THE EVOLUTION OF MACHINE-TRACTABLE DICTIONARIES

Cheng-ming Gue  Chang-ning Huang  Jun-ping Gong  Jin Li

Computer Scienee Department
Tsinghua University, Beijing 100084 CLUNA

I Introduction

The usclulness  of Machine-Traclable
Dictionaries (MTDs) in automatic scnse lagging ol
running text is clearty demonstrated in Tong, ¢t al.,
(1993). While previous work (Yarowsky, 1992; Gale, ¢t
al., 1992, 1993) relics heavily on the role of statistics,
Tong's system makes use of one MT1Y as well as two
Machine-Readable Dictionartes (MRDs) 10 an example-
based reasoning process in lagging sense numbers 1o
novel words, compounds words, and phrases i the
input text. The hit rate of correct sense tagging runs as
high as 90%. The lowest hit rale ever recorded was
70%. The system is considered  a necessary mechanism
for the construction of annotated Chinese Monitor
Corpora (Sinclare, 1991 from rinning Chinese test .

Farlier work (Wilks, et al., 1990) identified a
distinction hetween MRDs and MTDs. This paper
recognizes a {urther distinction between two types of
MTDs, t.e., Type Fand Type H MTDs. Type I MTDs we
butlt on the definition primitives of one particular
MR whercas Type I MTDs are butlt on the semantic
primitives of one particular nataral kamguage. The MTD
functioning 1n Toug's system belongs o the Type |
calegory. The evolution from Type | to Type I MTDs
represents an evolution of the primitivey the MTDs are
constructed on. 'The authors believe that, although it s
feasible 1o dertve a natural sel of delinmition primilives
trom one particular MRD, a deseniptive set of semantic
primitives (Wilks, 1977) of one particular natural
language is preferably derived  from more than one
natural source such as a dictionary. This position
represents a backoll from the previous one that claims
the derivation ol a natural set of semaolic primitives
from one particular MRD, particularly ithe Longman
Dictionary of Contemnporary Fuglisit (1.DOCE) (Guo,
10%9).

Three Type | MTDs completed al Tsinghua
Umiversity will be  presented. These include MINI-
LDOCE  constructed for Longman Dictioanrics, the

MTD version of  The Modern Chinese Dictionary of

General Chinese Characters (MTD-XIANTONG) (T,
tO87), and the MTD version of The Multifunctional
Dictionary of Modern Chinese Words  (MTD-
DUOGONGNLNG) (Feng & Zhou, 1989).

FtTorts to derive natural sets of semantic
primitives from Type | MTDs are then deseribed. These
include work on detecting cireutar defintions within one
particutar MTD, work on computing the compatibility
ol word senses between two monolingual dictionaries,
and the most recent step at deriving a natural set of
Chinese semantic primitives from Type 1 MTDs of
Chinese. The work was done on Sun 4 workstations
with the C computer language.

2. Design and Construction of Type 1| MTDs

The design and construction of MTDs in
general arc discussed tn - detail by various authors in
Guo (1994). Deseribed in this paper are three Type |
MTDs in twa languages.  The first one is the Tinglish

MINI-L.DOCE designed and constructed by Cheng-
ming Guo for Longnians, the sccomd  the MTD-
XIANTONG constructed by machine by Xiang Tong
(Tong, ct al, 1993), and the thivd the MTD-
DUOGONGNENG by Jun-ping Gong (Gong & Huang,
199 1) by hand.

2.1. MINI-LDOCE

The discussion presented below represents a
general deseription of the most essential points in the
design and construction ol MINI-LDOCE. For a
detatled account of the project the reader is eferred o
the MINI-LDOCL! system documentation upon
Longmans' publication.

As is well knowit, Longman Dictionary of
Contemporary English (LDOCE) has a Controlled
Vocabutary (CV) of about 2,000 words. These 2,000 CV
words are used in cvery word sense definition of the
entire LDOCLL 1 was lound that a subset of about
4,000 CV word senses arce used 1o define the 2,000 CV
words themselves (Guo, 1989). MINI-L.DOCI is a
dictionary of these 4,000 delimtion primitives of
LDOCT In other words, MINI-LDOCH  has aboul
4,000 entries of word senses. cach entry of a word sense
betng a definition primttive of [LDOCE:.

