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Abstract

Testing and deciding on hypotheses is a general and meaningful final part in all areas. Getting better results by testing statistical
hypotheses is crucial in almost any sector such as industry, education, elections, transport etc. However, accurate sample observations
are not always possible when the job is a real-time population. In practice, the observed models may not be correct. In the proposed
work, imprecise rainfall data was collected in southern and northern India and the relevant samples were observed as fuzzy numbers.
More generally compared to Pentagonal Fuzzy Numbers (PnFN). In addition, fuzzy numbers are eliminated by clear classification via
the pivot points of PnFN. After the fuzzy process, when testing the hypotheses, a relevant statistical method was used to make a better
decision.
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Introduction

The real decision problems are in most cases uncertain or vague. Fuzzy numbers are used in various fields
i.e, fuzzy process modelling, control theory, decision making, reasoning by expert systems, etc., they are not
intuitive. Since fuzzy numbers are represented by possibility distributions, they can overlap and therefore
cannot be ordered. It is true that fuzzy numbers are generally sub-ranges and cannot be compared to real
numbers, which can be ordered linearly. To classify the fuzzy quantities, each fuzzy quantity is converted to a
real number, and a classification function is defined from the set of fuzzy numbers and compared to a set of
real numbers corresponding to each fuzzy number in natural order.

Typically, a lot of information is lost if the entire scan is reduced to a single number. So we have to try to
minimize this loss. Zadeh [20] first introduced fuzzy set theory, several classification methods were developed.
The analysis of fuzzy numbers was first proposed by Jain [6] for decision making in fuzzy situations by
representing an incorrectly defined quantity as an ambiguous set. Dubois and Prade [3] gave an ambiguous
numerical mean. Lee and Li [9] presented a fuzzy number comparison based on the fuzzy event probability
measure. Wu [17-19] suggested different possibilities to extend some fuzzy intervals for the fuzzy-fuzzy
parameter. B. F. Arnold [1] examined the hypothesis test with accurate data. Y. M. Wang [16] examined the
centres of gravity of fuzzy numbers. Apurba Panda et al., [12] carried out a study on the pentagonal fuzzy
number and its corresponding matrices. J. Chachi et al., [2], performed a hypothesis test based on fuzzy
confidence intervals. Emrah Akyar et al., [4], developed a new method for classifying triangular fuzzy numbers
and the advantages of explaining them. S. Parthiban et al., did a lot of research on hypothesis testing with
different fuzzy numbers [7, 10, 11]. Kok Chin Chai et al., proposed a new sign distance-based ranking method
for fuzz number. Y.L.P. Thorani et al., [14] generalized trapezoidal fuzzy numbers. R. Helen [5] found a new
operation and classification in pentagonal fuzzy numbers. G. Uthra et al.,, [15] defined a generalized
intuitionistic pentagonal fuzzy number and proposed a new classification formula. P.Phani Bushan Rao et al.,
[13] used the distance method using the centre of the perimeter of the centroids and a modality index to find
the classification of a fuzzy number. The excluded examples provide further measurable fuzzy theory proof
for two-tailed t-tests with information about pentagonal fuzzy numbers. Another thought in this article is that
we have an idea for research, and what will be the consequences when we reach the level of this relaxed
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information that is essential? Therefore, we use positions in theoretical experiments derived from the
suggested critical positions of pentagonal fuzzy numbers. Confidence levels and h-level phrases are not used
in the selection guidelines for the proposed test procedure.

Preliminaries

Definition 2.1. A fuzzy set A of a universal X is characterized by its membership function MA X > [0, 1]
and we write A= {(X, ni(x):xe X} .
Definition 2.2. A fuzzy set A defined on the universal set of real number R, whose membership function p is
called the fuzzy number if it has the following characteristics.

1. A is convex.

2. Alisnormal.

3. Ais piecewise continuous.
Definition 2.3. A Normalized Pentagonal Fuzzy Number (NPnFN) of a fuzzy set Aas Ap =p,q,r,s,t andits

membership function is given by

0 for x < p
P for p <x<q
q-p

x4 for g <x<r

S - X

— forr<x<s
S-r

t-X

—— for s <x <t
t-5S

0 for x >t
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Figure 1: Pentagonal Fuzzy Number

Hypothesis Test for Interval Data

Let %?] bi be a random sample (X) of size mand is a random sample () of sizen. And consider 3’1 “1% as
the mean of x from a normal population and [dz, uz] as mean of Y from another normal population.

Moreover, the null hypothesis is H, so the population means of these samples are the same as,

Ho:ld, w]= [d wJP = wandn,=
And the alternative hypothesis is given by
() Hio[dow]= [ w]p d< wand d, <

(i) Hy: [d w]l= [0 wIp d> pand d,> g,
@i)H,: b w]l= [ P d' pandd,’

Suppose that X and § are sample means, S)~(and Sy are the sample standard deviations of Sz and Sy

correspondingly.

