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Abstract

In this paper introduces the new shape of fuzzy numbers is developed and named as Reverse order
Heptadecagonal Fuzzy Numbers. This paper defines membership functions and Arithmetic Operations for Reverse order
Heptadecagonal Fuzzy Numbers using an interval of Alpha cuts. Some prepositions for instance maximum and minimum
Operations on Fuzzy equations; alpha cuts and Reverse order Fuzzy numbers have been introduced and proved. Numerical
examples for this Arithmetic Operations are also given.
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LINTRODUCTION

In modern world we may come across many uncertainty cases. The fuzzy set theory is to find out the best solution
to the real-world problems where available data and information are not exact, in that situation fuzzy numbers can be
applied in many fields such as control system, decision making and operation research etc

This paper introduces Reverse order Heptadecagonal, ROHDFN with its membership functions. It has got several
applications in real life. In case of Heptadecagonal fuzzy number one is the maximum characterizing supporting interval
but in case of decagonal we have a flat segment of a=1which is the characterizing supporting interval. The classification of
fuzzy number and properties related to it, have paved the way for developing new notions. . Vipin Bala, Jitender Kumar*
and M. S. Kadyan introduces Heptadecagonal Fuzzy Numbers. In the beginning, Zadeh (1965) studied the idea of fuzzy set
theory. Ruth Naveena and Rajkumar (2019) discussed reverse order pent decagonal, nanogonal and decagonal fuzzy
numbers with their arithmetic operations.

The introduction section offers specification for the present work by addressing the limitations of traditional
fuzzy number representations and the need for more nuanced and flexible approaches. It establishes the significance of
introducing Reverse order Heptadecagonal Fuzzy Numbers and their utility in addressing complex and ambiguous
uncertainty scenarios. This section also sets the stage for the innovative aspects of the research by highlighting the
limitations of existing methods and the motivation for exploring new territory.

II. DEFINITIONS

Definition 2.1

A fuzzy set is characterized by a membership function maps elements of a given universal set X to the real numbers in
[0,1].

A fuzzy set N in universal set Y is defined as N = {(y, Qx(y))/y € Y}.
Qx:Y = [0, 1]. Qx(y) is called the membership value y € Y of in the fuzzy set N.
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Definition 2.2

A Fuzzy number N is a fuzzy set on the real line R, must satisfy the following conditions

i) Qr(y) is piecewise continuous.
ii) There exist at least one y &€ R such that Qg(y)=1
iii) N must be normal and convex.

Definition 2.3

The « -cut of fuzzy set N is a set consisting of those elements of the universe ¥ whose membership values exceeds the
threshold level
Na={y/Qiy)z a}

Proposition 2.4

N is a Reverse Order Fuzzy Number iff the following conditions hold.

i) N is down-normal.
ii) N>@ s a union of two disjoint unbounded open intervals for each & ¢ [0,1).
iii) The level set N=1is unbounded and N<! is bounded.

Definition 2.5

Let Ghg and Knq be any two fuzzy numbers. Then Min (Gna Kna) and Max (Gna Kna) are fuzzy numbers, defined by
Min (Gna Kna) (v)=Sup{ Min {Gna (p),Kna(q)}:z=Min(p,q)}.
Max (Gna Kna) (y)=Sup{ Max {Gna (p),Kna(q)}:z=Max (p,q)}-

Definition 2.6

Let Gha+Y=H, Gna* Y= H ,where Gngand Kunq are Fuzzy Numbers, and Y is an unknown Fuzzy Number for which either of the
equations is to be satisfied.

Definition 2.7

It is a fuzzy number represented with three points as follows: A = (aj, az, az).This representation is interpreted as
membership functions (Fig)

0o , x < a;
x—a
L a,<x<a,
_J)az—a;
:uA(X)_ az—x
— ,0, < x < a3
as—az
0o , x> a,

Now if we get crisp interval by @ —cut operation, interval 4, shall obtained as follows V a €[0,1].

