
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9.1.9. Semantic-roles-to-event

Previously we gave full elaboration of semantic roles specified in
HowNet. If the part-to-whole relation and the attribute-to-host relations
are coded deliberately and forcibly, the semantic-role-to-event relations
are coded naturally as needed in defining concepts, for instance:

“doctor”

DEF={human| A :HostOf={Occupation|/HR{i/ },
domain={medical|% }, {doctor|Ex ¥ :agent={~} } }

“hospital”
DEF={InstitutePlace|3% T :domain={medical|E },
{doctor|E& ¥A:content={ disease| % J } ,location={~} } }

“patient”
DEF={human| A\ :domain={medical| £ },
{SufferFrom| % & :experiencer={~}},
{doctor| & ¥4 :patient={~} } }

“be hospitalized”
DEF={reside|f¥ T :location={InstitutePlace|3% T :
domain={medical|& },{doctor|EZ 5:
content={disease|#< i } ,location={~} } } }

“major operation”
DEF={fact|#{{§:CoEvent={doctor|E£ 5 },
domain={medical|F<} }

“postoperative”
DEF={time| i [A]: {doctor|(& i : TimeAfier={~},
domain={medical|&}}}

The definitions of the above examples show clearly the semantic-role
relations between the entity concepts of “doctor”, “hospital”, “patient”,
etc. and the event concepts of “give medical treatment” and “suffer”.
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What is more, the relatedness among the entity concepts themselves will
also be naturally established via the related sememes.

9.1.10. Cognate role-frame

Borrowing from the term of “cognate object”, we use “Cognate
Role-Frame” to reveal a kind of semantic relations between an event
concept and its derivationally related entity concepts like “hate” and
“hatred”, “fight” and “war”, “protect” and “plant protection”, etc.

The relation of Cognate Role-Frame is manually coded with a role
identifier “CoEvent” (meaning event coreference) in HowNet. For
example:

W_C=fh4%

G_C=N

E C=

W_E=hatred

G_E=N

E E=

DEF={emotion|{# &:CoEvent={hate| L1k } }

W_C=1¥1R

G C=V

E C=

W_E=hate

G _E=V

E E=
DEF={hate|fL{® }

As the Cognate Role-Frame specifies, the concept denoted by the
noun “hatred” shares the same role frame of the verb “hate”. That is to
say, syntactically “hatred” is a noun and “hate” is a verb, but
semantically they are in common. As specified in the event taxonomy,
the class {hate] fi. R } has the following rtole frame:
experiencer={*} target={*},degree={*},cause={*}}. This role frame
means that whenever the event “hate” occurs, the following essential
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roles must participate in it: experiencer (who hates), target (whom or
what is hated), degree (degree one hates), and cause (the reason why one
hates). We can casily see that the word “hatred”, as denoting “a strong
feeling of dislike”, seems to have the same roles that participate in
whenever the feeling occurs, for instance, experiencer (who cherish the
feeling), target (toward whom or what the feeling directs), degree (how
strong the feeling is), and cause (who or what lead to the feeling). The
unique discovery of the Cognate Role-frame relation is of great
significance in the computation of meaning.

The relation of Cognate Role Frame mainly falls into the following
concept classes: {affairs| ¥ 45}, {fact|F &}, {phenomena] I % },
{emotion|f% B} and {aspiration|& &}, etc. For instance:

W_C=Hif5

G _C=N

E C=

W_E=telecommunication

G_E=N

E E=

DEF={affairs| 545 :CoEvent={disseminate[{& #:
content={information|{5 &} }}

W_C={#fi

G_C=N [bao3 jian4]

E_C=

W_E=health care

G_E=N

E_E-

DEF={affairs| % 4 :CoEvent={maintain|{# %},
domain={medical|EE}}

W_C=151#

G _C=N

E C=
W_E—=marriage
G_E=N

E _E=



156

HowNet and The Computation of Meaning
DEF={fact| 1% :CoEvent={GetMarried| 45} }

W_C=#1T

G_C=N [bao4 xing2]

E C=

W_E=atrocity

G E=N

E_E=

DEF={fact|% 4 :CoEvent={MakeBad|/l & :manner={fierce|£ } } }

W_C=/5%t¢

G C=

E C=

W_E=housing shortage

G_E=N

E_E-

DEF={phenomena|Jl. % :CoEvent={lack|{/>:
scope={house|/F /2 }}}

W_C=E#%

G_C=N [e4 meng4]

E_C=

W_E=nightmare

G E=N

E_E=

DEF={phenomena|J{ % :CoEvent={dream|f§{ %},
modifier={able|§¢:scope= {urge| &1 :
ResultEvent={fear|Z11}}}}

W_C=&

G C=N

E_C=

W_E=rage

G_E=N

E_E=

DEF={emotion|1% /&:CoEvent={angry|/E 5} }
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W_C=11 4 &

G_C=N [fu4 zui4 gan3]

E C=

W_E=guilty conscience

G_E=N

E E=

DEF={emotion|f§ /#&%:CoEvent={bear|#&H :content={blame[}# 4%} } }

W _C=DE

G _C=N

E_C=

W_E=aspiration

G_E=N

E_E-

DEF={aspiration| J&:CoEvent={expect| i }}

9.2. Implicit Relations

In general, explicit relations are established on the basis of a single and
relatively explicit sememe connection. For example, synonymous
relation is based on the identical concept definitions; semantic-role/event
relation is based on the semantic role of the entity specified.

In contrast with explicit relations, the implicit relations are acquired
with more complexity. They are established on the basis of a complex
and relatively implicit connections of sememes. Currently HowNet
represents mainly two kinds of implicit relations, that is, the relation of
concept relevance and the relation of concept similarity. The relations in
HowNet are dynamic and interrelated in a net rather than a tree.
Figure 9.11 displays the two types of relations.

Let us take the relation of concept relevance as an example to
illustrate the implicitness we are discussing. We use HowNet’s Concept
Relevance Calculator (CRC) and test it with “pen” meaning a writing
tool as the keyword. We can then get as the result a list of 290 words and
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expressions which are related to “pen”. In the list the following are
found:
paper, paper pulp, blackboard, tablet-armed chair, ink, ballpoint pen,
postcard, copybook, literate, illiterate, calligraphist, typist, take up the
pen, rewrite, spell, fill in, written translation, prescribe, stationery,
pen-holder, nib, pencil lead, refill, pencil box, poor handwriting,
agraphia, anorthography, lower margin ...
e Similarity

!

Cognate RoleFrame

e Synonymy / Syndef
-~ Antonymy

e CONVETSE

- Attribute-Host

- Attribute-Value

- Involved

Typical Actor

- Event Relation

Domain

e Hyper / Hyponymy
Part-whole

Relevance

Fig. 9.11. Types of relations revealed in HowNet.

Then let us take the relation of concept similarity by using HowNet’s
Concept Similarity Measure (CSM) which can compute and give a figure
that represents the similarity of any two senses of any words or
expressions that HowNet includes. Table 9.1 shows the similarity that
HowNet computes.

As aforesaid, in contrast to explicit relations, the implicit relations are
not based on a single sememe or simple connection between event and its
roles, but based on complicated or multi-layer connections of sememes.
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The mechanism of the two devices of computation of meaning will be
presented in detail in Chap. 11.

Table 9.1. Concept similarity.

concept-1 concept-2 similarity
president (of a firm) CEO 0.946154
president (of a firm) technologist 0.340000
president (of a firm) college student 0.287500
president (of a republic) CEO 0.480000
president (of a republic) college student 0.307692

9.3. Axiomatic Relation of Events and Role Shifting

The axiomatic relation, also known as inferential relation, is based on the
logic reasoning among events. In HowNet the axiomatic relations are
ensured by the document named “Axiomatic relation of events and role
shifting”, see Part II, Appendix.

Axiomatic relation of events and role shifting is composed of
inferential sets of events as follows:

{earn|lff} €-> {obtain|fFE]} [consequence];
agent OF {earn|li }=possessor OF {obtain|fFZ};
possession OF {earn|ll}=possession OF {obtain|/#5H}.

{hold| %} [precondition] €-> {CauseToMove/fh#%};
agent OF {hold|% }=agent OF {CauseToMovelf:#};
patient OF {hold|£x}=patient OF {CauseToMovelfl.#%}.

Each inferential set contains a pair of event sememes. The set
describes one axiomatic relation between the two event sememes.
Special attention should be paid to the regulation: the relation between
the two event sememes should have reasonable connection, for example:

{sell|&} €-> {lose|%k %} [consequence];
agent OF {sell|S&}=possessor OF {lose|2k%};
possession OF {sell|3Z}=possession OF {lose|k % }.
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{compete|LL T} €-> {defeat|FiE} [possible consequence];
agent OF {compete|lt#E}=agent OF {defeat|!iZ/k};
partner OF {compete|tt#& }=experiencer OF {defeated|¥ii}.

The Axiomatic relations of events are categorized into:
{axiomatic relation & role shifting}
- {cause}
I {consequence}
| {hypernym}
} {implication}
I {interchangeable}
F {mutual implication}
- {mutual precondition}
I- {possible consequence}
L {precondition}
Each set should be specified with one of the relations above-listed,
for example:
{earn|lff} €-> {obtain|f33F|} [consequence];
which means that {obtain|78 %} is the consequence of {earn|l§};

{hold|%} [precondition] €--> {CauseToMove|fh#};
which means that {hold#} is the precondition of {CauseToMovelft}
#y.

If the two sememes share one and the same semantic role of the
principal category, such as agent, possessor, experiencer, no indication
signs will be given. If the two sememes have different semantic roles of
the principal category, (X) and (Y) will be used, for example:

{deceive/kIi} (X) €-> {misunderstand|iZ{5} (Y) [consequence];
target OF {deceive|ik Y }=experiencer OF {misunderstand|i%{5};
content OF {deceive|i#X % }=content OF {misunderstand|ix{5}.

Here the principals of {deceive[ X%} and {misunderstand|i%{5} are
not the same entities, that is (X) deceives and (Y) is misled.
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In addition, each set includes the reasoning in role shifting. Let us
look at some more sets.

(a) {buy|3E} €-> {obtain|f4 %]} [consequence];
agent OF {buy|3k }=possessor OF {obtain|#3%/|};
possession OF {buy|3K }=possession OF {obtain|#F3}.

In (a) the agent of {buy|3£} will shift to the possessor of {obtain|5 %}
and possession of {buy|3} to the possession of {obtain|[#F]}. It implies
that someone who buys will obtain, and what one buys is what one will
obtain.

(b) {SufferFrom|#E i} (X) [cause] €-> {doctor]EEiA} (V) ;
experiencer OF {SufferFrom|# £ }=patient OF {doctor|E£V8};
content OF {SufferFrom|# i }=content OF {doctor|EEJ3}.

In (b) the experiencer of {SufferFrom|# & }(be ill) will shift to the
patient of {doctor|&74} and the content of {SufferFrom|H i} will shift
to the content of {doctor|E£¥&}. It implies that someone who suffers
from illness will receive medical treatment, and the disease one suffers
from will be something that is given medical treatment.

The document of “Axiomatic relation of events and role shifting” can
contribute further to inference, for example:

{buy|3E} €-> {obtain|f5 %]} [consequence];
agent OF {buy|3¥ }=possessor OF {obtain|#3Zl]};
possession OF {buy|¥ }=possession OF {obtain|f&F}.

{buy|3£} €-> {obtain|fF |} [consequence];
beneficiary OF {buy|3%}=possessor OF {obtain|/#FZl};
possession OF {buy|3£}=possession OF {obtain|#3%1}.

{lose|k 22} €-> {obtain|{§ %!} [mutual precondition];
possessor OF {lose|%k 2 }=possessor OF {obtain|#}3};
possession OF {lose|’k 2 }=possession OF {obtain|3%}.



162 HowNet and The Computation of Meaning

Hence it may be applied to the solution to the deep-level problems
such as ellipsis, anaphora, etc. From the document we can retrieve
inferential sets of axiomatic relation of events. Look at the following
sentence:

“My brother bought for his son a lot of imported toys when he was a
child. It is really too bad he lost nearly all of them.”

This is a typical problem of anaphora. The determination of the
pronoun “he” in the second sentence should be solved. Does it refer to
“my brother” or “his son”?

The determination can be done according to the above inferential
sets:

beneficiary OF {buy|3 }=possessor OF {obtain|fFF};
possessor OF {lose|%: % }=possessor OF {obtain{#3 %} ;

2% <

Hence as “his son” is the “beneficiary” of “buy”, “his son” “obtains”;
as “his son” “obtains”, “his son” “loses”. We imagine that a computer
can infer this way.



Chapter 10

BROWSER — HOWNET’S DEVICE OF
COMPUTATION OF MEANING

The browser for HowNet is a show window through which the full set of
data can be browsed and the computation of meaning especially of explicit
relations among the concepts denoted by Chinese and English words and
expressions is implemented. Through the browser the users not only can
take a comprehensive look around HowNet but also can export the data
in various ways. Meanwhile the browser serves as a handy tool for users
to maintain and update the data of HowNet when necessary.

The browser for HowNet is composed by two pages as a friendly
interface with its users: the dictionary page shown in Fig. 10.1 and the
taxonomy page shown in Fig. 10.28.

10.1. Dictionary Page

Whenever the browser is run, dictionary page will appear automatically.
You can deliberately switch to the dictionary page by clicking the tab of
Dictionary.

10.1.1. Layout of dictionary page

The dictionary page is composed by: Title, Keyword combo box,
Language combo box, Search mode bar, Edit box, Tree view, Right key
menu, Toolbar, Exit button, Status bar.
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The dictionary page has the following functions: Search, Addition,
Deletion, Modification, Save, Export, Statistics.

~
Z-@ {Age0lder |HH-K)

' o
@@ {Age |ZEHY thost={animate [543}
w @ {GreaterThanNormal | & T 1E%}
w49 {(HighRank| 5%}
- @ {Size| R~} :host={physical |}/ }}
o @ {bigl >
-4 {inportant |[EE}
@ (loud | 575>
i @ {most | gk :scope={Distance|JE &)}

{senior |{3E)

Fig. 10.1. Layout of dictionary page of the browser.

Title
Title shows the version of HowNet to which the browser belongs.

Keyword combo box

Keyword combo box is used to input the keyword. It can save ten
latest searches. The type of the input keyword can be the following:

Chinese word or expression

English word or phrase

A sememe between a set of curly braces

A definition or part of definition
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Browser (HowNet Enowledze System)

Fig. 10.2. Keyword combo box.

Language combo box

There are three choices in Language combo box. They are: Chinese,
English, and Feature.

Note: The type of keyword must correspond to the search language.
When the keyword is a Chinese word or expression, the search language
should be “Chinese”; when the keyword is an English word or phrase,
the search language should be “English”. When the keyword is a sememe,
part of a definition or a full definition, the search language should be
“Feature” (at the same time, the search mode should be either “Exact”,
“First” or “Fuzzy”).

Fig. 10.3. Language combo box.

Edit box
Edit box is used to display a whole record of a search. When you
search a word or expression, the Edit box is read-only and its color

remains gray. When you are adding a record or modifying a record, the
Edit box will become editable and its color will turn white.
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Browser {HowNet Enowledpe System)

4
S

gon
PRy
zme

[1]

[baok]

—"ﬁh‘; B~, J%]~v B, %’-! AT‘Eﬁs »‘H:y ~4

ewspaper

e e
(g

ﬂrﬂl‘ﬂT?ﬂﬂl i

H

i

omo
mi |

{publications|F5T)): {publish| H}f :Content

Fig. 10.5. Edit box (editable).

Tree View
All the search result will be shown in tree view.

- o I
3@ neus
@ news agency

#-@ news analyst

- news bulletin

{ &4 {publications| T :{publ

: .. 4l 068086

7@ news conference

@ neus Film

=48 news from official sources

Fig. 10.6. Tree view.

Right Key Menu
The following functions are splayed and shown when you click the
right key of the mouse:
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Full Expand
Full Collapse

Export
Export
Export

HowNet
by Conception
Definitions

Export
Export

Chinese Word List
English Word List

Export
Export
Export

Chinese Synset
Chinese Antonym
Chinese Converse

Export
Export
Export

English Synset
English Antonym
English Converse

Export
Export

Export

Search Result (Full)
Search Result (Chinese Words)
Search Result (English Words)

Fig. 10.7. Right key menu.

Full Expand: to fully expand the tree view;

Full Collapse: to fully collapse the tree view;
Export HowNet: to export the database of HowNet;
Export by Concept: to export the database of HowNet by the concept

sequence;

Export Definitions: to export the DEF items;
Export Chinese Word List: to export all the Chinese entries, i.e.
unique forms of words and expressions;
Export English Word List: to export all the English entries, i.e. unique
forms of words and phrases;

Export Chinese Synset: to export all the Chinese synonymous sets;
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Export Chinese Antonym: to export all the Chinese antonymous sets;

Export Chinese Converse: to export all the Chinese converse sets;
Export English Synset: to export all the English synonymous sets;
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Export English Antonym: to export all the English antonymous sets;

Export English Converse: to export all the English converse sets;

Export Search Result (Full): to export the search result, in full record
form;

Export Search Result (Chinese Words): to export the search result, in
Chinese word list form;

Export Search Result (English Words): to export the search result, in
English word list form.

Toolbar

The toolbar of the dictionary page plays an important role in various
functions of the Browser. There are eleven functions in the toolbar. They
are addition, modification, deletion, save current, give up, save to file,
search, previous record, next record, statistics and help, shown as
follows.

I3 Addition
iModification

earch: three Search Modes to choose by clicking the arrow
> the button
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Status Bar

Status bar has four sections which are used to display the following
statistics: the prompt information, the number of entries found, the
number of definitions found, and the number of records found.
Figure 10.8 shows that when we search the synonyms of English word
“chair”, 3 entries, 2 definitions and 8 records are found.

< Browser (HowNet Enowledge System)

@ {Furniture |ZEH 1{sit | ]8 :1ocation=({~}}}
& chair

.. @ 129216

.. @ 148003

@ 148045
214 {handle | 2}FE)

& chair
- ORI
preside
143348

Fig. 10.8. Status bar.

10.1.2. Functions of dictionary page

Addition
The addition procedure is as follows:



170 HowNet and The Computation of Meaning

(1) To click the append button on the toolbar, you can see that the
Edit box become editable. At the same time, a blank record as below will
appear, and you may fill in the items.

NO.=000000
W _C=

G C=

E C=

W _E=

G E=

E E=
DEF=

(2) To choose either Save-Current to save the new record or Give-up
to give it up.

a. To save the new record, you must first click the Save-Current
button on the toolbar, then click the button of Save-to-File to save your
changes to the index file.

b. To give up your operation, you just need to click the button of
Give-Up on the toolbar.

Note: Every time when you append one record, do not forget to click
the button of Save-Current or Give-Up

Modification

The modification procedure is as follows:

(1) To find the record which you want to modify. The content of the
record will be displayed in the Edit box;

(2) To click the modification button on the toolbar. To make
modifications when the Edit box becomes editable.

(3) To save the modified record or give it up.

a. To click the Save-Current button on the toolbar to save the
modified record, and then to save the modified record to the index file by
clicking the Save-to-File button.

b. To clicking the Give-Up button to give up your operation
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Note: Every time when you finish modifying a record, remember to
save your current operation or give it up by clicking the respective
button.

Deletion

The deletion procedure is as follows:

(1) To find the record which you want to delete. The record will be
displayed in the Edit box.

(2) To click the deletion button on the toolbar to finish deleting a
record. Remember the deletion has not really been done if you do not
save your changes to the index file by clicking the Save-to-File button on
the toolbar.

(3) To save your operation to the index file. It can be realized by
clicking the Save-to-File button on the toolbar.

Note: As long as you have clicked this button, the record you have
just deleted cannot be restored any more.

Save

There are two ways of saving a record:

(1) To use Save-current; It can be achieved by clicking the button of
Save-Current on the toolbar.

(2) To use Save-to-File; After clicking the Save-to-File button on the
toolbar, you save to the index file the data you have just modified. If you
want to apply your new data, you must do this operation.

Statistics of Data

The statistics dialog is displayed by clicking the statistics button on
the toolbar. There are three pages in the statistics dialog as shown in Fig. 10.9,
Fig. 10.10 and Fig. 10.11.

The first page shows seven items: Chinese Character, Chinese word
and expression, English word and expression, Chinese meaning, English
meaning, DEF, and Record.

The second page shows eight items of semantic information: pure
entity, event, attribute, attribute-value, thing (entity), time (entity), space
(entity), component (entity).
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The last page shows the syntactic information, twenty parts-of-speech
in all: adjective (ADJ), adverb (ADYV), auxiliary (AUX), classifier
(CLAS), conjunction (CONJ), coordinate (COOR), echo (ECHO),
expression (EXPR), infinitive sign (INFSIGN), noun (N), numeral
(NUM), prepositional phrase (PP), prefix (PREFIX), preposition (PREP),
pronoun (PRON), punctuation (PUNC), structure words (STRU), suffix
(SUFFIX), verb (V), character (cha).

HowNet Statistics

~{chinese Character
_‘|Chinese Word & Expression
. |English Word & Expression
{Chinese Heaning

|English Heaning

- |Definition

 {Record

99
9748

Attribute - 3965

_ |attributevale | 8347
| Things 55671 55595

1 Time 20875 £ 2076

s Ispace 1036 1035

Component 6764 6768

Fig. 10.10. HowNet statistics (2).




Browser — HowNet’s Device of Computation of Meaning 173

HowNet Statistics

Fig. 10.11. HowNet statistics (3).

10.1.3. Search modes of dictionary page

You can find the search mode by clicking the arrow beside the search
button on the toolbar.

There are three groups in the search mode: FirstGroup, SecondGroup
and ThirdGroup.

FirstGroup

3
SecondGroup o
ThirdGroup P

FirstGroup: Search by the keyword, including Exact, First, Fuzzy,
Fuzzy Abbr, Fuzzy Jump, Last.

Exact
First
Fuzzy
Fuzzy Abbr
Fuzzy Jump
Last
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SecondGroup: Search by semantic information, including Antonym,

Converse, Synonym, SynClass, Hypemmym, Hyponym, Its value, Its
attribute.

Ant onym
Converse
Synonym
SynClass

! Hypernym
Hyponym

Its value

Its attribute

ThirdGroup: Search by semantic roles of an event, including all kinds
of semantic roles of the event, see Chap. 5.

(1) FirstGroup

Exact

(1) To search with the exact character, words or expressions either in
Chinese or in English you key in KeyWord box. The search result will be
displayed in the tree view, e.g. the English word “book” as shown in Fig. 10.12.

ERCgbook
w-@ {account |EH
@@ {buy| X :means={Makenppointment |£F 3}
w4 {publications |3
w4 {record|CR :donain={police|E}}

Fig 10.12. Exact search result for “book”.

