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ABSTRACT
Fuzzy predicates such as age, beauty, height, etc., may have meanings with
different gradations if they are associated with related synonyms. Direct
understanding of such terms become complicated. In this paper, a new type of
rotational fuzzy set model called Extended Rotational Fuzzy Set Model has been
introduced. Deeper analysis using Rotational Fuzzy Set Model has been carried out
with an example. Suitable illustrations to categorize the related fuzzy predicate and
its gradations are given. Extended rotational fuzzy set model represents linguistic
information in terms of angles in a unit sphere.
Keywords: Angular fuzzy set model, rotational fuzzy set model, extended rotational
fuzzy set model, translational fuzzy set model.

1. INTRODUCTION
A new approach of rotational fuzzy set model introduced in24 captures the vagueness
inherent in the gradation of adjectives. Contrasting pairs such as young and old, dark and light,
tall and short, fast and slow, pleasant and unpleasant, nice and awful, beautiful and ugly, sweet
and bitter, good and bad, active and passive, strong and week, heavy and light, hard and soft,
rugged and delicate etc., are perceived as adjectives and very often termed as adjective pairs22.
T. Pathinathan and E. Mike Dison16 studied the usefulness of lexical associations and the
bonding of two contrasting adjective pairs leads to a pure pleasant implication. The real life
situation with contradictory associations are hard to measure.
608

Mike Dison. E, et al., Comp. & Math. Sci. Vol.10 (3), 608-630 (2019)

The research work carried out by T. Pathinathan and E. Mike Dison in the early
(2018)24, proposes a new approach of rotational fuzzy set model which deals with quantifying
the subjective fuzzy predicate. The new rotational fuzzy set model discussed by them has
angles as its linguistic inputs and unit circle as its universe of discourse. Representation of
fuzzy adjective pairs in the form of angles around the unit circle dissolves the ambiguity in the
deeper sense. The rotational fuzzy set model describes the one-one correspondence between
the unit circle and the trigonometric sine function. The trigonometric sine function has the
impression of translational fuzzy set model, whereas the unit circle has the impression of
rotational fuzzy set model.
Translational fuzzy set models are very often observed to be linear. Representation of
linguistic gradations of the fuzzy predicate are linear and has various forms such as, triangular
fuzzy number14,17-18, trapezoidal fuzzy number14, pentagonal fuzzy number26 and so on14. On
the other hand, rotational fuzzy set model infer the non-linear behavior of the situation. The
linguistic gradations prevailing in the situation are represented by angular values which range
0
0
from 0 to360 . The rotational fuzzy set model24 introduced by T. Pathinathan and E. Mike
Dison in the early 2018 is observed with the fact that the two truth functions such as TRUE
and FALSE are merged into a single function as a transformation observed from growing in
one state onto the other.
Through this paper, an extension has been made upon the existing rotational fuzzy set
model. The new extended rotational fuzzy set model can be applied to real life situations where
the linguistic fuzzy predicates have different dimensions. Different dimensions in the sense
that the fuzzy predicate may have a relative group of synonyms or meanings. The model which
we propose has an influence from the conceptual developments of type-2 fuzzy set models
from type-1 fuzzy set model. Thus the newly introduced extended rotational fuzzy set model
can also be called as type-2 rotational fuzzy set model.
The paper is organized in the following manner. Section two provides a detailed
account on the literary works of translational and rotational fuzzy set model with some
fundamental conceptions and notions of rotational fuzzy model with appropriate illustration.
Section three provides the concept of fuzzy reference set behind the newly proposed extended
rotational fuzzy set model. Section four elaborates the circumstantial knowledge behind the
new extended rotational fuzzy set model with real life coherence. Section five compares the
results obtained by the existing fuzzy set models with the newly proposed rotational fuzzy set
model and followed by conclusion in section six.
2. PRELIMINARIES
This section provides some of the basic theoretical concepts and definitions related to
translational and rotational fuzzy set models. Theoretical concepts such as linguistic partitions
and translational fuzzy membership representation has been discussed with the help of proper
illustration. This section also summarizes all the studies that have been made and developed
earlier in the field of rotational fuzzy set theory.
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2.1 Chronological Developments on Fuzzy Membership Functions and Models
Table 1: Fuzzy Set Models3-7,11,30-31
Linguistic Values

Blockley
Model7

Baldwin
Model5

Rhodes and
Menani30-31

1

1

1 − √1 − 𝑥 𝑛

Very True (VT)

2𝑥 − 1

1 − (1 − √𝑥)

True (TR)

𝑥
𝑥+1
2
-

𝑥

𝑥

√1 − 𝑥 2

√1 − (1 − 𝑥)2

1

1

Absolutely True (AT)

