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Abstract

The 2 tomatic extraciion of semantic information, cs-
pecially semantic relationships betweat words, from an or-
dinavy Unglish dictionary is described. Vor the extraction,
the maguetic tape version of LDOCE (Longmwan Piciic-
aary of Uontemporary uglisk, 1978 cdition) is Joaded
into a relational database sysiem. Developed extraciion
progrants analyze a definition scutence in LHOCK with a
patiern matching based algorithm. Since this algoritho is
not perfect, the result of the exiraciion has been cormpared
with semantic information (semantic markers) which the
magnetic tape vewsion of LDOCE contains. The resuli of
comparison s also discussed for evaluating the veliability
of such an automatic extraction.

1 Tntrodwuetion

A large dicticnary database is an inporiant compnunent of a nat-
ural language processing system. We already kuow syalactic in-
formation which should be and can be stored in a largs dictionary
database for n practical application such as a machine translation
system. However, we still need more research on semantic infor-
mation which cen be prepared for a large system. As a fiest stop
to consiruct » large scale scmantic dictionary (lexical knowledge
base) the authors of this paper have inspected a machine read-
able ordinary Fnglish dictionary LDOCE, Longman Dictionary
of Contemporary Fnglish, 1978 edition [Procter 1987].
Extracting semantic information from an ordinary dictionary
is an interesting research topic. One of the aims of antomatic ex-
traction is to produce a thesaurus. Nodl, {for example, proposed
the idea of thesaurus production from LDOCE in [Noél 1982].
Amsler slso showed the result of automatic thesaurus produaction
from a techuniacal encyclopedia [Amsler 1987]. Boguracv and Al-
shawi have stadied the utilization of LDOCY for natnral language
processing researches in general [Alshwai 1987, Boguracy 1987].
In this paper, the automatic extraction of scmantic relation-
ships betweea words from LDOCE is described.  For the ex-
traction, the magnotic tape version of LIDOCE is loaded into
relational detabase system. Developed extraction programs ana-
lyze the defivition sentence in LNOCE with a pattein matching
based algorithin. Since this algorithm is not peifect, the result

of the extraction has been compared with sernantic information

(sermantic markeis) which the magnetic tape version of LDOCE
contains. The result of comparison is also discussed for evaluat-

ing the reliability of such an automatic extraction.

2 RIDKE Version of LDOCE

in general, a dictionary consists of a complex data structure:

various relationships between words; grammatical information;

usage totes, ete. Thercfore, we need a special database manage

ment system to handle dictionary data. For instance, [Nagao 1980]
shows such a system for retrieving a Japanese dictionary. in this

paper, however, the authors are mainly interested iu the defini-

tion and the sanmple sentence parts of LDOCK, iustead of comn-

plex relations among information in the dictionary.

For the sake of efficiency (including the cost of system de-
velopment) of LDOCE retrieval, we have decided to use a con-
ventional relational database management system (RDBM). The
ROBM which we use is running on the mainframe computer of
Kyoto University Data Processing Center (Fujitsu M782, O5/1V

¥4 MSP, FACOM AIM/RDB).
Yor loading ihe magnetic version of LDOCE inte this RDBM,

we have extracted the following fields from LDOCE:

1. Head Word (ITW); 2. Part-of-Speech (P5); 3. Defi-
nition Number (DN); 4. Grammar Code (GC); 5. Box
Code (BC); 6. Definition (D¥); and 7. Sample Seu-
tence {SP).

The Box Code field contains various information such as semantic
restrictions, ete, which are explained in section 4.1.

The fields 1 through 5 are almosl the same as the origi-
nal LDOCE data. (Several special characters are removed or
changed into standard characters for siuaplicity of retricval. The
syllable division mark (-) is removed. Some of the font contiol
characters are changed into ‘<’ and ‘>.)

"I'he definitions and the sample sentences are separated into
a clause or a sentence. For example, definition | of the verb fo

abandon is:
to leave completely and for ever; desert

in the original data. This definition is transformed into iwo sep-
arate clauses in the RDB version:

1. to leave completely and for ever
2. deseri.

Since every data in the RDB is represented in a tabular
form, we have made three tables for the RDB version of LDOCE
(LDOCE/RDB, see table | regarding their its record format):
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1. Grammar Code and Box Code Table (LDB.D1).
9. Definition Table (LDB.D2, see table 2).