(2) To search with a sememe in a set of curly braces to find the words
and expressions or phrases whose DEFs contain the sememe you key in
KeyWord Box as the only categorial sememe. The search result will be
shown in the tree view, e.g. “{FondOf|& XK} as shown in Fig. 10.13.
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i ..... an-;n?
. 8009 68

) 980909
...... .4y 000910
...... .4 000963
...... ..{) 000964
-4} 000965
Fig. 10.13. Exact search for sememe “{FondOfiE-¥}”.

First

(1) To search with the first character(s) (in Chinese words or
expressions) or the first word(s) (in English phrases) you key in
KeyWord box. The search result will be displayed in the tree view, e.g.
the English word “book” as shown in Fig. 10.14.

ENcgbook
w8 book
#-@ book a ticket
w4 book a vhole theatre
@ book about physiognomy
@ book agent
= ﬁ book binding
B % {Packing|#ME1 % :host={publications | FF}}
L. @ 101367
Ll % book company
! Q book containing models of handwriting or paj
-4 book copied on silk

Fig. 10.14. First search for “book”.

(2) To search with a sememe in a set of curly braces to find all the
words and expressions or phrases whose DEFs contain the sememe you
key in KeyWord Box. The search result will be shown in the tree view,
e.g. “{FondOf|E-%}” as shown in Fig. 10.15.
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= . {Fond0f | =3}
i@ {Fond0f | ZIX}
w4 {Fond0f | =X :adjunct={neg| & }}
E} Q {Fond0f | =% :content= {F1gr[§| 3y

;Q{Fundﬂﬂ.ai’* degree={extreme|1g}}
w-@ {Fond0f | =¥Y :degree={extrene |}, targ
w4 {Fond0f | =37 :degree={very|{R}}
ﬁQ{FundDHEi“" frequency={always|S5-2}}
m- @ {FondOF | EIX -target={?}}

‘Q {Fundl]F|-E-$f.‘” target {Enu1rnnment|r$?ﬂ,

Fig. 10.15. First search for sememe “{FondOf|E-Xk}".

Last

et=

mo

To search with the last character(s) (in Chinese words or expressions)
or the last word(s) (in English phrases) you key in KeyWord box. The
search result will be displayed in the tree view, e.g. the English word

“book” as shown in Fig. 10.16.

Excgvook)

B & account book

‘ = address book

- Q ancient book

=) Q {publications [T modifier={past|;
,,,,,, @) 041857

@ 41887

g +-@§ authoritative book

- @ autograph book

B =@ black book

-4 blue book

- book

4@ cash book

B
‘ i % rhildyentcs nicture-—ctorn hoanls

FTEY

Fig. 10.16. Last search for “book”.
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Fuzzy

(1) To search with character(s) (in Chinese words or expressions) or
word(s) (in English phrases) to find the words and expressions or phrases
which contain the character(s) or word(s) you key in KeyWord box. The
search result will be shown in the tree view, ¢.g. the English word “book”
as shown in Fig. 10.17,

{3.,‘ book

@ account book
@ address book
4 always have a book at one's hand
@ ancient book
- authoritative book
@& autograph book
Ak black book
@ blue book
-§ book
@ book a ticket
Ec-j 4 book a whole theatre [:%
-8 book about physiognomy
.48 book_agent
Fig. 10.17. Fuzzy search of “book”.

q_j‘!

(2) To search with a sememe in a set of curly braces to find the words
and expressions or phrases whose DEFs contain the sememe you key in
KeyWord Box. The search result will be shown in the tree view, e.g.
“{FondOf]Z-XX}” as shown in Fig. 10.18.

E-8& {Fond0OF =37
w4 {BehaviorValue |35 || {& :scope={Fondof | 53K :tat
M} @ {Behavior |3 || :host={human] A :{FondOf| =3 ::
,,,,, #- @ {Behavior|3& b :host={human| A :{FondOf | E3¥ :«
[;1 & {Fond0f|EI}
.Q {FondOf | E¥ :adjunct={neg| % }}
=8 IQ) {Fond0+ | E3X :content={Fight| 3|3}
@ 142558

E} Q {FondUF|-'E'-5""’ degree={extreme|7f&},target={hur
o M SEnnANEI S ~donvrap=LuarnlfE 1Y

Fig. 10.18. Fuzzy search for sememe “{FondOf|E 3K} .
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Fuzzy Abbr

This search mode can only be used to search Chinese expressions.
The language mode should be in Chinese. Using this function we can
search with a Chinese abbreviation which may be out of vocabulary. The
search result will be the full form of the abbreviation, for example:

With “FIBE”, we can get “JHHREH; with “U4BA", we can get “UFH
MR FT and with “I8 B>, we can get “[F] & 51 etc.

