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Abstract—The fuzzy properties of language semantics
are a central problem towards machine-enabled natural
language processing in cognitive linguistics, fuzzy
systems, and computational linguistics. A formal method
for rigorously describing and manipulating fuzzy
semantics is sought for bridging the gap between humans
and cognitive fuzzy systems. The mathematical model of
fuzzy concepts is rigorously described as a hyperstructure
of fuzzy sets of attributes, objects, relations, and
qualifications, which serves as the basic unit of fuzzy
semantics for denoting languages entities in semantic
analyses. The formal fuzzy concept is extended to complex
structures where fuzzy modifiers and qualifiers are
considered. An algebraic approach is developed to
manipulate composite fuzzy semantic as a deductive
process from a fuzzy concept to the determined semantics.
The denotational mathematical structure of fuzzy
semantic inference not only explains the fuzzy nature of
human semantics and its comprehension, but also enables
cognitive machines and fuzzy systems to mimic the human
fuzzy inference mechanisms in cognitive linguistics,
cognitive computing, and computational intelligence.
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I. INTRODUCTION

UZZY semantics comprehension and fuzzy inference are

two of the central abilities of human brains that play a
crucial role in thinking, perception, and problem solving [1, 2,
12, 13, 15, 17, 18, 23, 24, 25, 26, 28, 29, 31, 32, 35, 36].
Semantics in linguistics represents the meaning or the
intension and extension of a language entity [3, 4, 7, 9, 10,
14]. Formal semantics [8, 9, 11, 19, 22, 27] focus on
mathematical models for denoting meanings of symbols,
concepts, functions, and behaviors, as well as their relations,
which can be deduced onto a set of known concepts and
behavioral processes in cognitive linguistics [5, 6, 28]. An
inference is a cognitive process that deduces a proposition,
particularly a causation, based on logical relations.
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The taxonomy of semantics in natural languages can be
classified into three categories [3, 4, 9, 14, 28, 32] known as
those of entities (noun and noun phrases), behaviors (verbs
and verb phrases), and modifiers (adjectives, adverbs, and
related phrases). Semantics can also be classified into the
categories of to-be, to-have, and to-do semantics [27]. A to-be
semantics infers the meaning of an equivalent relation
between an unknown and a known entity or concept. A to-
have semantics denotes the meaning of a possessive structure
or a composite entity. A to-do semantics embodies the process
of a behavior or an action in a 5-dimensional behavioral space
[22, 27].

The fuzzy nature of linguistic semantics as well as its
cognition stems from inherent semantic ambiguity, context
variability, and individual perceptions influenced by
heterogeneous knowledge bases. Almost all problems in
natural language processing and semantic analyses are
constrained by these fundamental issues. Lotfi A. Zadeh
extended methods for inferences to fuzzy sets and fuzzy logic
[30, 33, 37], which provide a mathematical means for dealing
with uncertainty and imprecision in reasoning, qualification,
and quantification, particularly where vague linguistic
variables are involved. Fuzzy inferences based on fuzzy sets
are navel denotational mathematical means for rigorously
dealing with degrees of matters, uncertainties, and vague
semantics of linguistic entities, as well as for precisely
reasoning the semantics of fuzzy causations. Typical fuzzy
inference rules are those of fuzzy argument, implementation,
deduction, induction, abduction, and analogy [22, 26, 32, 37].

This paper presents a theory of fuzzy concepts and fuzzy
semantics for formal semantic manipulation in fuzzy systems
and cognitive linguistics. The mathematical model of abstract
fuzzy concepts is introduced in Section 2, which serves as the
basic unit of fuzzy semantics in natural languages. A fuzzy
concept is modeled as a fuzzy hyperstructure encompassing
the fuzzy sets of attributes, objects, relations, and
qualifications. Based on the mathematical model of fuzzy
concepts, fuzzy semantic comprehension is reduced to a
deduction process by algebraic operations on the fuzzy
semantics. The mathematical model of fuzzy concept is
extended to complex ones in Section 3 where fuzzy qualifiers
are involved to modify fuzzy concepts. Algebraic operations
on composite fuzzy semantics deduce the fuzzy semantics of a
composite fuzzy concept to determined implications. The
denotational mathematical structures of fuzzy semantic
inference are elaborated by real-world examples in order to
demonstrate their applications in cognitive linguistics, fuzzy
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systems, cognitive computing, and computational intelligence
[6, 8, 12, 16, 20, 21].

