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Abstract We have tested the POS formation rules in our lexicon --- Grammatical Knowledge-base of
Contemporary Chinese (GKB), which contains at least 70,000 the most popular Chinese words and
have found some stable rules for POS formation. Finally, we will give an explanation to those rules. *
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1 Introduction

Different from indo-european languages, Chinese words are short of morphological transformations.
There seems no way to guess the POS of undefined Chinese words only by the weak morphological
rules. Because the POS tagging influences the syntactic-semantic analysis, the POS estimation of those
undefined Chinese words becomes more important in Chinese Processing. We have tested the POS
formation rules in the lexicon which contains at least 70,000 the most popular Chinese words and have

found some stable rules as follows:

1) Adj+Adj=Adj;

2) Noun + Noun = Noun;

3) Adj + Noun = Noun;

4)  Noun morpheme + suffix = Noun;
5) Noun + Adj = Noun;

6) Adj +Adj morpheme = Noun;

7)  Noun + suffix = Noun

The first three have strongly proved the intuition of linguists with high statistical data. We also tested
the lexicon of undefined words from the well done segmented and POS tagged corpus of a half-year
newspaper (People’s Daily). The large corpus contains at least 14,000,000 Chinese characters. The
number of POS taggers we used is 40.

In Section 1, we gave a formal definition of undefined words and show the original idea of dynamic
lexicon. In order to reach the statistically best segmentation result, we have to delete a set of words
from the lexicon, which are obviously rebuilt by some word formation rules. We showed the
requirements of POS estimation in Chinese Processing. In Section 2, some data from the two
experiments were mentioned and then the POS formation rules with several examples. In Section 3, we
gave a linguistic explanation for those rules, which proved the linguists’ strong intuitions on the POS
(word) formation of two-character words. We proposed the Pants Model and emphasized the
importance of qualitative analysis of linguistic objects. Finally in Section 4, we proposed the fuzzy

POS formation for the undefined Chinese two-character words.

' This work was supported by National 973 high-tech Project, National Science Foundation, and Peking
University 985 Project.
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2  Undefined Words
Definition 2.1 Let X be a set of Chinese Characters, the set of all the Chinese words, W , is a subset
of X°. Givenalexicon L C W, w is called undefined word if and only if we W,but we L.

Definition 2.2 Characteristic function from L to {1,0}is defined by:

0 uel

XL(u):{l ue L

The most popular Chinese words are formed by two characters, so in this paper we just focus on the
POS estimation of two-character undefined words.
Example 2.1 POS estimation problem is a main part of word formation. Modifier + (head) Noun =
Noun in Chinese:
1. Noun + Noun = Noun
ki and fE4%
2. Adj + Noun = Noun
iR and ZLjift
3. Verb + Noun = Noun
Bk and T4
4. Num + Noun = Noun
JU and T4
5. Pronoun + Noun =Noun
fli A\ and fifkb
6. Etc.
[1] analyzed all the possible syntactic relations between the POS’s, such as, -4+, 3], #3k, T,
188h, HEBH, etc.. There exist many complicated word formation rules among the syntactic relations.
In the system of Segmentation and POS Tagging, we have several guessing rules for undefined words.
For example, #i%2€ L, but #2¢%K & L, we have rules:

1) %ﬂ? cox - %Ekﬁ%
@c%‘ %%%
24 ez
2) 1&; c - 1£If
51117? iﬁ%ﬁ(f
3) etc.

FMM (Forward Most Matching) and BMM (Backward Most Matching) are two main methods of
segmentation. Besides these, we have some statistical ones, such as HMM (Hidden Markov Model) and
its simplified version. Because segmentation and POS tagging are parallel in our system, the
identification of undefined words is constrained by word formation and the probability of POS string.
So, our work provides the pre-processing of POS estimation. It’s not true that the larger the lexicon is,
the better the segmentation is. We have tested to expand the lexicon by the software of Finite State

Calculus (FSC) in XRCE (Xerox Research Center Europe), the relation between the size of the lexicon
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and chaos degree of segmentation shows that:

- =Uhaos Degree

i el TEQ TEo=

- e = || Lae2xc||

Figure-1
With the increase of the size of lexicon, chaos degree 7 (more details in [8] and [9]) decreases till
some point 7, where 7 reaches the least value and then 7 increases. We are seeking 7, or
[n,,n,] where n, € [n,n,]such that | r, — r, |< € . From the viewpoint of Dynamic Lexicon, we
have to adjust the structure of our lexicon to the segmentation. Thus, some words will become

undefined, but which are easily identified by some word formation rules.