e
= @ FENE
Bl :‘ {perforn|RJE :neans={circulate |{fFE}}
~~~~ .4y 127554

Fig. 10.19. Fuzzy abbr. search for “il F&”.

Fuzzy Jump

This search mode can only be used to search Chinese expressions. If
we just know some parts of a Chinese expression, and the parts are not
continuous. We may find the expression using this mode. For example,
we just know that the word contains “’X/N” and the two words “K” and
“/I\” are not continuous in the expression. The search result will be “3¥
KA, AR, “RK¥/ME” and “KRAE/AME” ete. Figure 10.20

take “_I- " as an example.

& ’ {connectlﬁ@‘}
; ~~~~~ -' 817340

w4 HﬁJ:Hj(—F

0@ g

- ,Hﬁ_tﬂﬁ—F

o ® CLAT

w-@ HETRE

w@® EETRE
f*'] . }—Tﬁ-r)_

Fig. 10.20. Fuzzy jump search for “ =F”.

The difference between “Fuzzy Jump” and “Fuzzy Abbr.” lies in:
when “Fuzzy Jump” is used, the Chinese characters in the expressions
found are separate but when “Fuzzy Abbr” is used, the Chinese



Browser — HowNet’s Device of Computation of Meaning 179

characters in the expressions found may be either separate or adjacent.
For example, we take the Chinese abbreviation “[E 4> as an example.

When the search mode is “Fuzzy Jump”, the result is “BE % i\,
“EE {2k, The characters “E” and “4>” are separated.

,
@ EE
o @ EA

Fig, 10.21. Fuzzy jump search for “[E 4>”.

When the search mode is “Fuzzy Abbr.”, the word “B&[E /b will
be added to the result. The character “[H” and “4®>” are adjacent.

=R
- [HE bk
i E R ik
s FEE ek

Fig. 10.22. Fuzzy abbr. search for “[H 1",

SecondGroup

Synonym

To search all the synonyms of the given word or expression. The
result will be displayed as follows: all the concept definitions of the
keyword are shown first and all the synonymous entries based on each of
the concept definitions are shown next.

Antonym

To search all the antonyms of the given word or expression. The
result will be displayed as follows: all the concept definitions of the
keyword are shown first and all the antonymous entries based on each of
the concept definitions are shown next.

Converse
To search all the converses of the given word or expression. The
result will be displayed as follows: all the concept definitions of the
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keyword are shown first and all the converse entries based on each of the
concept definitions are shown next.

SynClass

To search all the SynClass words and expressions of the given word
or expression. The result will be displayed as follows: all the concept
definitions of the keyword are shown first and all the SynClass entries
based on each of the concept definitions are shown next.

Hypernym

We can find the hypernym-hyponym relation of a concept in the
Taxonomy by this search mode. Let us find the hypemym of the word
“doctor” using “Hypernym” search mode.

(1) DEF={doctor|EE &}

i

Fig. 10.23. Hypernym of sememe “{doctor|EE &} .

(2) DEF={human| A\ :HostOf={Occupation[HR{},
domain={medical|& }, {doctor|EZ ¥fi:agent={~}} }

s

Fig. 10.24. Hypernym of sememe “{human| A }”.

Hyponym

We can find the hyponyms of any concept of the given word or
expression. For example, The word “doctor” has three senses, two of
which are human. Let us find the hyponyms of these two using
“Hyponym” search mode.
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(1) DEF={human| A\ :HostOf={Occupation|ER{i. },
domain={medical|& }, {doctor|EE /5 :agent={~} }}

=@ doctor
w-@ {doctor|EI4}
=Rcd {human| A :HostOf={Occupation| {247 ¥, domain=

@@ {human| A :HostOF={0ccupation|§R{s},belor
- {humanlA:Hu[}@ﬂF={0ccupatiun|Hﬂ'ﬁ"Z} ,doma3
@ {human| A :HostOf={0ccupation|FR{I},domai
w4 {human| A :HostOF={0ccupation|§R{I},domai
w-@ {human| A :HostOf={0ccupation|FR{7},domai
w4 {human| A :HostOf={0ccupation|JR{7 },domai
o-@ {human| A :HostOF={0ccupation|ER{7},domai
w=-@ angel in white
@@ nurse
@=-@ nursing staff
w-@ scrub nurse
m-@ visiting nurse
5@ {human| A :HostOF={0ccupation|JR{J},domai

@@ orthopedist

@@ osteopath

m-@) osteopathist
-4 {human| A :HostOf={0ccupation|JR4{}},donai
@ {human| A :HostOF={0ccupation|JR{}},donai
- {human| A :HostOF={0ccupation|HR{f},doma3
m-@ clinical psychologist
m-@ psychotherapist
- @ {human| A :HostOF={0ccupation|ER{}},domai
w4 cardiologist
m-@ heart specialist
@@ heart surgeon

1l

O e O e}

ity

Fig. 10.25. Hyponym search result of “doctor” (1).

(2) DEF={human| A : {own|fj :possession={Status| 5 53-:
domain={education|#{ F } ,modifier={HighRank|&%:
degree={most|5}} },possessor={~}}}
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Tdoctnr

-4 {doctor |Fig )
w4 {human| A :HostOf={0ccupation |} },domain={
EE<d {hunan| A :{oun|§ :possession={Status | B> :d
=R {human| / :RelateTo- {law|{£E},{oun |7 :po]
- @ LLD

@ doctor ul}g laws
&4 {human| A :{ouwn|g :possession={Status| 57
w-@ DDS
- DHD

».Q HD

-4 doctor of dental medicine
@@ doctor of dental surgery
w-# doctor of medicine

-4 {human| A :{oun|7f :possession={Status| 54
@ Doctor of Divinity

Fig. 10.26. Hyponym search result of “doctor” (2).

Its value
To find all the attribute-values that an attribute corresponds to, e.g.

“age”. The search result is:

{Age|fF#E} 's value(s) are:
==> {AgeValue|TER {5}
==> {aged|FZ1E}
==> (MiddleAge|F}
==> {adult|HE}
==> {young|# £}
==> {child|/}>>)L}
==> {AgeOlder|#? X}
==> {AgeYounger#$/)}

Its attribute
To find the attribute that an attribute-value corresponds to. The search

result is as shown in Table 10.1.



Browser — HowNet’s Device of Computation of Meaning

Table 10.1. Sample of the attribute of attribute-values.

attribute value its attribute
DEF={NotHeavy|$%} Weight| &
DEF={gentle|ZE)} Friendliness| X E14:
DEF={noncritical 5%} Seriousness|™ & 4
DEF={small|/>} Size| R~
DEF={unimportant| A & &} Importance| B E 1t
DEF={young|&4E} AgelFEi#t
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(2) ThirdGroup
To search semantic roles of an event, such as CoEvent, Locationlni,
RelateTo, TimeFin, agent, cause, target etc.

10.2. Taxonomy Page

10.2.1. Layout of taxonomy page

You can switch to this page by clicking the tab of taxonomy. This page is
made up by Keyword Combo Box, Semantic Feature Combo Box, View,
Right Key Menu, Toolbar, the exit button and Status Bar, as shown in
Fig. 10.28. The function of the page includes: to search, to export, and to
show Tooltips.

Semantic Feature Combo Box

The combo box contains Event, Entity, Attribute, Attribute Value,
Secondary Feature, Event Role & Features, Syntax, ProperNoun, Sign,
Antonym, Converse.

attribute
fittribute Yalue
Secondary Feature
ProperNoun

Sign

Event Role & Features
Syntax

Antonyn

Converse

Fig. 10.27. Semantic feature combo box.
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Browser {HowKet Enovledge System)

event |$’H= —

r— static| Bs
lation | A
- isa leiF%?

Fig. 10.28. Layout of taxonomy page of the browser.

Keyword Combo Box

Keyword Combo Box is used to input your search keyword. It can
save ten words of the latest search. The input keyword can be a whole
sememe, the English part of a sememe or the Chinese part of a sememe.

View
The antonym and the converse are displayed in a list table.

aged | Z4F child )b ]|,
a119n|§’|~5|€ original| [
palike|fil =~ different|R
ST ~ pieced|
Blone|jhE together | 3E[F]
lready | [ NotYet|HK
pleays| 52  never| )\ B
amiable | K& | unFrlendlle’ﬁE

Fig. 10.29. List view of antonym.

The other sememes are displayed in a tree view.
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Sfentity] %
= thing I 71y
. B-physical YR
. 5 animate |44
. B AnimalHuman|Eh%
. & human| A
. . humanized |3} A
£ animal | &
- beast|FEE
. livestock | ME

Fig. 10.30. Tree view of sememes.

Right Key Menu

The right key menu will be shown when you Full Expand
click the right key of the mouse. The function Full Collapse
includes:

Full Expand: to fully expand the sememe tree;

Full Collapse: to fully collapse the sememe tree;

Export: to export the database

Export

Toolbar

There are two functions in its toolbar.
earch: to search specific sememe, feature or role
¥ Help

Status Bar

There is only one part in the status bar of this page. The number of
the sememes will be shown in it.
The above graph shows that there are 230 nodes in the list.
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ToolTips

When you put your mouse on the taxonomy tree for a moment, the
tooltips will appear, which show the DEF or the event frame of each
sememe.

Relation:
{OwnNot| X:possessor={*},possession={*}}

Comment:

Fig. 10.31. Tooltips of sememe.



Chapter 11

SECONDARY RESOURCES — HOWNET’S
DEVICES OF COMPUTATION OF MEANING

As discussed in Chap. 9, in terms of reaching the depth of the
computation of meaning, the relations in HowNet are classified into two
types: explicit relations and implicit relations. The former is mainly
computed and represented by HowNet browser while the latter by
HowNet secondary resources, which include Concept Relevance
Calculator (CRC), Concept Similarity Measure (CSM) and Query
Expansion Tool (QET). The purpose of developing the secondary
resources is to make HowNet approach to practical applications and to
serve as testing tools for evaluating the quality of HowNet knowledge
data and HowNet’s capability of the computation of meaning.

11.1. Concept Relevance Calculator (CRC)

Related concepts field is a group of words and expressions which are
closely related in multiple sememe connections. They are acquired and
represented by a specially-designed device named Concept Relevance
Calculator (CRC) in HowNet. The device is capable to give a related
concepts field of any senses of any words and expressions both in
English and Chinese included in HowNet. For example, when the word
“bus” is keyed in as a query, 2 groups of related words and expressions
corresponding to the 2 senses of “bus” will be displayed respectively by
the tool:

187
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(a) Sense 1: a vehicle carrying many passengers:

carrying capacity
transport capacity
transport mileage
bus company

bus service
transfer post

first bus

last bus

minibus

tram

trolley

autobus

bus
double-decker
long-distance bus
omnibus

subway train
tourist coach

(b) Sense 2: an electrical conductor:

CPU

central processing unit

microprocessor
processor

CD drive

CD driver

bus

computer hardware
disc drive

drive

driver

floppy disk driver
keyboard
hardware

regular bus

lorry

truck

dumpcart

by bus

carrying trade
public traffic
transport service
transportation
regular bus service
give a lift

land transportation
pick up
transportation
traffic

carry passenger
take on passengers

light pen

mouse

monitor

external memory
floppy disk drive
hard disc

inner memory
main memory
memory
memory board
electronic pen
enter key

save
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11.1.1. Algorithm of CRC

The algorithm of CRC includes the following steps:

Step 1. To take the DEF of the given word as the keyword and make
a fuzzy search to extract all the words and expressions with the same
segment as the DEF, including synclass, synonyms, hyponyms, etc.

Let us take “programming” as the given word. Its DEF is:
DEF={compile|4 % :ContentProduct={software|#{F} }. When we make
a fuzzy search with this DEF as the keyword, we find three DEFs which
involve {compile| 4 % :ContentProduct={software| %X /4 }}, and as a
result we extract the following words and phrases:

ALGOL, FORTRAN, Java, LISP, Prolog, algebraic language,
algorithmic language, application-oriented language, program,
assembly language, programmer, etc.

Step 2. To extract all the antonymous or converse words and
expressions. For example, the DEF of “pauper” is: DEF={human| A\ :
modifier={poor|53}}.

The antonyms of “pauper” are:

billionaire, boss, countrified moneybag, financial magnate, great
riches, landlord, magnate, man of wealth, millionaire, money bags,
moneybag, multimillionaire, plutocrat, rich man, potbellied
merchant, rich merchant, rich person, tycoon, zillionaire, etc.

Step 3. To extract all the words and expressions with the same values
of domain and “RelateTo” as that of the given word if it has, using fuzzy
search with the domain value and “RelateTo” value. For example,

“jump ball”
DEF={phenomena|Bl. % :domain={basketball|{E ¥k} }

The result of extracting with the same domain value includes:
backboard, basketball, basketball backboard, basketball circle,
basketball court, basketball game, basketball league, basketball
match, basketball player, basketball team, guard, holding, jump ball,



190 HowNet and The Computation of Meaning

men’s basketball, professional basketball, rebound, rim, tap-off,
tip-off, women’s basketball;

“homepage”
DEF={readings|i:t4/):RelateTo={internet|X4F M } }

The result of extracting with the same RelateTo value includes:
Internet courting, in the internet, e-mail address, log off, WWW,
web, upload, chat room, off line, mass email, email, spam

Step 4. To deal with the given word or expression according to
different categorial sememes (entity, event, attribute and attribute-value).

Step 4.1. Entity category

Step 4.1.1. To treat the roles “CoEvent” and “time”

If the roles “CoEvent” or “time” is found in the DEF of the given
word or expression, we extract all the words and expressions which
contain the same values of “CoEvent” and “time”. Suppose we take
“metrorrhagia” as the given word, whose DEF is: DEF={disease|}<
J% :CoEvent={bleed| t} Ifi. }}. Then we extract all the words and
expressions which contain {bleed|H Ifl} in their DEFs:

bleeding, nosebleed, uterine bleeding, hemorrhagic, shed blood,
massive haemorrhage, bleed, internal haemorrhage, lose blood, spit
blood, have a hemorrhage, hemorrhage

Step 4.1.2. To take the segment headed by an event sememe as a
keyword to make a fuzzy search and extract all the words and
expressions containing the segment, if the entity’s DEF contains event
sememe (s). Let’s take “savings bank” as an example. Its DEF is:

DEF={InstitutePlace|3% fT:domain={finance| &},
{SetAside| B 17 :location={~} ,possession={money| 5 1} },
{TakeBack|H% [Al:location={~} ,possession={money| % T} }}

In this DEF we find two segments headed by event sememes,
“SetAside|Fi 7~ and “TakeBack|H{|R]”. We take the description node
“location={~}" out of the two segments, use the remaining parts,
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{SetAside| B 17:possession={money| % T}} and {TakeBack| HX
[A]:possession={money|#% ifi}}, and make a fuzzy search to extract all
the words and expressions with these two remaining segment. So we can
get the following result:
Bank of China, DBS Bank, Federal Reserve Bank, HSBC Bank,
bank corruption, commercial bank, credit card, deposit book,
domestic branch, overseas branch, etc.

Step 4.1.3. To take the complex segment of a “whole” from the DEF
of an entity as the keyword to make a fuzzy search and extract all the
words and expressions whose DEF contain the whole segment. For
example, the DEF of “finger” is:

DEF={part|3#{4:whole=
{part|#{4:PartPosition={hand|F } ,whole={human| A\ } } }

We take the complex segment, {part| # £:PartPosition={hand|
ZF},whole={human| A\ }}, to make a fuzzy search and the result is:
wave, applaud, beckon, clapping, clench, click, finger tip, fist,
forefinger, hand, palm, script, snap, thumb, win, etc.

Step 4.1.4. To take some specific segments in the DEF of the given
word’s categorial sememe in the taxonomy. If in the DEF we can find an
event sememe, we will select the following semantic roles under the
event sememe: ContentProduct, location, content, instrument. Let us take
the word “small fish” as an example. Its DEF is: DEF={fish|
£ :modifier={small|/}}}, and its categorial sememe is {fish|f4}; and in
the taxonomy we find its DEF is:

{animal|##: {alive|i% % :experiencer={~} location={waters|7K i} },
{swim{{if:agent={~} },{eat|"Z :patient={~} } ,Material Of= {edible| &
Zh

In this DEF we find an event sememe, “alive|{&&” and two semantic
roles under it: “experiencer” and “location”, and we select {waters|7K1}
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in location={waters|7K1&} to make a fuzzy search. So we can extract the
following words and expressions:
yellow sea, oceanic trench, offshore, draft, voyage, dive, sink, tide,
water level, seascape, sheepshead etc.

It should be noted that this step is conducted only for Rank 3.

Step 4.2. Event category

Step 4.2.1. To take a specific segment or sememe in the DEF of the
given word or expression and make a fuzzy search to extract all the
relevant words and expressions. Let us take “treat a disease” as an example.
Its DEF is: DEF={doctor|E= y4:content={disease|#%<Ji } ,domain={medical| & } }.

Taking “{disease|#<J# }” as the keyword and making a fuzzy search,
we get the following result:
AIDS, Alzheimer’s disease, BSE, Balkan Syndrome, Black Death,
CDC, Down syndrome, Down’s syndrome, E.N.T. department, ER,
Ebola virus disease, German measles, Graves’ disease, Gulf War
Syndrome, HNC, Hodgkin’s disease, etc.

Step 4.2.2. To take one of the sememes in the event frame of the
categorial sememe of the given word and expression and make a fuzzy
search to extract all the relevant words and expressions. Let us take
“steal” as an example. Its DEF is: DEF={steal|fif} and its event frame is:
{take|HX :agent={*} ,possession={*} ,source={*},manner={covert|F3 5} }

We take {covert|f3f#} as the keyword and make a fuzzy search and
extract all the relevant words and expressions as follows:

abscond, abscondment, argot, assassinate, assassination, backstage,
be hermit, call secretly, caucus, clandestine, concealed, conclave,
confidential talk, covert place, decampment, dubious, eavesdrop,
enigmatic, enigmatically, furtive, etc.

Step 4.3. Attribute category
Step 4.3.1. To take all the attribute-values corresponding to the
categorial sememe of the given word and expression as the keywords and
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make an exact search and extract all the words and expressions. To take
the word “health” as an example, its DEF is:{Health| f#
J%:host={AnimalHuman|3J4} }, and its categorial sememe is: {Health|
{# 5%}, whose corresponding attribute-values are:

{HealthValue|{# {5 }

==> {healthy|F{#}

==> {unhealthy| N #}

After making an exact search using {healthy|f{#} and {unhealthy|

A} as the keywords, we get the result as follows:

full of sap, full of vigour and vitality, hale and hearty, healthily,

healthy, healthy and vigorous, healthy and well, healthy in old age,

in good health, in one's prime, in the prime of life, strong, delicate,

sick and weak, sickly

Step 4.3.2. To treat semantic role “scope”. Let us take the word
“hearing” as an example. Its DEF is: {Ability| 8¢ /7 :host={AnimalHuman|
h4)} ,scope={listen|¥7}}. By taking {listen/¥7} and making a fuzzy
search, we get the following result:

acute hearing, audiology, listen, listen in, turn a deaf ear to, bug,
eavesdrop, overhear, take in, telephone tapping, wiretap, etc.

Step 4.4. Attribute-value category
Step 4.4.1. To take the attribute corresponding to the categorial
sememe of the given word and expression as the keyword and make a
fuzzy search and extract all the words and expressions. To take the word
“pink” as an example, its DEF is:{red|4L:degree={light|¥%}}. And its
categorial sememe is: {red|4L}, whose corresponding attribute is: {Color|
B}
After making a fuzzy search using {Color|Ziff} as the keyword, we
get the result as follows:
aberration, black race, chroma, chromatogram, color, color property,
complexion contrast, cool colour, cryptic coloration, dark colors,
deep or light, design and colour, discolour, dithered color, fade,
filter, food color, harmonize colours, look, lose colour, magenta,
match colours, mauve, melanin, mix colours, palette, pure color,
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red race, shade, spectroscopy, spectrum, tarnish, tone, tricolor,
warm tones, €tc.

Step 4.4.2. To treat semantic role “scope”. Let us take the word
“decorative” as an example. Its DEF is:{{able|fit:scope={decorate|3
Hi}}. By taking {decorate|3%1fi} and making a fuzzy search, we get the
following result:

anklet, artificial flower, azurite, backdrop, background, bracelet,
breast pin, bric-a-brac, brooch, canopy, carpet, casket, curtain,
deck, decorations, dress up, embellishment, frontlet, garland,
garniture, handicraft, jade article, jewelry, necklace, necklet, etc.

Finally, let us introduce an important function which is most
frequently used in CRC for taking a specific part out of a DEF.

void Capture_Def ( const S DEF* ApsDef , S DEF* ApsRlt , int
AnCurNode )

parameters:  ApsDef source DEF
ApsRIt buffer for extracted results
AnCurNode initial node of segment

return value : None

The function is used to taking out of a DEF the segment which we
find the key feature and to use the segment to extract all the words and
expressions from HowNet knowledge database.

Let us take the word “hospital” as an example. Its DEF is:

DEF={InstitutePlace|3%JT:domain={medical|E% }, {doctor]EJf:content=
{discase|#&J7 } location={~} }}

If we want to take the second segment out of the DEF, by using the
function we intend to take {doctor|E ¥4 :content={disease[}%J#}}, rather
than {doctor|E& ¥4 :content={disease| & # } location={~} }, because the
segment with {~} is not grammatical in KDML. When using this
function and making a search with the keyword of {doctor|
74 :content={disease|%J% }, we can extract much more correct words and
expressions.
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11.2. Concept Similarity Measure (CSM)

Concept Similarity Measure (CSM) is able to measure the similarity
between any senses of any words and expressions in HowNet. In
HowNet the measurement of similarity is based on the concept, it proves
to achieve a very high accuracy. Table 11.1 displays the results of the
similarity between the concept “doctor” denoting “licensed medical
practitioner” and some other concepts related to medical domain
respectively.

Table 11.1.
conceptl concept2 similarity value
doctor physician 1.000000
doctor surgeon 0.950000
doctor nurse 0.883333
doctor pharmacist 0.550000
doctor anesthetist 0.340000
doctor atient 0.203636
doctor symptom 0.021053
doctor disease 0.018605
doctor therapy 0.018605

When discussing relevance and similarity, it is significant for us to
have a clear distinction between (1) similarity and relevance in meaning;
(2) similarity and co-occurrence in context, and (3) similarity and
collocation in usage. The similarity defined in HowNet is based on the
meaning; it has nothing to do with relevance, for example, “doctor” and
“dentist” are of high similarity — 0.883333, as shown in Fig. 11.1, but
“doctor” and “fever” are of very low similarity — 0.001247 as shown
in Fig. 11.2 — in fact they have no similarity in meaning, but they are
of high relevancy. Collocation in essence is a question of usage of words
and particularly of idiom in a language, for example, the words “watch”
and “TV” collocate but the words “see” and “TV” do not, though “see”
and “watch” are close synonymous.
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Concept Similarity Neasure

EH4T7 b, domain=¢{medical|[%}, {doctor
:possession={Status| 57 :domain={education |y

eyuora: [EEERS

{human| A :HostOf-{Occupation|

Eig. 11.1. Result of the similarity measurement (1).

v Neasure

L,{doctor

(= = ragent={"}}}
:domain={education|

Fig. 11.2. Result of the similarity measurement (2).
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Besides, the similarity defined by HowNet is irrelevant with syntactic
features and the usage of the words and expressions. A comparison
between the different senses of the words “treat” and “treatment” is
shown in Table 11.2.

Table 11.2. Result of the similarity measurement (3).

conceptl concept2 similarity value
treat {doctor|% i} treatment {doctor|lZZ 78}  |1.000000
treat {doctor|E& 5} treatment {treat %t $§}  10.018605
treat {treat)¥} 4} treatment{doctor|EE§} 10.018605
treat {treat/%f 55} treatment {treat|Xf£F}  1.000000

11.2.1. Algorithm of CSM

The algorithm of CSM includes the following steps:

Step 1. To check the two given concepts: if they are synonyms, then
the similarity is 1.000000. For example, the concepts “doctor” denoting
“licensed medical practitioner” and “doc” are synonyms, their similarity