4 alx)

1 X

yd ‘

a; a; us -

Fig. 1 Triangular fuzzy number A = (a;,a,,a3)
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;" —a, az* —a;
—=a, —=a
a2 —ag az —az

Weget a,%=(az-ai) a+a,
al = —(az — ay)a + a,
Ay = [aga),aga)]
=[(a; —a)a+a;, —(az —ay)a +as]
ILREVERSE ORDER HEPTADECAGONAL FUZZY NUMBER
Definition 3.1 Reverse orders Heptadecagonal Fuzzy Number:
Reverse orders Heptadecagonal Fuzzy Number HDFNXyp is defined by

KHD:( _(ES » _(E7' _(EG' _(Es. _(Ezh _CE31 _(EZr _CEl 0, (El ) (Ez » (Eg ) (E4 , (Es , (EG , (E7 , (Eg ) and
membership function is

1 y = —(Eg
—E7-y
—(Bg < < -@E
Eg—, 8 y 7
—Ee-y
—-(E7 < s —(E
@7_056 7 y 6
—Es5_y
—-(Bg < s -&
Eo—(Eg 6 =Y 5
—Eg-y
—-(Ee < < -
Es5_, 5=V¥ 4
—E3_y
—(Bg < s -E
Tg—(ig 4=y 3
—®Ep_y
—(Eg < < —(E
E3—c5, 3 =Y 2
—~E1-y
-y = = -@E
(EZ—(EI 2 y 1
Oo_y -E1 =y = -
QK in(y)= < y ot
HDLY)= (ELI -Eg sy = -
y—Cq
—-(Eq < < —(E
(EZ—(El 1 y 2
y—CEp
-y < s -E
T3, 2=y 3
y—-CE3
—-(E3 < < -
@4_053 3 y 4
y—Cq
—(Eq4 < <= —-E
(ES—(E4, 4 y 5
y-CGEs
—Bg < s -G
®6—(eg 5 =Y 6
y-Ee
—(Eg < < —(E
[T 6 =Y 7
y-E7
-y < s -G
Tg—, 7Y 8
1 y =z —(Eg
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Fig 2: Reverse order Heptadecagonal Fuzzy Number

Example 3.2
Let the Reverse order Heptadecagonal Fuzzy Number 'up
QX uwo(y)=(-10,-9,-8,-7,-5,-4,-3,-2,0,1,3,4,5,7,8,9,10) and its membership function is given by

1 y <-10
=t -10<y<-9
2 ~9<y<-8
7 -8<y<-7
% -7<y<-5
4y ~5<y<—4
%3 -4<y<-3
= -3<y=<-2
2y —2<y<-1

QXup(y)= { 0y —1<y<0
0+1
: 0<y<1
= 1<y<3
5 3<y<+4
E 4<y<5
E 5<y<7
- 7<y<8
g 8<y<9
13’0;_99 9<y<10
1 y=10
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1 y<-10
= ~10<y< -9
= -9<y<-8
= —8<y<-7
= —7<y<-5
= —-5<y<-—4
= —4<y<-3
== —3<y< -2
= —2<y<-1
QKup(y)= Ao _Ty —1<y<0
> 0<y<1
= 1<y<3
= 3<y<4
o~ 4<y<5
= 5<y<7
= 7<y<8
= 8<y<9
= 9<y<10
L1 y =10

3.3 Arithmetic Operations of Reverse order Heptadecagonal fuzzy Number (HoHDFN) on Alpha Cut and its
Membership Function

A Reverse order Heptadecagonal fuzzy Numbers (HoHDFN) ¢an be defined as

-9 —

1 y=a:>—y=a+9
—8 —

1 y=a:>—y=a+8
-7 —

1 y=a:>—y=a+7

—5—y
2

=a= —y =2a+5andsoon...