3. Sample Sentence Table (LDB.D3).

% Fxiraction of Semantic Information

One form of semantic information useful for natural language
processing is a thesaurug (or semantic network), which basically
describes semantic relations between words. To automatically
produce the thesaurus from LDOCE, two programs have been
developed:

1. Key Verb extraction program.
2. Key Noun and Punction Noun extraction program.
These programs and the result of extraction are discussed in this
section.
3.1 Key Verb Extraction Program
Most of the definitions of verbs in LDOCE are described as:
to VERB ...

Usually VERB in this pattern expresses a ‘key concept’ of the
defined verb. Therefore, we c=11 this VERB a Key Verb.

For example, the verbs semantically related to the verb to hd
have the following definitions:

@ strike: to hdt

Table 1: Record Format and Size of L]%QCE/RDB

D1: Grammar Code and Box Code Table (74,130 records)

Column HW PS DN GC BC
Name Head Part of | Definition | Grammar Box
Word Speech | Number Code Code

Attribute | char(20) | char(10) | char{10) | char(36) | char(14)
Index nHaw I1PS TIDN 11GC NBC

D2: Definition Table (84,094 records)

[ Column HW PS DN DF
Name Head Part of | Definition | DeFinition
Word Speech Number
Attribute | chax(20) | char(10) | char(10) | varchar(250)
Index I2HW 12PS I2DN -

D3: Example Table (46,122 records)

Column ow PS DN SP
Name 1 Head Part of | Definition SamPle
Word Speech | Number
Attribute | char(20) | char(10) | char(10) | varchar(250)
Index I3HW 13PS 3DN -
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Table 2: Definition Table (LDB.D2) of LDOCE/RDB

HW PS | DN | DF )

abandon 1 { to leave completely and for ever

abandon v 1 | desert

abandon v 2 | to leave (a relation ox friend) in a thought-
less or cruel way

abandon v 3 | to give up, esp. without finishing

abandon v 4 | to give (oneself) up completely to a fecl-

. ing, desire, etc.

abandon n 0 | the state when one’s feelings and actions
are uncontrolled

abandon n 0 | freedom from control

abandoned | adj 0 | given up to a life that is thought to be
jimumoral see also ABANDON (2,4)

o beat: to kil many times, esp. with a stick
e kick: to hit with the foot»
e knee: to hit with the knee

From this pattern of definitions, we can dvaw figure 1 which
shows the semantic hierarchy avound fo &éf: fo beat, fo kick and
1o kneé are specialized verbs of 1o Asl.

To expand this hierarchy, & program to extract the key verds
from a definition is developed. Table 3 (LDBV.D2) shows some
examples of this extraction. In table 4, the frequency of key verbs
is listed. Most frequently used key verb is to make. Noie that
to make and to cause are used to define causative and transitive
verbs respectively.

hit —— strike

mainy times
with the foot

beat kick knee

Figure 1: Semantic Hierarchy arround ‘hit’

Table 3: Definition and Key Verb Table (LDBV.D2, part)

HW | KV PS | DN | DF - ]

abase | make v 0 [to make (someone, esp. onesell)
have less self-respect

abase | make v 0 | make humble

abash | cause \ 0 | to cause to feel uncomfortable ox
ashamed in the presence of otheis

abate | become | v 1| (of winds, storms, disease, paix,

etc.) to become less strong

abate | decrease | v 1| decrease

abate | make <lit>> to make less

abate | bring v 3 | <law> to bring to wn end (esp. im
the phr. <abate a nuisance> )

<
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lable 4: Ivrequency of Key Verbs

XV COUNT(KV) .
mate 1311
‘be 875
cause 641
give 505
put 446
take 358
WLOVE - 383
have 374
beconie 336
ge 263
get 208

Traversing these relations between defined verd and key verd,
a thesaurus (network) of verbs has been obtained approximately.
Most of the verbs in this thessurus make & tree-like stracture
shown in ﬁgure 1. Yowever, several ‘loops’ are found. A ‘loop’
expresses a cyclic definition: fo welcome is defined by to greet,
and fo gree! is defined by {0 welcome. In the network, six typical

cyclic definilions are:
o doz do (the verb to do does not have a key verb.)
o chauge: cliange, move, come, become

o go! po, leave

L

get: get, receive

&

gtop: stop, cease

[

let: Jet, allow, permit

Note that there are many other cyclic defintiions in the network.
However, most of them have a link to another verb; ut least one
of the verb iu a cyclic definitions is defined by another verb.