Fairly True (FT)
Not Absolutely
(NAT)
Undecided (UN)
Not Absolutely
(NAF)

True

False

1 − √1 − 𝑥 2

𝑛

√1 − 𝑥 𝑛

𝜃=0

-

√1 − (1 − 𝑥)𝑛

1 − √1 − 𝑥 2

√1 − 𝑥 2

1−𝑥

1−𝑥

𝜋
8
𝜋
𝜃=−
4
3𝜋
𝜃=−
8
𝜋
𝜃=−
2

𝑛

-

False (FA)
Very False (VF)

1 − 2𝑥

(1 − √𝑥)

0

0

Absolutely False (AF)

2

-

2−𝑥
2
1−𝑥

Fairly False (FF)

𝑛

Hadipriono
Model11
𝜋
𝜃=
2
3𝜋
𝜃=
8
𝜋
𝜃=
4
𝜋
𝜃=
8

2

1 − √1 − (1 − 𝑥)2
1
𝑛
− √1 − (1 − 𝑥)𝑛

𝜃=−

Elaborate calculations and explanations are given in the Appendix.
Translational fuzzy set models have fuzzy number representation of linguistic
information, whereas rotational fuzzy set models have unit circle representation of linguistic
information. In the year 1965, Lotfi. A. Zadeh34 developed a theoretical procedure to study the
impreciseness that exists in the real life phenomenon. He also found the theory of fuzzy subsets
had some deficiency towards grading the linguistic information. Deficiency in the
quantification led him to develop the type-2 fuzzy set theory in the year 1975. Arnold
Kaufmann14-15 observed and extensively used fuzzy variable as the generalization of the
concept of Boolean variable for the first time in the year 1973. The concept of fuzzy number
has been developed for the first time by Steven Nahmias in the year 1978 to represent the
linguistic information17-18. In the year 1978, Steven Nahmias17 provided the first axiomatic
theoretical framework to study the concept of impreciseness through fuzzy numbers. Dubois
and Prade9 developed and extended some of the theoretical properties of fuzzy number to the
next level. Contributions of Steven Nahmias, Didier Dubois and Henri Prade 14 were
considered as the earliest approaches which provide the axiomatic theory on representing
uncertainty using fuzzy numbers. In the year 1991, Arnold Kaufmann and Madan M. Gupta14
made an extensive study on fuzzy number using the concept of level of presumption and
interval of confidence. Pathinathan and Ponnivalavan26 introduced a new type of translational
fuzzy set concept called Pentagonal Fuzzy Number (PFN) in the year 2014. In the year 1990,
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Fabian C. Hadipriono and Keming Sun11 proposed a new rotational fuzzy set model called
angular fuzzy set model, which was developed from the concept of Blockley’s membership
function. Researchers under Fabian C. Hadipriono have used angular fuzzy set model in
various construction projects1-2,23. Hadipriono and others23 used angular fuzzy set model
extensively to model delays in construction projects and evaluating trench safety. Table 1
provides various existing fuzzy membership models and its partitions which were either taken
from the source or calculated with the concepts given in the source.
2.2 Fuzzy Set34
Fuzzy set is an extension of classical sets to represent the vague distortion of an
element over several categories. Let X be a non-empty set and A is said to be a fuzzy set
defined by the function,
A
x, A ( x) | x X
where

x

is an element in the set X which is referred as universe of discourse and

A

( x)

represents the belongingness of an element x in the set A .
2.3 Fuzzy Membership Functions14,28
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Figure 1: Blockley and Baldwin Fuzzy Model

Quantification done on subjective opinions using translational fuzzy set models are
considered to be the widely used and accepted theory. Notable progress14,35 have been made
on the concept of fuzzy variable to represent the imprecise vague situation. In the year 1978,
Steven Nahmias17-18 developed the underlying theory called triangular fuzzy variable to
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represent the vague circumstances. Fuzzy variables such as age, temperature etc., are
enumerated with the help of fuzzy membership function defined over a real number line. The
concept of fuzzy membership function defined over a real number line forms a fundamental
axiomatic theory to describe the vague imprecise terms such as young, old, hot and cold etc.
Baldwin’s Model3-4, Blockley’s Model6-7, Hadipriono’s Model11-12, Hadipriono and
Sun’s Angular Fuzzy Set Model11 are considered as the earlier axiomatic developments on
fuzzy membership functions. In figure 1, the dotted curves represents the Baldwin’s truth value
functions and the straight lines represents Blockley’s truth value functions. Hadipriono and
Sun developed a new type of fuzzy set model called angular fuzzy set model, which has
Blockley’s truth function as its underlying theory11.
2.4 Angular Fuzzy Set Model
Hadipriono and Sun developed the angular fuzzy set model11,12 in the year 1990 to
study the rotational behavior and uncertainties observed in the structural mechanics.
Hadipriono employed angles to represent the linguistic partitions. In angular fuzzy set model,
linguistic partitions have been made on the half circle with an angular representation that takes
membership gradation among the linguistic categories between
. Hadipriono and Sun
,
2 2

in the year 1990 adopted the truth space principle laid by Baldwin and Blockley and
constructed a new type of angular fuzzy set model. The below figure 2 illustrates the angular
fuzzy set model and the adoption made by Hadipriono and Sun from Baldwin’s and Blockley’s
truth space theory.
A