The semantics of an entity in a natural language is used to
be vaguely represented by a noun or noun phrase. In order to
rigorously express the intension and extension of an entity
expressed by a word, the noun entities can be formally
described by an abstract concept in concept algebra [19] and
semantic algebra [27]. An abstract concept is a cognitive unit
to identify and model a concrete entity in the physical world
or an abstract object in the perceived world, which can be
formally described as follows.

Definition 1. Let £J denote a finite nonempty set of objects,

and & be a finite nonempty set of attributes. The semantic
discourse i is a triple, i.e.:
U= (0, 2 9%)
=R OO0 A-> 014 ->2
where 97 is a set of relations between £ and 2.

On the basis of the semantic discourse, a formal fuzzy
concept can be defined as a certain composition of subsets of
the three kinds of elements known as the objects, attributes,
and relations.

Fuzzy SEMANTICS OF CONCEPTS IN FUZzY INFERENCES

1)

Definition 2. A fuzzy concept C'is a hyperstructure of
language entities denoted by a 5-tuple encompassing the fuzzy
sets of attributes A, objects O, internal relations R',

external relations R° , and qualifications Q i.e.:

C2(AO,R,R,Q) )
where
e Ais a fuzzy set of attributes as the intension of the

concept C':

A= {(a;, u(a))),(ay, play)),--,(a,, a,))} S PA
where P2( denotes a power set of & .

3)

. 5 is a fuzzy set of objects as the extension of the concept
C: N
/Q = {(OlaU(ol))a(OQ’N(OQ))""’(OmaN(Om))} cPO (4
e R' is a fuzzy set of internal relations between the fuzzy
sets of objects O and attributes A :

}; :5><;1g PR
o 1A
= R R(o;:a,), u(o;) ® pu(a,))

j=1 i=1

()

where the big-R notation [18, 25] expresses the Cartesian
product of a series of repeated cross operations between o; and
a, 1 < j<mand 1 <i<n, which results in all the (o;, a;)
pairs.
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e R is a fuzzy set of external relations between the fuzzy
concept C and all potential ones C''in a knowledge base in

s

R°=CxC'CPR,C'=CAC'C Y,

19| —

o (6)
R{(C.C), u(Ri) = 0)}
k=1

where C'' is a fuzzy set of external concepts in &, and the
membership  u(Ry) is determined by the conceptual
equivalency o between the sets of fuzzy attributes from each

fuzzy concepts, i.e.:
o404 @)
|AUA'|

. é is a fuzzy set of qualifications that modifies the
concept Qtly weights in (0, 1] as a special part of the external
relations R’ :

Q = {(4:(0). (0, (0,)). - (0,,(3,))} PR (8)
where @) is initially empty when the concept is independent.
However, it obtains qualified properties and weights when the
fuzzy concept is modified by an adjective or adjective phrase,

or it is comparatively evaluated with other fuzzy concepts.

In the fuzzy concept model, Egs. 5 and 6 denote general
internal and external relations, respectively. A concrete fuzzy
relation in a specific fuzzy concept will be an instantiation of
the general relations tailored by a given characteristic matrix
on the Cartesian products.

As described in Definition 2, the important properties of a
formal fuzzy concept are the fuzzy set of essential attributes as
its intension; the fuzzy set of instantiated objects as its
extension; and the adaptive capability to autonomously
interrelate the concept to other concepts in an existing
knowledge base in L.