is 1.000000, that is, S(c1,c2) = 1.000000.

Step 2. To check the two given concepts: if they are of synclass, then
the similarity is 0.950000. For example, the concepts “doctor” denoting
“licensed medical practitioner” and “surgeon” are of synclass, their
similarity is 0.950000, that is, S(c1,c2) = 0.950000.

Step 3. To check the two given concepts: if they are antonyms or
converse, then the similarity is 0.000000. For example, the concepts
“poor man” and “rich man” are antonyms, their similarity is 0.000000,
that is, S(cl,c2) = 0.000000; the concepts “agree” and “disagree” are
converse, their similarity is 0.000000, that is, S(c1,c2) = 0.000000.

Step 4. To compute based on the following special semantic roles:
CoEvent and MaterialOf by taking the values of these semantic roles as
the DEF of the concepts. For example, the DEF of “charity” is:

DEF={affairs| 45 :CoEvent={TakeCare|/f £} :manner=

{voluntary| & J&} } {help|# B:manner={voluntary| B &} } }
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When computing the similarity of “charity”, we regard its DEF
as:
{TakeCare| 8 #}:manner={voluntary| 5 J&} } {help|#& B):
manner={voluntary| 5 J&}}

The DEF of the concept “paper pulp” is:
DEF={material|#f ¥}:MaterialOf={material|#} $}:
{wrap|f.$L :instrument={~} }, {write| 5 :LocationFin={~} } } }

When computing the similarity of “paper pulp”, we regard its DEF
as:
{material|#4 %}
{wrap|t4#_.:instrument={~} }, {write| 5 :LocationFin={~} } }

Step 5. To check the two given concepts: if they do not fit the cases
in the above steps 1~3, some refined computing should be conducted.
Step 5.1. To check the two given concepts to see if their DEFs are
mutually including or not, then a value of pl will be given. If the two
DEFs are mutually including, then pl1=1.000000; if not, then
p1=0.000000. Let us look at the DEFs of the concepts “psychotherapist”
and “doctor”:
“psychotherapist™:
DEF={human| A\ :HostOf={Occupation|ER{ },
domain={medical|E& }, {doctor|E& Jf; :agent={~},
content= {disease|#% A :cause={mental ¥} }}}

“doctor”:
DEF={human| A\ :HostOf={Occupation|HR {7 },
domain={medical|f },{doctor|EE }&:agent={~} } }

The DEF of “doctor” is imbedded in the DEF of “psychotherapist”,
then p1= 1.000000.

Step 5.2. To check the categorial sememes (the first unit of DEF) of
the two given concepts to see the similarity between them, and p2 will be



HowNet’s Devices of Computation of Meaning 199

given. As all the sememes are organized into a hierarchy representing
hypernymous/hyponymous relations, we can compute the semantic
distance between the two sememes. Suppose the distance of the two
sememes is d, and is based on formula (1).

p2 = al(d + a). (1)

d is the distance between the categorial sememe of the first concept and
the categorial sememe of the second concept in the sememe hierarchy,
which is a positive integer. we specify a = 1.6.
Let us look at the computing of the distance between the sememes
“human| A\’ and “tree|#” as an example.
The hypemym tree of “human| A" is:
entity| SE&
==> thing| J7 ¥
==> physical| ¥} ;i
==> animate| &4
==> AnimalHuman|3#
==> human| A\

and the hypernym tree of “tree|#” is:
entity| SE4A
==> thing| /7 ¥
==> physical| ¥} A
==> animate| )
==> plant|[tH4]
==> tree|
We find that the common hypernym of the two sememes is “animate|
A4 and the length between the two sememes and their hypernym is
two steps respectively, so the distance between the two sememes is 4
steps, that is, d = 4.
p2 =al(d+ a)
= 1.6/(4+1.6)
=1.6/5.6
=0.285714.
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Step 5.3. To check the similarity in description node between the two
DEFs, then p3 is given. The computation is based on formula (2):

p3 = Ns*2/(Nc1+Nc2). @)

Note: Description node is a combination made by “semantic role =
sememe” or “ZeroRole = sememe”.

Ns denotes the number of the same description nodes in the DEFs of
the given two concepts;

Ncl denotes the number of description nodes in the DEF of the first
given concept;

Nc2 denotes the number of description nodes in the DEF of the
second given concept.

Let us compare the description nodes of the following two concepts
and show the result of comparison in Table 11.3.
“private instructor”
DEF={human| A : {teach|#:agent={~},
location={family|ZX K&} }}
“assistant”
DEF={human| A\ :HostOf={Occupation|BR{ },
{teach|#:agent={~}}}

Table 11.3. Result of comparison between description nodes (1).

4 description nodes of “private instructor” | 4 description nodes of “assistant”
ZeroRole={human| A} ZeroRole={human| A}
HostOf={Occupation[JFfiL}
ZeroRole={teach| £} ZeroRole={ teach| £}
agent={~} agent={~}
location={family|ZX §Z}

Table 11.3 shows “private instructor” and “assistant” have three same
description nodes (in italic). The similarity in this stage is computed as
follows:

p3(private instructor, assistant) = 3*2/(4+4)

=6/8
=0.750000.
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One more comparison between the description nodes of the following

two concepts and show the result of comparison in Table 11.4.

“senior student”
DEF={human| \ :

{study|¥ 3] :agent={~} location={InstitutePlace|}% FT:
domain={education|#{H },
{study|% 3 :location={~} },{teach|#:location={~} } } } }

“headmaster”

DEF={human| A\ :HostOf={Occupation|{ER i },
modifier={official| § }, {manage|& ¥ :agent={~},
patient={InstitutePlace|3% FT:domain={education|#( &'},
{study|% 3] :location={~} },{teach|#:location={~} } } } }

Table 11.4. Result of comparison between description nodes (2).

9 description nodes of “senior student”

11 description nodes of “headmaster”

ZeroRole={human| A}

ZeroRole={human| A}

HostOf={Occupation|FR {7 }

modifier={official| & }

ZeroRole={study|2£ ]}

ZeroRole={manage| & ¥}

agent={~}

agent={~}

location={InstitutePlace[3#1 5T}

patient={InstitutePlace[37FT}

domain={education|&F}

domain={education &}

ZeroRole={study|%¥ 3]}

ZeroRole={study|%¥ >J}

location={~}

location={~}

ZeroRole={ teach|#(}

ZeroRole={ teach|#{}

location={~}

location={~}

It seems that these two concepts have 7 same description nodes, but
in fact they have only one same node (in italic), for apart from the first
node {human| A}, the rest six are governed by different father nodes:
{study|%%>J} in “senior student” and {manage|E £} in “headmaster”.
Thus the similarity in this stage is as follows:

p3(senior student, headmaster) = 1*2/(9+11)

=2/20
= 0.100000.
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Step 5.4. In the hierarchy of the HowNet entity taxonomy, each
sememe class has a definition, for instance, “human| A\” has a definition
as follows:

{ AnimalHuman|3/}4):HostOf={ Ability| 8% /7 } {Name| % % } {Wisdom|

HE) {speak| Vi agent={~}},{think| % agent={~}}}

As a sememe class is defined in the same form as a concept in the
knowledge dictionary, Step 5.4 does the same computation as Step 5.3,
that is, checking the similarity in description node between the
definitions of the two sememe class, then p4 is given.

Step 5.5. Final computing of the similarity will be based on:
S(cl,c2) = (p1*p1 + p2*f2 + p3*fs + pA*fa)* y. 3)

B, B, B3, Paare the weights for the different stages of computing. Their
relation will be 1 + 2 + B3 + B4 = 1 and their respective values are: pi =
0.1,ﬂ2 = 01’ ﬁ3 =0.7, ﬁ4 =0.1

When two given concepts have the same event sememe at the same
level and if there exists a contrastive pair of semantic roles under the
event sememe in Table 11.5, then a penalty factor y should be applied to
the solution of Formula (3), we specify y = 0.35. On the contrary, we

specify y = 1.0.

Table 11.5. Contrastive pairs of roles.

principal semantic roles affected semantic roles
agent patient
experiencer target
relevant content
existent partner
POSSESSOT PatientProduct
PatientContent
possession
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Let us first look at the computing of similarity between “doctor” and
“nurse”. The DEFs of the two words are:

“doctor”

DEF={human| A\ :HostOf={Occupation|ER {7},

domain={medical|B& },{doctor|{E& /G :agent={~} }}

“nurse”

DEF={human| A :HostOf={Occupation|fR {7},

domain={medical|E }, {TakeCare|fE £} :agent={~}}}

According to Step 5.1, the result is: p1 = 0.000000.
According to the formula (1) of Step 5.2, the result is:

p2=oa/(d+ a)
=1.6/(0 + 1.6)
=1.000000.

Then the computation according to p3 = Ns*2/(Nc1+Nc2) of Step 5.3

is conducted:

According to Table 11.6, Ns =3, Ncl1=5,Nc2 =5

p3 =Ns*2/(Ncl1+Nc2)
= 3*2/(5+5)
=6/10
= 0.600000.

Table 11.6. Result of comparison between description nodes (3).

5 description nodes of “doctor”

5 description nodes of “nurse”

ZeroRole={{human| A}

ZeroRole={{human| A}

HostOf={Occupation| ZF{l}

HostOf={Occupation| ZF{}

domain={medical| &}

domain={medical| &}

ZeroRole={doctor|EE {&}

ZeroRole={TakeCare|E¥}}

agent={~}

agent={~}

Then Step 5.4 is followed. The categorial sememes of “doctor” and

“nurse” are the same: “human|A\”, whose DEF in the taxonomy is:
{ AnimalHuman| 3} 4 :HostOf={ Ability|f& 71 } {Name| % 4 } {Wisdom| %
), {speak|¥i:agent={~}}, {think| % agent={~} } }
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Table 11.7. Description nodes of “human| A",

8 description nodes of “human| A
ZeroRole={ AnimalHuman|34)}
HostOf={Ability|& J7}
HostOf={Name|#t £}

HostOf={ Wisdom| %5 £}
ZeroRole={ speak|ifi}

agent={~}

ZeroRole={ think| 8%}

agent={~}

The result is:

p4 =Ns*2/(Nc1+Nc2)
= 8*2/(8+8)
= 1.000000.

As the two given words have the same event sememe at the same
level and there do not exist a contrastive pair of semantic roles under the
event sememe in Table 11.5, y = 1.0.

Finally the similarity between “doctor” and “nurse” is:

S(doctor,nurse) = (p1*f1 + p2*f2 + p3*ps + pd*Ba)* y

= (0.000000*0.1+1.000000*0.1+0.600000*0.7+1.000000*0.1)*1.0

= (0.000000+0.100000+0.420000+0.10000)*1.0

=0.620000.

Let us see what the similarity between “doctor” and “patient” is then.
The DEFs of “doctor” and “patient” are:
“doctor”
DEF={human| A\ :HostOf={Occupation|ER {7},
domain={medical|EX },{doctor|EE ¥ :agent={~} } }
“patient”
DEF={human| A\ :domain={medical|E& }, {SufferFrom| ¥ f&:
experiencer={~} },{doctor|E & patient={~} } }

The computation according to Step 5.1 gives the resuit: p1 = 0.000000,
and according to the formula (1) in Step 5.2, the computation is:
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p2=o/(d+ a)
= 1.6/(0+1.6)
= 1.000000.

Then we come to Step 5.3, the computation according to the formula:
p3 = Ns*2/(Nc1+Nc2).
According to Table 11.6, we can get: Ns =3, Ncl1 =5,Nc2 =5
p3 =Ns*2/(Nc1+Nc2)
= 3*2/(5+6)
=6/11
=0.545455.

Table 11.6. Result of comparison between description nodes (4).

5 description nodes of “doctor” 6 description nodes of “patient”
ZeroRole={{human| A} ZeroRole={{human| A}
HostOf={Occupation|J47}
domain={medical| &} domain={medical| £}
ZeroRole={doctor| % /5) ZeroRole={doctor| EE 16}
agent={~} patient={~}
ZeroRole={ SufferFrom|fE 5}
experiencer={~}

Then Step 5.4 is followed. The categorial sememes of “doctor” and
“patient” are the same: “human| A\, whose DEF in the taxonomy is:
{AnimalHuman|3}4):HostOf={Ability| i 7] } {Name|# £ } {Wisdom|

BE {speak|Vi:agent={~}}, {think| /B % :agent={~} }}

The result is:
p4=Ns*2/(Ncl+Nc2)
= 8*2/(8+8)
= 1.000000.

As the two given words have the same event sememe at the same
level and there exists a contrastive pair of semantic roles under the event
sememe in Table 11.5, y =0.35.
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ZeroRole={doctor|EE i}

ZeroRole={doctor|E ¥}

agent={~}

patient={~}

According to Step 5.5:

S(doctor,patient) = (p1*S1 + p2*f2 + p3*fs + pd*fa)* y
= (0.000000*0.1+1.000000%0.1+0.545455*0.7+1.000000*0.1)* 0.35
= (0.000000+0.100000+0.3818185+0.100000)*0.35

=0.5818185*0.35
=0.203636.

To sum up, our intuition tells us that the similarity between “doctor”
and “patient” should differ from that between “doctor” and “nurse”. It
should be believed that the following result given by HowNet CSM is
reasonable and acceptable:

similarity between “doctor” and “nurse” is 0.620000.

similarity between “doctor” and “patient” is 0.203636.

Keywordz }nurse

{cherish|.LyPp}
i{feed |DN)

" {maintain|{}F}

(Take[:are|ﬁ;ﬂ— domain= (medlcallE)} "

i {human| Host0F={nccupat1on|§ﬁ D } {TakecareL Kl =

Fig. 11.3. Result of the similarity measurement (3).



HowNet’s Devices of Computation of Meaning 207

B

Keywordz patlent

(ablelm scope= (endur 1
i L4k : {event | B¢ .patlents("’)})
(human],.\ donain={medical |[& },{Sufferfr oml_ ccexperiencer={~}},{docter}

Fig. 11.4. Result of the singl-arity measurement (4).

11.3. Query Expansion Tool (QET)

The HowNet-based query-expansion tool is designed to be used in an
interactive for a search engine.

11.3.1. Three ranks

The tool is mainly based on three types of semantic relations:
(1) synonymous words and expressions as the first-rank expansion,
(2) synclass words and expressions as the second rank expansion,
and (3) part of hyponymous words and expressions as the third-rank
expansion. To take English word “TV” as an example:

(a) First-rank expansion (2 entries):

TV, television
(b) Second-rank expansion (7 entries):
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TV, TV program, TV show, satellite TV, stage photo, television,
television program

(¢) Third-rank expansion (9 entries):
MTV, TV, TV program, TV show, music TV, satellite TV, stage
photo, television, television program

The words and expressions of the first-rank and the second-rank
usually have the same concept definitions, for instance:
“TV” (first-rank)
DEF={image| & {4 :RelateTo={shows| R &} }

“television program” (second-rank)
DEF={image| & {%:RelatcTo={shows|RE¥}}

But the words and expressions that are peculiar to the third-rank
usually differ from those that belong to the first and second ranks, for
instance:

“MTV”
DEF={image| {4 :RelateTo={music| 5 5 } {shows| R EW}}

Let us take “teacher” as one more example. Its first-rank expansion
includes four words: educator, instructor, school teacher, teacher. The
results of its second-rank and third-rank expansions are shown in Fig. 11.5
and Fig. 11.6.

11.3.2. Cross-language

When the query expansion tool is applied as an interactive in a search
engine, it can be used in a cross-language way. Through the dialogue box
the user may choose the function which can automatically shift from one
language, say, English to the other, say, Chinese. Let us take the English
word “teacher” again as an example. When we input it as a query and if
we give a positive answer to the cross-language dialogue box of the
interactive, the interactive may provide us the expansion selections in
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both the languages, for example, from “teacher” to the Chinese
equivalent “#(Jifi”, and thus provides the three-rank expansion in
Chinese, as shown as follows:

(a) First-rank expansion (8 entries), as shown in Fig. 11.7:

HOm, BB, #EeA, HA, 2N, WK, ek BT

(b) Second-rank expansion (25 entries), as shown in Fig. 11.8:
PEAT, e, @A, KEPHm, S0, BUE, X7, &
IR, BEAE, YW, BOW, BIR, BBE, #HBERE, B, B
FEEFR, ZIW, WK, LA HEI, B, ek, W, BT, E&
%, B

(¢) Third-rank expansion (29 entries), as shown in Fig. 11.9:
AR, R, AR, K¥EUIN, |I0, B¥, BIE, X
T, BIBUR, REAE, W, BUT, 2R, BPE, BPLLE, #
R, ZEER, 2N, 200, LK, K, SEXE0m, 5%, 5
g, Bk, e, BT, EHER, Bh#E

&:Quéry Expansioﬁ Tool . Q@ES_(]

{lancient form of address to a Confucian scholar
lassociate professor

icollege lecturer

iqdoctorial advisor

' leducator

iesteemed teacher

yfifull professor

sjinstructer

§11

 imaster's supervisor

Fig. 11.5. Result of query expansion (1).
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& Query Expansion Tool

Ll & =y
n charge of a class

e Gl :
:Jancient farm of address to a Confucian scholteacher i
tutor

associate professor
visiting professor

hancellor
ollege lecturer
doctorial advisor
educator

aster's supervisor

entor
one's teacher
practice teacher

/lschool teacher
istudent teacher
superintendent
teacher

e

Fig. 11.7. Result of query expansion (3).
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2.3

Js Tool

Fig. 11.9. Result of query expansion (5).
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11.3.3. Restraint of over-expansion

In query expansion, one of the most crucial issues is how to avoid
over-expansion, that is, over-generation of the queries that the tool may
provides. It would be easy for HowNet to restrain over-expansion by the
sense count of the word or expression if it is chosen as a query. For
example, if we choose the English word “photo” as a query, the
expansion results that the tool gives is as follows:
first-rank: (2 entries)
photo, photograph

second-rank: (10 entries)
bareheaded photo, black-and-white photo, group photo, photo,
group picture, half-length bareheaded photograph, stereoscopic
photograph, stereoscopic picture, full-faced photo, stereo

third-rank: (23 entries)
coloured photograph, latest photo, marriage photo, microdot,
phlebogram, microphotograph, ...

It may be noticed that the word “picture” does not appear in the
expansion although it is one of the synonyms of “photo”. It is deleted by
the tool because it has 6 senses in the knowledge dictionary of HowNet.
A rule is set in the query expansion tool that any word should not be
taken as a query or an expansion if it has 3 or more than 3 senses.



Chapter 12

HOWNET AS A SOFTWARE

As discussed previously, the goal of HowNet system is strongly
computer-oriented. In the previous chapters we illustrated how HowNet
recognizes the world, how HowNet describes knowledge, and how
HowNet intends to make the computation of meaning. Nevertheless, if
we just kept the elaboration and description as some static theory, it
would be meaningless to computer and HLT. The computer-orientation
needs to activate the static or isolated knowledge that HowNet provides
and make it computable in concept relations and concept attribute
relations. As we pointed out previously that most concept relations and
attribute relations expressed by HowNet are not pre-coded manually and
pre-stored in the system, instead they are computed on-line and in real
time. How can HowNet achieve this? This chapter will give the answer
and present HowNet as a software.

12.1. Data Construction

12.1.1. Basic principles of programming

The programming of HowNet software observes the following basic
principles:

(1) To benefit the language engineers in developing and updating data.
HowNet is characterized by its very large-scale volume of knowledge
data and its very comprehensive and complex computation of meanings.
The development of HowNet requires close collaboration between software

213
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engineers and language engineers. In terms of software, its design
achieves the separation between knowledge data construction and the
implementation of software. The language engineers of HowNet can
easily represent and edit the knowledge data in KDML needless to care
about operation of software.

(2) The data management tool of HowNet guarantees highly
consistency of the knowledge data and detection of redundancy or
duplication of data. As all the knowledge data in HowNet are manually
coded, it is critical to maintain their consistency.

(3) Speed and effectiveness of HowNet programs are crucial. Users
can feel its speed when they test HowNet browser and secondary tools of
computation of meaning.

12.1.2. Different types of database in HowNet

As aforesaid, HowNet is not an on-line bilingual dictionary, but a very
complex knowledge system. The construction of data is not merely a
static storage of data, but should form various complicated relations. This
is the reason why we do not adopt any current database. The data of
HowNet are divided into two parts: Taxonomy database and Dictionary
database.

(1) Taxonomy database

HowNet Taxonomy database includes 11 files, which all take pure
text form.

Firstly, we should construct 9 files: Event, Entity, Attribute,
AttributeValue, Sencondary Feature, Proper, Event Role & Feature,
Sign, Part of speech. In these files, every line represents a node, with
which a tree-structured relation is established.

Secondly, after constructing the 9 files, we would construct the rest of
the two files. They are Antonymous sememes list and Converse sememes
list, in which all the sememes exist as correspondent pairs.

Finally, we should construct the relations among Taxonomy files.
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(2) Dictionary database

HowNet dictionary is a very large-scale database, which currently
contains over 150,000 data records with 80,000 Chinese and English
words and expressions respectively. Moreover the database undergoes
very frequent modification and updating. Therefore its management tool
should be of very high efficiency.

Firstly, we should check the records in their grammatical correctness.

(a) Record format checking: in constructing dictionary, every record
should be checked in its format as well as its content. As aforesaid in
HowNet dictionary each record is composed of 8 items: Record serial
number, Chinese word or expression, Chinese grammatical information,
Chinese examples, English word or phrase, English grammatical
information, English examples, Concept definition.

(b) KDML grammar checking: in Chap. 8 KDML was presented in
detail. In this step the management tool check every item of the record to
guarantee its grammatical correctness. Besides the tool will compile
KDML.

(c) Deduplicating: after grammar checking of KDML for each item of
the record, the tool will detect record duplications and remove them if
any.

Secondly, we should digitalize the records.

Finally, we index Chinese word or expression, English word or
expression and DEF of each record respectively.

12.1.3. KDML compilation

(1) To select all the sememes and semantic roles out of the DEF in
pure text and put them in a buffer, and record the amount;

(2) To check the level and the match between left and right braces;

(3) To spell check every sememe and semantic role;

(4) To check the punctuations used in the record;

(5) To check DEF for its reasonableness to avoid the following
errors:

a. coordinate ZeroRole
wrong:
{human| A : {doctor|E& J4:agent={~} } {discharge|FF B :patient={~} } }
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right:
{human| A : {doctor|(E J4:agent={~} }, {discharge| & :patient={~} } }

b. with the exception of categorial sememe, any non-event

sememes preceded by no semantic role

wrong:

{human| A\ : {Occupation|HRf }, {doctor|E& 15 :agent={~} } }

right:

{human| A :HostOf={Occupation|§R{}, {doctor|E= ¥ :agent={~} } }

c. any duplications of segment
wrong:
{human| A\ : {doctor|[E J& :agent={~} },{doctor|E ¥4 :agent={~} }}
right:
{human| A : {doctor|E /& agent={~} } }

d. any duplications of semantic role
wrong: _
{human| A\ :domain={medical|E& } ,domain={economy|Z ¥t} }
right:
{human| A\ :domain={medical|& } {economy|Z 5t} }

¢. omission of referent relation by swung-dash in braces: {~}
wrong:
{human| A\ :-HostOf={Occupation|/BR{7},{doctor|E 4} }
right:
{human| A\ :HostOf={Occupation|BR{i }, {doctor|ZE & :agent={~} } }

f. non-attribute-value for the semantic role modifier
wrong:
{human| A\ :modifier={economy|Z 5} }
right:
{human| A :modifier={female| %} }

g. omission of “host” for a categorial sememe of attribute
wrong:
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{Color|Fi .}
right:
{Color|Ff&:host={physical ¥ i } }

h. referent relation by swung-dash in braces: {~} with no precedent
governing event sememe
wrong:
{human| A :agent={~} }
right:
{human| A\ : {teach|#:agent={~}}}

(6) To sort: Sorting of the records in HowNet dictionary observes the
following guidelines:

a. according to the order of their categorial sememes;

b. according to the alphabetical order of their semantic roles if the
order of the categorial sememes are the same;

c¢. according to the alphabetical order of the values of their semantic
roles if the orders of the categorial sememes and semantic roles are the
same;

(7) To store the DEF that has been checked and sorted into a
self-defined structure(S_DEF) which contains three items: number of
segments, number of sememes and content of segments.