( z)

ABSOLUTELY FALSE

ABSOLUTELY TRUE

~

UNDECIDED

z

Figure 2: Skeleton View of Angular Fuzzy Set Model

Hadipriono defined the truth space function as follows;
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A ( z)

z tan ,

where A ( z ) represents the vertical rise of the truth function, z represents the horizontal run
of the truth function and represents the angular deviation among the truth space values
3. FUZZY REFERENCE SET
This section provides the significance difference between the fuzzy membership value
of an element in a set and in a reference set. The concept of fuzziness over a fuzzy set can be
determined by the fuzzy membership value of elements i.e., belongingness of elements in a
fuzzy set. Elements which possesses a common characteristics or property formed together
constitute a set. The question belongingness came into an existence when the elements
possesses two or more common characteristics which have the resemblance of two or more set
category. Thus the representation of such vague nature of belongingness of an element over
two or more sets has been explained by fuzzy sets, which is widely referred as fuzzy subsets.
The shortcomings that existed on traditional classical set in quantifying vague
predicates is solved by Zadeh’s fuzzy sets. The axiomatic theory developed by Zadeh has
actually removed the complexity in quantifying the ill-defined vague structured elements. To
certain extend, the theory and foundational concepts by Zadeh as well as by others have done
justice to the notion of fuzzy set and fuzzy logic in quantifying the ill-defined and vague
concepts. Zadeh in the year 1975 proposed the concept of type-2 fuzzy sets as an alternative
to the seminal fuzzy theory, to overcome the existing shortcomings. The following illustration
narrates the need of fuzzy theory to overcome the shortcomings on choosing a belongingness
of an element in a set.
3.1 Example for Fuzzy Reference Set
The linguistic variable ‘AGE’ has two major categories, such as young and old. Based
on linguistic hedges, the categories young and old are further partitioned as very young, more
or less young, approximately young, possibly young, very old, more or less old, approximately
old and possibly old and so on. Consider two different instances, where an age of a new born
baby who is 1 year old is compared with the age of an adult who is 25 years old. According to
the existing reference function and fuzzy set models, one may decide that the 1 year old is
considered to be ‘extremely young’ and the 25 years old is ‘possibly young’. But when
compared to 75 years old person, the person have age 25 is very young. Also when compared
to 25 years old person, the 1 year old child is very young. The situation become more complex
and imprecise, when two or more linguistic partition such as very young has same fuzzy
membership value. The imprecision that prevails in the above situation is based on the
contextual differences. Contextual differences in the sense, the range of the reference set is
vary, based on the context in which it is discussed.
In crisp Mathematics U represents the reference set and in Analysis it is represented
by , , , and . We would like to make a clear distinction between these type of
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reference sets and our proposed reference set. We introduce a notation R f ( A) which stands
for the reference set considered for the fuzzy set A . The following subsection provides the
conditions on the newly proposed fuzzy reference set.
3.2 Conditions on Fuzzy Reference Set
Fuzzy reference set has its underlying concept from the fuzzy set on comparing the
scale/range of the linguistic partition based on the contextual importance. Contextual
differences will produce different scale/range values over the universal reference set. Let A
be the fuzzy set and xi be the elements in the set A , the fuzzy reference set R f ( A) is defined
as the set of ordered pairs such as,

R f ( A)
where,

xi ,
R f ( A)

R f ( A)

( xi ) ; i 1, 2,3...n .

( xi ) denotes the membership value of an element in the set

R f ( A) ranges

from 0 to 1.

The fuzzy reference set has the following conditions;
1. If R f ( A) A , then the reference is very clear.
2. If R f ( A)

A , then R f ( A) makes things clear for A .
If R f ( A) A , then the reference set is very clear and the fuzzy set models mentioned

in section 2 will work properly. If R f ( A)
clear for fuzzy set A .