Example 1. A fuzzy concept ‘pen’, C(pen), can be
formally described according to Definition 2 as follows:

Cpen) 2 C(A,O,R', R*,Q)
= pen((A, 1 (4)),(0, 1 (0), R, R, Q)

A = {(a;, ula,)), (ay, 1l ay ), (ag, 1ay ) (ay, pilay) b
= {(writing _tool, 1.0), (ink, 0.9), (nib, 0.9)
(ink_container, 0.8)}
0 = {(0}, 11(0,)), (03, 11(0y ), (05, 103, (0, 104 ) }
= {(ballpoint, 1.0), (fountain, 1.0),
(pencil, 0.9), (brush, 0.7)}

Rizéxz
R":E‘xg'
Q=02
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Example 2. A fuzzy concept ‘man’, C(man), can be
formally described based on Definition 4 as follows:

Clman) 2 CAOR Q)

man((4, 1, (4),(0.(0). &' B Q)

A = {(human _being, 1.0), (male, 1.0), (adult, 0.9)}
0= {(American, 1.0), (Australia, 1.0),

(business_ man, 1.0), ...}

=

'—0xA
R =6x5'
0=0

Applying the fuzzy concept model as a basic unit of
semantic knowledge in i, the fuzzy semantics in natural
languages can be expressed as a mapping from a fuzzy
language entity to a determined fuzzy concept where its sets
of fuzzy attributes, objects, relations, and qualifications are
specified.

Definition 3. The fuzzy semantics of an entity e, é(e) ,isan

equivalent fuzzy concept C.in i, i.e.

e~ ©)
:Ce( E>OeaRéaR:aQe)

where 6{5 is denoted according to the generic model of fuzzy
concepts as given in Definition 2.

Example 3. The fuzzy semantics of a language entity ‘pen’,

denoted by ©(C'(pen) ), can be formally derived according to
Definition 3 and Example 1 as follows:

6, (pen) £ O(e = C(pen))

pen((A 115(A4)). (0.1 (0), B, B,

Q)

A= {(writing tool, 1.0), (ink, 0.9), (nib, 0.9),
(ink_container, 0.8)}

O = {(ballpoint, 1.0), (fountain, 1.0),

(pencil, 0.9), (brush, 0.7)}

R =0xA

R =CxC

Q=0
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Example 4. Similarly, the fuzzy semantics of a language

entity ‘man’, denoted by @(5(man) ), can be formally
derived based on Definition 3 and Example 2 as follows:

© (man)

€

o(

5(man))

an((A7Ma(A)%(OMJ,E(O)?Ri',ROV,Q)
A = {(human_being, 1.0), (male, 1.0), (adult, 0.9)}
5 = {(American, 1.0), (Australia, 1.0),

(business_man, 1.0), ...}

A

Ri':éxZ
R = CxC'
Q=9

Therefore, on the basis of Definition 3, fuzzy semantic
analyses and comprehension in natural languages can be
formally described as a deductive process from a fuzzy entity
to a determined fuzzy concept.

Corollary 1. The rule of semantic deduction states that the
semantics of a given fuzzy entity is comprehended in semantic
analysis, if and only if its fuzzy semantics can be reduced onto
a known fuzzy concept with determined membership and
weight values.

I1l. Fuzzy SEMANTICS OF MODIFIERS ON CONCEPTS IN Fuzzy
INFERENCES

The semantics of fuzzy concepts is usually modified by an
adjective or an adjective phrase in language expressions in
order to fine tune its qualification such as degree, scope,
quality, constraint, purpose, and etc. Therefore, the fuzzy
semantics of fuzzy concepts as developed in Section 2 can be
extended to deal with composite semantics of noun phrases
modified by determiners and degree words [19, 27, 28, 31, 32,
34].

The modifier in cognitive linguistics is words or phrases
that elaborate, limit, and qualify a noun or noun phrase in the
categories of determiners, qualifiers, degrees, and negations
[6, 28]. A fuzzy modifier can be represented as a fuzzy set
with certain weights of memberships [31, 32, 34]. For
instance, Zadeh considered the fuzzy effects of some special
adverbs on adjectives such as ‘very, very’, ‘very little’,
‘positive’, and ‘negative’ in 1975, which were modeled as
nonlinear exponential weights on the target adjectives [32].
However, the general semantics relations between a fuzzy
linguistic entity (noun) and its fuzzy modifier (adverb-
adjective phrase) are yet to be studied.