(i) Let presumed the population standard deviation is to be same, then the null hypothesis

H, [0, 141=10,, 14,] test will be

X —

—
Il
<

3.1
T (3.1)
Sy —+=
m n

where

§= (3.2)

\/(m ~1)s; +(n-1)s;

m+n-2
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(ii) Let presumed the population standard deviation is to be in-equal, then the null hypothesis
H, [0, 1] #[0,, 1] test will be

A7
2
X

—
Il

(3.3)

S
m

where

(3.4)
Vi~ ?)2]

Here, the parameters are denoted with tilde (~) symbols as they are defuzzified form connected
with NPnFN.

My Proposed Work

Consider a Normalized pentagonal fuzzy number (NPnFN) p = (gl, d,, 93, 9y, 95;5). The pentagon is
divided as three plane figures, where PQS is a triangle, QSTU is a quadrilateral and QUR is a

[ey)
1

1

1

otz o (2:.0) R (25:0)

(8]

Figure 2: Centroid of Pentagonal Fuzzy Number based Euler Line of Centroids

D "¢ respectively. Let Cl,C2 and C3 will be the centroid of these three planes and this is taken as a point of
reference to determine the classification of NPnFN.
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In this proposed work, the calculation of the centroid of pentagon and the Euler line that passes through
the planes Cl,C2 and C3 is considered to find the best balancing point for NPnFN. From the figure: 2. The

centroids of these three plane figures are

c _(gl+gz+93 éj c _(gz+93+g4 5+1j c _(93+g4+95 éj
1~ ' 1~ T ’ 13 T ’
3 '3 3 3 3 '3

The line connecting C,C; is 6 /3 and C, does not lie on C,C,.This is because C;,C, and C; are not
on the same line. Equation C,C,is 6/3 and C, didn’t lie on the line C,C, . So C,C, and C, are not

collinear and form a triangle. We derive the Euler line from the triangle with the vertices C;,C, and C, from

NPnFN A:(g]_;921g31 g4’g5;5) as

(05— 04—y + 07)5 + (94 + 002 +(203 + (305 + 0 -
91)94 —39193 919, - 912)95 - 29292 +(-39,05 —29§

B (126 + (391 —394)95 +39294 —39192 +5) ‘e 019, _1)94 + (39192 _1)93 + Zglgg + (g]_z _1)92 (4.1)
(595 +7g4 +1293 +7g2 +5gl) (15g5 +21g4 +3693 +2lg2 +1Sgl)

and the equation of the line joining T and G is

(2x) (9, +95+0s) 2]
(0,+95-29;) (9,+95—20;,)
The point of intersection of (4.1) and (4.2) is evaluated as
Si (%, Yo) =[A;,B]] (4.3)
where
((95 + (-9, =205 — 9, +20,)9s + (295 — ;) 9, + (29, — 29,)9s — 9,9, + 9;)S
+(9, —9,)0s +(29; + (95 +9,)9, — 9,95 — 9,9, — 29; —15)g¢ + (49, — 29,
+29,)9; +(-69; + (59, —59,)9; — 29; + 29,9, — 9; —22)g, + 60,95 + (59,9,
~0; —22)0; +20,0; — 229, — 9; —300,)0s + (49,9, — 29,9,)9; + (69,03
+(49; —50,0, +23)9; — 20,9; + 979, — 229,)9, +(38-60,0,)9; +(-40,0;
A _ 95 +23)9, 22,)9; +2979; +(9) —220,)9, ~150;)

1 (3695 — 729, +360,)5 + (99, —99,) g7 + (187, + 99, —99,),
~189,9, — 997 +45)g, + (-189,9, + 99,9, +42)g,
+(189,9, +42)g, + (42-997)g, +459,)
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(—(-38g; — 29, —369, — 29, +3809,)5 — (79, — 79,) 95
—(492 + (159, +11g, —119,)9, —150,9; —119,9, + 797
+15)gs +49,9; — (159,09, —49; +119,9, —2)g,
B, = 459,09, ~11)¢; ~49,9; — (=797 — 29,) ~159,)
(3695 — 729, +369,)0 +(99, —90,)9; +((189; +90,
-99,)9, —189,0; — 99,9, +99; +45)g; + (189,09,
+99,0, +42)g, + (189,9, +42)g, + (42 -99;) g, +459,)

The ranking function of the NPnFN A:(gl,gz,g3,g4,g5;5) which maps the set of all fuzzy numbers to a set of
all real numbers is defined as,

R(A) =2 xr}
={A, xB} (4.4)

This is the area between the original point and the point of intersection of the Euler line and the vertical line
joining the midpoints of the horizontal lines of the NPnFN.