A , then R f ( A) (i.e.,) reference set makes things

4. EXTENDED ROTATIONAL FUZZY SET MODEL
As mentioned in section 3, the linguistic partition among the terms young and old falls
under the concept of fuzzy reference set and the reference function varies between sine and
cosine curves based on the context. Through this section, we propose an extension to the
rotational fuzzy set model which accommodates the fuzzy reference set discussed in the
previous section.
4.1 Rotational Fuzzy Set Model
Adjective pairs such as tall and short, fast and slow, young and old, strong and weak
etc are partitioned into two or more subcategories by adjoining linguistic hedges with the fuzzy
predicate. Transition between the two adjective pairs has been captured by partitioning the two
extreme linguistic terms in a unit circle. The one to one correspondence between the
trigonometric sine and cosine curve function to the unit circle represents the linguistic
partitions among the adjective pairs. The following subsections provides the importance of the
choice of accommodating the suitable membership function based on the contextual nature of
the subjective intricacies.
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4.1.1 Positive Membership Function
Positive membership function is a part of extended rotational fuzzy set model which
discusses the positive subjectivity of the statement. For instance, in the phrase “beautiful
giant”, the word ‘beautiful’ represents the positive subjectivity. One-one correspondence
relation between the trigonometric curves and the unit circle represents the positive subjectivity
of the statement. Also, the gradations among the linguistic variables such as young and old
into several categories as young in the class of young, growing in young, holding onto young
and old in the class of old has positive membership function, wherever referred in the context.
On choosing young in the class of young and the other linguistic partitions to be the
positive membership function will vary from person to person and also from context to context.
Similarly the negative membership function will also have the change/transition from person
to person and also from one context to another.
4.1.2 Negative Membership Function
Negative membership function is a part of extended rotational fuzzy set model which
discusses the negative subjectivity of the statement. For instance, in the phrase “beautiful
giant”, the word ‘giant’ represents the negative subjectivity of the statement. One-one
correspondence relation between the trigonometric curves and the unit circle represents the
negative subjectivity of the statement.
Table 2: Linguistic Partition for New Rotational Fuzzy Set Model
Fuzzy Predicate
Young in the class of Young

Growing in Young

Holding onto Young

Old in the class of Young
Young in the class of Old

Holding onto Old

Growing in Old

Old in the class of Old

Fuzzy Partition
Very very young
Extremely young
Absolutely young
Very young
More or less young
Possibly young
Possibly not young
More or less not young
Not very young
Absolutely not young
Slightly young
Preferably young
Preferably old
Slightly old
Absolutely not old
Not very old
More or less not old
Possibly not old
Possibly old
More or less old
Very old
Absolutely old
Extremely old
Very very old

Fuzzy Membership Function

cos

sin
sin

cos
cos
sin
sin
cos

The following table 2 provides the linguistic partition of the terms young and old on
the basis of contextual importance. As we mentioned earlier, based on the context our
reference set will vary. The following table shows the fuzzy predicate partitions with different
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fuzzy membership functions. The difference observed in fuzzy membership function is
because of the variations in the reference set.
4.1.3 Rotational Fuzzy Membership Function:
Membership function of the new rotational fuzzy set model is defined as follows,

A
and

,
P

Pi

( z) | z S 1

( z ) is represented as the choice of fuzzy membership function (Section 4.1) based on

the linguistic partition (Table 2) among the variables as follows,
*
sin * ; 0
90
P ( z)

P ( z)

sin

*

sin

*

sin

*

; 90

*

180

; 180

*

270

; 270

*

360

*

and

cos

*

; 0

cos

*

; 90

cos

*

; 180

*

270

cos

*

; 270

*

360

90
*

180

with α be the radius of the unit circle and always

1 with | sin | 1 and | cos | 1 . Also

z represents the fuzzy element in a unit circle S1 (Universe of Discourse),
angle partitions of the linguistic values and

Pi

(0,1)
Φτ(z)

(0,1)
0.5

(-1,0)

π-α
2

π-α

α

π+α

2π-α

3π+α 3π
-α
2
2

π
2
25

(1,0) 0

π
50

75 3π
2

100 2π

- 0.5

(0,-1)
(0,-1)

Figure 3: Combined form of New Rotational Fuzzy Set Model

616

represents the

( z ) represents the membership functions of

various fuzzy proposition.