QKuwp(¥)=[-(a+9),-(a+8),-(a+7),-(2a+5),-(a+4),-(¢+3),-(a+2),-(a+1),-a, a, (2a+1), (a+3),
(a+4),(2a+5),(a+7),(a+8),(a+9)]

When (a = 0.5) we get QK up(y)=[-9.5,-8.5,-7.5,-6,-4.5,-3.5,-2.5,-1.5,- 0.5,0.5,2,3.5,4.5,5.5,7.5,8.5,9.5]
When (a = 0) we get QK up(y)=[-10,-9,-8,-7,-5,-4,-3,-2,-1,0,1,2,3,4,5,7,8,9,10]

The graphical representation of & - cut of Reverse order Heptadecagonal Fuzzy Number for the above example is shown
below
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Fig 3 Graphical Representation of & -cut RoOHDFN
3.4 Conditions on the Reverse order Heptadecagonal Fuzzy Number (RoHdFN)

The Condition for the Reverse order Heptadecagonal Fuzzy Number Kup :

1. Intheinterval [0, 1], QK up(y) is continuous.
2. QXup(y) is a decreasing strictly and the function is continuous on the interval [—CEg,0].
3. QK up(y) is a increasing strictly and the function is continuous on the interval [0, CEg].

IV.ARITHMETIC OPERATIONS OF REVERSE ORDER HEPTADECAGONAL FUZZY NUMBER (RoHDFN)
4.1 Addition of two Reverse order Heptadecagonal Fuzzy Numbers

Consider two Reverse order Heptadecagonal Fuzzy Numbers

C’ — {(_58)! (_57)! (_56)! (_55)! (_64-)! (_CVS)! (_Cvz): (_Cvl)! (0)r (Cvl)r (CVZ)J (CVS)J}
b (€4), (&5), (€6, (¢7), (Cg)

E’- — {(_éB)l (_é7)l (_éG)' (_éS)' (_é4)l (_é3)l (_éZ): (_él): (0), (él)t (éz)' (é3)!}
Hp (é4), (éS)f (éﬁ)' (é7), (evB)!

The addition of two Reverse order Heptadecagonal Fuzzy Numbers is given by
(—Cs @ —ég), (—&7 D —&7),(—C6 D —&6), (—C5 D —és),
(=8, D —€4), (=83 D —&3), (=&, B —&,), (=& D —é,),
0,(c; @ €1),(¢; @ &), (&5 D €3), (¢4 D &), (&5 D &s),
(Cs @ &), (¢7 D &7), (Cg D &),

éHD ® EHD =

Example 4.1

Let us consider two Reverse order Heptadecagonal fuzzy Numbers
Cup=(-29,-28,-27,-26,-25,-23,-22,-21,0,10,11,12,13,14,17,18,19).
Ewup=(-19,-17,-15,-13,-11,-9,-7,-5,0,12,14,15,16,18,19,20,21).

Cup @ Eup=(-48,-45,-42,-39,-36,-32,-29,-26,0,22,25,27,29,32,36,38,40).
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4.2 Subtraction of two Reverse order Heptadecagonal Fuzzy Numbers

Consider two Reverse order Heptadecagonal Fuzzy Numbers
C' — {(_éB)i (_57); (_56)i (_55)' (_54); (_53); (_CVZ)' (_Cvl)t (0)! (Cvl)! (CVZ)i (53)!}
Hp (54—)! (55)1 (56)1 (57)1 (58)
> _ {(_éS)v (_é7)v (_é6)f (_és)' (_e\'4), (—é3), (_éZ): (_él): (0), (él)t (éZ)t (é3):}
(€4), (€5), (&6, (&7), (&s),

EHD -

The subtraction of two Reverse order Heptadecagonal Fuzzy Numbers is given by
(_Cvs + és): (_CV7 + é7), (_Cve + ée), (_Cvs + és): \
éHD _ EHD — { V(_é4—v+ é4—v)! (_?3 +): (_ég + evg)! (_Vél +vé1)’ y }
0,(¢1 — €1), (&3 — €3), (&5 — €3), (¢4 — €4), (&5 — &5),
(6 — 80, (& — &), (G — &), J
Example 4.2
Let us consider two Reverse order Heptadecagonal fuzzy Numbers
Cup=(-9,-8,-7,-6,-5,-3,-2,-1,0,9,1,2,3,4,7,8,9).
Ewp=(-1,-7,-5,-3,-2,-9,-7,-5,0,2,4,5,6,8,9,2,3).
Cip- Enp=(-8,-1,-2,-3,-3,6,5,4,0,7,-3,-3,-3,-4,-2,6,6).