struct S_DEF

{
BYTE NodeNum; // number of segments
BYTE SemeNum; // number of sememes
S_DEF_NODE Node[Max_Num]; // content of segments

b

struct S DEF NODE

{

WORDDomai; // semantic role in digital code
WORDClass; //  value of the semantic role in digital code
char Fathe; // parent segment ID

char Exten; // extend ID

char Layer; // segment layer
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char S Off, // segment ID of first son
35

12.2. Application Program Interface (API) of HowNet

HowNet provide users not only the database but also many APIs. We
will introduce some important APIs of HowNet in this section.

(1) bool HowNet_Initial (void)

Function Description: To initialize the data in HowNet;

Return Value: The function returns true if the initialization is
successful, otherwise returns false;

Parameters: None.

Remarks: The function should be called before all other functions.
The function needs the indexing file “hownet.idx”. The absence of the
file leads to failure of initialization.

Sample Code:
/*To initialize the data of HowNet system. If it fails, gives the error
message.*/

#include “HowNet.h”
CHOWNET API cHowNet Api;

if('cHowNet_Api.HowNet_Initial(}))

{

MessageBox(cHowNet_Api.HowNet_Get ErrMsg(), “Warning”,
MB_OK);

}

(2) DWORD HowNet_GetUnitNum(void)

Function Description: To get the total number of the records in
HowNet dictionary;

Return Value: Total number of records in HowNet dictionary;
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Parameters: None.

Remarks: As described in Chap. 7, the knowledge dictionary of
HowNet is composed by the records each of which contains 8 items as
shown below:

NO.=Record serial number

W_C= Chinese word or expression

G_C= Chinese POS, phonetic transcription
E_C= Chinese examples

W_E= English word or phrase

G_E= English POS

E_E= English examples

DEF= Concept definition

Sample Code:
/*To get the total number of the records in HowNet dictionary*/

#include “HowNet.h”
CHOWNET_API cHowNet_Api;

/*To initialize the data of HowNet system™/
if(!cHowNet_Api.HowNet_Initial())
return,

/*To get the total number of the records in HowNet dictionary™/
DWORD dwUnitNum = cHowNet_Api.HowNet GetUnitNum()

(3) WORD HowNet_Search_Keyword
(char* ApStr, S HOWNET_SEARCHMODE AsSearchMode)
Function Description: To search according to the given keyword;
Return Value: To return the number of the records that have been
searched;

Parameters:

ApStr the given keyword

AsSearchMode ways of searching
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Remarks:
“sHowNet_SearchMode” is a structure which is defined as follow:
struct S HOWNET _SEARCHMODE

{

BYTE language; /[ search languages
WORD mode; // search modes
I8

a. Parameter “language” has three values to be selected:
HOWNET _LANGUAGE_CHINESE: to search in Chinese;
HOWNET _LANGUAGE_ENGLISH: to search in English;
HOWNET LANGUAGE FEATURE: to search in KDML;

b. Parameter “mode” has six values to be selected:

HowNet_SearchMode Exact: exact search
HowNet_SearchMode_First: initial word search
HowNet SearchMode Fuzzy: fuzzy search

HowNet_SearchMode_Fuzzy Abbr: fuzzy abbr search
HowNet SearchMode Fuzzy Jump: fuzzy jump search
HowNet_SearchMode Last: ending word search

Using this function we can get the search result according to the
specific search mode and the given keyword. Normally we use it together
with the following functions in order to get the specific search result we
expect:

HowNet Get_SearchResult,

HowNet Get Unit_Item

In this case, function HowNet_Search_Keyword will be first called to
get the number of the records found; then function
HowNet_Get_SearchResult will be called afterwards to get the array of
the serial numbers of the searched records; finally function
HowNet_Get_Unit_Item will be called to get the specific record that is
expected.

It should be cautioned that the search mode and the search language
should be well-matched, otherwise the search will fail. Table 12.1 shows
the match between the search mode and the search language.
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Table 12.1. Match between the search mode and the search language.

Search mode Available language
HowNet_SearchMode_Exact HOWNET_LANGUAGE_CHINESE
HowNet_SearchMode_Fuzzy HOWNET_LANGUAGE_ENGLISH
HowNet_SearchMode First HOWNET_LANGUAGE_FEATURE
HowNet_SearchMode Last HOWNET _LANGUAGE _CHINESE

HOWNET LANGUAGE ENGLISH
HowNet_SearchMode_Fuzzy Abbr HOWNET_LANGUAGE_CHINESE
HowNet_SearchMode Fuzzy Jump

Sample Code:
/*To search English word “big” in fuzzy search mode*/

#include “HowNet.h”
CHOWNET_ API cHowNet_Api;

/*To initialize the data of HowNet system™/
if(!cHowNet Api.HowNet Initial())
return;

char szZRecordContent[2048];
/*To assign English to the language mode; to assign Fuzzy to the
search mode*/
S HOWNET SEARCHMODE sSearchMode;
sSearchMode.language = HOWNET_LANGUAGE_ENGLISH;
sSearchMode.mode = HowNet_SearchMode_Fuzzy;

/*To get the number of the records searched®/
WORD wCount = cHowNet Api.HowNet_Search Keyword(“big”,
sSearchMode);

/*To get all the serial numbers of the records searched*/
DWORD#* pdwSuccessID
= cHowNet_Api.HowNet_Get_SearchResult();
for( WORD i = 0; i < wCount; i ++)
{

/*To put the content of the records searched into szRecordContent™/
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cHowNet_Api.HowNet_Get_Unit_Item(pdwSuccessID [i],
HOWNET ITEM_ID ALL, szRecordContent);

}

(4) WORD HowNet_Search_Relation (DWORD AdwUnitID,

S_ HOWNET_SEARCHMODE AsSearchMode)

Function Description: To search the relations according to serial
number;

Return Value: The number of the records that have been searched;

Parameters:

AdwUnitID serial number
AsSearchMode ways of searching
Remarks:

“sHowNet_SearchMode” is a structure which is defined as follow:
struct S HOWNET SEARCHMODE
{
BYTE language; // search languages
WORD  mode; /" search modes
35
a. Parameter “language” has two values to be selected:
HOWNET LANGUAGE_CHINESE: to search in Chinese;
HOWNET LANGUAGE ENGLISH: to search in English;

b. Parameter “mode” has 95 values to be selected in two categories.
First category: To search according to semantic relations

HowNet_SearchMode_Antonym: to search antonyms
HowNet SearchMode_Converse: to search converse
HowNet _SearchMode Synonym: to search synonyms
HowNet_SearchMode SynClass: to search SynClass
HowNet SearchMode Hyponym: to search hyponyms

Second category: To search according to semantic-role/event
relations. See Chap. 5.

HowNet_SearchMode_AccordingTo

HowNet SearchMode CoEvent
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HowNet_SearchMode ContentCompare
HowNet_SearchMode ContentProduct
HowNet_SearchMode DurationAfterEvent
HowNet_SearchMode DurationBeforeEvent
HowNet_SearchMode EventProcess
HowNet SearchMode HostOf
HowNet_SearchMode LocationFin
HowNet_SearchMode_LocationIni
HowNet_SearchMode LocationThru
HowNet SearchMode MaterialOf
HowNet_SearchMode OfPart
HowNet_SearchMode PartOfTouch
HowNet _SearchMode PatientAttribute
HowNet SearchMode PatientPart
HowNet SearchMode PatientProduct
HowNet_SearchMode PatientValue
HowNet SearchMode QuantityCompare
HowNet_SearchMode RelateTo
HowNet_SearchMode ResultContent
HowNet_SearchMode_ResultEvent
HowNet_SearchMode Resultlsa
HowNet_SearchMode_ResultWhole
HowNet_SearchMode_SincePeriod
HowNet_SearchMode_SincePoint
HowNet_SearchMode SourceWhole
HowNet SearchMode_StateFin
HowNet_SearchMode_Statelni
HowNet_SearchMode TimeAfter
HowNet_SearchMode_TimeBefore
HowNet SearchMode TimeFin
HowNet SearchMode_Timelni
HowNet_SearchMode TimeRange
HowNet_SearchMode_accompaniment
HowNet_SearchMode agent

HowNet SearchMode_and
HowNet_SeachMode_aspect
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HowNet_SearchMode_belong
HowNet_SearchMode_beneficiary
HowNet SearchMode besides
HowNet_SearchMode_but
HowNet_SearchMode cause
HowNet_SearchMode coagent
HowNet_SearchMode_comment
HowNet_SearchMode_concerning
HowNet_SearchMode_concession
HowNet SearchMode condition
HowNet SearchMode content
HowNet SearchMode_contrast
HowNet_SearchMode_cost
HowNet_SearchMode degree
HowNet_SearchMode_descriptive
HowNet SearchMode_direction
HowNet_SearchMode_distance
HowNet SearchMode_duration
HowNet_SearchMode emphasis
HowNet_SearchMode_except
HowNet SearchMode_existent
HowNet SearchMode_experiencer
HowNet SearchMode_frequency
HowNet SearchMode host
HowNet_SearchMode_instrument
HowNet_SearchMode_isa
HowNet_SearchMode location
HowNet SearchMode manner
HowNet_SearchMode_material
HowNet SearchMode means
HowNet SearchMode method
HowNet_SearchMode_modifier
HowNet_SearchMode_or
HowNet_SearchMode_partner
HowNet_SearchMode_patient
HowNet_SearchMode_possession
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HowNet_SearchMode possessor
HowNet_SearchMode purpose
HowNet_SearchMode_quantity
HowNet_SearchMode range
HowNet_SearchMode relevant
HowNet_SearchMode _restrictive
HowNet_SearchMode_result
HowNet_SearchMode_scope
HowNet_SearchMode sequence
HowNet_SearchMode source
HowNet_SearchMode succeeding
HowNet_SearchMode target
HowNet_SearchMode_time
HowNet_SearchMode_times
HowNet_SearchMode _transition
HowNet_SearchMode_whole

Similar to function HowNet_Search Keyword, with this function we
can get the number of the records according to the specific search mode
and the given keyword. Normally we use it together with the following
functions in order to get the specific search result we expect:

HowNet_Get SearchResult.

In this case, function HowNet Search Relation will be
called to get the number of the records found, then function
HowNet_Get_SearchResult will be called to get the array of the serial
numbers of the record found. When using a keyword to search a word or
expression, as most of them may have more than one meaning, so
function HowNet_Search_Keyword should be first called to search in
mode “exact” to get all the meanings and all the serial numbers of the
meanings. Hence the relations of concepts will be searched when words
or expressions are retrieved in HowNet.

Sample Code:
/*To search the antonyms of the word *“big” and get all the
antonymous words and expressions*/



226 HowNet and The Computation of Meaning

#include “HowNet.h”
CHOWNET_API cHowNet_Api;

/*To initialize the data of HowNet system™/
if(!cHowNet_Api.HowNet Initial(}))
return;

/*As the word “big” is a polysemy, we should get all its meanings by
exact search first so as to get the antonyms for each meaning.*/
/*To assign English to the language mode; to assign exact to the
search mode™/
S_HOWNET_SEARCHMODE sSearchMode;
sSearchMode.language = HOWNET LANGUAGE ENGLISH;
sSearchMode.mode = HowNet_SearchMode_Exact;

/*To get the number of the records searched*/
WORD wDefCount = cHowNet_Api.HowNet_Search_Keyword
("big", sSearchMode);

/*To get all the serial numbers of the records searched*/
DWORD?* pdwTempDeflD =
cHowNet Api.HowNet_Get SearchResult();

DWORD* pdwSuccessDefID = new DWORD([wDefCount];
memcpy(pdwSuccessDefID, pdwTempDefID,
wDefCount*sizeof (DWORD));

/*To assign sorting mode and sort pdwSuccessDefID in DEF*/
S_HOWNET SORT_ID sSortld,;

sSortld.content[0] = HOWNET ITEM_ID DEEF,

sSortld.num = 1;

cHowNet_Api.HowNet_Sort_Unit

(pdwSuccessDeflD, wDefCount, sSortld);



HowNet as a Software 227

/*By Function HowNet_Sort_Unit, the sorting of the content of array
pawSuccessDefID has been done, but deduplication has not yet been
done. After a function of deduplication is called, we can then get the
count (wDefCount) of all the meanings of the word “big” and the
array (pdwSuccessDefID) of the meaning. The function of
deduplication is omitted here.*/

char szRecordContent[2048];
WORD wCount;
DWORD* pdwSuccessID;

/*To assign English to the language mode; to assign antonym to the
search mode™/

sSearchMode.language = HOWNET LANGUAGE ENGLISH,;
sSearchMode.mode = HowNet_SearchMode Antonym;

/*To assign the sorting mode*/
sSortld.content[0] = HOWNET _ITEM ID W _E;
sSortld.num = 1;

/*To get all the antonyms of each concept of the word “big”*/
for(WORD i = 0; i < wDefCount; i ++)

{

wCount=cHowNet_Api.HowNet_Search Relation
(pdwSuccessDefID [i] , sSearchMode);

if(wCount > 0)

{
pdwSuccessID=cHowNet_Api.HowNet_Get_SearchResult();
cHowNet Api.HowNet_Sort_Unit

(pdwSuccessID, wCount, sSortld);

/*In order to get the antonyms of “big”, we sort the above search
result pdwSuccessID using function HowNet Sort_Unit. Then we
deduplicate the array pdwSuccessID to make the result unique in
Chinese forms. Here we omit the program of deduplication and



228 HowNet and The Computation of Meaning

suppose the wCount and pdwSuccessID to be the count and array
after deduplication.*/

for(WORD j = 0; j < wCount; j++)

{
/*To get all the antonyms of “big”, and place the content into
szRecordContent™/

cHowNet_Api.HowNet Get Unit Item

(pdwSuccessID[j], HOWNET_ITEM_ID W _E, szRecordContent);

}
}

}
delete[] pdwSuccessDefID;

(5) void HowNet_Sort_Unit((DWORD* ApdwBase, long AINum,
S_HOWNET_SORT _ID AsSortID)

Function Description: To sort;

Return Value: None;

Parameters:
ApdwBase the array of the serial numbers
AlNum the number used by array “ApdwBase”
AsSortID sorting mode

Remarks:

Parameter “ApdwBase” is obtained by function

HowNet_Get SearchResult, when function HowNet Search Keyword
or function HowNet_Search_Relation is called.

Parameter “S_HOWNET_SORT ID” is a structure which is defined

as follow:
struct S HOWNET_SORT_ID
{
BYTE content[8]; // the content for sorting
BYTE num; /[ the number used by array “content”

¥
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Parameter “content” has eight values to be selected:
HOWNET_ITEM_ID N O: sort by serial number
HOWNET _ITEM_ID W _C: sort by Chinese word
HOWNET ITEM_ID G_C: sort by POS of Chinese word
HOWNET_ITEM_ID E C:  sort by example of Chinese word
HOWNET _ITEM_ID W_E: sort by English word
HOWNET _ITEM_ID G E:  sort by POS of English word
HOWNET ITEM _ID E E:  sort by example of English word
HOWNET ITEM _ID DEF: sort by DEF

In searching, we use functions HowNet Search Keyword or
HowNet_Search_Relation to get the number of the records searched, and
use function HowNet_Get_SearchResult to get the array of the serial
numbers. It should be noted that the records in the array have not been
sorted and deduplicated. For example, presently there are 7 exact
matches of the word “big”, but there are only 3 concepts. This means that
one word or expression may correspond to many records (there is some
other difference among the records). Hence we can use this function to
sort the searched records.

Sample Code: See HowNet_Search_Relation.

(6) char* HowNet_Get_Unit_Item(const DWORD AdwUnitID,
const BYTE AbtltemlD, char* ApRlIt)

Function Description: To get a specific part of a specific record;

Return Value: To return a specific part, otherwise return NULL;

Parameters:

AdwUnitID serial number

AbtltemID specific part of the record

ApRIt content of the record
Remarks:

The value of Parameter “AdwUnitID” ranges from 0 ~ the total of
record (the total can be obtained by function HowNet_GetUnitNum).
Parameter “AbtltemID” has the following values to be selected:
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HOWNET_ITEM_ID N O:

for the serial number of the specific record (NO.=).
HOWNET ITEM ID W_C:

for the Chinese word or expression of the specific record
(W_C=).
HOWNET ITEM _ID G_C:

for the POS of Chinese word or expression of the specific
record (G_C=).
HOWNET ITEM ID E C:

for the example of Chinese word or expression of the specific
record (E_C=).
HOWNET ITEM ID W_E:

for the English word or phrase of the specific record (W_E=).
HOWNET ITEM ID G _E:

for the POS of English word or phrase of the specific record
(G_E=).
HOWNET ITEM ID E E:

for the example of English word or phrase of the specific
record(E_E=).
HOWNET ITEM ID DEF:

for the DEF of the specific record (DEF).
HOWNET ITEM_ID P_Y:

for the phonetic transcription Chinese word or expression of the
specific record.
HOWNET ITEM ID ALL:

for the whole of the specific record.
HOWNET ITEM_ID HYP:

for the hypernymous relation of a concept of the specific record.
HOWNET _ITEM _ID ATT:

for the attribute of the specific record which corresponds to the
attribute-value in HowNet taxonomy.
HOWNET ITEM_ID VAL:

for all the attribute-values of the specific record which
correspond to the attribute in HowNet taxonomy.
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As aforesaid, in HowNet knowledge base, all the concepts are
classified into four categories: event, entity, attribute, attribute-value.
The categorial sememe of each DEF implies the category which the
concept belongs to and it can lead to its hypernyms in the HowNet
taxonomies. In addition, an attribute concept can lead to its
corresponding attribute-values, vice versa, an attribute-value can lead to
its corresponding attribute in the taxonomies.

Sample Code:
/*To get a full record whose serial number is 1000*/

#include “HowNet.h”
CHOWNET _API cHowNet_Api;

/*To initialize the data of HowNet system™/
if(lcHowNet_Api.HowNet_Initial())
return;

/*To specify the serial number 1000%
DWORD dwUnitID = 1000,

/*To extract a full record*/
BYTE btltemID = HOWNET _ITEM_ID_ALL,;

char szRecordContent[2048];

/*To get the full record whose serial number is 1000*/
char *p = cHowNet_Api.HowNet_Get Unit_Item(dwUnitID ,
btltemID , szRecordContent);
if(p I=NULL)
MessageBox(szRecordContent, “The record is:”, MB_OK);
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(7) WORD HowNet_Get_Sememe_Code

(const char *ApKeyword)

Function Description: To get the code of a sememe in HowNet
taxonomies;

Return Value: If the specified sememe exits, return its sememe code.
Else, return Oxffff.

Parameters:

ApKeyword the string form of a specific sememe. Full

string should be the input.

Sample Code:
/*To get the code of the sememe “mean| 7510/

#include “HowNet.h”
CHOWNET API cHowNet_Api;

/*To initialize the data of HowNet system™/
if{!cHowNet_Api.HowNet _Initial())
return;

/*To get the code of the sememe “meanl| FE1E”, the code is 1954*/
WORD wSememeCode =
cHowNet_Api.HowNet Get Sememe Code(“mean|f§1X”);

(8) WORD HowNet_Get_Concept_Relevance
(DWORD AdwUnitID, BYTE AbtLanguagelD, BYTE
AbtLevelID)
Function Description: To obtain the relevant concept field of a
specified concept;
Return Value: The number of the words and expressions in the
relevant concept field;
Parameters:
AdwUnitID serial number of the searched record
AbtLanguagelD search language.
AbtLevellD rank specified
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Remarks:

Parameter “AbtLanguagelD” has two values:
HOWNET_LANGUAGE_CHINESE: for Chinese
HOWNET _LANGUAGE_ENGLISH: for English

Parameter “AbtLevellD” has three values:

HOWNET _RELEVANCE LEVELL: Rank 1
HOWNET _RELEVANCE LEVEL2: Rank 2
HOWNET_RELEVANCE_LEVEL3: Rank 3

Only the number of words and expressions in the relevant concept
field can be obtained when this function is called. If we want to display
the words and expressions in full, we should call the following functions:

HowNet_Get_SearchResult,

HowNet_Sort_Unit,

HowNet_Get_Unit_Item

Sample Code:
/*To search the relevant concept field of the word “football” whose
DEF is DEF={SportTool|1& 5} ##1:domain={football| £ ZE} } */

#include “HowNet.h”
CHOWNET_API cHowNet_ Api;

/*To initialize the data of HowNet system™/
if(!cHowNet_Api.HowNet Initial(}))
return;

char szRecordContent[2048];

WORD wCount;

DWORD* pdwSuccessID;

[*To search the relevant concept field of the word ‘football” whose
DEF is DEF={SportTool|i& 5/ #% #1:domain={football| ;£ ZK}}, (its
serial number is 142787)*/
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wCount = cHowNet_Api.HowNet Get Concept_Relevance
(142787,

HOWNET LANGUAGE_CHINESE,
HOWNET_RELEVANCE_LEVEL2);

/*To get the serial numbers of the searched words*/

pdwSuccessID = cHowNet_Api.HowNet_Get_SearchResult();
for(WORD 1 = 0; i < wCount; i++)

{

/*To place the content searched into szRecordContent*/

cHowNet Api.HowNet_Get_Unit_Item

(pdwSuccessID[i], HOWNET ITEM_ID W _E, szRecordContent);
}

(9) bool HowNet_InitialSynAtnCon (void)

Function Description: To initialize the data of synonymous,
antonymous and converse words and expressions;

Return Value: Return true, if successful; otherwise return false.

Parameters: None.

Remarks: This function is used to initialize the data of synonymous,
antonymous and converse words and expressions. When we want to call
a function relevant to the similarity measurement, we should first call
this function. This function needs file “HowNet Synset.idx”. The
initialization will fail if the file does not exist.

Sample Code:
/*To initialize the data of synonymous, antonymous and
converse words and expressions; if it fails, it gives error message*/

#include “HowNet.h”
CHOWNET _API cHowNet_Api;

if(!cHowNet_Api.HowNet InitialSynAtnCon())

{

MessageBox(cHowNet_Api.HowNet_Get ErrMsg(), “Warning”,
MB_OK);

}
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(10) BYTE HowNet_Get_Smemme_Distance
(WORD AwSememeCodeA, WORD AwSememeCodeB)
Function Description: To measure the distance between two
sememes;
Return Value: If the two sememes to be measured are in the same
tree of the hierarchy, return the distance, otherwise, return Oxff}
Parameters:
AwSememeCodeA:  code of first sememe
AwSememeCodeB:  code of second sememe

Remarks: The code of a sememe in the Taxonomy can be obtained
by using function HowNet_Get_Sememe_Code(). The distance between
two sememes implies the number of the steps from one sememe to
another. For example, the distance between sememe “receive|i{3%” and
sememe “become|fi% A is six steps.

The measurement will proceed as follows: “receive|fii%”>(1) “own|
H” > (2) “possession/ B R FR” > (3) “relation|K R” > (4) “isal2IE
KER” D (5) “beli” > (6) “become|H A",

- {event|H{4}
F {static|FH#}
| F {relation|X &}
| |k {saRIEXRFR}
| | | F {bel}
| | | | F {become| s}
| | | | & {mean#EH}
It | b (BeNotdkr}
| | F {possession|Si/@KHK}
I | | F {own|#}
| | | | F {obtain[f3F}
| | | | LY {receive| ¥}
Sample Code:
/*To get the distance between sememes “crop| /=& and “ice| K%/
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#include “HowNet.h”
CHOWNET _ API cHowNet_Api;

/*To initialize the data of HowNet system™/
if(!cHowNet_Api.HowNet_Initial(}))
return;

/*To get the numbers of sememes “crop|/L#" and “ice| k"*/
WORD wSememeCodeA =

cHowNet_Api.HowNet Get_Sememe_ Code(“crop|E#");
WORD wSememeCodeB =
cHowNet_Api.HowNet_Get_Sememe_Code(“ice|/K”);

/*To get the distance between the sememes ‘“‘crop| /L& Fl"ice| /K",
its value: 6*/

BYTE btDistance =

cHowNet_Api.HowNet Get Smemme_ Distance

(wSememeCodeA, wSememeCodeB);

(11) double HowNet_Get_Smemme_Similarity

(WORD AwSememeCodeA, WORD AwSememeCodeB)

Function Description: To measure the similarity between the frames
of two sememes;

Return Value: If the code of any one of the sememes is erroneous,
return -1; if the frame of two sememes can be searched, return their
distance; if neither frames exist or one of the two frames does not exist,
return 0.

Parameters:

AwSememeCodeA:  code of first sememe
AwSememeCodeB:  code of second sememe

Remarks: The code of a sememe in the Taxonomy can be obtained
by using function HowNet_Get_Sememe_Code().
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Sample Code:

/*To get the similarity between the DEFs of sememes “mean|#5/¢”
and “become| /K" */

#include “HowNet.h”
CHOWNET _ API cHowNet_Api;

/*To initialize the data of HowNet system*/

if('cHowNet_Api.HowNet_Initial())

return,

/*To get the numbers of the sememes “mean|#5/€” and “become|/#
2%

WORD wSememeCodeA =

cHowNet_Api.HowNet_Get Sememe_Code(“mean|$5/%”);

WORD wSememeCodeB =

cHowNet_Api.HowNet Get_Sememe_Code(“become|f%A");

/*To get the similarity between the DEFs of sememes “mean|#51(”
and “become|/# %7, its value: 0.666667.%/
/*The frame of “mean|751C": {be| &-isa={*},relevant={*}}*/
/*The frame of “become| /7" : {be| :isa={*},relevant={*}}, {be| £:
descriptive={*},relevant={*}}*/
double dSim =
cHowNet_Api.HowNet_Get Smemme_Similarity
(wSememeCodeA,wSememeCodeB);

(12) double HowNet_Get_Concept_Similarity(DWORD
AdwUnitIDA, DWORD AdwUnitIDB, float AfA = 1.6, float AfB1
= 0.1, float AfB2 = 0.1, float AfB3 = 0.7, float AfB4 = 0.1)
Function Description: To measure the similarity between two