π+α
2

*

Mike Dison. E, et al., Comp. & Math. Sci. Vol.10 (3), 608-630 (2019)

The unit circle representation serves as the universe of discourse for the partitioning
among the linguistic variables young and old. The domain value ranges from [0,100] with
angular values 0, 2 . While the range values has the maximum and minimum value ranges
from -1 to +1.
4.1.4 Evaluation of the linguistic judgement using proposed rotational fuzzy set model:
Steps required to construct the new rotational fuzzy set model are defined as follows;
Step 1: Obtain linguistic variable from the experts’ subjective opinion.
Step 2: Obtain linguistic semantic partition over the linguistic variable obtained from the step 1.
Step 3: Analyse the nature/characteristics of the linguistic variable, such as translational, transrotational behavior of the linguistic variable
Step 4: Construction of the rotational fuzzy set model with incorporating the linguistic
partition into the unit circle which has the one to one correspondence with sine and cosine
membership function.
Step 5: Adaptation of choice of fuzzy membership curve based on the intuition and
belongingness of a linguistic variable over several categories, such as young, old in the deeper
sense.
Step 6: Representation of the linguistic judgments in terms of fuzzy membership function
defined in the table 2.
Step 7: Performing fuzzy composition/multiplication (Fuzzy Modus Ponens) over the
linguistic partition that has observed from the experts’ judgements.
Step 8: Infer the results obtained through the proposed rotational fuzzy set model (Process of
Defuzzification).
4.1.5 Application on Rotational Fuzzy Set Model
P1: Henry is extremely young and not very old
P2: Henry is slightly young and possibly not old
The presence of fuzzy predicate young and old makes the above propositions P1 and P2 more
imprecise and vague. Fuzzy predicates young and old gets diverse effects when the hedges
acting on it. Hedge acting on the fuzzy predicate modifies the meaning of the proposition.
Hedges are of two kinds, viz type 1 hedges and type 2 hedges. The hedge of type 1 acts as an
operators on a fuzzy predicate, whereas the hedge of type 2 acts as an operator with description33.
According to the principle of semantic compositionality29, the above fuzzy
propositions have following parts as its components. In the above propositions P 1 and P2,
young and old are the fuzzy predicates. Hedges such as extremely, possibly not, not very and
slightly are added to the fuzzy predicate and modifies the meaning of the proposition.
In the proposition P1, extremely young doesn’t predict the actual age of Henry.
Moreover, the expression such as extremely young and not very old together depicts the
precise category of Henry’s age.
P1: Henry is extremely young and not very old
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P1

( z)

P2

( z)

cos

8

sin

9
8

Then,
P

( z)

P1

( z)

( z)

P2

1 cos

sin

8

9
8

0.3534 .

In the proposition P2, slightly young doesn’t predict the actual age of Henry. Moreover, the
expression such as extremely young and possibly not old together depicts the precise category
of Henry’s age. Similarly for the linguistic argument P2, the fuzzy membership value is
calculated as follows;
P1: Henry is slightly young and possibly not old
P1

P2

( z)
( z)

cos
sin

10
8

11
8

Then,
P

( z)

P1

( z)

P2

10
8

( z ) 1 cos

sin

11
8

0.6532 .

4.2 Extended Rotational Fuzzy Membership Function:
Membership function of the new extended rotational fuzzy set model is defined as follows,

A

, P ( z) | z S 1

and

Pi ( z )

P

( z ) is defined as,
sin

*

i

; 0

sin

*

i

; 90

i

sin

*

sin

*

i

( z)

90
*

180

; 180

*

270

; 270

*

360

*

i

cos

*

; 90

cos

*

; 180

*

i

270

cos

*

; 270

*

i

360

; 0

*

, and

cos

i

Pi

*

90
*

180
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with α be the radius of the unit circle and always
i denotes the number of clusters and

i

1 with | sin | 1 and | cos | 1 . In

i,

denotes the membership grade values associated with

respective clusters which has the range value between 0 and 1, i.e., i [0,1] . In other words,
the extended rotational fuzzy set model is conditioned with the radius ranging from 0 to 1 and
it is given by

0

1.

i

4.2.1 Computation of fuzzy composition for the extended rotational fuzzy set model:
Let P1 and P2 represents the partition among the linguistic variable represented in the
table 6. Such representation has the following form as;
P1

( z)

P2

( z)

cos

i
j

cos

1

(or)

2

(or)

i

sin
j

sin

1
2

Then fuzzy composition on the above linguistic partition is defined as follows;

P ( z)

P1 ( z )

P2 ( z )

min{ i ,

j

}cos

cos

2

min{ i ,

j

}cos 1 sin

2

min{ i ,

j

}sin

1

sin

2

min{ i ,

j

}sin

1

cos

2

1

.

