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Abstract. Either word sense classification or word sense clustering can not avoid this
problem: what features people can get from word meaning that can be used as the tools
employed for producing word sense ontology. In this paper, we present a lexical
semantic-syntactic model to define and subcategorize a noun class—attribute noun class,
by acquiring syntactic behavior and semantic restrictions from corpus. First we introduce
the idea of attribute noun class. Then we describe the model, which is a specific tool
providing a practical method to decide whether a word should be located in a specific
word sense class or not. Then we apply the model to 15 nouns to show how the model
works, and create a sample taxonomy for the 15 nouns.
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1. Attribute Noun and Attribute Noun Class

Concept (refers to either entity or abstract thing) has several characteristics viewed from
different aspects. All things have properties: physical, social, etc. see the expressions below:
al The color of the hat is red.

a2 X AMTREE. (The guy’s temper is irritable.)

“color” in al is a physical property of hat. “/“t(temper)” in a2 is a psychological property
of people.

Attribute noun class (as ANC below) refers to such characteristics/properties of things (like
“color” of hat and “/#“{(temper)” of “_A(man)” above). The noun is called attribute noun if
it can be classified into ANC. The “attribute” presents the incomplete information—it is
supposed to combine with other words to make an integrated expression, in other words, the
attribute noun “looks forward to” collocating with words which can specify its meaning. In al,
“red” specify the meaning of attribute noun “color”; in a2, “#&#irritable)” specify the
meaning of attribute noun “/#“{(temper)”

2. The syntactic and semantic features of attribute noun

Syntagmatic mode of word has two sub-modes: syntactic behavior and semantic selectional restrictions.
While the lexical meaning of word impacts the syntagmatic mode.
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The meaning of a word might impact the syntactic behavior of the word. For example, attributive
adjectives (also called non-predicative adjectives or as qu bie ci known in Chinese) in Chinese like “ &
£7(snowy white)” can not be syntactically used with adverb, so * 7£7# (very)/adv =5 £7(snowy
white)/adj” is not a legal phrase in Chinese. Because there is a adverbial morpheme “ Z{(snowy)” in
word “ 2 £7(snowy white)” which means “snowy”, the word merges the meaning of adverb into its
lexical meaning. Attribute noun can not be attributive in attributive-head relation and rarely be isolate
subject in subject-predicate relation which we will show in the following section.

The semantic selectional restrictions are semantic frame in which words should appear. The semantic
frame is the grammatical relation with semantic constrains. For example, there are two grammatical
slots in VO relation: verbal and objective. The meaning of object must semantically match with the
meaning of the verb and vice versa, in other word, either verb or object has semantic “preferences” to
the collocate words; such “preferences” is “selectional restrictions” in lexical semantics. The
selectional restrictions also exist in semantic role frame, but we do not discuss the issue in this paper.

2.1 Syntactic behavior of ANC

ANC is one of the classes making the noun ontology. There have to be some formal features to
distinguish ANC with other noun classes—we have to tell how ANC different with other noun classes.
The syntactic behavior, as we discussed before, is the grammatical relations in which attribute noun
could appear.

Generally, noun is grammatically united other words with following syntactic relations:

a. Subject-predicate (SP) relation: 4~& ZZ#/—. (Today is Monday.) Noun can be either subject
or predicate in Chinese.

b.  Verb-object (VO) relation: £~k F~4 #7 ##k, (Play basketball this afternoon.) Noun can
be object.

c. Attributive-head (AH) relation: 277 /9 #r#. (The king’s new dress.) Noun can be either
attributive or head.

Chinese is SVO language which is word-order-dependent, so we might acquire the syntactic
behavior by studying the grammatical distribution of attribute noun in these grammatical relations.

The meaning of attribute noun presents incomplete information—it is supposed to combine with
other words to make an integrated expression, in other words, the attribute noun “looks forward to”
collocating with other words which can specify its meaning. According to this, attribute noun can not
be isolate subject in SP. In sentence “ <A ZZ#/—(today is Monday)”, the noun “£~A” is an isolate
subject in the sentence, it can be subject by itself without combining with other word. Because subject
should be definite in Chinese and present integrated information, so attribute noun can not be isolate
subject in a sentence. For example,
a3 Zits A2 €5 [ (color is green)

the meaning of a3 presents incomplete information. It is supposed to tell the color of what thing or
who so that people can understand the expression. Thus the attribute noun “2ZZ7Z(color)” can not be
isolate subject in sentence like noun “ £~ {(today)”.