concepts;
Return Value: Similarity value;
Parameters:
AdwUnitIDA serial number of Record a
AdwUnitIDB serial number of Record b
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AfA parameter o, o = 1.6

AfB1 parameter 1, f1 =0.1

AfB2 parameter 52, 2 = 0.1

AfB3 parameter S3, 3 =0.7

AfB4 parameter 4, 4 = 0.1
Sample Code:

/*To compute the similarity between “policeman” and “criminal
police”*/

#include “HowNet.h”
CHOWNET _API cHowNet_Api;

/*To initialize the data of HowNet system™/
if('cHowNet_Api.HowNet_Initial())
return;
/*To initialize the data of synonymous, antonymous and converse
words and expressions; if it fails, it gives error message*/
if(lcHowNet_Api.HowNet_InitialSynAtnCon())
return;

/*To get the serial number of “policeman”. To search using
HowNet_Search_Keyword with the exact search mode, then to get all
the serial numbers using HowNet _Get_SearchResult. */

/*To assign English to the language mode; to assign exact to the
search mode*/

S_HOWNET_SEARCHMODE sSearchMode;
sSearchMode.language = HOWNET LANGUAGE ENGLISH;
sSearchMode.mode = HowNet_SearchMode_Exact;

/*To search “policeman’ with the exact search mode™*/
cHowNet Api.HowNet Search Keyword
(“policeman”, sSearchMode);
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/*To get all the serial numbers of the record searched/*
DWORD* pdwSuccessID1=
cHowNet_Api.HowNet_Get_SearchResult();

/*To get the serial number of “criminal policeman”. To search using
HowNet_Search_Keyword with the exact search mode, then to get all
the serial numbers using HowNet_Get_SearchResult.*/

/*To search “criminal policeman” with the exact search mode*/
cHowNet_Api.HowNet_Search_Keyword
("criminal police", sSearchMode);

/*To get all the serial numbers of the record searched*/
DWORD* pdwSuccessID2=
cHowNet_Api.HowNet_Get SearchResult();

/*To compute the similarity between “policeman” and “criminal
police”, the result: 0.900000.%/
double dSimilarity =
cHowNet_Api.HowNet_Get_Concept_Similarity
(dwSuccessID2[0], pdwSuccessID2[0]);
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Chapter 13

NEW RESOURCES ACTIVATING NEW
TECHNOLOGY — SOME APPLICATIONS
OF HOWNET

Since the first release of HowNet in 1999, it has been widely used in
various research areas of NLP, especially in the semantic-related subfield
of Chinese NLP. This chapter will not repeat all the successful
applications that have already been achieved in the past few years.
Instead, it will be devoted to exhibit some novel technologies that
HowNet may bring forth and to discuss some potential contributions that
HowNet may make to HLT. As the case study we would like to focus on
two issues which are believed to help broaden users’ horizons.

13.1. Word Sense Disambiguation (WSD)

Generally speaking, lexical ambiguity may be either featured in syntactic
origin or semantic origin. This section is confined only to discussion
about word sense disambiguation in semantics, especially of the words
and expressions of the same part-of-speech. WSD has been a hard nut
ever since the earliest days of computer treatment of language in the
1950s. It underwent a long way from one paradigm to another and
various approaches, Al-based or corpus-based. It is surprising to find that
only little progress seems to have been made in nearly 60 years. Though
much recent experimental work cites high-level results, only limited
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achievements have been gained in large-scale real texts processing such
as machine translation and information retrieval.

13.1.1. Types of semantic ambiguity

We consider that painstaking observation on sense ambiguity reasonable
classification, and construction of various sorts of resources are
necessary for advancing the work. Word sense ambiguity in semantics
can be classified into the following types:

(1) noticeable context activating: The senses of a polysemous word or
expression usually activate contexts with noticeable features owing to
their strong distinctness, for instance,

“bank™ (2 senses)
a financial institution
riverside

“shoot” (3 senses)
to fire a weapon
to kick, throw, etc., a ball to make a point in a game
to make a photograph or film

(2) unnoticeable context activating: The senses of a polysemous word
or expression usually activate contexts with insignificant features owing
to their poor distinctness, for instance,

“condition” (2 senses)
a state at a particular time
something stated as desirable for something else

“earth” (2 senses)
the earth’s surface
soil in which plants grow

“run” (2 senses)
to move fast by using one’s feet
to escape or flee
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(3) broad sense-distinction: The senses are strongly distinct or go
wide apart so that the disambiguation between them becomes relatively
easy. Usually in the contexts in which the target words exist, some very
distinct words and expressions may be expected, for instance,

“crane” (2 senses)
a lift
a wading bird

“target” (2 senses)
a reference point to shoot at
the goal intended to be attained

“take off” (2 senses)
depart from the ground
remove clothes

(4) close sense-distinction: The senses are of poor distinctness or the
difference between them is rather obscure. Very few clear-cut words and
expressions can be found in the context which the target words exist in,
for instance,

“state” (2 senses)
a country considered as a political organization
as a province: California State

“cotton” (2 senses)
cotton plant
silky fibers from cotton plants

“serious” (4 senses)
thoughtful, solemn
to be considered as sincere
not slight
of an important kind
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To sum up, lexical ambiguity is not only very common but also rather
complicated. No wonder it has been reported that only little progress has
been made. We believe some revolutionary technology and new
resources are expected. We consider we first need to build some
divergent sorts of special resources to hit the above-listed different types
of polysemy. One of the initial objectives of HowNet is to make it
special resources for word sense ambiguity.

13.1.2. Special resources in HowNet for WSD

HowNet provides three kinds of resources that may meet the needs for
tackling different types of word sense ambiguity. They were all touched
upon previously. In this section we will focus on how to use them in
WSD.

(1) Examples in dictionary records

As mentioned above, each sense of a polysemous word or expression
in HowNet should normally be provided with as sufficient examples as
possible for the purpose of disambiguation. The examples should be
featured by broad sense distinction for computer processing not only for
explanation for humans. Let us take two senses of the Chinese word “#k”
as an example. Its first sense is “woods” or “forest”, with its concept
definition as “{tree|#%:quantity={mass|£k}}” which means many trees.
Its second sense is a Chinese surname with its concept definition as
“{surname|2k}”. Their HowNet records read as follows:

NO.=071261

W_C=Hk

G_C=N [lin2]

E_C=W"'» ;%N’ "‘7':7 ﬁ~r %m"” Bjj}‘/’/l\“‘) ﬁu-{-"" l‘\(ﬁ”fm
WUH‘M EE"H %N“(%ﬁ’ [-I-l"‘v ~|‘§J/J\E%’ N**Eé’ Nt@n
FE~HERT, BE~HRETR, AT —F~#, XH~T,
N;Ff?’ "‘sz él*')g%; g‘ ~

W_E=forest

G_E=N

E E=

DEF={tree|# :quantity={mass|#X} }
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NO.=071262

W_C=#k

G_C=N [lin2]

E_C=ﬁ{‘t"‘7 ’“‘@’ "‘?EIEE: "’j(j(! ~/J\tﬂy ~ﬁita %"" /J\"‘y
Nk%}’ ~ﬁ’ "’/Z}a “‘%%’v N{E{Ev ~{EH§, ~%é§., “’ﬂ\{/ﬁ;
~KEZZ, ~KKK, ~&8, ~LFE, KK, -k, ~BH,
~4’3iE.', N#f/ﬁg’ ~%Ufﬁ, ~j<;€’ "‘ij'&; NM’ it ¥ ~I

W_E=Lin

G_E=N

E_E=

DEF={surname|#}

Suppose we have a Chinese text with the word “#K” which is to be
disambiguated:
“TEFT H G 45 $A##2” (Please call Professor Lin)

Then we may find the exact match between the target phrase with “#{
#2” and an instance (marked in italic) in Record 071262.

However, suppose we have a different Chinese text as follows:
“THIT BG4 HAF £ (Please call Captain Lin)

As there are none of exact matches, we have to implement similarity
computation.

(2) Implementation of word similarity computing

The implementation of word similarity computing for the above
example “i8¥T B4 A4 K (Please call Captain Lin)” may be
conducted as follows:

(a) To use HowNet’s Concept Similarity Measure (CSM) to compute
the similarity between “##/ (Captain)” and each word after “~”
respectively in the examples of Record NO.=071262; then we may get
the similarity values, some of which are shown in Table 13.1.
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Table 13.1. Result of CSM (1).

conceptl concept2 similarity value
i (Captain) &4 (Mr) 0.375000 5
MK (Captain) KA (Mrs.) 0.340000
M (Captain) K% (Brother) 0.375000
MK (Captain) 18 (Uncle) 0.355556
R (Captain) £ (Manager) 0.783333
M (Captain) B (School master) 0.611765
A (Captain) 4 (Head of a department) |0.936364
i (Captain) HH (Premier) 0.620000
it (Captain) I (Professor) 0.454545

(b) To use CSM again to compute the similarity between “###
(Captain)” and each word after “~” respectively in the examples of
Record NO.=071261; then we may get the similarity values, some of
which are shown in Table 13.2.

Table 13. Result of CSM (2).

conceptl concept2 similarity value
K (Captain) A (wood) 0.021053
it (Captain) ¥RAL (depths) 0.018605
M (Captain) ji] (opening) 0.018605
i (Captain) i (inside) 0.018605
it (Captain) H# (land) 0.018605
K (Captain) # (area) 0.018605
M (Captain) 7= (production) 0.000624

(c) By comparing the values in these two tables, we can see clearly
the similarity values displayed in Table 13.1 are much higher than those
in Table 13.2, thus we may easily conclude in disambiguation of the

word sense in “iH3] G S L.

Suppose we have a Chinese text with the word “}K” which is to be

disambiguated as follows:
“pRgRM4T, FKELSRANE” (With maple woods red, autumn is as
beautiful as a painting), Then we may find the exact match between the
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target phrase with “fF” and 3 instances (marked in italic) in Record
071261.

However, suppose we have a different Chinese text and none of exact
matches can be found between the target and the instances in the
examples in both the records, we would again use HowNet’s Concept
Similarity Measure (CSM) to measure the similarity as discussed above
and the successful disambiguation is believed to be achieved.

13.2. Question Analysis in Question Answering

Information retrieval (IR) techniques have made much progress and have
proven quite successful at locating the documents relevant to a user’s
query. However currently, the user’s query is still rather rigid and leaves
no alternatives. Is it possible that the IR gives answers to specific
questions instead of whole documents? Thus this potential demand has
brought forth the development of question answering (QA) techniques.
QA as well as IR has long been facing a technical problem: “Can NLP
help the techniques?”, and “How much can it contribute if it really can?”
The reports and proceedings in the recent TREC conferences seem to
give an optimistic answer. This section will discuss how HowNet as a
knowledge resource can contribute to QA.

Question analysis is regarded as one of the necessary steps in QA.
HowNet will be able to help much in the following respects:
(1) separation of a question into the question target and the question
focus, (2) question categorization (3) mapping of language expressions,
(4) answer prediction.

13.2.1. Separation of questions

In terms of question analysis, every question can be separated into two
parts: (1) question target, which is the subject that the question is used to
point to, as labeled as “Q_target” in question analysis; (2) question focus,
which is the focal point that the question is raised to actually inquire
about, as labeled as “Q_focus”. To take some questions selected from
TREC test data as examples:
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How deep is Crater Lake?
Q_target: Crater Lake
Q_focus: How deep (depth — attribute question)

What is the diameter of a golf ball?
Q_target: a golf ball
Q_focus: What is the diameter (length — attribute question)

Who invented the road traffic cone?
Q_target: invented the road traffic cone
Q_focus: Who (agent — role question)

When did Hawaii become a state?
Q_target: Hawaii become a state
Q_focus: When (time — role question)

13.2.2. Question type

Questions can be categorized into two types according to the focus of
questions: (1) attribute question, which is used to inquire about an
attribute of something as the first two of the above given examples;
(2) role question, which is used to inquire about a semantic role in an
event or an event itself as a fact or scenario as the last two of the above
given examples.

As previously presented, HowNet specifies 247 attribute sememes in
7 subclasses, thus there are altogether 247 types of attribute questions.
HowNet specifies 91 semantic roles, there are 92 types of role questions
when event itself is included. We use the tags “<Q_focus> attr="" and
“<Q_focus> role=" to indicate the actual value of the two types of
questions respectively, for example, the tag “<Q_focus> attr=Color|E}
f6,” means that the question is used to inquire about the color of
something; the tag “<Q_focus> role=agent” means that the question is
used to inquire about the agent of the event, or who did it. Let us take
some more questions selected from TREC QA data as examples.
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(1) attribute question
(a) {Appearance|#M i}
What color is a poison arrow frog?
<Q_focus> attr=Color|Fi s

(b) {Measurement|E &)}
How far is it from Denver to Aspen?

<Q_focus> attr=Distance| i 5

What is the depth of the Nile river?
<Q_focus> attr=Depth| R &

How tall is the giraffe?
<Q_focus> attr=Stature| /= &

How tall is Kilimanjaro?
<Q_focus> attr=Height|/= &

How hot is the core of the earth?
<Q_focus> attr=Temperature[i& &

How much did a quart of milk cost in the 1930s?
<Q_focus> attr=Price|{/I 1%

What is the degree of tilt of Earth?
<Q_focus> attr=Angle| i &

What is the normal blood sugar range for people?
<Q_focus> attr=Range|l& &

() {PropertyliF %}

249

What was the name of the first Russian astronaut to do a spacewalk?

<Q_focus> attr=Name|2k 4%

How old was Elvis Presley when he died?
<Q_focus> attr=Age|F-##
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What is Nicholas Cage’s profession?
<Q_focus> attr=Occupation|ER i}

What is the habitat of the chickadee?
<Q_focus> attr=Habit| > 15

(d) {Relationship|>< &}
What nationality was Jackson Pollock?
<Q_focus> attr=Nationality|[E 5

What kind of animal was Winnie the Pooh?
<Q_focus> attr=Kind|2E %!

What are birds descendents of?
<Q_focus> attr=Source| k¥

(e) {SituationPR L}

What is the medical condition of hypertension?
<Q_focus> attr=Circumstances|3% {7,

() {Quantity| (&}

How much folic acid should an expectant mother get daily?

<Q_focus> attr=Amount|% />

What is the exchange rate between England and the U.S.?

<Q_focus> attr=Rate|LL &

What are wavelengths measured in?
<Q_focus> attr=Unit| 2.4

(2) role question
(a) main semantic roles
What did John Hinckley do to impress Jodie Foster?
<Q_focus> role=event
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Who fired Maria Ybarra from her position in San Diego council?
<Q_focus> role=agent

Who was President Cleveland’s wife?
<Q_focus> role=relevant

What is a golden parachute?
<Q_focus> role=isa

Which team won the Super Bowl in 1968?
<Q_focus> role=experiencer

What does the Peugeot company manufacture?
<Q_focus> role=PatientProduct

Which past and present NFL players have the last name of Johnson?
<Q_focus> role=possessor

Whom did the Chicago Bulls beat in the 1993 championship?
<Q_focus> role=partner

(b) peripheral semantic roles
When did Spain and Korea start ambassadorial relations?
<Q_focus> role=time

What city did Duke Ellington live in?
<Q_focus> role=location

Where does most of the marijuana entering the United States come
from?
<Q_focus> role=LocationIni

How long did the Charles Manson murder trial last?
<Q_focus> role=duration

How late is Disneyland open?
<Q_focus> role=TimeFin
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How did the disciple Peter die?
<Q_focus> role=manner

Why did David Koresh ask the FBI for a word processor?

<Q_focus> role=cause

13.2.3. Mapping of language expressions

If we do a mapping of language expressions to each type of question
focus, we will find that each type of question focus contains only limited
number of language expressions. It would be easy for a QA system to
program with a pattern matching model. Table 13.3 and Table 13.4 show
the mapping of language expressions to the two types of Q_focus

respectively.

Table 13.3. Mapping of language expressions to <Q_focus>attr.

<Q focus> attr

Language expressions

Depth|iF & How deep...

What is the depth of ...
Color|Hifs Wtat color...

What is the color of ...
Temperature|i How hot ...

How cold ...

What is the temperature ...

‘What is the boiling point ...
Price| I 5% How much ...

What is the price of ...

Table 13.4. Mapping of language expressions to <Q_focus>role.

<Q_focus> role

Language expressions

agent ‘Who wrote ...
‘Who is the author of ...
relevant Who is ...
duration How long ...
location Where ...
In what city ...

In what country ...
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It should be noticed that when we build the pattern matching model,
we should pay enough attention to the variations of the language
expressions, for example, for “<Q focus> role=agent”, one of the
expressions may be: “Who + {event}” or “Who + be + the + {human}
agent= {~}".

For “Who + {event}”, we may have the following examples:

“Who invented ...”, “Who discovered ...”, “Who killed ...”
“Who wrote ...”, “Who played ...”, “Who murdered ...”

For “Who + be + the + {human} agent= {~}, we may have the
following examples:

“Who was the inventor of ...”, “Who was the author of ...”,
“Who was the manufacturer of ...”, “Who was the killer of ...”,
“Who was the murder of ...”

13.2.4. Prediction of answers

When a question like “What color is the sky” is raised in a QA system,
the answer may possibly be: “the sky is blue”, “the blue sky”, or “the sky
usually blue in color”, and so on and so forth. Therefore we believe that
the focus of the answer is able to be predicted when it is known after the
analysis of the questions. We consider the following rules may be
established as shown in Table 13.5.

Table 13.5. Prediction of answer to Q_focus attr=.

Q_focus attr= Focus of answer
Color|Fi s color attribute-values
Price[ /T 4% numeral+ {Unit|$.47 :host={money|# ifi }
numeral+ {money|#t i}
Distance|FF B numeral+ {Unit|¥ /¥ :host={Distance|FF &}

As all correspondence between attributes and their relevant
attribute-values can be found and retrieved in HowNet, any value
becomes predictable when a question is raised to inquire about an
attribute. For instance, when a question about “color” of something is
asked, a possible answer most likely contains one of color values listed
by HowNet and when a question about “distance” is asked, a possible
answer most likely contains one of units of distance listed by HowNet.
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Look at some of the words and expressions of colors and units of
distance that HowNet provides:
“black”
black, burned black, dark, dark and liquid, darkly, glossy black,
jet-black, pitch-black, pure black, reddish black, sable...
“blue”
azure, azure blue, blue, bluish green, bright blue, cerulean,
hydron blue, indigo, indigo-blue, pure blue, reddish blue,
sapphire blue...
“white”
pure white, whitish, off-white, shining white, fair dazzlingly
white, fairish, deathly pale, egg white, spotlessly white, milky
white, pale, snow-white, hoar...
“unit of distance”
astronomical unit, centimeter, centimetre, cm, decametre,
decimeter, foot, ft, handbreadth, handsbreadth, hectometre, inch,
kilometer, kilometre, km, light-year, man-kilometer, metre,
micron, mile, millimeter, millimetre, mm, nautical mile, yard...

Similarly, when a question like “who wrote Hamlet” is raised in a QA
system, the answer may possibly be: a person’s name like “Shakespeare”.
So we believe that the focus of the answer is able to be predicted too
when it is known after the analysis of the questions. We consider the
following rules may be established as shown in Table 13.6.

Table 13.6. Prediction of answer to Q_focus role=.

Q focus role= Focus of answer
agent “named human”
location {land|BE3b}, {place|th 77}, {waters|/KiH}, {sky| =1},
{InstitutePlace|$% 57}, {building|BH 4}, {house|}5 2}
time {time| i} [}

To take “time” as an example, if a question is asked as follows:

“When did Spain and Korea start ambassadorial relations?”

We can predict the answer must fall into a list of hyponyms of “time”
or a specific time.
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To sum up, HowNet can no doubt contribute much to the
development of QA systems with its capability of pre-monitoring of
question types and of prediction of focus of answers.

13.3. Domain-specific Seed Word List Updating

Domain information is useful to practical applications of HLT, such as
information filtering, text categorization, text clustering, WSD, etc. The
determination of domains mainly relies on the contexts or the words and
expressions closely relevant to a domain. Therefore domain-specific seed
word lists are significant and even indispensable for the domain
determination.

13.3.1. Domain-specific seed word lists in HowNet

We consider that domain-specific seed words are defined as the words
and expressions closely related to a specific domain in meaning. HowNet
adopts two ways to provide domain information for its words and
expressions. First, similar to ordinary dictionaries, the domain
information in HowNet is manually coded. Secondly, HowNet forms its
domain-specific seed word lists using its secondary device of
computation of meaning CRC. HowNet covers 32 domains, including
economy, industry, agriculture, education, sports, finance, physics,
chemistry, etc. A seed word is a basic word or expression which is
frequently used in a specific domain. Every specific domain includes a
cluster of seed words and we name the cluster seed word list.

In discussing domain-specific seed word lists in HowNet, we would
like to call our readers’ attention to the following points:

(1) By using CRC, HowNet can generally provide at least 32
domain-specific seed word lists. In addition HowNet can provide much
more seed word lists than the ready-set domains, because every related
concepts field is in fact a seed word list. For example, when you call
CRC to extract the related concepts field with the two senses of the word
“virus”, you will get the following two clusters of words and expressions
respectively:
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“virus” in virology (totals 165)

antibacterial, bactericidal, bacteria-free, antibacterial, antibiosis,
antibiotic, final host, host, intermediate host, Au antigen, Australia
antigen, Ebola virus, HIV, HS1, HS2, amoeba, animal virus, ascus,
amoxil, bacterial vaccine, vaccine, prevent mould, carry disease
germs, antibody, antigen, spore, worm, clean room, autoclave,
sterilizer, ...

“virus” harmful to computer programs (totals 6)
kill virus, hacker, Y2K, computer virus, fire wall

(2) A seed word list may include a certain amount of words and
expressions which belong to the common domain rather than the specific
domain. For example, when you call CRC to extract the seed word list of
education domain with “textbook”, you will get a seed word list of 654
words and expressions and you will find some of them do not have
“domain={education|#{ & }” coded, such as “study abroad”, “train”,
“edify”, “construe”, etc.

(3) The list is changeable with new words joining and obsolete ones
falling out. For example, the word “Y2K” came to usage in the late 90s,
at that time it was a new term for “computer virus” list, but now it has
faded and even become obsolete.

13.3.2. Domain-specific seed word list updating

As a domain-specific seed word list is changeable with new words