4.2.3 Rating Space for Extended Rotational Fuzzy Set Model
Rating space for the extended rotational fuzzy set model consists of continuous
functions with parameter r that satisfies the following equations;

R r,

i

r

i

with 0
1 and 1 r 1 . Here i is the domain of the rating space with ' i ' represents
i
the partition among the clusters based on the group of synonyms which has a similar meaning
to the core fuzzy linguistic variable and r is a rating value.
4.2.4 Evaluation of the linguistic judgement using extended rotational fuzzy set model:
Extended rotational fuzzy set model evaluates the experts’ linguistic judgement by
considering the unit sphere as its universe of discourse where in the linguistic partition among
the categories have been made. The following steps constitute the extended rotational fuzzy
set model.
Step 1: Obtain linguistic subjective information/opinion from experts’.
Step 2: Extract the linguistic variable from the experts’ opinion.
Step 3: Obtain cluster centers for each linguistic variable by considering the near synonyms
and opposites of a linguistic variable as its possible and negative clusters.
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Step 4: Adaptation of fuzzy membership function by using the formula defined in the section
4.2, where radius between 0 to 1 acts as the definition among the synonyms (semantics) of the
linguistic variable.
Step 5: Performing fuzzy composition/multiplication over the linguistic partition with the
formula defined in the subsection 4.2.1.
Step 6: Infer the results obtained from the fuzzy composition of the linguistic partition.
(Process of Defuzzification).
4.2.5 Illustration of Extended Rotational Fuzzy Set Model
Group of near synonyms always plays a vital role in analyzing the truth behind the
statements or fuzzy propositions. Usually fuzzy proposition includes the simple and complex
subjective opinions of decision makers. Group of near synonyms and lexical associations play
a major role in predicting the varying nature of meaning of a statement or fuzzy proposition.
The nature of flexibility in the meaning of a lexicon or a word highly affects the truth while
evaluating the subjective opinion of the decision makers. Clusters in the extended rotational
fuzzy set model represents the group of near synonyms of a fuzzy predicate.
E. Mike Dison and T. Pathinathan25,27 examined the semantic ordering property of the
group of synonyms. They have proposed an ordering of the group of synonyms based on
different contextual meaning and representations. In this extended rotational fuzzy set model,
the positive and negative space constitutes the positive and negative clusters. E. Mike Dison
and T. Pathinathan16 proposed a methodology which adopts non-linear pentagonal fuzzy
number and upside down non-linear pentagonal fuzzy number to represent the two opposite
implications. Also, they have developed a new fuzzy set approach to examine two words which
have opposite implications, but puts together to generate a new meaning word of greater
aesthetic joy. They studied the co-occurrence of the words16 with opposite meaning and its
effect over the variations on the whole contextual meaning.
(0,1)

0.5

25
(1,0) 0

π -α
2

π
2

3π-α 3π+α
2
π+α 2
π
2π-α
50
π-α
100 2π
75 3π
π +α
2
2

- 0.5

(0,-1)

Figure 4: Skeleton View of Extended Rotational Fuzzy Set Model
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Earlier in the case of rotational fuzzy set model, the linguistic partition of a fuzzy
variable or fuzzy predicate has been represented in the form of unit circle. The linguistic values
of each partition has been given in the form of angles in the unit circle. Now in this extended
rotation fuzzy set model, the linguistic partition of a fuzzy variable or predicate has been
represented in the form of unit sphere. Linguistic partition in the extended rotational fuzzy set
model is based on the group of near synonyms of the fuzzy variable or fuzzy predicate.
A

( x)

c4 (1.0)

c3 (0.6667)
c2 (0.3333)
c1 (0.0)
c1 ( 0.0)

x

c2 ( 0.3333)

y

c3 ( 0.6667)
c4 ( 1.0)
Figure 5: Unit Sphere Representation of Extended Rotational Fuzzy Set Model

In the above graphical representation, the unit sphere represents the universe of
discourse along with positive and negative clusters. Clusters such as c1 , c2 , c3 and c4
represents the positive clusters and clusters such as c1 , c2 , c3 and c4 represents the negative
clusters and not limited to four clusters. The linguistic partition with group of near synonyms
partitioned as clusters in the unit sphere may vary. In the above case, we have four such
linguistic partition of group of near synonyms. Each clusters has its center, which is referred
as cluster center. The fuzzy membership value for each cluster centers has been calculated by
means of the radius or extent of the unit circle, which is shown in the layered form with
different colors such as black, red, blue and brown. The positive clusters has its extent range
from 0.0 to 1.0 and negative clusters has its extent range from -0.0 to -1.0. Each cluster
represents the linguistic partition of a variable such as young, old, hot, cold, short, tall, etc.
In the new extended rotational fuzzy set model, the clusters in the positive space
denotes the positive effect of a fuzzy predicate and the clusters in the negative space denotes
the negative effect or opposite effect of a fuzzy predicate. The new extended rotational fuzzy
set model is verified with the example proposed in the research work of E. Mike Dison and T.
Pathinathan in the year 201824. Let us consider an example which represents the contradictory
association of two words with positional alteration16.
அழகான ராட்சசியே (read as Azhagana Raatchasiye) - Beautiful giant / Beautiful ugly lady
ராட்சச அழகு (read as Raatchasa Azhagu) – Giant Beauty / Ugly beauty
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The words ‘beautiful’ and ‘gaint’ are further classified into group of synonyms and
tabulated as follows;
Table 3: Group of Synonyms of the word ‘Beautiful’
Cluster Label