MINET.DOCE difters from LDOCE in the
form of the delinstion iexi. Whereas 1.DOCH word
senses are defined by words, MINI-L.DOCE definitions
are piven in word senses, ¢, cacli word in the
definition text is alrcady disambiguated, and has a sense
number aitatched at the end, The set of ithe CV oword
senses used in o the detinition text of MINE-LDOCTE
falls within the set of total MINI-LDOCE sense entries.
When non-CV words, or phrases formed cither of ¢V
woltds, non-CV owords, or a combiouiton of CV and non-
CV words  are found in MINI-LDOCIT sensc
definitions, an clfort is made to disambiguate the non-
CV word or phrase, and reduce its definition as tonund in
LDOCE w the definition primitives of TOOCE. This
results i embedded defingtion, which sometimes runs
down three or four levels. In most cases, the embedded
definttion bottoms out 1o delinttion primitives within
three levels of embedded definitions.

One important motive behind the design and
congtruction of MINI-L.DOCHE is il expected role as an
important, although apparently meagre, source ol lexical
and knowledge data in a process called bootstrapping,
i.c., to convert, i steps, the rest of T.DOCH into a Type
I MTD of the MINI-LDOCT: Kind.

MINI-LDOCT has been completed, and is now
avaifable o both academic and commercial users.
Besides tis possible use as the nucleus of English
lexicon, its constiuction  constitutes necessary st
step in generaling anatural set of semantic primitives
for the Fnglish tmguage. As mentioned above, the
scruantic primitives {orm the basic units  {or the
construction of Type I MTDs in the same way
defimiiion primitives form ihe busic wuniis fur that of
Type F MTs,
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2.2. MTD-XIANTONG

MTD-XTANTONG is the MTD version ()f'

The Modern Chinese Diclionary of General Chinese
Characters (Fu, 1987). XIANTONG is the sh()llcned
namne for the original Chinese diclionary. 1t contains
about 10,000 monosyHlabic Chinese words in the form
of characters with morc than 50,000 muitisyliabic
Chinese words and phrases as cxamples. The meanings
of every monosyilabic Chinese word are delined in the
sense definitions given under the entry word in
question. However, the mullisyllabic words and phrases
given as exampices following cach word sense definition
do not have accompanying definitions. Each word sense
definition is scparated from its examples by a colon,
An cxample is given below:

%1 RERR : RE | BERE | BT | 2
o TR R | R | R

’40 ?;'{:! 5E :%% I "%
4, #E

The construction of MTD-XIANTONG
proceeds i two steps. At Step |, more than 50,000
multisytlabic example words and phrases are
dLIl()mdllLdHy sense tagged. AL Step 2 the definition
text ol every word scnse ol all head words are
disambiguated, attaching a sense number 10 every word
in the scnse definitions. Note that the MTD version of
XTANTONG contains entrics of  words in frequent usc
ouly. Monosyllabic Chinese words that are not in
frequent use (2,193 of them) stay out of  MTD-
XIANTONG. Word sensc entrics in MTD-XIANTONG
total around 15,000 with about 50,000 examples of
compound wor ds and phrases, All words in the
definition texts and all examples are tagged with word
sense numbers.

The algorithm used in automatically sense
tagging the multisyllabic words in XIANTONG is
lairly simple. 11 takes advantage of one important fact
concerning the making of the original Chinese
dictionary, 1.¢., repeated appearance of the same cxample
word and phrase under different head words, or more
exactly, under different sensc definitions of difterent
head words. n fact, all head words in XIANTONG are
single Chinese characiers.  For example a bisyllabic
Chinesc word made up of two Chinese characters may
appear twice as an example under the two composite
characters, each time as an example of a particular word
sense of one ol the two characters being defined. For
cxample, l}h_g word %E (recover) appears under both

and B FEE " appears undcr B asan example
in Sensc | (p.275), and under E as an in_cxample in
Sensc 1 (p.151), too. Hence FE_AO! B _ACL. By
checking through all example words and phrascs in the
way they are cross-referred, all words that are cross-
referred as examples in the dictionar y are automatically
tagged with appropriate scnse numbers. This process
produced the bulk of MTD cntries which {form the core
of the reasoning system in the automatic sense tagging
of running Chinese texl (Tong, ctal., 1993).