With the same reason, in AH relation, the attribute noun can not be the isolate attributive modifying
head. Because the meaning of attribute noun needs to be specified by other words rather than
specifying, thus it can be head modified by the attributive in AH. Thus, if we put a word before a3:
ad KR 19 Bits &2 ZRE 9 (color of the clothes is green)

the meaning of a4 is complete, we have a AH, in which attribute noun is head, to make a4
understandable.
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Therefore, we have the syntactic behavior of ANC by studying its lexical meaning.

F1. The attribute noun can not be the isolate subject in SP.

F2. The attribute noun can not be the attributive in AH.

We will use F1 and F2 to determine whether a noun is an attribute noun or not in the section below.

Worth to mention that: 1) the rules of F1 and F2 is not black or white rule, the syntactic features
occur with very big probability; 2) when we test whether a noun is an attribute one, the F1 and F2
should be applied in sentence level, i.e. if a noun is an isolate subject or attributive, the SP or AH must
be semantically understandable as a sentence.

2.2 Semantic features of ANC

The ANC is a big word sense class and its meaning is general concept, thus we need to divide ANC
into small sense classes in terms of more specific meaning. We use the semantic features to
subcategorize ANC which are the semantic constrains between attribute noun and the collocate words
in SP, VO and AH.

The selectional restrictions can be learned by studying the meaning of attribute noun and it’s
collocate words in AH, SP and VO.

2.2.1 Attribute Noun Used as Subject in SP

Predicate tells something about the subject. In SP, predicate is the value of attribute noun. Attribute
nouns with different meanings calls for predicates that with different concept. Thus, we can assign an
attribute noun to more specific ANC class in terms of the meanings of predicate collocated with.
2.2.2 Attribute noun as object in VO

Attribute noun is object in VO, which is one of the arguments of verb. Object semantically matches
with verb as other types of arguments. For example, for the attribute noun “ /%", it can collocate with
verb with the meaning of “watch” like “Z” in VO (&Iv # /7 430, watch his appearance); while
for the attribute noun “!:4%”, the verb should be with the meaning of “mental action” like * J ##" ( 7~
MV 1 #E#%lo, know his temperament). Different attribute nouns “tend to” collocate with different
verbs.

2.2.2 Attribute noun as head in AH

The function of attributive in AH is specifying the head. There are two meanings of attribute: 1) the
value of attribute (57 771a #9 17#%/h, high price) which semantically resembles the predicate in 2.2.1;
2) the host which semantically possess the attribute (7/%a #7 #/#%/h, price of the book). Thus the
meanings of host of attribute and attribute, as well as attribute value and attribute should match each
other.

The attribute nouns can be assigned to more specific ANC classes in terms of the meanings of words
with which the attribute nouns collocate in SP, VO and AH. Thus the selectional restrictions in three
grammatical relations can be used as subcategorization criterion for ANC.

3. The lexical semantic-syntactic model for defining and subcategorizing
attribute noun

Now we deduce a lexical semantic-syntactic model (LSS model) from above analysis for
defining and subcategorizing attribute noun. We use pseudo-code of C to describe the model
below:
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Define AN
{
syn_behvior;
sr_SP;
sr_VO;
Sr_AH;
}
AttrDef (AN noun)
{
if(Be_Attr(noun, AH)==false]|Be_IlsoSub(nhoun, SP)==false)
Subcat_AN(nhoun);
else
printf(““the noun is not an attribute noun™);
}
Subcat_AN(noun)
{
while(sentence[i])
features=get _syn_ features(noun, sentenceli]);
noun=SR(noun, features, AH)
store the result in AN;
noun=SR(noun, features, V0);
store the result in AN;
noun=SR(noun, features, SP);
store the result In AN;
}
end.

The attribute noun is presented in a structure AN, in which the syntactic behavior and
selectional restrictions are stored. The function AttrDef decides whether a word is an attribute
noun or not, using the syntactic features F1 and F2. Then the word is input in Subcat AN
which assigns the word to a more specific sense class. In Subcat_AN, a noun is semantically
analyzed in SR function with 3 syntactic relations: AH, VO and SP. The result of syntactic
and semantic analysis will be presented in structure for each input.

4. Experiment
In this section, we make an experiment to evaluate the applicability of LSS model.
4.1 Methods

First we choose 15 nouns from Singapore Chinese Textbook Corpus. Then we abstract
sentences from the first page result that CCL online corpus generated for each noun and
acquire the data of syntactic features. The syntactic features are used to determine whether a
noun is attribute noun or not.

Second, we choose 15 attribute nouns from the same corpus and generate sentences for
each attribute noun from CCL online corpus, for abstracting semantic features. The semantic
features will be put in structure AN mentioned in section 3 to show how 15 nouns differ in
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semantic selectional restrictions. Such semantic features help us to divide 15 attribute nouns
into several subcategories.