Definition 4. A fuzzy modifier 7 is a special fuzzy set that
represents an adjective or adjective phrase in natural
languages where its memberships are replaced by intentional

weights of the modifier, w;(Tk)7 1<k<gz and z is a
constant, i.e.:
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Wb w-(7) € (0.1]
:{(Tl,W(Tl)),(TQ7W(TQ)),~~,(Tz,w(fz)}

where the weights of 7 is normalized in the domain (0,1].

Example 5. A fuzzy modifier ‘good’ on the quality of a
fuzzy entity can be formally described as a fuzzy set

T—{R

(10)

;(good) according to Definition 4 as follows:

{R p= (7))}

= {(neutml 0.1), (ok, 0.6),
(excellent, 0.8), (perfect, 1.0)}
Example 6. A fuzzy modifier ‘old” on the fuzzy entity

good (quality),

(11)

ages can be formally described as a fuzzy set ;(old) as
follows:

7(old) = {R w-(7;))}

= {([1 20], 0), ([21-30], 0.1), ([31-50], 0.4),
([51-65], 0.7), ([66-80], 0.9), ([>80], 1.0)}

(age),

(12)

Definition 5. A fuzzy qualifier 5 is a special fuzzy set of

degree adverbs or adverb phrases to modify 7 in natural
languages where their memberships are replaced by
intentional weights of degree and extends,

wg(él), 1<1<gq, and ¢ is a constant , i.e.:
1

D)} w:(6) € +(0,3]

ol >> (6,,0(6,)) 1 (6,,0(8,)}

where the weights of § is constrained in the domain +[1, 3]

corresponding to the neutral (1), comparative (2), and
superlative (3) degrees of adverbs and adjectives in natural
languages.

(13)

Example 7. A typical fuzzy set of qualifiers, § , can be
described according to Definition 5 as follows:

= {(definitely not, -3.0), (imperfectly, -1.5),
neutral negative, -1.0), (somewhat, 0.5),
fairly, 1.2), (quite, 1.5), (excellently, 2.0),
extremely, 3.0)}, w;(6) € +(0,3]

—_

(14)

_~

Definition 6. A composite fuzzy modifier 67 is a product of

a fuzzy qualifier ¢ and a fuzzy modifier 7. The value of the
composite modifiers is determined by the product of their
weights, i.e.:

6 o 7) £ O(6(y) @ 7(x))
=w;(y)ew-(z), 0 <w-(z) <1,
S <wiy) <3 wily) =

(15)
0
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where the combined domain of composite modifiers is +(0, 3]

in order to be consistent to the modifiers in real-world
languages.
In case a weight of the fuzzy qualifiers is less than zero, the

composite modifier represents a negatlve intention. For
instance, 5 oT_(S(neutml negatwe)OT(good) implies a
weight  of qualification in  the semantics as

w(g(neutml negative)) e w(N(good)) =—-1e0.6=-056.
On the basis of the formal semantics of fuzzy modlflers T,

qualifiers 6, and composite modifiers 7'= 67 the
composite fuzzy semantics of language entities modified by

ot can be quantitatively expressed.

Definition 7. The composite fuzzy semantic of a fuzzy
concept Cquallfled by a fuzzy modlfler 7, qualifier 6
and/or a composne fuzzy modifier 7'= 67 denoted by
@(C) @(7 oO) is a complex semantics of the fuzzy

concept Cqualified by a certain weight of the composite
modifier, i.e.:

O(r'e C) ée(&ﬁg—&?)
_5@ ( )( 0(0) RLR(@=b7))
C(4,0,R',R°,Q)

where the fuzzy set of composite modifiers imposes a specific
set of weights of intentional qualifications ) in the modified

semantics of the target fuzzy concept, and 5: 1 ifitis
absent.