4.3 Multiplication of two Reverse order Heptadecagonal Fuzzy Numbers

Consider two Reverse order Heptadecagonal Fuzzy Numbers

C"w — {(_58)' (_57)' (_(\"6)' (_55)' (_54)1 (_63)1 (_62)1 (_él)l (0), (51)t (52)1 (53)1
P (€4), (&5), (&), (¢7), (Cs)

E — {(_éB)' (_é7)' (_éG)f (—és), (_é4)1 (_é3)1 (_éZ): (_él): (0), (él)t (éZ)t (é3):}
Hp (é4), (éS)l (é6)l (é7), (éS);

The subtraction of two Reverse order Heptadecagonal Fuzzy Numbers is given by

(=t @ —&p), (—C; ® —&7), (= @ —&), (—Ts & —&s),

(=€ @ —&y), (83 ® —&), (=6, ® —&,), (=t ® —&)),

0,(& ® &), (E; ®E,), (6 ® &), (€, & &y), (E5 @ &s),
(s ® &), (€7 ® &), (Es @ &p),

CHD &® EHD =

Example 4.3

Let us consider two Reverse order Heptadecagonal fuzzy Numbers
Cup=(-9,-8,-7,-6,-5,-3,-2,-1,0,9,1,2,3,4,7,8,9).
Ewp=(-1,-7,-5,-3,-2,-9,-7,-5,0,2,4,5,6,8,9,2,3).
Cup ® Eup=(9,56,35,18,10,27,14,5,0,18,4,10,18,32,63,16,27).

4.4 Division of two Reverse order Heptadecagonal Fuzzy Numbers

Consider two Reverse order Heptadecagonal Fuzzy Numbers
CVHD — {(_68)1 (_67)1 (_66)1 (—65), (_64)1 (_53): (_52)1 (_él)l (0), (51), (52)! (53)!}
. . . . (54—)! (VCVS)f (Cvﬁv)f (67)fv(68) . . . .
EHD — {(_68)! (_67)! (_eé)f (_65), (—64), (_63), (_ez): (_el)f (0)r (el)r (ez)r (63):}
(€4), (&5), (&6, (&7), (&s),
The division of two Reverse order Heptadecagonal Fuzzy Numbers is given by
(=Cg/—€g), (=C7/—=87), (—=Ce/—E6), (=Cs5/—E5),
(=Ca/=84), (=C3/—=83), (=02 /—83), (=C1/—€1),
0,(¢1/€1),(82/€2),(E3/83), (Ea/E4), (E5/E5),
(Cs/86), (¢7/€7), (C/ &),

éHD/EHD =

Example 4.4

Let us consider two Reverse order Heptadecagonal fuzzy Numbers
Cup=(-9,-8,-7,-6,-5,-9,-14,-10,0,10,12,25,36,40,18,8,9).
Eup=(-1,-2,-7,-3,-5,-9,-7,-5,0,2,4,5,6,8,9,2,3).
Cup / Em=(941,2,1,1,2,2,0,5,3,5,6,5,2,4,3).
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V APPLICATIONS OF FUZZY NUMBERS:

Triangular fuzzy numbers aids us finding solution and managing uncertainty in different real life applications. Below the
examples tells us triangular fuzzy numbers how it is being applied in practical scenarios.

A. Wheather forecasting: We can predict and find out wheather forecasting Possibilities for temperature, Precipitins,
wind speed and other meteorological variables, it can also supports meteorologists to analyze forecast un-certainty
effectively.