The features, either of syntactic or semantic, are manually abstracted from sample
sentences. We do not employ machine learning software (like Stanford Parser, SRL software)
to do the job, because the purpose of this paper is to create a model for attribute noun and
evaluate rather than evaluate machine learning algorithm. We want the data to verify the
model. In additional, the data set is quite small (15 words).

4.2 Syntactic behavior to determine whether a noun is attribute noun

The 15 nouns are: & /7 #:(people), 2% % (foreign citizen of Chinese origin), # &
(customer), # &K(mine manager), Z#(pearl), #7/R(spring), “T/K(airsurge), 4 Z{(sound),
FHf(the universe), F7ff(forearm), K /Z(length), 75#x(indicator), #/+Fi(appearance), 7445
(performance), £ 77(diameter). The last five nouns are already tagged as attribute noun. We
use 4 indicators to show the grammatical distribution: isolate subject in SP, head in AH,
Attributive in AH, object in VO. A word is called isolate subject when it is the subject of a
sentence all alone, rather than in a noun phrase.

Table 1
Word Isolate sub in | Head in AH | Attributive in AH Object in VO
SP

2 H k145 13 9 10 13
1675150 0 0 50 0
REI50 22 18 4 6
W K/50 2 23 23 2
B Ek/I40 4 14 11 11
HIR/43 6 18 2 17
AR/ 4 37 1 4
%149 5 33 1 10
W 1142 9 1 2 32
HIE /51 14 14 13 10
K139 0 34 3 2
fabri47 0 45 0 2
4155140 0 34 2 4
PERE/42 0 41 0 1
HA%/32 0 32 0 0

Table 1 shows the grammatical distribution of the 15 nouns. Five attribute nouns show
quiet distinguish grammatical distribution from other nouns: they can not be isolate subject in
SP and rarely be attributive in AH. This distinguishable grammatical distribution verifies that
F1 and F2 rules are valid.

4.3 The 15 attribute nouns for abstracting semantic features

The 15 nouns are: 77 “{(strength), & 7*(talent), 7% 7 (tone), 4 #v 7/ (vitality), A 7%
(instinct), # /4 voice), SctH(family circumstances), ZF4-(position), 7##%(character), /2
Z(memory), & /&(intention), 4/ (look), # #(garb), £ 7X(diameter), A/Z{grace).
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The nouns are randomly chosen from the corpus.

4.4 Selectional restrictions in AH

Table 2 shows the host word (noun) and attributes nouns (head) in AH.

Table 2

Attribute nouns

Host words

71’3, (strength, physical power)

227 (name of a man), B A (man), %5 (blue
whale), 1 (ant), /N% (baby elephant)

K47 (talent)

F ik A (human’s name), %7 (student), A&
(farmer), Zz [A] & (female colleague), 7+ = A
(Finland people)

Wi (tone)

K#5HE (human’s name), MK (minister of foreign
affairs), & ¥ (prime ministry), 1t (he), & I
(teacher)

Aedi /7 (vitality)

f £ ¥ (microorganism), f& #)  (plant), HF
(shrimp), WE#E (katydid), %£3f|7€ (Chinese redbud)

AfE (instinct)

1Y) (animal), & (bird), ££% (female leopard),
A (human)

HE (voice)

# H & % (human’s name), fft (she), #KIE 5
(singer)

%85 (family circumstances)

FrFi i (human’s name), 225 (student), B% Kig
(human’s name), /#2 (human’s name)

HH4% (work position)

fl (he), X EE (government officers), A%
(people), #1452 (lieutenant)

PE#% (character)

2T (teacher), Wi (mother), H . (myself)

icfZ 71 (memory)

%) (animal), A (human), &3 (patient), Z4E
A (old people), Z % (bee)

=K (intention)

S5 (director), & (1), 4T (boss), #(Z%: (coach)

BEH: (look)

JN & (lackey), Bl %  (politician), & E A
(American), & A (enemy)

IR (garb)

E4; (women), 4iiRA] (ladies), i (she), WY i%
(guard), 41 (general)

1% (diameter)

W R (galaxy), # = (greenhouse), T ¥ 3t
(grenade), Ht (pit)

XUE (grace)

af - (gentlemen), % ¥  (scholar), £ 3 4
(human’s name), %+ (lady), BUAZK (politician)