Example 8. Given a fuzzy concept C(pen) as obtained in
Example 1, the composite semantics

é(; o 5) = é(excellentfpen) qualified by the fuzzy modifier
;(good) can be determined according to Definition 7, i.e.:

O(67 8 C) = O(1(good) e pen)
= excellent_pen((A, i (A),(0,15(0). R', ",

(Q =7, |7, = T(excellent) = 0.8))
A= {(writing, 1.0), (ink, 0.9), (nib, 0.9),
(ink_container, 0.8)}
(ballpomt 1.0), (fountain, 1.0), (pencil, 0.9),
= (brush, 0.7)}
R =0xA4
R =CxC'
Q(excellent) = 0.8
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Example 9. The fuzzy semantics of

C(excellent pen)obtained in Example 8 may be further

modified by a qualifier 5(extremely) that results in

C(extremely excellent pen)as follows:

é(é; o E’) = O(6(extremely) o T(good) ® pen)

= m((’zu /J’Z (A) ’ (57 IU’(N) (0)7 Ri? RO?

Q= T;) | 7'('J = (~5(emt7’emely) o T(excellent) = 3.0 0 0.8))

(wm’tmgftool, 1.0), (ink, 0.9), (nidb, 0.9),
(ink_container, 0.8)}

= {(ballpoint, 1.0), (fountain, 1.0), (pencil, 0.9),
(brush, 0.7)}

—OxA

= COxC"

Ri
R(J

g)(extremelyﬁ excellent) = 2.4

Example 10. Given a fuzzy concept C'(man) as described
in Example 2, the composite semantics

@(TOC) @(oldfm(m) qualified by the fuzzy modifier

T(Old) can be determined according to Definition 7 as
follows:

X7 o C) = O(r(old) e man), 7, =7(60) = 0.7

= old man((A 1 (4),(0,115(0), B B (Q =7,))
:4 = {(hzmumfbemg, 1.0), (male, 1.0),
(adult, 0.9)}
5 = {(Amem'can, 1.0), (Australia, 1.0),

(business man, 19), ...}

R = 5 A
R = old manx C"
Qold) =0.7
Example 10 indicates that, against the fuzzy

qualifier ;(old) , @ man in the age of 60 is 0.7 (quite likely) as

an old man. Similarly, other instantiations modified by the
qualifiers may denote that a man in the age of 25 is 0.1
(unlikely) as an old man; and a man in the age of 85 is 1.0
(definitely) as an old man.

11. semantics of

fuzzy

Example The

C(old_man) obtained in Example 10 may be further
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modified by a qualifier 6(quz'te) that results in

C(a_quite old man) as follows:

é((%; . 6’) = (:)(E(quite) . ;(old) . man)
= aquite.old man((A, (4. O, (O) B

(Q = 7' | 7, = 6(quite) @ 7(60) = 1.5 0.7))
A= {(human_being, 1.0), (male, 1.0), (adult, 0.9)}
0= {(American, 1.0), (Australia, 1.0),
(business _man, 1.0), ...}
“|r =0xa
}{; = W x ("
Qquite_old) = 1.05

The fuzzy nature of language semantics and their
comprehension is formally explained by the mathematical
models of fuzzy concepts and fuzzy semantics qualified by
fuzzy modifiers. Based on the formal theory, fuzzy semantic
inferences can be rigorously manipulated to deal with fuzzy
degrees of matters, uncertainties, vague semantics, and fuzzy
causality in cognitive linguistics and fuzzy systems. This work
enables cognitive machines, cognitive robots, and fuzzy
system to mimic the human intelligent ability and the
cognitive processes in cognitive linguistics, fuzzy inferences,
cognitive computing, and computational intelligence.

