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Abstract—In this paper, we propose a 4-step inference
method needed for constructing a natural language
communication system. The method is used to obtain fuzzy
quantifier Q' when QA is Fis7 © Q'(m'A)is mFis m'"'is 7 is
inferred (Q, Q": quantifiers, A: fuzzy subject, m, m’, m":
modifiers, F: fuzzy predicate, 7 : truth qualifier). We show
that Q' is resolved step by step for two types of Q,including a
non-increasing type (few,.) and a non-decreasing type
(most,...).

I. INTRODUCTION

L.A. Zadeh researched most systematically ambiguous
meanings of natural language [1-2]. He divided natural
language propositions into four types: a proposition
modifying a fuzzy predicate (tall, heavy,...), a proposition
composed of a combination of fuzzy propositions (and,
or,...), a proposition involving fuzzy quantifiers (most,
few,...), and a proposition involving fuzzy qualifiers (true,
possible, probable,...). And, he proposed an evaluation
method based on possibility theory [1].

For these types, there are evaluation methods for
propositions modifying a fuzzy predicate and ones composed
of a combination of fuzzy propositions {1], but for the last
two propositions, no clear evaluation algorithms have been
presented, so an evaluation method that covers all four types
has not been reported.

To construct a natural language communication system,
we must handle fuzzy quantifiers and qualifiers, which are
used in every-day conversations, so we must handle the third
and fourth types. We previously reported how to transform
natural language propositions involving fuzzy quantifiers
and truth qualifiers by fuzzy inference [3-4]. Below, we
review the relevance of our previous research to this paper.
We refer to other inference methods for transforming natural
language propositions involving fuzzy quantifiers and truth
qualifiers.

In this paper we discuss the transformation of fuzzy
subjects, fuzzy predicates, and truth qualifiers for natural

language propositions involving fuzzy quantifiers and truth
qualifiers.
We followed Zadeh’s notation as follows:
Q, Q" fuzzy quantifiers
A: fuzzy subject
m: modifier
F: fuzzy predicate
T : truth qualifier
We denote a proposition as follows:
QAareFis 7 [1-2]
For example, the following transformation is executed
using our previous method [3-4]:

Transforming a fuzzy predicate:
Most tall men are heavy is true

< Almost all tall men are more or less heavy is true

Transforming a fuzzy subject:
Most tall men are heavy is true

< Almost all very tall men are heavy is true

In our previous method we constrained the transformation
target to fuzzy predicates and subjects, and in the above
examples we constrain it to a fuzzy predicate (heavy) and a
fuzzy subject (tall men). But we must handle the
transformation of fuzzy predicates, fuzzy subjects, and truth
qualifiers simultaneously. That is what we do in this paper.
In this paper, we handle the following transformation.

Few heavy men are more or less tall is more or less true
< Only a few very heavy men are tall is very true.

We review our previous method in section 2. Section 3,
discusses our new 4-step inference method. Section 4,
concludes with a summary of the main points.

II. OUR PREVIOUS WORK

Here, we briefly review our previous method.

Transforming a fuzzy predicate:
In this section, we show an inference method for the
following truth qualified proposition {3].
QAareFis T © QAaremFis ©
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We divide this into four cases according to the types of
quantifier Q and modifier m as follows:
j 0 < m < 1(dilation; more or less,...)

m
\ m > 1 {concentration; very,...)

fmonotonic non-decreasing {most, many,...)
*
We assume truth qualifier T is a monotonic function
(true, false,...). Next we get Q' for a given membership
function of Q and value of m. First we assume N pairs of
databases for the grades of fuzzy sets of A, F and we set
the grade values of each pair as
ua(i)=Ai, ui)=Fi (i=1,....N),
In the following inference,

QAareFis T © QAaremF is T
we set

N
A=3 A
i=1

f
and we obtain the inference result as follows:

1 N
Ho(x)= W{—z AiFi)
N A
subject to x = Lz AFP, O<r<l, N22, m>0

1=ZAl=...
0=F1=...
/N 2 r.

Here we set

1=n<N.

For a given x satisfying 0 =x =1, in case of a
monotonic non-decreasing truth qualifier T, various pairs
of Ai, Fi (i=1,...,N) exist under constraints (2), (2-1), and
(2-2). So various Q's exist and the membership function
of Q' has not been determined uniquely. We proposed the
extreme value as an inference result Q' [3] for the
following reasons:

monotonic non-increasing (few, little,...)

0y

get

i=1
=An=a = An+1, An+2,..., AN=0
=Fn=f = Fn+1, Fn+2,..., FN=1

@
@1
22

(1) corresponding to human intuition
(2) getting only one inference result

The mathematic expressions of Q' are all given as

uo("Vx)

Transforming a fuzzy subject:
Next we consider an inference method of obtaining Q'

for a given membership function of Q and value of m [4].
We show the inference method in the following truth
qualified proposition.

QAareFis 7 @ Q(mA) areFis T 3)

We assume N pairs of database for the grade of fuzzy set
A, F (fori=1,..., N, we denote grade values of fuzzy set A,
F as Ai, Fi). We set

N N
A=y A, M=y AT

i=1

inference. result Q' in the following

L3 A
. =—v= 1 ‘Fi
Mo (x)=y A;A’

N
subject to x = I—VILZ A"F;, O<r<1, N22, m>0

i=1

=1
and obtain an
expression.

get

12Al=..=An=a Z An+l, An+2,.., AN20 (4)
0=Fi=..=Fn=f < Fn+l, Fn+2,.., FNS1 (4-1)
wN = r 4-2)

For a given x (0=x=1), various pairs of Ai, Fi
(i=1,...,N) satisfy the above constraints (4), (4-1), and (4-
2). So various Q's exist and the inference result is not be
determined uniquely. So we take the extreme value for the
same reasons as in the fuzzy predicate transformation. In
the followings, we assume 7 is a non-decreasing and
injective truth qualifier.