B. Financial wise analysis: Triangular fuzzy numbers widely using in financial sectors and risk analysis to understand
uncertain parameters like Interest rates, stock prices and exchange rates, also supports financial analysis, that making
informed decisions in volatile mixed.

C. Environmental mentoring: Triangular fuzzy numbers also been using in environmental monitoring by collecting data’s
from environmental seasons to overcome uncertainty in measurements, it will gives us the accuracy in pollution levels
water quality or any environmental variable.

D.Supply Chain Managements: In this management triangular fuzzy numbers supports demand forecasts and lead times
which may be vary most of the time and it represents the variables in these parameters and provides better Inventory
management and production planning.

E.Medical Diagnosis: In Medical diagnosis it helps in tests that associated with uncertainty , patient’'s symptoms or
treatment effectiveness. This helps doctors for decision making and be cautious.

F.Traffic Management: Triangular fuzzy numbers can be used in traffic flow production and congestion management; It
helps for route Planning and traffic control systems.

G. Energy Managements: It can be used in energy forecasting and optimization. It helps in uncertain factors such as
energy demand, energy generation and fuel prices for effective energy distribution and management.

H. Quality Control: It helps in manufacturing products in delivering products quality because there may be uncertainty in
quality measurements, assisting in quality control, and defeat detection.

I. Profit Managements: Uncertainty will be occurring in scheduling the profits and in resource allocation. Triangular
method can help us profit timeliness and resources what we need effectively.

J. Market Research: There is a gap in Interpretation while conducting market research. Triangular method supports in
surveying data, against uncertainty and making easy access to consumer’s preferences and market trends.

VI. MODELLING RISKINESS IN SNOWFALL AND TEMPERATURE MEASUREMENTS WITH TRIANGULAR
FUZZY NUMBERS

Let us create a clarified real-life numerical example using two Triangular Fuzzy Numbers Cupand E np to represent
uncertain quantities .In this example, we will consider a summary involving snowfall and temperature measurements. We
will use Triangular Fuzzy numbers to represents the riskiness in these estimation over a 17-days period value of Minimum
to Maximum temperature.

Numerical Examples:
Let us consider Triangular fuzzy Number
Cup=(-12.9,-12.8,-11.7,-11.2,-10.5,-9.3,-8.2,-7.1,0, 11.2,9.3, 8.4, 7.5, 6.2, 5.4, 5.1, 4.1).

This Triangular Fuzzy Number represents the daily snowfall in cm for a month .It indicates that, for each day, the
lower bound of snowfall is -7.1 cm, and the upper bound is 11.2 cm.

Let us consider Triangular fuzzy Number

Eup=(-4.9,-4.8,-3.7,-3.5,-2.8,-2.4,-1.3,-1.2, 0, 19.2, 18.3, 17.3, 16.1, 15.2, 15, 14.1, 13.1).
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This Triangular Fuzzy Number represents the daily temperature in degree Celsius for a month. It indicates that,
for each day, the lower bound of temperature is -1.2 degree Celsius, and the upper bound is 19.2 degree Celsius.

Using Triangular Fuzzy Numbers allow us to represent the riskiness in daily snowfall and temperature
measurements. For example, on a particular day, the actual snowfall could be anywhere within the range specified by Cup,
and the temperature could be within the range specified by Exup,

VI. CONCLUSION

In this paper the new shape of Reverse order Heptadecagonal Fuzzy Numbers is developed and named as RoHDFN.This
RoHDFN will be very useful for many researchers and helps in pertaining the solution to Real life Problems. The
incorporation of Alpha cuts provides a Precise and systematic approach to quantify the degree of riskiness associated with
these Fuzzy Numbers. The results indicate that Reverse order Heptadecagonal Fuzzy Numbers are not only compelling
from a theoretical standpoint but are also highly practical for tackling real world issues across a wide range of domains.
These tools offer a fresh perspective on decision support systems, significantly enhancing the accuracy of the decision-
making process in scenarios characterized by uncertainty.
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