Cluster Center Word

Group of Synonyms

C1

Charming

beguiling, bewitching, delightful, ravishing, enchanting

C2

Beautiful

pretty, handsome, good-looking, beauteous, lovely, fair, admirable

C3

Gorgeous

dazzling, elegant, graceful, opulent

C4

Exquisite

delicate, magnificent, stunning

Table 4: Group of Synonyms of the word ‘Giant’
Cluster Label

Cluster Center Word

C1

Giant

Group of Synonyms

C2

Prodigious

colossal, abhorrent, humongous, gigantic

C3

Elephantine

jumbo, bumper, whooping, mountainous

C4

Monstrous

grotesque, appalling, heinous, wicked, terrible

great, stupendous, huge, enormous, massive

The following ordering represents the semantic ordering relation among the group of
near synonyms of the word ‘beautiful’. Also, the four clusters constitute the positive space of
the word ‘beautiful’ is ordered as follows.
Charming (+) < Beautiful (++) < Gorgeous (+++) < Exquisite (++++)
Similarly, the four clusters constitute the negative space of the word ‘giant’ is ordered as
follows.
Giant (-) < Prodigious (--) < Elephantine (---) < Monstrous (----)
4.2.6 Application on Extended Rotational Fuzzy Set Model
P3: Henry is absolutely charming and very gigantic
P4: Henry is extremely gorgeous and not very big
The presence of fuzzy predicate beautiful and ugly makes the above propositions P3
and P4 more imprecise and vague. The hedge of type 1 such as absolutely, very, extremely,
not very acts as an operators on a fuzzy predicate charming and gigantic and modifies the
entire meaning of the proposition. By using the extended rotational fuzzy set model, the fuzzy
membership value for the propositions P3 and P4 are calculated as follows.
P3: Henry is absolutely charming and very gigantic
P1

( z)

i

cos 0 and

P2

( z)

j

cos

9
8

Then,
P

( z)

P1

( z)

P2

( z ) min{1,0.3333} 1 0.9238 0.3079.
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P4: Henry is extremely gorgeous and not very big
P1

P2

( z)

i

cos 0

( z)

Then,
P ( z)

j

P1

sin

( z)

9
8
P2

( z)

min{0.3333, 0.3333} 1 0.3826

0.1275.

5. RESULTS AND INTERPRETATIONS
This section of the article compares the results obtained by the existing fuzzy
membership models on analyzing linguistic judgement with the proposed rotational fuzzy set
model. Table 2 of section 2 discusses the existing fuzzy membership models. Appendix
illustrates the working rule for the existing fuzzy set models. The following table provides the
fuzzy membership value obtained on analyzing the propositions P1: Henry is extremely young
and not very old and P2: Henry is slightly young and possibly not old that has been proposed
in the subsection 4.1.5.
The fuzzy membership values corresponding to different models discussed in this
paper are calculated as explained in the Appendix. We also note that the newly introduced
Rotational Fuzzy Set Model gives more refined and clearer membership values.
Table 5: Comparison Results of various fuzzy set models
Fuzzy Set Models
Zadeh’s Linguistic Variable Computation
Baldwin Model
Mamdani Model
Rhodes and Menani Model
Hadipriono Model
Rotational Fuzzy Set Model

P1
0.5120
fairly true
0.9460
0.0780
absolutely young
0.3534

P2
0.6843
possibly true
0.5000
0.1340
fairly old
0.6532

We have given a clear example for propositions P1 and P2 using the above models
which are of type-I in nature. Extended Rotational Fuzzy Set Model is of type-II. Hence its
comparison is not carried out here with these models. The results obtained by the proposed
Extended Rotational Fuzzy Set Model are compared with the methodology proposed in the
previous research work16.
~
A

( x)

1

c-1

c-2

c-3

c-4

c-5

0.5

c+1

c+2

c+3

c+4

c+5

x

Figure 6: Interval Representation of Non-Linear Pentagonal Fuzzy Number
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Y

By using the succession function formula16,
min xL , xL min x R x L , xR xL max x , x ,

we have obtained the following results. The following table provides the fuzzy membership
value obtained on analyzing the propositions P3: Henry is absolutely charming and very
gigantic and P4: Henry is extremely gorgeous and not very big that has been proposed in the
subsection 4.2.6.
Fuzzy Methodology
Fuzzy Set Approach (T. Pathinathan and E. Mike Dison) [16]
Relative Distance using Cluster Center
Relative Distance using Hedge Algebra
Extended Rotational Fuzzy Set Model