Si};ce no reader of LDOCE can understand the meaning of
these verbs only from the dictionary, these may be a kind of dug
of the dictionary. However, these cyclically defined verbs scem to
correspond to semaniic primilives, which are first introduced to
Al works by [Schank 1975]. Sewantic primitives may be defined
outside of finguisiic words. Details of the result of extraction are
discussed in [Nakamura 1986].

3.2 Key Noun and Fanction Noun Extraction
Pyogram

We can apply a similar algorithm to definitions of nouns, al-

though the pattern of definitions of nouns is more complex than

that of verbs. Ingpecting definitions' with LDOCE/RDB, most
of them axe classified into two forms:

1. {determiner} {adjective}* Key Noun {adjective phrase}*

2. {determiner} {adjective}* Fanction Nown of Key Noun
{adjective phrase}*

‘The first one i3 & siinple form and many of them express is-a
relutions between & defined ‘noun and & key noun. For example,

abawdon: the stale when one’s feelings and actions
are wacontrolled

shows that

ubandon is-a slate.

"The second form expresses more complex semantic relations
between nouns. :

abbey: the group of people living in such a building
shows that
abbey is-a-group-of people.

A function noun, therefore, explicitly expresses the semantic re-
lation between a head word and a key noun.

With terms of a semantic network, defined nouns snd key
nouns arc nodes In a semantic network, and funclion nouns
(when function noun is empty, its function noun is regared as
kind) express the name of a link between nodes. The following
nouns (41 nouhs, in total) are considered to be function nouns,
which are mamually extracted.

o is-a: kind, type, ...

e part-of: part, side, top, ...

s member-ship: set, member, group, class, family, ...
e action: act, way, action, ...

e state: state, condition, ...

¢ amount: amount, sum, measure, ...

o degree: degree, quality, ...

e form: form, shape, ...

A program to extract key nouns and function nouns from the
definitions of nouns is developed. Table 5 shows a part of the key
noun and function noun table in the LDOCE/RDB (LDBN.D2)
generated by this program.

As shown in table 6, the key noun of highest frequency is
person (2174 times) and for function noun is fype (1064 times)
except null function noun (pattern 1).

Traversing is-a relation, for example, a thesaurus has been
obtained [Nakamura 1987]. Table 7 shows a part of the automat-
ically obtained thesaurus, whose ‘root’ word is gerson: aclor is
a-kind-of person; comedian, ezira, ham, and mime are a-kind-of
actor; comedienne is a-kind-of comedian.

4 Comparison between Result of Ex-
traction and BOX Code

The thesaurus produced from LDOCE by the key nown and key
verb extraction programs is an approximate one, and, obviously,
contains several errors. The key noun of abbreviation 1, for ex-
ample, is shorier in table 5, because the current program ignores
ing-formed words. However, it should be meking. (Even if we
changed the extraction algorithm, still we have a problem that
making is not a simple noun, but a gerund. We need to define
noun-verd semantic relations.) To evaluate the quality of the
produced thesaurus, the noun part of the thesaurus has been
compared with the semantic markers in LDOCE.
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Table §: Definition, Key Nown and Funclion Noun Table
(LDBN.D2, part)
nw DN [ KN N DF
“abandon 70 [ state the sigte when one’s feel-
ings and actions ave uncon-
trolled
abaudon 0 | freedom Jfreedom from control
abbey 1 | building (esp. formerly) a building in
which Christian men (monk
<s> ) or women (nua <8l
) live shut away from other
people and work as a group
for God
abbey convent monastery > or conveni
abbey 2 | people group | the group of people living in
such a building
abbey 3 | house a large church ox kouse that
was once such a building
abbreviation i | shoxter | act the act of making shorter
abbreviation 2 | word form | ashoriened form of a word,
often ome used in writing

Table 6: Yrequency of Key Nouns and Function Nouns

KN COUNT(XN) [ FN COUNT(FN)
“person 2174 || (null) 36583
16 1660 || type 1064
something 668 [l act 838
655 || piece 603

place 479 || state 557
man 294 || part 498
madterial 261 | group 32
in 255 I} any 306
people 253 |t quality 241
plant 232 || types 246
substance 226 || set | 208
money 206 || action 200
apparatus 205 || kind 182

Table 7: Example of Thesaurus (person)