The hosts of attribute nouns “ & 7/talent)”, “ 7% /#(tone)”, “Z/voice)”, “ S Lx(family
circumstances)”, “ZH#(position)”, “/##%(character)”, “ & &fintention)”, “#/7(look)”, “ %
Hi(garb)” and “/(/Z(grace)” are all of meaning of “human”. The structure presentation of

these nouns is:

A 7/ (talent)={syn_behavior[]; sr_AH[human]; sr_VOI[]; sr_SP[]};
iZF(tone) ={syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[]};
g voice)={syn_behavior[]; sr_AH[human]; sr_VOI]; sr_SP[]};
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S¢tg(family circumstances)= {syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[]};
B #(position)={syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[]};
#:#%(character)={syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[]};

& Afintention)={syn_behavior[]; sr_AH[human]; sr_VO[I; sr_SP[1};

5 fi7(look)={syn_behavior[]; sr_AH[human]; sr_VOI[]; sr_SP[1};
ZEH(garb)={syn_behavior[]; sr_AH[human]; sr_VO[I; sr_SP[]};

M (grace)={syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[]};

—>These nouns can be classified as “attribute of human”.

The nouns “ 77“{(strength)”, “ 4z Z/(vitality)”, “ A g4 instinct)” have hosts of not only
the meaning of “human” also of “animal”. Both meanings can be presented as “living
creatures, thus the structure presentation of these nouns is:

774 (strength)={syn_behavior[]; sr_AH[living creatures]; sr_VOI[]; sr_SP[]};
4y Z)(vitality)={syn_behavior[]; sr_AH[living creatures]; sr_VO[]; sr_SP[]};
Ag4instinct)={syn_behavior[]; sr_AH[living creatures]; sr_VOI[]; sr_SP[]};
—->These nouns can be classified as “attribute of living creatures”.

While the nouns above can be subcategorized by the meaning of the host words, while
the noun “ £ 7%(diameter)” can not, because there is no semantic agreement of its hosts. The
hosts are of various meanings, like “space” ( #€/7 % /galaxy), “architecture” (/4 %
Igreenhouse), and “artificial production” (F###/grenade).

4.5 Selectional restrictions in VO

The ANC can be further classified by the verb with which the attribute noun matches. The
attribute nouns and verbs are showed in table 3.

Table 3

Attribute noun Verb

717 (strength, physical power) | & (have), ¥ (do not have), F,%% (spend)

K4 (talent) A (have), ¥%H (do not have),

EIf (tone) izH (handle), F (use)

At 77 (vitality) s (show), HA (have), fREF (maintain)

AHBE (instinct) A (have), A (become)

HKME (voice) JE7s (show), Wy (listen to)

3% (family circumstances) NULL

HR4% (work position) HHAE (occupy), FFFE (dismiss), #3< (retire from)

4% (character) ZH (highlight), &I (present)

181271 (memory) Wk (lost), £-%F (maintain)

=K (intention) A4 (understand), B (carry out), %1 (know), Hii /&
(conjecture)

BEfE (look) iS5 (describe), #4 i (explosure), &% (realize), #&
i (reveal)

B (garb) % (wear), & (look), k% (stare at), HIH (see
clearly),

H 1% (diameter) NULL

KJE (grace) VERE (pay attention to), I (show), f&FF (maintain)
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The verbs governing “ 77“{(strength)”, “ A 7 talent)”, “iZ /(tone)”, “ 4 a5 7)(vitality)”,
“ {4 #% (character)”, “ 7 g€ (instinct)”, 77 /%2 77 (memory) and “ X /Z(grace)” are not
specialized, the verb governing “ 77“¢(strength)” can also collocate with “/%#%(character)”.
Thus, we can not produce subcategories for these attribute nouns by the meaning of verbs.

The nouns “//7(look)”, “%&#(garb)” and have verbs with meanings that only can
collocate with them: “ Z(look)”, “#(Zstare at)”. We can also find out some other verbs with
same meaning for them: “X/%observe)”, “ 7 4(see)”. If anything can be saw by human’s
eyes, watched or observed, it must has outward appearance. The structure presentation of
these nouns is:
Hh7(look)={syn_behavior[]; sr_AH[human]; sr_VO[watch]; sr_SP[]};
ZE i (garb)={syn_behavior[]; sr_AH[human]; sr_VO[watch]; sr_SP[]};
—->Thus we create a new ANC subcategory for the two nouns: “appearance attribute of
human”.

The verbs of noun “ & &/intention)” are of meaning of “mental processing”, so it can be
presented as:
& Afintention)={syn_behavior[]; sr_AH[human]; sr_VO[mental processing]; sr_SP[1};
->Thus we generate a subcategory for it: “mental attribute of human”.