P3
0.9436
0.8388
0.8408
0.3079

P4
0.8979
0.8559
0.8390
0.1275

The above calculated fuzzy membership values justify the results obtained from the
newly introduced Extended Rotational Fuzzy Set Model and provides a better understanding
of the context than the existing fuzzy methodologies which analysis the relative distance
between two appositives.
APPENDIX
1. Illustration of Zadeh’s Linguistic Variable Computation
P1: Henry is extremely young and not very old
x = extremely young and not very old
1 1 1 0.729 0.512
Extremely young A
~
23 24 25
26
27
0.99 0.99 0.96 0.96 0.91
Not very old B
~
23
24
25
26
27
x = extremely young and not very old

0.99 0.99 0.96 0.729
23
24
25
26

0.512
27

Hence if the age is 27, then the fuzzy membership value is 0.5120.
P2: Henry is slightly young and possibly not old
X = slightly young and possibly not old

A
~

1 1
23 24

0.791
27
X = slightly young and possibly not old 0.9499
23
B
~

0.9499
23

1 0.836 0.6843
25
26
27

0.9499
24

0.8766
25

0.8766
26

0.9499 0.8766 0.836
24
25
26

Hence if the age is 27, then the fuzzy membership value is 0.6843.
2. Illustration of Baldwin Fuzzy Set Model
Given information: Henry’s age is 27.
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P1: Henry is extremely young and not very old

Therefore,

A

sothat ,

A

Also

A

(old / 27 age) absolutely false

Therefore,

A

(not very old / 27 age) fairly true

sothat ,

A

sothat ,

A

( young / 27 age) moretrue

(extremely young / 27 age) fairly true

( young and old / 27 age) unrestricted

(extremely young and not very old / 27 age) fairly true

fairly true

fairly true

Hence if the age is 27, then the fuzzy membership value is fairly true.
P2: Henry is slightly young and possibly not old

Therefore,

A

( young / 27 age) moretrue

Sothat ,

A

(slightly young / 27 age)

Also,

A

(old / 27 age) absolutely false

Therefore,

A

( possible not old / 27 age) moretrue

sothat ,

A

( young and old / 27 age) unrestricted

sothat ,

A

possibly true

(slightly young and possibly not old / 27 age)

possibly true moretrue possibly true

Hence if the age is 27, then the fuzzy membership value is possibly true.
3. Illustration of Rhodes and Menani Fuzzy Set Model
P1: Henry is extremely young and not very old
extremely young

1

3

not very old

1 0.63 ^ 1

1 0.52

1

3

1

1 x

n

^ 1

1 x2

= 0.078

Hence if the age is 27, then the fuzzy membership value is 0.078.
P2: Henry is slightly young and possibly not old
Slightly young

1

possibly not old

1 0.6

2

^ 1

1

1 x

2

^ 1

1 x2

1 0.52 = 0.134

Hence if the age is 27, then the fuzzy membership value is 0.134 0.
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4. Illustration of Mamdani Fuzzy Set Model
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P1: Henry is extremely young and not very old

Hence if the age is 27, then the fuzzy membership value is 0.9460.
P2: Henry is slightly young and possibly not old

Hence if the age is 27, then the fuzzy membership value is 0.5000.
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5. Illustration of Hadipriono Fuzzy Model
P1: Henry is extremely young and not very old
Extremely Young :

z

A

z tan

1

z tan

~

Not Very Old :

z

B

z tan

z tan

2

~

;
2

3
8

3
tan
θ
~
~
~
~
8
2
2
Hence if the age is 27, then the fuzzy membership value is absolutely young.
P2: Henry is slightly young and possibly not old
A

z

B

z

Slightly Young:

A

A

B

z

z

tan

z tan

z tan

1

~

Possibly Not Old :

z

B

z tan

2

8

z tan

~

;

8

1
θ
4
8
Hence if the age is 27, then the fuzzy membership value is fairly old.
A
~

z

B

z

~

A

B

~

~

z

A

z tan

~

6. CONCLUSION
New type of Rotational Fuzzy Set Model and Extended Rotational Fuzzy Set Model
are proposed and demonstrated with the help of suitable application. Validation of the newly
proposed rotational fuzzy set model has been done by analyzing the complex nature of the
imprecise statements. A brief note on various fuzzy membership functions have been
discussed and the relation between various fuzzy membership functions have been deduced.
Results and interpretations have been made on various existing fuzzy set models by comparing
them with the newly introduced fuzzy set model. The newly proposed rotational and extended
rotational fuzzy set model deliberately used as an alternative in a multifaceted situation which
deals complex intricacies.
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