If Q is monotonic and non-increasing and m>1, we get
the membership function of Q' as follows [4]:

Ho' (x) = MIN[uo(y)]
=ud MAX()]

We set G(x)=MAX(y), m=2.

For quantization factor R=1, we get the inference result
by G(x).

xl/2
x124{1 - )2

l1+2(ﬁ- 1)x - 1)

We used the following notation.

B=2—'4ﬂ~0.15

for Osx<B

G(x)=

for Bsxsl

1. THE 4-STEP INFERENCE METHOD

Using the method in section 2, we handle a 4-step
inference referring to simultaneous transformations of fuzzy
predicate, fuzzy subject, and truth qualifier.

Now we handle the following transformation.

QAareFis 7 © Q(m'A) aremF ism" T
We divide this inference into the following four steps.

STEP1
QAareFis T © Q(m'A)areFis 7

STEP2
Q(m'A)areF is 7 Q"(m'A)aremF is T

STEP3
Q"(m'A) are mF is 7 & Q(m'A) are mF is TT

580



STEP4
Q(m'A) are mF is TT © Q"(m'A) are mF is m" T

We can execute STEP1 and STEP2 using the method
ziven in section 2. We can easily execute STEP3 and STEP4
sased on truth qualification and inverse truth qualification.
We explain this using a concrete example as follows:

Knowledge
Few heavy men are more or less tall is more or less true

Question:
How few very heavy men are tall is very true?

Now we infer by the four steps as follows:

STEPI

Few heavy men are more or less tall is more or less true.

< Q very heavy men are more or less tall is more or
less true.

STEP2
Q very heavy men are more or less tall is more or less
true.

< QQ very heavy men are tall is more or less true.

STEP3

QQ very heavy men are more or less tall is more or less
true.

< Few very heavy men are tall is TT.

STEP4
Few very heavy men are more or less tall is TT.

< QQQ (only a few) very heavy men are tall is very
true.

This 4-step inference is shown in Fig. 1. In STEP1 we get
the transformed fuzzy quantifier by few — Q after
transforming the fuzzy subject heavy men—very heavy men.

In STEP2 we get the transformed fuzzy quantifier by Q—
(QQ after transforming the fuzzy predicate heavy more or less
tall—tall.

In STEP3 we get the transformed fuzzy quantifier by QQ
-—>few after transforming the truth qualifier more or less true
-->TT. In STEP4 we get the transformed fuzzy quantifier by
faw—QQQ (only a few) after transforming the truth qualifier
TT—very true.

IV. CONCLUSION

We obtained the inference result as an fuzzy quantifier after
transforming a fuzzy predicate, a fuzzy subject, and a truth
qualifier for natural language propositions involving fuzzy
quantifiers and truth qualifiers. These result correspond to
human intuition.

REFERENCES

[11L. A. Zadeh, “PRUF-A meaning representation language
for natural language,” Int. J. of Man-Machine Studies 10,
pp. 395-460 (1978).

2] L. A. Zadeh, “A Computational Approach to Fuzzy
Quantifiers in Natural Languages,” Comp. and Maths
with Appls., 9, pp. 149-184 (1983).

[3] W. Okamoto, S. Tano, T. Iwatani, and A. Inoue,
“Inference Method for Natural Language Propositions
Involving Fuzzy Quantifiers in FLINS,” Proceedings of
Third IEEE Intemational Conference on Fuzzy
Systems(FUZZ-IEEE '94), Orlando, pp. 1023-1028
(1994).

[4] W. Okamoto, S. Tano, A. Inoue, and R. Fujioka,
“Inference Method for Natural Language Propositions
Involving Fuzzy Quantifiers and Truth Qualifiers,”
Proceedings of Fourth IEEE International Conference on
Fuzzy Systems (FUZZ-IEEE/IFES '95), Yokohama, pp.
955-962 (1995).

581



0.6} -

0.4

0.2

-.'"::?-h

0.2 0.4 0.6 0.8
Proportion

0.025 ‘. .
0.2 0.4 0.6 0.8
Proportion
STEP3
Grade
1 e
"
--’-
0.8 more or less true —
0.6 i,.-"'-".
."n' .
e N
0.4 e
T X
0.2 .'. ...,a"
" cmmmma
0.2 0.4 0.6 0.8 1
Truth value
STEP4
Grade
1,
0.8f -
o6~ -
o Cfew
0.4} . ™
0.2{ QQQ
Ve,
0.2 0.4 0.6 0.8
Proportion
Fig.1.

120

Grade
1} ar
0.8}
0.6 s
heavy : °
0.4 ; very heavy
0.2} -
'.4.--52-’--!""
40 60
Grade
1 #
0.8
mor¢ or less ta_ll.
0.6 s o
0.4
020" Qa tall
J'. »
e
.—.-:r
160 180 220
Height
Grade
0.31}. .
0.25¢, "
0.2 "
0.15)° * few
-QQ -.
0.1} .
0.05 K
0.2 0.4 0.6 0.8
Proportion
Grade
1
0.8
0.6
0.4
0.2
===
0.2 0.4 0.6 0.8

Truth value

Step by step for 4-step inference

582