constantly joining and obsolete ones sometimes outdated at a high
frequency, how to keep pace with the change of the lists has become an
important issue.

For updating domain-specific seed word lists, HowNet suggests the
following measurements:

(1) To extract texts from, say, web pages and build a domain-specific
corpus by taking a certain amount of words and expressions from a
domain-specific seed word list and setting them as keywords. For



New Resources Activating New Technology 257

example, by using the “virus” (in virology) list, we can easily build a
corpus about bird flu.

(2) To find any frequently occurring words and expressions which are
out of the present domain-specific list. For example, in the newly built
bird flu corpus, we will find that “H5N2”, “H5N1”, “inactivated
vaccine” are frequently-used terms but they are out of the
domain-specific seed word list and even out of HowNet vocabulary.

(3) To add the words “H5N2”, “H5N1”, “inactivated vaccine” in the
list after human confirmation.
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Chapter 14

SOME VIEWS OF CHINESE THROUGH
HOWNET

As HowNet is Chinese-oriented to a certain extent, it encounters a lot of
problems concerning the Chinese language. Most of them are closely
related to some basic and critical nature of Chinese. We would like to
concentrate it in this chapter. The readers who are not interested in the
issues about Chinese may skip over this chapter or just take a quick
browsing. However, we would like to remind the NLP researchers who
are dealing with Chinese to pay special attention to these fundamental
issues of Chinese.

14.1. Words or No Words

One assertion about Chinese words may be quite popular, even to most
of western researchers in the NLP circle, that is, different from English
or other western languages, there is no space between Chinese words in
written Chinese and thus segmentation of the context into words is
necessary for Chinese processing. However, do words really exist in
Chinese? It is still a vexing and controversial question. Some Chinese
grammarians argue that in Chinese there are no words at all, but there are
only characters instead and some express their strong objection.

HowNet considers that the debate about the existence of words is
meaningless. Chinese is so strongly semantic-based that it seems
somewhat flexible, at least not as rigid or as hard as English or other

259
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western languages. Different from Western languages like English,
Chinese has no clear-cut demarcation between so-called multi-character
words (if we agree on “word”) and multi-character phrases.
Non-native-Chinese speakers may find it very strange that even in most
popular Chinese dictionaries there are no such entries as “¥%%&(hen egg
— egg)”, “W(ox meat — beef)”, “ T Fi(fall rain — rain)”. Chinese
grammarians argue that if they were regarded as words and were chosen
as entries in Chinese dictionaries then how we would deal with the
following;:

& (duck egg) IPH (ass meat) T (fall snow)

¥ (snake egg) K (chicken meat) T% (fall fog)

5 (bird egg) a4 (fish meat) T&F (fall hail)

However, we find that all the above-listed are of very high frequency
in a 400-million-character corpus, even much higher than those that are
usually registered as entries in ordinary Chinese dictionaries, as shown in
Table 14.1.

Table 14.1. Examples of dictionary entry and non-dictionary entry.

non-dictionary entry dictionary entry
9% (hen egg) = 5361 85 (fresh egg) =409
4 (ox meat) = 3320 #£3% (fresh vegetable) =551
TR (fall rain) = 1046 ¥R (fresh fruit) =377

Some Chinese grammarians and computational linguists have been
engaged in long debates about the definition of Chinese words, or even
about the real existence of Chinese words. They have been trying to find
some would-be golden criterion for distinguishing Chinese words and
phrases. What should HowNet follow then in the determination of words
and expressions and the selection of entries for the vocabulary in its
dictionary? We discussed the principles HowNet follows in selecting
words and expressions in Chap. 7. Our over 20 years’ experience in NLP
has told us any effort in determination of Chinese words and demarcation
between a word and a phrase is of insignificance, like trying to lift
oneself off the ground by pulling one’s hair. Chinese is featured by no
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clear-cut demarcation between so-called “words” and phrases, between
phrases and clauses.

14.2. Part-of-Speech — Semantics-first

In Chinese grammarian community there is a consensus that one of the
key characteristics of Chinese, completely different from English, is that
there is no strict correspondence between parts-of-speech and syntactic
functions. Let’s compare the following examples:

Chinese literal English translation
(a) RIERT BRI (a-1) I ate fish for lunch yesterday
(b) RERLH (b-1) I like to eat fish
(c) "%t BT it (c-1) Eating fish is good to health

In English examples we can see the different forms of the verb “eat™:

(a-1) finite form used as the predicate in past tense;

(b-1) infinitive with “to”, a non-finite form, used as the object of the
verb “like”;

(c-1) present participle, a non-finite form, used as the subject of the
sentence. But in Chinese examples we see no difference at all with the
verbs “Iz(eat)”. In Chinese different syntactic functions do not require
any inflexions of the words and expressions. Let us look at some more
examples:

Chinese literal English translation
(d) F5ie) BB 77 (d-1) the room is very quiet
(e) H A =4 %F (e-1) please lie down 3 minutes quietly

(f) KBS NERK A (f-1) She felt a suffocating quietness

In the examples (d), (¢), (f), the Chinese word “##”, without any
inflexions, are used in completely different syntactic functions: as the
predicative in (d) , as an adverbial modifying the verb “Hi(lie)” in (e),
and as the object of the verb “/&Z(feel)” in (f). If these cases happened
to English, an English native speaker would be sensitive enough to be
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aware of grammatical usage with different parts-of-speech (even though
the words happen to be of the same form in different parts-of-speech like
“quiet”). Chinese grammar prescribes that a Chinese adjective can be
used as an attributive, an adverbial and a subject or an object. It must be
kept in mind that in Chinese the part-of-speech of a word or expression is
fixed, not variable with the syntactic functions it plays in the sentence. In
a Chinese Treebank we found a sample as follows:

(IP (NP-SBJ (NN £:¥%))
(VP (ADVP (AD #EF13))
(VV 1K)
(QP-EXT (CD B2 +-1)))
(PU , )
(IP (NP-SBIJ *pro*)
(VP (VV &T)
(NP-OBJ (NP (DP (DT 4))
(NP (NN [H)))
(ADJP (] 1))
(NP (NN 1)
(NN ZEE))))
PU <))

Here the first “2EF3Y (annually average)” is tagged as an adverb
(AD), while the second “4EF3%” as a noun modifier (JJ); the first “#{
(grow)” is tagged as a verb (VV), while the second “¥4{” as a noun
(NN). The parts-of-speech of the two words “EF3%” and “H4H” are
interdependent on each other. We wonder if this remains the Chinese
language that Chinese people really use. Chinese speakers are not as
sensitive ‘in parts-of-speech as English speakers. Many Chinese
dictionaries, even very popular ones or those for the leamers of
Chinese-as-second-language, do not give part-of-speech information for
the solid words and expressions. Even in the dictionaries that provide
part-of-speech information, words like “ 3§ & (grow)”, “ X &
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(develop)/(recruit)”, “%5 ¥ (conclude)”, “it & (calculate)”, “4 =
(deliver)/(produce)” etc. are coded with only one part-of-speech: verb.
As we know, in English, the words like “grow”, “develop”, “conclude”

and “calculate” usually have their derivative nouns meaning the acts of
respective verbs, e.g.

grow growth
develop development
conclude conclusion
calculate calculation
deliver delivery

Careful readers would find with interest that in popular
Chinese-to-English dictionaries these words may have two or more
English equivalents, but they rarely have the derivative nouns as their
English equivalents, for example:

4K : increase, rise, grow (no “growth”)
KRE: @ develop, expand, grow (no “development”/ “expansion™);
® recruit, admit (no “recruitment”/ “admittance”)
#5W: end, finish, conclude, wind up, close (no “conclusion”)
8. count, calculate, compute (no “calculation” / “computation”)
A7 O produce (no “production”);
@ give birth, deliver (no “delivery”)

If the so-called part-of-speech of a Chinese verb would vary with its
functions it plays in the context, should most of Chinese verbs be
specified as both the parts-of-speech, noun as well as verb in the
dictionary? Even should those verbs like “Z(leave)”, “E(write)” be
specified as two parts-of-speech? Let us look at the following Chinese
sentences:

“HEBRAE=ANHAMBAHCHE £R”
Cf. a raw English translation:
“In fact, a plan of leaving came to President’s mind three months

3

ago



264 HowNet and The Computation of Meaning

ML HFFMNBIUENTER TR B AEmE”
Cf. a raw English translation:

“Those writers have to deliver their manuscripts to the editor’s of ‘the
book assembly company’”

In the examples, the Chinese word “Z:” modifies the word “&”, and
the word “&” modifies the word “F”, similar to “}¥44” modifying “%E
fE” in the above sample of the Treebank. So we might have to tag the
two words “Z” and “B” as “NN”. In other words, these two verbs
should be tagged as nouns in the text. We are facing the question that
how we should code part-of-speech of the words “Z” and “H” in
Chinese dictionary. In reality we have never found noun part-of-speech
for these two verbs in any Chinese dictionaries. On the contrary, we find
the words “Fi” coded as verb part-of-speech in similar cases, e.g. “MH¥%
(method for use)”, “F & (articles for use)”.

This case is also true with other parts-of-speech of Chinese and
English. For example, let us look at the following Chinese sentence:

“MAMER AN, MEANEE, BT L DRI AR,
HE T DEE R YE”

Cf. a raw English translation:

“She got married and became a mother. Although today she has
somewhat lost girl’s loveliness and naivety, she grows with
maturity and charm of a young married woman”

In Chinese dictionaries, when they are coded with parts-of-speech,
the words “H] 327, “4fi E”, “Ai#’ and “@LYE” are all coded as adjectives
only. Would it be appropriate to code all the Chinese adjectives with
noun part-of-speech although they have no different inflexions?

We do not believe ordinary Chinese people really have a strict scheme
of part-of-speech as westerners do. The Chinese language is much more
dependent on semantics. Grammatical inflexions and functions are not so
important as those of European languages. To Chinese, so-called
adjectives are taken always as an attribute value or a property, no matter
what functions they would be in a sentence. In fact, the true meanings of
the following words in italic have not changed in the sentences like:
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ih+43 77 Z (She is very lovely)
BB A7 5] (1 was attracted by her loveliness)

Can an ordinary language user tell the difference in actual meaning
between the words “lovely” and “loveliness”? In fact both the words
“lovely” and “loveliness” indicate the same attribute.

Besides, Chinese adjectives in Chinese-to-English bilingual
dictionaries have no derivative adverbs and nouns as their English
equivalents, for example:

SEF#: tranquil (no “tranquilly” / “tranquility”)
/IiD>: cautious (no “cautiously” / “cautiousness”)
BZ: proficient (no “proficiently” / “proficiency”)

Westerners may ask: “Does Chinese really have derivative adverbs
and nouns from those adjectives like ‘tranquil’, ‘careful’, ‘beautiful’,
‘peaceful’, etc?” “If it does, why there are none of them in Chinese
monolingual dictionaries, and there are no English equivalents to the
corresponding adjectives in Chinese-to-English bilingual dictionaries?”
Our answer is: “Morphologically, Chinese does not have those derivative
adverbs and nouns”.

In conclusion, the problem of Chinese part-of-speech has been a
long-term controversy. The strategy we believe in when doing the
research and development of HowNet is: Let Chinese be Chinese. Never
try to distort it and squeeze it into a non-Chinese grammar frame, or as a
Chinese old saying goes, to cut one’s feet to fit the shoes.

14.3. Aspect of Chinese Verbs

HowNet is, in a sense, a strongly semantics-based system. Why does it
have to deal with verbal aspect which is generally regarded as a
grammatical category? In the secondary features list of HowNet you can
find the sememes denoting Chinese aspect as follows:
{aspect| {4}
I {Vdirection|z/jj#}
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F {Vprocess|zhFE}

| F {Vsuppose|[E}

| F {Vstart| & ¥5}

| F {Vgoingon|i}t &}

| F {Vcontinue|FE4E}

| L {Vendl5e&t}

L {(Vresult|zh 3}

F {Vachieve|iX i}

F {Vfail| K& A%}

F {Vable/fg}1}

F {Vincapable|¥ZHE 11}
F {Vpossible|FJ &

F {Vimpossible| ¥ F] f&
L (Viry[iRiR)

First, the problem is involved with entry selection in HowNet. Nearly
all the Chinese aspect markers are homographs. They can be used both as
content words and as function words which are tagged as “STRU”
(structure word) for their part-of-speech in HowNet. To take the word
“%” as an example. We can see that there are 11 meanings and notice
that 8 are content words while 3 of them are function words, two of
which are aspect markers. Let’s look at the following 11 records of “%”.

NO.=144957

W C=%

G_C=STRU [zhe0]

E_C=7*~’ ‘1‘1{:(]-"‘7 ﬁﬂ"’r mﬁi"‘r Rﬁ"’: y‘]"’: Fﬂw ﬁ"‘

W_E=

G E=

E E=

DEF={FuncWord|Z}j & A :adjunct={LeChinese|zh 8} }

NO.=144958

W _C=%

G_C=STRU [zhao2]

E_CZ@N’ ﬂ%"” &Bﬁ"" &@g"'! j:jZ"’! ﬂﬁ‘7[<~, %ﬁﬁﬂﬁ~7» 'ﬁ‘l_j‘
REBI~IR, FHMME S S ERIT~h
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W_E=

G_E=

E_E=

DEF={FuncWord| %) §%17:aspect={ Vachieve|iE i} }

NO.=144959

W_C=%

G_C=STRU [zhe0]

E C=Mt~, ¥fi~, S~ F~, U~UV~SEEKT, E~E~b/ER
MEE T, MWIER~EWE, AMAIET~W, MR~RERRT

W E=

G E=

E_E-

DEF={FuncWord|Z}§& 1] :aspect={Vgoingon|i /& } }

NO.=144960

W_C=%

G_C=V [zhuo2]

E C=%, —H~%iLW, S-~-RBEAERAEKR L—FWU-EER
W_E=wear

G _E=V

E_E=

DEF={PutOn| % #:aspect={Vgoingon|# &} }

NO.=144961

W C=%

G_C=V [zhao2]

E C=~K, K#~BK, KERE~ER, Ki&~FWT, TH—H
BM~T

W_E=burmn

G E=V

E_E=

DEF={StateChange| 2% :StateFin={fire|'K } }

NO.=144962
W_C=%
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G_C=V [zhuo2]
E C=f, ~&
W_E=apply

G _E=V

E_E=
DEF={apply|[i&$k}

NO.=144963

W_C=%

G_C=V [zhuo2]

E C=R~% ARI{E, ~HFTFREHRU
W_E=send

G_E=V

E E=

DEF={dispatch|Z &}

NO.=144964

W _C=%

G_C=N [zhaol]

E C=#, ~%, i~ X~HEY, HMEMEEEXH~
W_E=trick

G E=N

E E=

DEF={plans|#t Xl {deceive| X J:method={~} } }

NO.=144966

W _C=%

G_C=V [zhao2]

E_C=SkRI—# b3k 3t~T

W_E=fall asleep

G E=V

E E=
DEF={sleep|fi:aspect={Vachieve|iE i} }

NO.=144967
W_C=%
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G_C=V [zhao2]

E_C:""{E': ’ N‘ﬁ1 "’E ’ ~ﬂ§
W_E=be effected by

G E=V

E E=

DEF={suffer|i# %}

NO.=144969

W_C=%

G_C=V [zhao2]

E_C=IIZEBAE~t, ~KEifl, ~TWKSEH
W_E=come into contact with

G_E=V

E E=

DEF={touch|fi!}

If we omitted the aspect markers in HowNet, we would again
encounter the dilemma of entry selection of content words and function
words in Chinese as discussed in Chap. 7.

Secondly, If we did not handle the aspect, we would find it
impossible to fully paraphrase the meanings of many words and
expressions and to tell the difference between some of the Chinese words
and expressions. For example, all the following words and expressions
are usually selected as entries in most Chinese dictionaries: “%&”, “BE%H”,
CNBE”, “BCE”, “RUHR”, “3EABE%”. They are a synonymous set
meaning “fall asleep”, not merely “sleep”. “Sleep” is an action of
“resting” while “fall asleep” is a state after taking the action of
“sleeping”. What is more, “fall asleep”( or “be asleep”) is regarded as an
expected result, or the goal of “sleep”. Let’s compare the following:

NO.=102627

W_C=}

G_C=V [shui4]

E_C:"Pjt'l‘_ﬁ’ ~H&: NZ:EE’ i~ "’%T! "’Z:%y ~j~\‘ﬁi” E‘Eﬁt"‘
—FT’ E"‘E‘ﬁ’ NZ:SE’ ~‘T§§7 N?é'?ﬁﬁ’ B/F%NﬂTu—%’
R U, ~— 2L BB, —R~BIRRR
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W_E=sleep
G_E=N

E E=
DEF={sleep|H}

NO.=144966

W C=%

G_C=V [zhao2]

E_C=3kRI#RkLm~T

W_E=fall asleep

G E-V

E_E=

DEF={sleep|fE:aspect={ Vachieve|iL %} }

NO.=016552

W_C=H{

G_C=V [cheng?2 mei4]

E C=

W_E=fall asleep

G_E=V

E E=
DEF={sleep|H:aspect={Vachieve[iK i} }

To take Chinese expression “ 3 2]”, “F3K”, “F W, “4 B, “E~
as another example. They are a synonymous set meaning “come upon
after searching or find location”. “Search” or “look for” is an action of
“trying to locate” while “find” is a state and can be regarded as an
expected result, or the goal of “search”. Let us compare the following:

NO.=124584

w_C=F

G_C=V [xun2]

E C=

W_E=look for

G_E=V

E E=

DEF={LookFor|3}
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NO.=124611

W_C=33

G_C=V [xun2 huo4]

E C=

W_E=find

G_E=V

E_E=
DEF={LookFor|}::aspect={Vachieve|iX i} }

Most of the words and expressions in the examples of the kind are
taken as entries in Chinese dictionaries. In other words, they are regarded
as “words”. However, in reality they represent aspect of Chinese verbs.
Special attention should be paid to many words which are polysemous
themselves when they are used as aspect makers, for example:

NO.=086098

W_C=i@k

G_C=STRU [qi3 lai2]

E_C=/l}a5§“’_r’ gE.g/E{~T ’ gﬁi“” gﬁ"” 9%“” ﬁ"’

W_E=

G_E=

E E=

DEF={FuncWord|Z}if A :aspect={Vresult|3/ F } }

NO.=086099

W_C=#2%k

G_C=STRU [qi3 lai2]

E_C=ﬁ@.ﬁﬁ%:ﬁﬁ%55~T ’ Xﬂjﬁﬁ itg"’! 'ﬂi’.'ﬂ‘] {r"
W_E=begin

G_E=V

E_E-

DEF={FuncWord|Z}jfig i :aspect={ Vstart| X % } }

NO.=086101
W_C=iak
G_C=STRU [qi3 lai2]
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E C=tf~, ¥~ B~, H~ W~ B~ WRME~ JHEiER

W_E=
G E=
E_E=

HowNet and The Computation of Meaning

DEF={FuncWord| L)% :aspect={Vsuppose|f i} }

Table 14.2 shows the meanings conveyed by Chinese aspect and its

corresponding “aspect markers” and examples.

Table 14.2. Chinese aspect markers and their meanings.

sememe in HowNet meaning marker examples
Vsuppose|{i 5 } presupposing R B~
{Vstart| & %) inceptive 2R KITH B~
sl E—FW~T
{Vgoingon|i# J&} progressive 1 ~RE
iE I~ B W
IE7E ~Ti
& Yi~R~EhFE T
Veontinue|ZE 4} protractive T R~LEHR
Vend|5 45} terminative i 7 ~HR P E I
{Vachieve|ix i} perfective H B~ SR
¥k 575
3| B~-ATg
% -7
g3k T B~
it % BRE~T
g iRt~ T
A W~ THE A~
s Z~—iiR
T BR-BEER
& R~EREA,
{Vable|fE 71} capable B3 Jh~
151 {5~
Bidk fri~
BT —ANAF~
15k E~
BT £~
i -~ ~
T A LABE~3 A A
L3k #HE~T
Vincapable|## 877} [incapable N s~
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sememe in HowNet meaning marker examples
it B~R
Ak — A~
AT —AMARF~
Ak fip~
AT W~
{Vpossible|A] B¢} possible B X R~ A~
Viry[ifik} trying E FE~

When speaking about Chinese aspect, one point we would like to
invite readers’ special attention that different from the aspect of English,
Chinese aspect is featured by its unrelatedness to tense. It is known that
English aspect is usually closely related to tenses, for example, English
verbs can be used in progressive aspect with various tenses, such as
present progressive, past progressive and future progressive tenses.
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Appendix

Part I

As part of Appendix, an accompanying CD-Rom containing the Mini-HowNet system is
attached to the book. Mini-HowNet contains the HowNet knowledge database with
all the entry records from A to D in Chinese Pinyin, and the HowNet’s devices of
computation of meaning: Browser, Concept Relevance Calculator, Concept
Similarity Measure, and Query Expansion Tool.

Part IT
The second part of Appendix contains Axiomatic relation of events and role shifting.

Axiomatic relation of events and role shifting

{RegardAs|Z{E} (X) <----> {become| A} (Y) [consequence];
patient OF {RegardAs| %k }=relevant OF {becomelffi 5 };
Resultlsa OF {RegardAs|24{f}=isa OF {become|. A}

{dismiss|E 4} (X) <----> BeNot/3E (Y) [consequence];
patient OF {dismiss| 2 % }=relevant OF BeNot3E;
ResultIsa OF {dismiss|% % }=isa OF BeNot|dE.

{lose|%k#:} <----> {own[H& } [precondition];
possessor OF {lose| %2 }=possessor OF {own|FH};
possession OF {lose}%k % }=possession OF {own|&}.

{lose|5 &} <----> {obtain/fRF|} [mutual precondition];

possessor OF {lose|k 2 }=possessor OF {obtain|{§3|};
possession OF {lose|%k 2 }=possession OF {obtain|f3E]}.
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{BelongTo|/&F} <----> {own|H} [interchangeable];
possession OF {BelongTo|/& T }=possession OF {own|H};
possessor OF {BelongTo}/& T }=possessor OF {own|H}.

{owe|’X} [implication] <----> {OwnNot|JC};
possessor OF {owe{’X }=possessor OF {OwnNot|7T:};
possession OF {owe|’R }=possession OF {OwnNot|7G}.

{owe[’K} (X) [implication] <----> {own|[&} (Y);
target OF {owe|’X }=possessor OF {own|F};
possession OF {owe|/X }=possession OF {own|H}.

{take[HX} <----> {obtain/f3F} [consequence];
agent OF {take|H} }=possessor OF {obtain{{33};
possession OF {take|HY }=possession OF {obtain|%Z!}.

{give|#5} <----> {lose|’k 22} [consequence];
agent OF {give|#5}=possessor OF {lose|5k3};
possession OF {give|%}=possession OF {lose|k3:}.

{give|?3} (X) [implication] <----> {receive[lil’%} (Y);
target OF {give|#5 }=possessor OF {receive/li3%};
possession OF {give|%;}=possession OF {receive[l{3%}.

{exchange|3Z#t} <----> {lose|%: %} [consequence];
agent OF {exchange|3Z #t}=possessor OF {lose|%c2%};
possession OF {exchange|3Z#:}=possession OF {lose|c3}.

{exchange| 3 #t} <----> {obtain|{§F|} [consequence];
agent OF {exchange|3Z#t}=possessor OF {obtain|f§%]};
possession OF {exchange|3Z #t}=possession OF {obtain|#§ZI}.

{exchange|3#:} (X) [implication] <----> {lose|K %} (Y);
source OF {exchange|3Z#}=possessor OF {lose|53:};
possession OF {exchange|3Z#}=possession OF {lose|%c3}.

{exchange[AZ#t} (X) [implication] <----> {obtain|/B 3} (Y);
target OF {exchange|A #t}=possessor OF {obtain|{3%]};
possession OF {exchange|3Z #%}=possession OF {obtain/#5%|}.

{buy|F} (X) <----> {sell|Z} (Y) [mutual implication];
agent OF {buy|3¥X}=target OF {sell|zZ};
source OF {buy|3}=agent OF {sell|3Z};
possession OF {buy|3K}=possession OF {sell[3Z};
cost OF {buy}3%}=cost OF {sell|$£}.
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{borrow|f A} (X) <----> {lend|ff {1} (Y) [mutual implication];
agent OF {borrow|fi A }=target OF {lend|f1};
source OF {borrow|ff A }=agent OF {lend/&Hi};
possession OF {borrow|f& A\ }=possession OF {lend/ftf H}}.

{TakeBack|l[A]} (X) <----> {return|iL} (Y) [mutual implication];
agent OF {TakeBack|iX[E]}=target OF {return|iX};
source OF {TakeBack{HX[El}=agent OF {return|if};
possession OF {TakeBack{H{ [B]}=possession OF {returnjif}.

{MarryFrom|#} (X) <----> {MarryTo|#%} (Y) {mutual implication];
agent OF {MarryFrom|%2}=target OF {MarryTo{#%};
source OF {MarryFrom|%}=agent OF {MarryTo|{%};
possession OF {MarryFrom|28} =possession OF {MarryTo|%}.

{CompareTo|Lbfil} (X) <----> {BeSimilar|#8{8} (Y) [consequence];
patient OF {CompareTo|tt#il}=relevant OF {BeSimilar|fi{§};
contrast OF {CompareTo|Et.#l }=contrast OF {BeSimilar[fH}.

{MakeEqual|{f 115§} (X) <----> {equal[#%¥} (Y) [consequence];
patient OF {MakeEqual|{#H% }=relevant OF {equal|ti%};
contrast OF {MakeEquall{f4155}=contrast OF {equal|#i%¥}.

{obey| T} <----> {fi}iEE} [consequence];
patient OF {obey|i#& 1§ }=relevant OF {fit|iE&};
content OF {obey|#{F}=contrast OF {fitli&&}.

{disobey|i# 1} <----> {FitNot|Ni&} [consequence];
agent OF {disobey|ifi 7§ }=relevant OF {FitNot|Fi&};
content OF {disobey}ii }=contrast OF {FitNot]"i&}.

{include]IN} (X) <----> {contain/f8 7} (Y) [consequence);
patient OF {include/#4 A\ }=PartOf OF {contain|fl7};
ResultWhole OF {include]4§ A }=relevant OF {contain|/t3.5}.

{include/#4 \ } <----> {contain/{d &} [consequence];
agent OF {include|41 A\ }=PartOf OF {contain|&&};
ResultWhole OF {include|4 A\ }=relevant OF {contain|[fd}.

{include| N} (X) <----> {BeMember|3R &} (Y) [consequence];
patient OF {include|% A\ }=relevant OF {BeMember|3&&};