At Step 2 the automatic tagging of scnse
numbers to cach word in the definition text procecds in
the same way as described in Tong, et al. (1993).
Efforts are now being made to blend in human
judgement to the making of a more accurate version of
MTD-XIANTONG.

2.3. MTD-DUOGONGNENG
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MTD-DUOGONGNENG is the MTD version
ol The Multifunctional Dictionary of Modern Chinese
Words (Feng & Zhou, 1989). DUOGONGNENG is
the shoriened name for ihe origingd Chinese dictionary.
[t containg about 7,000 most frequently used words in
everyday Chinese.

MTD-DUOGONGNENG 15 produced by
manually tagging word sense numbers to cach word in
the definition lext ol every sense enlry under every head
word of the entive dictionary. Unhke MTD-XIANTONG
which uses 18 own dctmumn primitives, MTD-
DUOGONGNENG uses the definition primitive ol
another Type L MTD, Le., MTD-XTANTONG. Hence the
tlagged sense numbers in MTI-DUOGONGNENG agree
with the system of sense numbers of MTD-
XTANTONG. This paves the way for the generation of
a set of deseriptive semantic prinitives {rom more (han
one MTDs.

in the corpus of the defintion texts ol MTD-
DUOGONGNENG, 10,002 word types appear with
5,873 defintiion primitives. The 5873 definition
primittves are the word senses of 2,574 monosyllabic
Chinese words in the form ol Chinese charactlers from
MTD-XIANTONG. The tot nuutber of word senses
given in MTD-XTANTONG ol these 2,574 Chincse
characters amounts o 9,363,

3. Evolution from Tvpe | to Type HH MTDs

The absolute advantage of Type [ MTDS aver
Type | MTDs is an empirical question. However, the
advamage ol a descriptive sct of semantic prinitives
over a scl of definition primilives derived {rom one
single data source should be obvious since the former
eovers all possible source data of one natural language

Ustng a Type It MTD on parallel  machines,
especially when a descriptive sel of semantic primilives
arc used as microfcaiures of an Aruficial Neural
Network (ANN) sysiem constitules an inleresiing,
rescarch 1o both ANN and MTDs.  Further still, Type
I MTDs may help revive the dated notion of turning
symbolic processing ol natural languages into
mathemaltical computation by using a function that turns
Type I MTD definitions based on scmantic primitives
into mathematical representations.

3.1. From Conceptual Eguivalents to Circular
Definitions

Circutar definitions may exisl within
definitions primitives derived from a dictionary. For
tnstance, both bottom! and base] may lall into a sct of
definition primitives derived from LDOCE. However,
they are locked in a definition circle:

bottown | : the base on which somcthing
stands; the lowest part, tnside or outside

basel: the botlom ol something

Desirably, a deseriptive st of semantic primitives is froc
of such circular definitions between members of the set.
Karen Sparck-Jones(1967) conducted an in-depth study
on circular definitions in English dictionaries. Similar
study on Chinese dictionaries did not come true uni!
ree c‘nlly when Chinese MRDs arce available. Below are
some results from a similar study on MTD-
XIANTONG.

The basic idea s {or Circular Definiiions (o
emergeout of sele of Conceptual Fquivalents. The so-
called Concerptual I,qmvaIenI\ reler o a set of related
conceptual entities derived from the sense definitions of
a MTD. The so-called Circular Definitions reler to



delinition circles found 1n o sct o Conceptual
Fguivalents. A study wlich takes monosyHabic-word
coneepls as scarch units reveals that MTD-XIANTONG
has 389 scts of conceptual equivalents among 15,273
sense definitions. The 389 sety ol conceplual
cquivalenis contain 1,716 sense definttions which
amount to 11.23% ol the total. 28 strict cireula
delinitions are spotted among the 389 sets of conceplual
cguivalents. Sec the following Tor an example:
A, conceptual cquivadents:

B AO2 ®AOL B A04
IFl A0t W02 [i] AOI

b. cireular definition

MI_AOL «— B _AOI o [i]_AOL
3.2. Sense Compatibility Between Monolingual
Chinese Dictionarics

Sense compatibility computation was studies
in Byrd, ctal. (1987) as a mapping problem between
dictionarics. 'The mapping was scen as a symmelric
binary relation belween two ditfferent dictionaries. o
the present study on the derivation of a descriptive set
ol semantic primitives, sense compatibility computation
is seen as an important clenent i merging data from
multiple dictionary sources.