3 Test of POS Formation
Definition 3.1 Let X, y,z€ POS, where POS is the set of all POS’s. Let || x + ) = z ||be the

number of samples in the lexicon. Define

Do, _lx+y=cz]
YR

), _lxty=z]|
2 Izl

The test is divided into two steps. Firstly, we have tested the POS formation on a lexicon of 10,000 the
most popular Chinese words, and then the lexicon of GKB (70,000 words). The threshold level is:

1) Num>10
2) P >0.10
3 P >1.00

There are 18 rules for the POS estimation in the first experiment and 17 rules in the second. The results

of the two experiments are as follows:

Experiment-1 Experiment-2
Rules Num P P, Rules Num P, P,

c +H  =f 11 0.96 6.83
c +H =f 10 2.19 11.6

a +a =a 294 0.36 11.6
a tao=a 96 033 736 o 131 039 5389
n +n =n 99 0.24 3.16 d +d =d 49 0.15 5.48
d +d =d 38 0.28 6.57 a +n  =n 104 0.64 4.72
a +n =n 67 02 2.14 n +f =s 30 0.21 18.2

N +k =n 391 0.25 1.76
r +k =r 6 2.31 7.14

n +a  =n 292 0.18 1.31
v A 8 162 93 4 e =d 13 0.16 145
Ptu =p 8 1.57 235 4 4k =d 10 0.13 1.12
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R +f =r 5 1.01 5.95 d +c =c 10
P +p =p 5 019 147 @ tko &b 13
D 4 =d 11 019 o & AT 22
n +k  =n 248
Q +f =t 6 018 321
N 4+ =t 6 016 321
F  +n =f 11 0.29 12.7
F +q =b 5 015 2.66
R +q =r 5 011 5.95
Table-1 Table-2

There are three distinct cases:

1) Pseudo Rules --- in Table-1 but not in Table-2:
Rtk=r r+f=f ptu=p R+f=r
F+n=f p+p=p d+p=d Q+f=t
N+f=t f+q=b rt+qg=r

2) New Rules --- in Table-2 but not in Table-1:
ntk=n ct+c=c N+k=n N+a=n
d+c=d dtk=d dtc=c A+tk=b
at+A=n

3) Stable Rules --- both in Table-1 and Table-2:
fH=f c+f=f nt+f=s A+a=a
d+d=d ntn=n atn=n

The order of the reliability is: Pseudo < New < Stable

4 Linguistic Explanation
The stable rules for POS formation is as follows:
1) Adj+ Adj=Adj;

WS, WA, MO, LR, IS, ete.
2)  Noun + Noun = Noun;

BEWL, BIE, G, B, HEE, ete.
3) Adj+ Noun = Noun;

BaE, W, AN, K8, it ete.
4)  Adverb + Adverb = Adverb;

WE, B, W, R, FURT, ete.
5) Noun + Location (f) = place(s);

FRb, A, HUT, IR, S, ete.
6) etc.

0.12
0.11
0.11

7.69
1.99
1.02
1.12

1) to 5) are the most familiar rules in Chinese. The statistical data from both experiments have proved

the intuition of linguists. Some reliable new rules:
1)  Noun morpheme + suffix = Noun;
F3k, SR, W, Wi, W ete.
2) Noun + Adj = Noun;
W, VTR, B, KR, H5E, ete.
3) Adj+ Adj morpheme = Noun;
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NRE, ZEdE, GEEE, HFE, A, ete.
4)  Noun + suffix = Noun
FEE, B, Yk, HAK, fLAY, ete.
For the stable and new rules of POS formation, there is only one rule for adjective, that is, Adj + Adj =
Adj. And more than 1/3 of the left ones are for nouns:
1) Noun + Noun = Noun;
2)  Adj+ Noun = Noun;
3) Noun morpheme + suffix = Noun;
4)  Noun + Adj = Noun;
5) Adj+ Adj morpheme = Noun;
6) Noun + suffix = Noun.
There is no rule for verbs in our experiments, which indicates that the Chinese verb formation is quite
complicated at the level of POS. As described in the following Pants Model, more rules about
adjectives and verbs need finer POS set and more semantic constraints.

Pants Model

Small POS set without

semantic constraints

Bigger POS set with

semantic constraints

Usually the mathematical methods in Computational Linguistics are quantitative analysis (fuzzy math.
or statistics). Some qualitative analysis (such as, the topological structures) of linguistic objects has
been done in [4] and [5].

5 Fuzzy POS Formation
Definition 5.1 Let y,:POSXPOS —[0]1] be a fuzzy function describing the degree of

x+y=2zVx,ye POS , where
E&@wﬂ
x,€POS

Example 5.1 POS estimation for Chinese nouns and adjectives are defined by the following functions:

POS estimation function for Chinese nouns  POS estimation function for Chinese adjectives

(x,¥) Xn(X,9) (x,¥) Xa(X,9)
(N,k) — 1/7 (a,a) — 12
(nky - 177 Otherwise —  1/3198
(a,n) — 1/7
(nyay - 1/7
(n,n) —> 1/
(a,4) — 1/7
Otherwise —  1/11158
Table-3 Table-4
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We have tested the POS estimation rules on the set of undefined words from the well done segmented
and POS tagged corpus (a half-year newspaper of People’s Daily) with more than 14,000,000
characters, the qualitative results are the same with our conclusion. One part of the further work is to
apply the result in the POS estimation parallel with the calculation of the probability of POS sequence
in HMM.

6 Conclusion

The automatic identification of undefined words and their POS estimations are the most important
steps in Chinese Processing. In this paper, we discussed the POS estimations for undefined Chinese
words. By two experiments, we got some POS formation rules, mainly for nouns and adjectives. Then,
we mentioned some examples and the analysis of the linguistic foundations. From the Pants Model, we
could simulate the process of POS (or word) formation at different level. [1] has tried in a deeper
syntactic way. [2], [3], [6] and [10] have realized the importance of POS (word) formation in Chinese

Processing. More details will be found in our further work.
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