DF

HW DN
person

accountant 0

CPA 0

ace 2

actor 2

comedian 1

comedienne 0

extra 2

sundxy 0

ham 3

mime 3
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a person whose job is to keep and
examine the money accounts of busi-
nesses

certified public accountant
infrnl a person of the highest class ox
skill in something

a person who takes part in somtething
that happens

an actor who a tells jokes or does
amusing things to make people laugh
2 female comedian (1)

an actor in a cinema film who has a
very small part in a crowd scene and
is

extre (4)

an sclor whose acting is unnatu-
ral, esp. with improbable movernents
and expr .
an actor who performs without using
words

ahsTyact Conciete
gy

N

. i S,
Tuanimafte animaie (Q)
e

"\

d LV B LY N . \
Solid”  Liguid — Gas Huwman Plant  Animal

Figare 2: Hierarchy of Semantic Markers in LDOCH

4.1  Semantic Markers in LDOCE: BO¥Y Code

The magnetic version of LDOCE has 2 specisl field veleicd o
semantic markers, which is culled a5 BOX code fields, slthioagh
it does not appear in the printed version of LDOCE. Soms of
the BOX code field (called BOX1, for instunce) express
restrictions for a noun governed by a verb or sn adjec

sapuabie

ve, wod 1w
semantic classification of a nonn. For example, the scmantic re
striction for a subject of the verb {0 trgvel is marked s Wuman’;
the noun person is classified as ‘H.” This shows thet the ved o
The
ie 8).

These semantic markers have a hierarchy as showu in fip

travel may govern the noun person in its subject posiiio
LDOCE uses 34 markers for expressing this vestrictio {

ure 2. For example, ‘Human’, ‘Plant’, snd ‘Animal’ are sub-
classifications of ‘animate ().

In the following part of this séciion, the comparison betwean
sernantic markers of LDOCE and the thesaurns consirucied from
the definitions of nouns in LDOCE is discussed from the view

Table 8: Semantic Markers in Box Code of Nouus and their
Frequency (Part)

type of code boxl DN=0,1 |
A Animal 957 836
B Female Animal 26 15
C  Concrete 359 181
D Male Animal 27 21
E ‘841 257 187
¥ Female Human 453 314
G Gas 11i 9
H Human 3457 2496
I Inanimate 42 26
J  Movable 5794 3927
K Male (‘D’ + ‘M%) 2 2
L Liguid 631 464
M Male Human 875 603
N Not Movable 2144 1436
O ‘A4 ‘W’ 69 42
P Plant 758 593
Q Animate 23 i4
R Female (‘B’ + ‘F*) 4 3
S Solid 1291 887
T  Abstract 16577 9668
U Collective + ‘0’ 789 396
V P 4N 20 i
W T4 Y 103 61
X Y174 W 19% 108
Yoy 41 18
2 UNMARKED 415 199

total 43560 34906




Yable 8 Nowas Merked as () (znimate) and V (plant - animal)
nw ”E] KN | DF
Tbwwed Q) | animal | kind or class of enimal (—o_rg _Plantl
wa. developed under the inflaence
! of wnan
v 0 | poson | & person, animel, or plant of much
: Youy than the nsual sine
croagky \:H’i ¥ | plant an aimal o plan? whick is 3 mix-
f bure of broeds
plankion | ¥ | life $he very muall foruis of plant and au-
i bal e that live in water
I K awimal | 8 wale person or anbmel
v ! B | anionsl | a fereale person or animel
prapend | H | mother | the father or mother of a peraon

poini of this vevarchy. Bspecially the nous related to ‘Awimaie’,
“haprminiete’; aad ‘ebgfyact’ wve cravined,

Maoos marked os ‘Animate’

Nouns related to the concept animate have a relatively simple
structure in the thesaurus, ns euimele is often used #s an example
of & thessurus-like systena. ¥ixamples of the words narked as
Swnrante (€F) and relaied nouns, especinlly marked as ‘plant -
el (VY are shown in table 9,

The prodaced thessnrus contains more than 60% of the words
weavked s simple concepts, such as ‘plent’ {table 10), ‘eximal’,
and ‘huwnan (persow in definitions)’, in correct positions. As
shown tw table 10, for example, 645 words are traversed from

Tuble 10: Nouns Related to (Living) Thing and Plant

(living) thing «- plant ()

_Bl_| COUNT(BI)
R

2
D 2
P 30 62.4%
Q 1
other 210 e
Thotat [T oas

plent i the produced thesaurus; 370 words (62.4%) of these
words e worked as ‘Plaat.”

However, the produaced thesaurus does not capiure disjunclive
concepls such as ‘antrasl or plant (V)’ correctly. In the definition
of evessbieed {tuble 9), the produced thesaurus only uses planl
88 u key noun, sud ingores ansmsl. This is a typicsl problem in
the current produced thesaurus.