The meaning of verbs of “ZH #(position)” is “social acting”, so it can be presented as :
B #(position)={syn_behavior[]; sr_AH[human]; sr_VO[social acting]; sr_SP[]};
->We create a new subcategory for it—*"social attribute of human”.

4.6 Selectional restrictions in SP

The nouns are needed to be analyzed in SP, for the AH and VO are not work on some nouns.
Table 4 below is the attribute noun and predicates.

Table 4

Attribute noun Predicate

715, (strength, physical power) | 8K (very strong), 1B/]v (quite weak)

K41 (talent) Witi=r (pretty high)

EI (tone) &L (low), “F-F1 (gentle), XA (soft), “F-2% (gentle)

A/ (vitality) HEE% (vigorous), 5 (strong)

ARE (instinct) NULL

ARIEE (voice) Wiz (loud and clear), & Wit (very charming), %8%%
(agreeable)

3% (family circumstances) 7TFE (poor), =44 (rich)

4% (work position) 1REr (pretty high), #F+= (be prompted)

A% (character) AR\ (optimistic), 444 (good or bad)

181271 (memory) iR (decline), 1R%4F (very good)

= (intention) FNEN (is serious), RIFE (very clear)

BEHS: (look) FEE iR (completely reveal), =% (black)

RH (garb) VEAN (simple), #I#ER (vulgar), =i (elegant)

H 1% (diameter) 0.5—5 f#>Kk (0.5-5 micrometers), N+ 20 F2K (less
than 20 km)

KJE (grace) Wi (elegant), w7 (elegant)
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The meanings of predicates of attribute nouns “_77“{(strength)”, “ & 7Atalent)”, “ 7%
(tone)”, “ 4 an 7/(vitality)”, “ A g4instinct)” and “ /2 77 (memory)” are not distinguishable.
The predicates like “fR K (very strong)”, “ 7R /’(quite weak)”, “#F#¥(vigorous)”, “ 7%
(strong)” have general meanings in semantic, which can collocate with many different
attribute nouns.

The meaning of predicates of “Z{/4(voice)” are “tone of sound” which can not collocate
with other 14 nouns, thus “#Z{#4(voice)” can be presented as:

i (voice)={syn_behavior[]; sr_AH[human]; sr_VO[]; sr_SP[tone of sound]};
->We get a new subcategory: “audible attribute of human”.

The meaning of predicates of “5¢£5(family circumstances)” mean “social status” which
can only collocate with the noun. “ 5¢4g(family circumstances)”:

S t5(family circumstances)={syn_behavior[];sr_AH[human]; sr_VOI[]; sr_SP[social status]};
->The noun can be assigned with a new subcategory: “social attribute of human”.

Meaning of predicates of “/{/Z(grace)” mean “appearance status” which can only

collocate with the noun:

A /Z(grace)={syn_behavior[]; sr_AH[human]; sr_VOI[]; sr_SP[appearance status]};

>The predicate of “/{/Z(grace)” and the verb of “/#/#(look)” and “Z&#%(garb)” have
similar in meaning, thus “4{/Z{(grace)” can be assigned in “appearance attribute of human”.

“ F 77(diameter)” takes quantifier phrase as its predicate in SP. It can be presented as:

E 7A(diameter)={syn_behavior[QP as predicate]; sr_ AH[human]; sr_VOI[]; sr_SP[quantity
status]};
-> S0 we get a subcategory: “quantity attribute”.

4.7 Sample taxonomy

To summary, we create a sample taxonomy for these 15 attribute nouns:

Attribute noun

Living creature

Appearance

Social

Mental

Audible

Wl

Quality attribute

5. Conclusion
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In this paper, we present a practical method to define and subcategorize the attribute noun
class, and produce sample word sense taxonomy for 15 Chinese attribute nouns. Syntactic and
semantic features are employed to do the job, from which we derive a syntactic-lexical
semantic model for defining and subcategorizing the word sense class. First learn the
grammatical distributions of each word from corpus to determine a noun is whether attribute
noun or not. Then we study the selectional restrictions between the noun and its collocate
words in each grammatical relation and assign the noun to more specific sense class. Finally
produce a small word sense taxonomy. We found that:

1. we get the syntactic behavior of word by studying the meaning of the word, thus sense
classes (meanings with same concept) could be distinguished by syntactic behavior;

2. creating word sense class requires both syntactic and semantic features which we call
“syntagmatic features” of word;

3. general meaning of collocate words is essential for acquiring the semantic features of
word sense class, which means some coarse and solid concepts of noun, verb and adjective
are needed. Such coarse and solid concepts are the precondition for studying the selectional
restrictions between collocate words.
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