IV. CONCLUSION

The mathematical models of fuzzy concepts and fuzzy
semantics have provided a formal explanation for the fuzzy
nature of human language processing and real-time semantics
interpretation. It has been identified that the basic unit of
linguistic entities that carries unique and unambiguous
semantics is a fuzzy concept, which can be modeled as a fuzzy
hyperstructure encompassing fuzzy sets of attributes, objects,
relations, and qualifications. Complex fuzzy concepts in
natural languages have been modeled as a composite fuzzy
concept where fuzzy qualifiers are involved to modify the
fuzzy concept. As a result, the fuzzy semantics of composite
fuzzy concepts has been denoted as algebraic operations on
the fuzzy qualification of the target fuzzy concept. This work
has demonstrated that fuzzy semantic comprehension is a
deductive process, where complex fuzzy semantics can be
formally expressed by algebraic operations on elementary
ones with fuzzy modifiers. The denotational mathematical
structure of fuzzy concepts and fuzzy semantics not only
reveals the fuzzy properties of human semantic
comprehension, but also enables cognitive machines and
fuzzy systems to mimic the human fuzzy inference
mechanisms in cognitive linguistics, fuzzy systems, cognitive
computing, and computational intelligence.



INTERNATIONAL JOURNAL OF FUZZY SYSTEMS and ADVANCED APPLICATIONS

DOI: 10.46300/91017.2022.9.9

ACKNOWLEDGMENT

A number of notions in this work have been inspired by
Prof. Lotfi A. Zadeh during the author’s sabbatical leave at
BISC, UC Berkeley as a visiting professor. | am grateful to
Dr. Zadeh for his vision, insight, support, and enjoyable
discussions. The author would like to thank the anonymous
reviewers for their valuable comments on the previous version
of this paper.

[
[2]
(3]
(4]
[5]
(6]

[71
(8]
(9]

[10]
[11]
[12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

REFERENCES

E. A. Bender, Mathematical Methods in Artificial Intelligence, Los
Alamitos, CA: IEEE CS Press, 1996.

BISC, Internal Communications, University of California, Berkeley,
CA., 2012.

N. Chomsky, “Three Models for the Description of Languages,” I.R.E.
Trans. Information Theory, vol. 2, no.3, pp. 113-124, 1956.

N. Chomsky, Aspects of the Theory of Syntax, Cambridge, MA: MIT
Press, 1965.

V. Evans and M. Green, Cognitive Linguistics: An Introduction,
Edinburgh: Edinburgh University Press, 2006.

H. Eugene, “Cognitive Linguistics in the Redwoods: The Expansion of
a New Paradigm in Linguistics,” in Cognitive Linguistics Research, 6.
Berlin, 1996.

R. Jackendoff, Foundations of Language: Brain, Meaning, Grammar,
and Evolution, UK: Oxford Univ. Press, 2002.

E. Keenan, ed., Formal Semantics of Natural
Cambridge University Press, 1975.

R. Montague, “English as a Formal Language,” in R. H. Thomason ed.,
Formal Philosophy; Selected Papers of Richard Montague, London:
Yale University Press, pp. 188-221, 1974.

W. O’Grady and J. Archibald, Contemporary Linguistic Analysis: An
Introduction, 4th ed., Toronto: Pearson Education Canada Inc., 2000.

B. H. Partee, A. ter Meulen, and R. Wall, Eds., Mathematical Methods
in Linguistics, Dordrecht: Kluwer, 1990.

S. Pullman, Computational Linguistics, Cambridge, UK: Cambridge
University Press, 1997.

T. J. Ross, Fuzzy Logic with Engineering Applications, McGraw-Hill
Co., 1995.

J. 1. Saeed, Semantics, 3" ed., Oxford, UK: Wiley-BlackWell, 2009.

R. J. Sternberg, In Search of the Human Mind, 2nd ed., NY: Harcourt
Brace & Co., 1998.

Y. Wang, “On Cognitive Informatics,” J. Brain and Mind, vol. 4, no. 3,
pp. 151-167, 2003.

Y. Wang, “The Cognitive Processes of Formal Inferences,”
International J. Cognitive Informatics and Natural Intelligence, vol.1,
no. 4, pp. 75-86, 2007.

Y. Wang, “On Contemporary Denotational Mathematics for
Computational Intelligence,” Trans. Computational Science, vol. 2, pp.
6-29, 2008.