ResultWhole OF {include|Z4 A\ }=whole OF {BeMember|5/&}.
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{include| Y \} <----> {BeMember|F &} [consequence];
agent OF {include/# A }=relevant OF {BeMember|R&};
ResultWhole OF {include|# A\ }=whole OF {BeMember|$J&}.

{discharge|FF B} (X) <----> {contain|f 7%} (Y) [consequence];
patient OF {discharge|FF k& }="PartOf OF {contain/f8%};
SourceWhole OF {discharge|JT &% }=relevant OF {contain|{%5}.

{withdraw|JE H1} <---—> {contain|fl &} [consequence];
agent OF {withdraw|i& t§ }="PartOf OF {contain|f%&};
SourceWhole OF {withdraw|iR tH{ }=relevant OF {contain/f.&}.

{discharge|FFF&} (X) <--—> {BeMember|3# &} (Y) [consequence];
patient OF {discharge|FFF&}="relevant OF {BeMember|J&};
SourceWhole OF {discharge|JF & }=whole OF {BeMember|#/)%}.

{withdraw|JB H}} <-—-—> {BeMember|# /&) [consequence];
agent OF {withdraw|iB H!}="relevant OF {BeMember|F/8};
SourceWhole OF {withdraw|iE {5 }=whole OF {BeMember|3/&}.

{tie| =Bk} (X) <----> {relate[H 5%} (Y) [consequence];
patient OF {tie|2<EX}=relevant OF {relate[f 3};
partner OF {tie|5<Bk}=partner OF {relate|5 5%}.

{associate[AZ £} <----> {relate/F X} [consequence];
agent OF {associate|3Z1E }=relevant OF {relate|H 3%};
partner OF {associate|3Z7% }=partner OF {relate[H 5%}.

{MarryFrom|#%} <----> {GetMarried|%5#&} [mutual implication];
agent OF {MarryFrom|%}=agent OF {GetMarried|%;{5};
possession OF {MarryFrom|%%}=partner OF {GetMarried|%54§}.

{MarryTolf#} <----> {GetMarried|%5 45} [mutual implication];
possession OF {MarryTo|% }=agent OF {GetMarried|%;§&};
target OF {MarryTo|#&}=partner OF {GetMarried|&545}.

{MarryTo[#%} (X) <----> {MarryFrom|%} (Y) [mutual implication};
agent OF {MarryTo|# }=possession OF {MarryFrom|Z%};
target OF {MarryTo|$% }=agent OF {MarryFrom|&&}.

{GetMarried|£5 8} (X) <----> {GetMarried|45 45} (Y) [mutual implication];
agent OF {GetMarried|45 4§ }=partner OF {GetMarried|4515};
partner OF {GetMarried| %5} =agent OF {GetMarried|4515}.
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{mating|3ZAC} [precondition] <----> {pregnant{}fZ} ;
agent OF {mating|3Z Bz }=experiencer OF {pregnant|/{fZ¥};

{separate|5} B} (X) <----> {RelateNot| 35} (Y) [consequence];
patient OF {separate|4) &5 }=relevant OF {RelateNot|F%};
partner OF {separate|4; B }=partner OF {RelateNot| L%},

{separate|7+ B} (X) <--->{RelateNot| 5%} (Y) [consequence];
patient OF {separate|7} B }=relevant OF {RelateNot|JE3<};
SourceWhole OF {separate|4} 2 }=partner OF {RelateNot|:3}.

{SelfMove| B ¥} <> {arrive|2i%} [consequence];
agent OF {SelfMove| H # }=agent OF {arrive|B)iE);
LocationFin OF {SelfMove| B # }=LocationFin OF {arrive|ZliX}.

{arrive|E[ik} <----> {situated|4tF} [consequence];
agent OF {arrive|El|iX}=existent OF {situated|4tF};
LocationFin OF {arrive|£iX}=location OF {situated|bF}.

{situated|4t F} (X) <----> {CauseToMovelft#} (Y) [implication];
existent OF {situated|4tt T~ }=patient OF {CauseToMove|fth#};
location OF {situated{&t T }=LocationIni OF {CauseToMove/fh#£}.

{CauseToMove|fl. 8} (X) <——-> {SelfMove| A} (Y) [consequence);
patient OF {CauseToMove|fti# }=agent OF {SelfMove|EH#};
LocationFin OF {CauseToMove|ffi# }=LocationFin OF {SelfMove| 8 #%}.

{CauseToMovelfti 8} (X) <----> {arrive|2]iXx} (Y) [consequence];
patient OF {CauseToMove|fi# }=agent OF {arrive|ZiX};
LocationFin OF {CauseToMove|fi# }=LocationFin OF {arrive|Zi&}.

{pullfir} (X) <----> {come|3k} (Y) [consequence];
patient OF {pull|$ }=agent OF {come|3K};
direction OF {pull[$i }=direction OF {come|3K};
LocationThru OF {pull|tiz }=LocationThru OF {come|3k};
LocationIni OF {pullfs}=LocationIni OF {come|3k};
LocationFin OF {pull}$}=LocationFin OF {come[3k}.

{push{#} (X) <----> {go[Z} (Y) [consequence];
patient OF {push|#}=agent OF {go|Z};
direction OF {push|if}=direction OF {go|%};
LocationThru OF {push|#}=LocationThru OF {go|%};
LocationIni OF {push|#f}=LocationIni OF {go|2:};
LocationFin OF {push|[ff}=LocationFin OF {go}Z}.
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{MoveltUp| L#} (X) <----> {GoUp|_L: 2:} (Y) [consequence];
patient OF {MoveltUp|_1:# }=agent OF {GoUp| = 2};
direction OF {MoveltUp| L. }=direction OF {GoUpj.L.%};
LocationThru OF {MoveltUp| I:# }=LocationThru OF {GoUp| - %};
LocationIni OF {MoveltUp|_L# }=LocationIni OF {GoUp|.-%};
LocationFin OF {MoveltUp| L # }=LocationFin OF {GoUp|.k-%}.

{iftpR T} (X) <----> {GoUp| L. 22} (Y) [consequence];
patient OF {lift#2&F}}=agent OF {GoUp| 1 %};
direction OF {liftj##F}}=direction OF {GoUp| L.3:};
LocationThru OF {lift{}& F} }=LocationThru OF {GoUp| - %};
LocationIni OF {lift|$&J}}=LocationIni OF {GoUp|.l:2:};
LocationFin OF {lift#&Ff }=LocationFin OF {GoUp| L. %}.

{hang[&#} (X) <----> {GoUp| .2} (Y) [consequence];
patient OF {hang|&#E}=agent OF {GoUp| - %};
direction OF {hang|:&#}=direction OF {GoUp| - %};
LocationThru OF {hang|:&¥E}=LocationThru OF {GoUp| k-2 };
LocationIni OF {hang|®&#}=LocationIni OF {GoUp| L:3:};
LocationFin OF {hang|&#E}=LocationFin OF {GoUp|_L- %:}.

{MoveltDown| F#%} (X) <----> {GoDown| %} (Y) [consequence];
patient OF {MoveltDown| T # }=agent OF {GoDown| K2} ;
direction OF {MoveltDown| T # }=direction OF {GoDown| T 2:};
LocationThru OF {MoveltDown|F# }=LocationThru OF {GoDown|TF %};
LocationIni OF {MoveltDown| T # }=LocationIni OF {GoDown| T 2;};
LocationFin OF {MoveltDown| T # }=LocationFin OF {GoDown| FZ}.

{spray[ifi T} (X) <---> {GoDown| T 2} (Y) [consequence];
patient OF {spray|#i T }=agent OF {GoDown| F 2:};
direction OF {spray|#i T }=direction OF {GoDown{ F3:};
LocationThru OF {spray|i#i T }=LocationThru OF {GoDown| T %};
LocationIni OF {spray|#i T }=LocationIni OF {GoDown| F %:};
LocationFin OF {spray|i#i F }=LocationFin OF {GoDown| T %}.

{swallow|l T} (X) <----> {GoDown| F 2} (Y) [consequence];
patient OF {swallow|"® T }=agent OF {GoDown| F%};
direction OF {swallow|" F }=direction OF {GoDown| T %};
LocationThru OF {swallow|M T }=LocationThru OF {GoDown| T %};
LocationIni OF {swallow|" T }=LocationIni OF {GoDown| F %};
LocationFin OF {swallow|#fl T }=LocationFin OF {GoDown|F 3:}.

{drop|# F} (X) <----> {GoDown| F 2} (Y) [consequence];
patient OF {drop|#t T }=agent OF {GoDown| T %};
direction OF {drop{3% T }=direction OF {GoDown| F2};
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LocationThru OF {drop|#% F }=LocationThru OF {GoDown| F %};

LocationIni OF {drop|#& T }=LocationIni OF {GoDown| F3:};
LocationFin OF {drop[# T }=LocationFin OF {GoDown| F%}.

{MoveltBack|[R|#} (X) <----> GoBackward|/5i8 (Y) [consequence];

patient OF {MoveltBack|[H]# }=agent OF GoBackward|/5i8;

direction OF {MoveltBack|[=|# }=direction OF GoBackward|/5i8&;
LocationThru OF {MoveltBack|[R| }=LocationThru OF GoBackward|/5 ig;
LocationIni OF {MoveltBack|[F]# }=LocationIni OF GoBackward|/5i#;
LocationFin OF {MoveltBack][E|# }=LocationFin OF GoBackward|J5 i&.

{Moveltlnto|§ ¥} (X) <----> {Golntoli#F A} (Y) [consequence];
patient OF {Moveltinto|/4 % }=agent OF {Golnto[i# A\ };
direction OF {MoveltInto|P§ # }=direction OF {Golnto[# A\};

LocationThru OF {MoveltInto|J # }=LocationThru OF {Golnto[#f A\ };
LocationIni OF {MoveltInto|P # }=LocationIni OF {Golnto|i#f \};
LocationFin OF {MoveltInto|§ # }=LocationFin OF {Golnto|i#E A }.

{inhale|"’R A} (X) <----> {Golnto[i# A} (Y) [consequence];
patient OF {inhale|J \}=agent OF {Golnto]# \};
direction OF {inhale|? A\ }=direction OF {Golnto}i#f A };

LocationThru OF {inhale|% A\ }=LocationThru OF {Golnto[i#t A\ };

LocationIni OF {inhale/® A }=LocationIni OF {Golnto#k\};
LocationFin OF {inhale['}k \.}=LocationFin OF {Golnto[i# A\ }.

{insert/ffiA} (X) <---> {Golnto[H#f A} (Y) [consequence];
patient OF {insert/#i A }=agent OF {Golnto[# A\ };
direction OF {insert/## A\ }=direction OF {GolInto|# \};
LocationThru OF {insert|# A\ }=LocationThru OF {Golnto|#f\};
LocationIni OF {insert|{fi A }=LocationIni OF {Golnto|if\};
LocationFin OF {insert[{fi A\ }=LocationFin OF {Golnto[iff A }.

{soak|B A} (X) <----> {Golnto#k \} (Y) [consequence];
patient OF {soak|#2 A\ }=agent OF {Golnto[i#i A\ };
direction OF {soak[}& A\ }=direction OF {Golnto[i# A\ };
LocationThru OF {soak|{2 A\ }=LocationThru OF {Golnto[i A\ };
LocationIni OF {soak|i# A\ }=LocationIni OF {Golnto[i}f A\ };
LocationFin OF {soak|## A\ }=LocationFin OF {Golnto|#} \}.

{inlay[{R A} (X) <----> {GolInto|#k \} (Y) [consequence];
patient OF {inlay[#k A\ }=agent OF {Golnto|#f \};
direction OF {inlay|{k \.}=direction OF {Golnto|if A\ };
LocationThru OF {inlay|{* A\ }=LocationThru OF {Golnto|ift \};
LocationIni OF {inlay[#% A }=Locationlni OF {Golnto[#ff \.};
LocationFin OF {inlay|[#% A\ }=LocationFin OF {Golnto|3f \}.
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{fillBAN} (X) <----> {Golnto|i#f A} (Y) [consequence);
patient OF {fill 3\ }=agent OF {Golnto|i#f \};
direction OF {fill3& A\ }=direction OF {Golnto[i#f \ };
LocationThru OF {filllA A\ }=LocationThru OF {Golnto[if \ };
LocationIni OF {fill A }=LocationIni OF {Golnto|i}f \};
LocationFin OF {fill}E A\ }=LocationFin OF {Golnto|i#f \.}.

{bury A} (X) <----> {Golntolidk A\ } (Y) [consequence];
patient OF {bury| A\ }=agent OF {Golnto[i#t \};
direction OF {bury|3# A }=direction OF {GolInto[#t A\ };
LocationThru OF {bury|# A\ }=LocationThru OF {Golnto|# A\ };
LocationIni OF {bury|## A\ }=LocationIni OF {Golnto|i#} A\ };
LocationFin OF {bury[3 A\ }=LocationFin OF {Golnto|if \.}.

{MoveltOut|#}} (X) <~---> {GoOut|tH 32} (Y) [consequence];
patient OF {MoveltOut|#}# }=agent OF {GoOut|t} % };
direction OF {MoveltOut|#} % }=direction OF {GoOut|iH3};
LocationThru OF {MoveltOut|#}# }=LocationThru OF {GoOut|t§ 7 };
LocationIni OF {MoveltOut|#}# }=LocationIni OF {GoOut|t}%};
LocationFin OF {MoveltOut|#}#% }=LocationFin OF {GoOut|}3}.

{MoveltAway|iZE# ) (X) <> {leave|BFF} (Y) [consequence];
patient OF {MoveltAway|iZi# }=agent OF {leave|E FF};
direction OF {MoveltAway|Zt# }=direction OF {leave| & FF};
LocationThru OF {MoveltAway|it# }=LocationThru OF {leave|E7F);
LocationIni OF {MoveltAway|iZ# }=LocationIni OF {leave|E7F};
LocationFin OF {MoveltAway}it# }=LocationFin OF {leave[Z{FT}.

{assemble|FRE } (X) <----> ComeTogether[f1 5 (Y) [consequence];
patient OF {assemble|F 4 }=agent OF ComeTogether|$E5;
direction OF {assemble|Z 4k }=direction OF ComeTogether|fE5;
LocationThru OF {assemble|Z#E}=LocationThru OF ComeTogether|$£ 5 ;
LocationIni OF {assemble|5%2}=LocationIni OF ComeTogether[$25;
LocationFin OF {assemble/Z¥ £ }=LocationFin OF ComeTogether/fE .

{hold|#} [precondition] <----> {CauseToMove|fl1%5};
agent OF {hold|%}=agent OF {CauseToMove|fli#5};
patient OF {hold|& }=patient OF {CauseToMove|{1#5}.

{CeaseCauseTOMove| % 1E il ¥ } (X) <> {CeaseSelfMove| & I A & } (Y)
[consequence];
patient OF {CeaseCauseTOMove|2% 1E4h# ) =agent OF {CeaseSelfMove|# 1- B 5},

{AImAYE 1} <----> {shoot| K41} [purpose];
agent OF {AimAt|5E [f)=agent OF {shoot| & 51};
direction OF AimAt|5E [f)=direction OF {shoot|z §1};
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{AImALSE 1} <----> {firing|§} i} [purpose];
agent OF {AimAt|5E [f] }=agent OF {firing|§t};
direction OF {AimAt)5E [7}}=direction OF {firing|§t7};

{add}¥ N} (X) <----> {BecomeMore|} %} (Y) [consequence];
patient OF {add|3#}l1}=experiencer OF {BecomeMore|lf %2 };
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quantity OF {add|3# il }= (StateFin OF {BecomeMore|# % }) - (Statelni OF

{BecomeMore|}i % });

{subtract{BlIl#} (X) <---> {BecomeLess|i#/>} (Y) [consequence];
patient OF {subtract|Hl}}5 }=experiencer OF {BecomeLess}i&/>};

quantity OF {subtract|Hll#&}= (StateIni OF {BecomeLess|#/>}) - (StateFin OF

{BecomeLess|fik/>});

{exhaust{fii}E} (X) <----> {BecomeLess|#%/>} (Y) [consequence];
patient OF {exhaust|35i % }=experiencer OF {BecomeLess|Ji&/>};

quantity OF {exhaust|/#i#}= (StateIni OF {BecomeLess|/%/>}) - (StateFin OF

{BecomeLess|{&/>});

{surplus|Fl 4} <-—--> {subtract|§}j&K} [cause];
experiencer OF {surplus|# 4 }= patient OF {subtract|H|&};

StateFin OF {surplus|J¥4%}= (Statelni OF {surplus|#|4%}) - (quantity OF {subtract|Hi]

o))

{create|BYi} (X) <----> {ComeToWorld|la] t} (Y) [consequence];
PatientProduct OF {create|!i& }=experiencer OF {ComeToWorld|j]};

{create|fj i} (X) <----> {aliveliE#} (Y) [consequence];
PatientProduct OF {create|f! i }=experiencer OF {alive[{§%};

{CauseToAppear| 2} (X) <----> {exposure|i% 1 } (Y) [consequence];
patient OF {CauseToAppear| &I} }=experiencer OF {exposure|5& Hi};

{compile|ZR#E} (X) <----> {ComeToWorld|i] tit} (Y) [consequence];
PatientContent OF {compile|4 % }=experiencer OF {ComeToWorld|[ i };

{reveal/#B %} (X) <----> {appear|H} L} (Y) [consequence];
Patient OF {reveal|#& #& }=experiencer OF {appear|tHI1};

{pregnant{$f 2} [precondition] <----> {reproduce|4EFA};
experiencer OF {pregnant/}f%?}=agent OF {reproduce|4E5H}.

{tired|JEEZ } [cause] <----> {rest|/{K &};
experiencer OF {tired|J¥ = }=agent OF {rest|/{k &}.
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{exercise[#tZ%} [cause] <----> {BeWelljfiit};
agent OF {exercise|$# %5 }=experiencer OF {BeWell|f#1L}.

{sleep|HE} <----> {awake|l#} [consequence];
agent OF {sleep|ff}=experiencer OF {awake|fE}.

{HungryThirsty{JL¥#8} [cause] <----> {eat|FZ};
experiencer OF {HungryThirsty|/JLi#}=agent OF {eat|z}.

{HungryThirsty|{Jl¥&} [cause] <----> {drink|/&};
experiencer OF {HungryThirsty|}/l }=agent OF {drink|"&}.

{feed/™} (X) <-—-> {eat|tz} (Y) [consequence];
target OF {feed|/#}=agent OF {eat['z};
patient OF {feed|" }=patient OF {eat|fz}.

{eat|’%} [precondition}<---->{BeFull|#z 1} ;
agent OF {eat|z }=experiencer OF {BeFull|tz{f1}.

{consume|##HL} [mutual precondition] <----> {excrete|HEil};
agent OF {consume|$#HY }=agent OF {excrete|HEill}.

{compete| [t FE} <----> {defeat|}fi i} [possible consequence];
agent OF {compete|tt 3E}=agent OF {defeat|fift};
partner OF {compete|Lt. € }=experiencer OF {defeated|iii#i}.

{fight|%3}} <----> {defeat|# 1} [possible consequence];
agent OF {fight|%+ 3} }=agent OF {defeat|f}ft};
partner OF {fight|% 3} }=experiencer OF {defeated/#{i#5)}.

{defeat| it} <----> {win|3kR} [consequence];
agent OF {defeat|{if#f }=experiencer OF {win|Zkff};

{winikjE} (X) <> {defeated|#ii#} (Y) [mutual implication];
experiencer OF {win|3k}¥ }=contrast OF {defeated|#§i$5i};
contrast OF {win|3k it }=experiencer OF {defeated|#34i}.

{attack| BT} (X) <----> {resist|R$T} (Y) [mutual implication];
agent OF {attack|®(}T}=partner OF {resist|[Z$1};
patient OF {attack|B(§T }= agent OF {resist|5&#i}.

{fight|$3}} (X) <---->{fight|$+3}} (Y) [mutual implication];
agent OF {fight|4+:}-}=partner OF {fight/%3}};
partner OF {fight|% 3} }=agent OF {fight|%+3}};
cause OF {fight|%+ 3} }=cause OF {fight|%3}}.
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{SufferFrom|f& &} (X) [cause] <---->{doctor|E A} (Y) ;
experiencer OF {SufferFrom|#E &} =patient OF {doctor|EE}4};
content OF {SufferFrom|f& i }=content OF {doctor|E4}.

{OutOfOrder{}f #} (X) [cause] <----> {repair/{EH} (Y);
experiencer OF {OutOfOrder|3f 3 }=patient OF {repair/{53#};
content OF {OutOfOrder|¥F 3 }=content OF {repair/{&2}.

{err|Hi4E} (X) [cause] <---> {amend|B{ IF} (Y);
experiencer OF {err|tH & )=patient OF {amend|{ZUIF};
scope OF {err| {45 }=content OF {amend|{IE}.

{doctor|£ 78} (X) <----> {BeRecoveredH Jii} (Y) [possible consequence];
patient OF {doctor|BZ 15 }=experiencer OF {BeRecovered|& J&}.

{repair/f& 3} (X) <----> {BeRecovered|E JR} (Y) [possible consequence];
patient OF {repair|{& ¥ }=experiencer OF {BeRecovered|H J5}.

{amend|IE} (X) <----> {BeRecovered|& Jfi} (Y) [possible consequence];
patient OF {amend|e{ iE }=experiencer OF {BeRecovered|& Jf}.

{wounded|%Z {5} [cause] <----> {bleed|t}IiL};
experiencer OF {wounded|% 14 }=experiencer OF {bleed|H}Ifi}.

{wounded|5Z1%} [cause] <----> {disable|F% ¥ };
experiencer OF {wounded|% 14 }=experiencer OF {disable[5%%}.

{labour]l§ =} <----> {reproduce|4£JH} [consequence];
experiencer OF {labour|li7=}=agent OF {reproduce/4=%}.

{SufferFrom|fE &} <----> {BeRecovered|& R} [possible consequence];
experiencer OF {SufferFrom|f& }i }=experiencer OF {BeRecovered|& JR}.

{SufferFrom|#& &} <----> {die[Ft} [possible consequence];
experiencer OF {SufferFrom|# & }=experiencer OF {die|7E}.

{SufferFrom|f& &} <----> {die|$E:cause={ill|/{iZ}} [possible consequence];
experiencer OF {SufferFrom| % /& }=experiencer OF {die|Ft:cause={ill/{Z}}.

{kill|ZR E} (X) <----> {die|Ft} (Y) [consequence];
patient OF {kill| 7% }=experiencer OF {die|5E}.

{suicide| B 7k} <----> {die|Ft} [consequence];
agent OF {suicide| § 5% }=experiencer OF {die[7E}.
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{remove[{HH} (X) <----> {perish’KT=} (Y) [consequence];
patient OF {remove|iH [ } =experiencer OF {perish| K T-}.

{damage|ffi 3} (X) <----> {OutOfOrder|$i#} (Y) [consequence];
patient OF {damage|#fi 3 }=experiencer OF {OutOfOrder|¥f¥si}.

{joyful| EH} <----> {succeed|iL L1} [cause];
expetiencer OF {joyful|E-13 }=experiencer OF {succeed|/&Il}.

{sad|RK} <---—> {failjRK} [cause];
experiencer OF {sad|i#}=experiencer OF {fail| < }.

{succeed|K I} (X) [cause] <----> {praise|E 3} (Y);
experiencer OF {succeed|f%Lfj}=target OF {praise|& 3},
scope OF {succeed|fii L }=content OF {praise|<%Z}.

{satisfied|i% &%} [cause] <----> {praise|Z ¥};
experiencer OF {satisfied|i# & }=agent OF {praise|& 3},
cause OF ({satisfied|## & }=content OF {praise|Z 3},

{reward|3%Jil} (X) <----> {obtain|f§F|} (Y) [consequence];
target OF {reward|$2fi)}=possessor OF {obtain|{3%|};
possession OF {reward|%% /i1 }=possession OF {obtain|{3%/}.

{succeed|F I} (X) [cause] <----> {congratulate|#L5} (Y);
experiencer OF {succeed|f{I}}=target OF {congratulate|{L3%};
scope OF {succeed|f¥,Zl1}=cause OF {congratulate[{}{57}.

{succeed|&Ih} (X) [cause] <----> {admire|FRFE} (Y);
experiencer OF {succeed|f¥ 3} }=target OF {admire|75%};
scope OF {succeed| I} =cause OF {admire|3E %%}

{succeed| I} (X) [cause] <----> {jealous|f* =} (Y);
experiencer OF {succeed|f %} }=target OF {jealous{§"=X};
scope OF {succeed|i% I }=cause OF {jealous|if'&}.

{help/# B} (X) [cause] <----> {grateful B} (Y);
agent OF {help|#iB)}=target OF {grateful /&Ki¥)};
patient OF {help|#Bli} =experiencer OF {grateful H#{};
scope OF {help|#Bh}=cause OF {grateful| B} .

{fail| RIK) (X) [cause] <----> {sorry| Bt} (Y);
experiencer OF {fail| 5% }=target OF {sorry|lfif};
scope OF {fail|%k M} =cause OF {sorry|if¥)}.
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{unfortunate} N3} (X) [cause] <----> {pity[}3§} (Y);
experiencer OF {unfortunate| /<3 }=target OF {pity/$41};
scope OF {unfortunate| /N3 }=cause OF {pity|#21}.

{soothe| %} (X) <----> {AtEase|%:(»} (Y) [consequence];
target OF {soothe|%Z&{}=experiencer OF {AtEase|%& ).

{excite| B3} (X) <----> {excited|#31} (Y) [consequence];
target OF {excite|/&3f)}=experiencer OF {excitedi3h}.

{please|H i} (X) <----> {joyful| {3} (Y) [consequence];
target OF {please[H{fii }=experiencer OF {joyful| 5% }.

{tease{BX 5k} <----> {joyful| B it} [consequence];
agent OF {please|H{f3i.}=experiencer OF {joyful| B 1%}.

{irritate| R} (X) <----> {angry{4} (Y) [consequence];
target OF {irritate[#{% }=experiencer OF {angry}®EX}.

{frighten|"F 3%} (X) <----> {fear|Z 1 (Y) [consequence];
target OF {irritate[#{3& }=experiencer OF {fear|Z{1}.

{discourage[{R¥ 7K} (X) <----> {disappointed|5: 8} (Y) [consequence];
target OF {discourage[{R ¥ 7K }=experiencer OF {disappointed|<38}.

{offend|f8E} (X) <----> {angry}E="<} (Y) [consequence);
target OF {offend|25E }=experiencer OF {angry|&"1}.

{sorrowful iR} <----> {weep|5¥iL} [consequence];
experiencer OF {sorrowful 35 3¥ }=agent OF {weep|3&#L};
cause OF {sorrowful|#XX }= cause OF {weep|Rii};

{die|3€} (X) [cause] <----> {condole[BU} (Y);
experiencer OF {die|3E}=target OF {condole|BR}.

{joyful Efii} <----> {ShowJoy|7RE} [consequence];
experiencer OF {joyful| -1 }=agent OF {ShowJoy|’RE};
cause OF {joyful| -1} }=cause OF {ShowJoy|’R&}.

{grateful /¥ } <----> {thank|B} [consequence];
experiencer OF {grateful| /¥ }=agent OF {thank(Z{#};
target OF {grateful| /& ¥} =target OF {thank{Z(ifi};
cause OF {grateful| /¥ }=cause OF {thank{B(iif}.
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{love|FE A} <----> {ShowLove|/R %} [consequence];
experiencer OF {love|% % }=agent OF {ShowLove|/R¥};
target OF {love| & 7% }=target OF {ShowLove|/R& };
cause OF {love|& % }=cause OF {ShowLove|’R%}.

{regret/}{1#K} <----> {apologize|iE X} [consequence];
experiencer OF {regret/Hi#X}=agent OF {apologize|{E#K};
target OF {regret{#1#i}=target OF {apologize|{EHK};
cause OF {regret[}1#X}=cause OF {apologize|i&#X}.

{unsatisfied| N7} <----> {ExpressDissatisfaction|"R i} [consequence];
experiencer OF {unsatisfied| /i }=agent OF {ExpressDissatisfaction|7x N i} ;
target OF {unsatisfied| /" }= target OF {ExpressDissatisfaction|7R N3 };
cause OF {unsatisfied|/Ni#i}=content OF {ExpressDissatisfaction|Z~ ).

{unsatisfied| A} <----> {ExpressAgainst|i€ 37} [consequence];
experiencer OF {unsatisfied| f~i# }=agent OF {ExpressAgainst/i#};
target OF {unsatisfied/ANii§i}= target OF {ExpressAgainst/i§ 57 };
cause OF {unsatisfied|/## }=content OF {ExpressAgainst/i#57}.

{despise|/ZM} <----> {IlITreat|8%F} [consequence];
experiencer OF {despise[iZ#l}=agent OF {IlITreat|{%¥};
target OF {despise[#4}= target OF {IlITreat|/{€%F};
cause OF {despise|$%#l}=cause OF {IllTreat|{84%F}.

{angry|%£ R} <----> {ExpressAnger|7~:&} [consequence];
experiencer OF {angry|4="}=agent OF {ExpressAnger|7~3&};
cause OF {angry|%E<}=cause OF {ExpressAnger|7~3%}.

{sense|EH} <----> {perception|B%} [consequence];
agent OF {sense|/# 5 }=experiencer OF {perception|/&5l};
content OF {sense|/BiH }=content OF {perception|Bi%0}.

{deceivellk¥i} (X) <----> {misunderstand|i®{5} (Y) [consequence];
target OF deceive| k3 }=experiencer OF {misunderstand|i®{5};
content OF deceive|X % }=content OF {misunderstand|i%{5}.

{HideTruth|f#} (X) <----> {ignorant| %1} (Y) [consequence];
target OF {HideTruth|i# }=experiencer OF {ignorant|f~%i1};
content OF {HideTruth|##}=content OF {ignorant|N%}.

{TakeVehicle[#& e} <--——> {come|3k} [consequence];
agent OF {TakeVehicle[# & }=agent OF {come|5K}.
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{TakeVehicle[#& e} <----> {go|Z} [consequence];
agent OF {TakeVehicle|#3&}=agent OF {go|Z=}.

{teach|#} (X) <----> {know|HIiE} (Y) [consequence];
target OF {teach|#}=experiencer OF {know|%li&};
content OF {teach|#}=content OF {know|%i¥}.

{ask|i@]} (X) <----> {reply|&} (Y) [mutual implication];
agent OF {ask| 4 }=target OF {reply| &}
target OF {ask|i] }=agent OF {reply|&};
content OF {ask|] }=content OF {reply|&}.

{teach|#} (X) <----> {study|#¥>]} (Y) [mutual implication];
agent OF {teach|#{}=source OF {study|%>]}
target OF {teach|#{}=agent OF {study|*%>};
content OF {teach|#{}=content OF {study|2#>]}.

{buy|3%} [entailment] <----> {choose|iE %} ;
agent OF {buy|3}=agent OF {choose|it¥#¥};
possession OF {buy|3}=content OF {choose|i%#¥};
source OF {buy|3 }=location OF {choose|i$%}.

{buy|3%} [entailment] <----> {pay|{}};
agent OF {buy|3}=agent OF {pay|{};
cost OF {buy|3}=possession OF {payl|f}};
source OF {buy|3K}=taget OF {pay|{7}.

{doctor|EE &} [entailment] <----> {diagnose|[iZ3Z};
agent OF {doctor|ZE i }=agent OF {diagnose|i2£¢};
patient OF {doctor|EZ & }=content OF {diagnose{iZ%%};
content OF {doctor|& ¥4 }=content OF {diagnose|iZ%%}.

{study|% ]} [entailment] <----> {read|ift};
agent OF {study|2#>] }=agent OF {read|iit};
content OF {study|%# ~] }=content OF {read|if}.

{study|# 3} [entailment] <----> {drill| &% > };
agent OF {study|% ] }=agent OF {drill|%x3};
content OF {study|%%:~] }=content OF {drill|Z5>]}.

{eat|’%} [entailment] <----> {masticate|lE1§};
agent OF {eat|z}=agent OF {masticate|"FM§};
patient OF {eat|’% }=patient OF {masticate|'H/§}.
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{eat|%} [entailment] <----> {swallow| F};
agent OF {eat|Z}=agent OF {swallow|#d F};
patient OF {eat|"7;}=patient OF {swallow|"{F}.

{drink{"5)} [entailment] <----> {swallow|/ll T};
agent OF {drink|"8 }=agent OF {swallow|H T };
patient OF {drink|"}=patient OF {swallow|d T }.

{respire|"¥% } [entailment] <----> {inhale[F A };
agent OF {respire|’Fi }=agent OF {inhale[ L A\ };
patient OF {respire["% }=patient OF {inhale|lZ \}.

{respire|"F } [entailment] <----> {exhale|FFHi};
agent OF {respire|i¥%t }=agent OF {exhale/l¥!H};
patient OF {respire|#¥i} }=patient OF {exhale|FFiH}.
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