Note thet the distinction between ‘animate (Q)’ and ‘aniral
or plent (VY (animate without Juwmen) seemss to be difficult for
the lexteopraphers: breed is marked as Q; cvossbreed, however, is

raniked ey V), for expmple.

4.8 Woons Marked as ‘abs¥ract’

i LDOCE, maay noans (aboui 40%, table 8) are marked as
hsyact’, end they are not classified into more detailed sub-
clasges. On the other hand, finction nouns work as a key for
sib-clagsification in the produced thesaurvs. In section 3.2, some

of the function nouns are listed as action, state, amount tmd
degres. These function nouns classify abstract nouns.

For exaaple, there are 597 nouns whose function noun is ret,
and 584 nouns (97%) of them are marked as ‘abstract’; there are
398 nouns whose function voun is stale, and 391 nouns {98%)
of them are ‘abstract.” The distinction between ‘state’ and ‘act’,

for instance, is useful for natural language processing in general.

4.4 Nouns Marked as ‘Inanimate’

Home ‘Inanimate’ nouns are correctly identified in the produced
thesaurus (table 11). Especially, 39% of nouns under the noun
liguid have ‘Liquid’ markers, and 56% of nouns under the noun
gas have ‘Gas’ markers.

However, many ‘Inanimate’ nouns are defined by substance
in LDOCE. Sub-classification of these noun is expressed with a
compound word (or an adjective) as shown in table 11: coke is a
solid substance; fluorine is & non-metallic substance. Since the
currect extraction program does not handle a compound word,
the thesaurus cannot express these classification.

4.5 Other Typical Nouns

Several typical nouns in the produced thesaurus are also com-
pared with markers of LDOCE. Because the current system can-
not distinguish senses of nouns, nouns which have several differ-
ent senses causes a problem. A typical example is found in the
definitions whose key noun is case. As shown in table 12, attache
cese and test case are both defined by case; these expresses com
pletely different concept. In 30 nouns whose key noun is case,

Table 11: Examples of Nouns Marked as ‘Inanimate’

HwW Bl | KN DF

hydrogen | G | gas a gus that is a simple substance
(ELEMENT), without colour or
smell, that is lighter than air and
that burns very easily

water L | lignid the most common liguid, without
colour, taste, or smell, which falls
from the sky as rain, forms rivers,
lakes, and seas, and is drunk by peo-
ple and animals

coke s the solid substance that remains af-

ter gas has been removed from coal
by heating

substance

fluorine G | substance | a non-metallic substance, wsu. ‘in
the form of a poisonous pale

greenish-yellow gas
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Table 12: Nouns whose key noun is case

HW | B1 | KN | DF

attache case | J | case | a thin hard case with a handle, for car-
Iying papers

a case in a court of law which establishes
a particular principle and is then as a
standard against which other cases can
be judged

test case T |.case

Table 13: Nouns related the noun cloth
HW Bl | FF DF

canvas | J strong rough cloth used for tent, sails, bags,
etc.
denim a strong cotton cloth used esp. for jeans

serge J | type | atype of strong cloth, usu. woven from wodol,
’ and used esp. for suits, coats, and dresses

a type of coarse woolen cloth woven form
threads of several different colours

tweed | S | type

16 nouns are ‘movable (J)’, and 14 nouns are ‘absTract.’

Difficulity of semantic marking is also found. For example,
lexicographers could not mark ‘movable (J)’ and ‘Solid’ system-
atically. For example, some nouns whose key noun is cloth are
marked as ‘Solid’, and others are marked as ‘movable (J)’ (ta-
ble 13). This is a problem in gathering of semantic information
itself.

5 Conclusion

The extraction of semantic relations between verbs and nouns
from LDOCE is discussed. Data from the magnetic version of
LDOCE is first loaded into a relational database system for sim-
plicity of retrieving. For the extraction of semantic relations,
programs to find key verd, key noun, and funclion noun have
been developed. Using these programs, the thesaurus is auto-
malically produced.

To evaluate the quality of the noun part of the produced the-
saurus, it is compared with the semantic markers in LDOCE. Al-
though the produced thesaurus has several problenis such as the
difficulty of expressing disjunctive concepts, the comparison be-
tween the produced thesaurus and semantic markers in LDOCE
shows the possibility of sub-classification of ‘abstract’ nouns.
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