Two dictionartes XFANTONG and New
Modern Chinese Dictionary (hencelorth XIANHAN)
(Wan, ct al., 1985) arc used as data.  Two sensc
definitions under the same head word in the two
dictionaries are compatible il

a. the two definilion texts are dentical;

b onc definition ext 15 included as part of the

other;

¢. all segments of one definttion lext separated
by punctuations appear in the other
definition text;

d. morc than hall” of the example words and
phrases given aftecrone delintion  (ext appear as
cxamples atter the other;

¢ both have long delinition texts, and the first
tlen words are identical.

Results show o total of 58.8% ol all definition exts
are compatibte with detasted split as follows:

a. 23% b 125 e 10.5%
d. 0.8% e. O%

On the basis of such findings, XIANTONG
and XTIANITAN are merged imto one dictionary with
75,572 word sense delinilions.

3.3. From Definition Primitives to Semantic
primitives

The set ol definition primitives of a Type 1
MTD close on the MTD. A descriptive set ol semantic
primitives close on all data of one natural language. The
distinction between descriptive semantic primitives and
prescriptive. semantic primitives is given in Wilks
(1977).  Essentially, unlike prescriptive semantic
primitives which are prescribed, so 1o speak, by man,
desenplive semantic primitives are derived from natural
sources such as a dictionary. This paper represents a
backot! from Guo (1989) where 1 was clarmed that a
natural set ol semantic primitives had been derived from
LDOCT. Ttis now believed that although tt is feasible
Lo derive a sel of definition  primitives from onc
particutar MR or MTD, a descriptive sel of semantic

primitives  true ol once naturat  language s preferably
derived from more than one natural source such as a
dictionary.

What is presented below represents a first step
1o the generation of a set of Chinese semantie primitives
from a sel of defimtion primitives derived from onc
particular  Chincse dictionary, i.c., MTD-
DUOGONGNENG. A hunch set of semantic primitives,
which is @ subset of the definition primitives derived
from MTD-DUOGONGNENG, is applicd to the sense
delinitions of MTD-XIANTONG tn an effort 1o find
out how many word sense entrics can be accounted for,
1.¢., defined, within live defining cycles.

As given above the definition primitives found
in MTD-DUOGONGNENG total 5873, 5,796 of them
are senses of words that are known as most {requently
used Chinese words, 4,417 out of these 5,796 definition
primitives appear more than once in MTD-
DUOGONGNENG sense delinitions.  These 4,417
definition primttives are chosen as the imtial hunch set
of  semantic primitives. On the other hand, MTD-
XIANTONG was chosen as the {irst other dictionary to
ry out these 4,417 delining primitives from MTD-
DUOGONGNENG. A subsct of 15,273 scnse
defmitions of - MTD-XIANTONG participale in the
gencration pracesss. This subset, 7,617 strong, belong
to the most {requently-used words in contemporary
Chinese. At the first delang cycle, 3,804 word senses
are defined by the 4,417 hunch set of semantic
primtves. Nole that every tune a word sensc 1s defined,
it joins the hunch set mmediately o detine more word
senses in the next defining cycle. At the second
defining cycle, an additional 556 word senscs we
defined. At the third defining cycle, another 144 word
senses are delined. At the fourth defining cyele. 27 more
word senses are defined. At the last delining cyele 4
additional word senses are defined, At the end of the
fifth defining cycle, 3,256 word scoses  emain
uadefined. A complexity ol reasons contribiite to the
tarfure. One mayor one among them s due o incorrect
and incomplete data. As discussed above, MTD-
KIANTONG was praduced by machine. Waords tagged
wiith 000 or MIS indicaice that the systent was unable to
tag the correct sense number either because the word
sensc 1s not tound in the dictionary or because the
system cannot come up with the correct sense nubmer
during the reasoning process. Fflorts are being made to
verily the data exhaustively by human judgement.
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