Y. Wang, “On Concept Algebra: A Denotational Mathematical
Structure for Knowledge and Software Modeling,” International J.
Cognitive Informatics and Natural Intelligence, vol. 2, no. 2, pp. 1-19,
2008.

Y. Wang, “On Cognitive Computing,” International J. Software
Science and Computational Intelligence, vol. 1, no. 3, pp. 1-15, 2009.
Y. Wang, “Cognitive Robots: A Reference Model towards Intelligent
Authentication,” IEEE Robotics and Automation, vol. 17, no. 4, pp. 54-62,
2010.

Y. Wang, “On Formal and Cognitive Semantics for Semantic
Computing,” International J. Semantic Computing, vol. 4, no. 2, pp. 203-
237, 2010.

Y. Wang, “Inference Algebra (I1A): A Denotational Mathematics for
Cognitive Computing and Machine Reasoning (I),” International J.
Cognitive Informatics and Natural Intelligence, vol. 5, no.4, pp. 62-83,
2011.

Y. Wang, “On Cognitive Models of Causal Inferences and Causation
Networks,” International J. Software Science and Computational
Intelligence, vol. 3, no. 1, pp. 50-60, 2011.

Language, UK:

E-ISSN: 2313-0512

62

[25]

[26]

[27]

[28]

[29]
[30]
[31]

[32]

(33]

(34]

[35]

[36]

[371

Volume 9, 2022

Y. Wang, “In Search of Denotational Mathematics: Novel
Mathematical Means for Contemporary Intelligence, Brain, and
Knowledge Sciences,” J. Advanced Mathematics and Applications, vol.
1, no. 1, pp. 4-25, 2012.

Y. Wang, “Formal Rules for Fussy Causal Analyses and Fuzzy
Inferences,” International J. Software Science and Computational
Intelligence, vol. 4, no. 4, pp. 70-86, 2012.

Y. Wang, “A Semantic Algebra for Cognitive Linguistics and
Cognitive Computing,” in Proc. 12th IEEE International Conference
on Cognitive Informatics and Cognitive Computing (ICCI*CC 2013),
New York, IEEE CS Press, pp. 17-25, July 2013..

Y. Wang and R. C. Berwick, “Towards a Formal Framework of
Cognitive Linguistics,” J. Advanced Mathematics and Applications,
vol. 1, no. 2, pp. 250-263, 2012.

R. A. Wilson and F. C. Kei, Eds., The MIT Encyclopedia of the
Cognitive Sciences, Cambridge, MA: MIT Press, 2001.

L. A. Zadeh, “Fuzzy Sets,” Information and Control, vol. 8, pp. 338-
353, 1965.

L. A. Zadeh, “Quantitative Fuzzy Semantics,” Information Science,
vol. 3, pp. 159-176, 1971.

L. A. Zadeh, “The Concept of a Linguistic Variable and its Application
to Approximate Reasoning,” Parts 1-3, Information Science, vol. 8, pp.
199-249, 301-357, and vol. 9, pp. 43-80, 1975.

L. A. Zadeh, “Fuzzy Logic and Approximate Reasoning,” Syntheses,
vol. 30, pp. 407-428, 1975.

L. A. Zadeh, “A Computational Approach to Fuzzy Quantifiers in
Natural Languages,” Computers and Mathematics, vol. 9, pp. 149-181,
1983.

L. A. Zadeh, “From Computing with Numbers to Computing with
Words — from Manipulation of Measurements to Manipulation of
Perception,” IEEE Trans. on Circuits and Systems, vol. 45, pp. 105-
119, 1999.

L. A. Zadeh, “Precisiated Natural Language (PNL),” Al Magazine, vol.
25, no. 3, pp. 74-91, 2004.

L. A. Zadeh, “Is There a Need for Fuzzy Logic?” Information Sciences,
vol. 178, pp. 2751-2779, 2008.

Creative Commons Attribution License 4.0
(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the Creative

Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en US