Numerical Example

Here the data considered is the total rainfall happened in the North and South India. The study on intensity of
the rainfall based on five stages is recorded as normalized pentagonal fuzzy numbers that has been given
below. For this problem, the test of hypothesis has been conducted to test the homogeneity of the severity
of rainfall in to regions. Here given data are in the form of NPnFN in Table: 1. These NPnFN are transformed
to interval data by using pivotal spot defuzzifying formula

(4.3).
South India South India Rainfall North India North India Rainfall
States States
Andhra Pradesh F, =(0.2,0.3,0.5,0.7,0.8) Chattisgarh F, =(0.1,0.2,0.4,0.6,0.7)
Andaman & = ; = _
Nicobar F, =(0.2,0.4,0.6,0.9,0.95) | Delhi F, =(0.1,0.2,0.4,0.5,0.6)
Karnataka F,=(0.3,0.5,0.7,0.75,0.8) | Haryana F, =(0.1,0.2,0.3,0.5,0.8)
= Himachal =
Kerala F, =(0.5,0.6,0.7,0.8,0.9) oot F, =(0.3,0.4,0.5,0.7,0.9)
= Jammu & .
Lakshadweep F =(0.3,0.4,0.5,0.6,0.7) Kashmir £, —(0.15,0.2,0.4,0.5,0.6)
Puducherry F, =(0.2,0.3,0.4,0.7,0.8) Punjab F, =(0.05,0.125,0.3,0.35,0.4)
Tamil Nadu F, =(0.1,0.2,0.3,0.4,0.5) Rajasthan F, =(0.2,0.3,0.4,0.6,0.8)
Uttarkhand Fs =(0.1,0.3,0.4,0.7,0.9)
UttarPradesh £ _ (0.3,0.4,0.5,0.8,0.85)

Table 1: Fuzzy Samples in terms of NPnFN
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Hypothesis Test:

The Null Hypothesis:

H, : The intensity of the rainfall between two sides.

The Alternative Hypothesis:

H, : There is a significant difference between the rainfalls. The test statistics are given in the Table: 2.

Based on the interval data calculated above, the test of hypothesis will be evaluated as per the test statics

given in section: 5.2.

South India Rain Fall (x)

North India Rain Fall (y)

[-0.2500, -0.1354]

[-0.2000, -0.1354]

[-0.2782, -0.1266]

[-0.1554, -0.1094]

[-0.2121, -0.0807]

[-0.2686, -0.2090]

[-0.3500, -0.1288]

=

[-0.3334, -0.1663]

[-0.2500, -0.1288]

N

[-0.1781, -0.1251]

[-0.2834, -0.1659]

w

[-0.0804, -0.0725]

R[S TR| [ TR| T [T (TT| ST1

[-0.1500, -0.1288]

S

[-0.2827,-0.1732]

,_‘z,_‘l,_\z,_‘l,az,sz@zm'l'l

(421

[-0.2830, -0.1693]

13

=
[=2]

[-0.3137,-0.1509]

Table 2: Interval Data of Fuzzy Samples

Rank of Normalized Pentagonal Fuzzy Numbers

The rank of the NPnFN is defined by its geometric mean of the pivotal points: iN and ?S’

R(F) = NG )72 . Now, the ranks of NPnFN will be evaluated for the above numerical example by using the

following formula:

R(F) = /%2 +§°

The calculated rank values are tabulated below,

South India Rain Fall (x)

North India Rain Fall (y)

0.284312 0.241523
0.305651 0.190046
0.226934 0.340334
0.372947 0.372574
0.281228 0.217646
0.328388 0.108261
0.197710 0.331538

0.329775

0.348107

Table 3: Interval Data of Fuzzy Samples
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where

(2Bl o a2 30

)ZS and ?N are the extremes of the given interval data.

2 1 me_ = 2
S =| —— 2 % —Xg =0.000501
q m-1/{i=1\ 'S

2
N ) = 0.000899

w
TN
pd
Il
N
>
T
|_\
N
—
| M=
H
7\
— 2
pd
|
<t

The tabulated value of 't' at 5 % significance level with 14 degree of freedom is t, =1.76

Conclusion

The “calculated value” of 't" is |t| =56.99574 and the “tabulated value” of 't" ist, =1.76. Here,

|t| >1, = The null hypothesis H, " is rejected and it can be concluded that there is significant difference

between the rainfalls. While the best solution can be obtained using a classification method derived from the
fuzzy key point, this is not the final solution for all problems. Furthermore, it opened the door to test the
hypothesis involving PnFN with their defuzzified forms as range, etc. And, of course, it requires further

refinement and research to get a more accurate result.
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