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ABOUT THE INSTITUTION

A nations's growth is in proportion to education and intelligence spread among the masses.
Having this idealistic vision, two great philanthropists late. S.P. Nallamuthu Gounder and Late.
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cater to the higher educational needs of those who wish to aspire for excellence in knowledge and
values. The College has achieved greater academic distinctions with the introduction of
autonomous system from the academic year 1987-88. The college has been Re-Accredited by
NAAC and it is ISO 9001 : 2015 Certified Institution. The total student strength is around 6000.
Having celebrated its Diamond Jubilee in 2017, the college has blossomed into a premier Post-
Graduate and Research Institution, offering 26 UG, 12 PG, 13 M.Phil and 10 Ph.D Programmes,
apart from Diploma and Certificate Courses. The college has been ranked within Top 100 (72nd

Rank) in India by NIRF 2021.
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being jointly organized by Departments of Biological Science, Physical Science and
Computational Science - Nallamuthu Gounder Mahalingam College, Pollachi along with ISTE,
CSI, IETE, IEE & RIYASA LABS on 27th OCT 2021. The Conference will provide common
platform for faculties, research scholars, industrialists to exchange and discus the innovative ideas

and will promote to work in interdisciplinary mode.
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ABSTRACT: The Pythagorean soft set theory is a mathematical model for dealing with uncertainty and vagueness
in multi criteria decision making problems. In this paper, we introduce the concept of interval valued Pythagorean
fuzzy soft set theory which is a combination of interval valued Pythagorean fuzzy set and soft set theory. Some
operations such as complement, union, intersection, necessity and possibility operations are defined on the interval

valued Pythagorean fuzzy soft set. Also some of their properties are studied.

Keywords: Soft sets, fuzzy soft sets, Pythagorean fuzzy sets, Pythagorean soft sets, Pythagorean fuzzy soft sets,

interval valued Pythagorean fuzzy sets, interval valued Pythagorean fuzzy soft sets

1. INTRODUCTION

Soft set theory, a parameterization of objects has been introduced by Molodtsov [1] which helps in dealing
with uncertainty. Later on Maji P.K., Biswas R., Roy A.R., [3] proposed the theory of fuzzy soft set. Atanassov [2]
extended fuzzy soft sets to intuitionistic fuzzy soft sets. The characteristic that sum of membership and non
membership degree in intuitionistic fuzzy soft sets are less than or equal to one is insufficient for multi criteria
decision making problems. Hence Yager R.R., Abbasov A.M. [8] introduced the concept of Pythagorean fuzzy sets
which satisfies the case. Since a crisp value cannot quantify the opinions made by experts in decision making,
interval valued Pythagorean fuzzy set theory has been developed by Peng, X. and Yang, Y. [6], some operations, their
properties were discussed in it.

In this paper, we propose interval valued Pythagorean fuzzy soft set theory which is a combination of
interval valued Pythagorean fuzzy set and soft sets. Some basic operations were defined and its properties were

discussed.

2. PRELIMINARIES
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In this section, we recall some basic definitions such as Pythagorean fuzzy set, Pythagorean fuzzy soft set
and interval valued Pythagorean fuzzy set.
Definition 2.1[8]: Pythagorean fuzzy set, A is defined as a set of ordered pairs over a universal set X given by

= [ xuy(x)dy(x) = | x € X}, where ug.%;:X — [0.1] are the degrees of membership and nonmembership

of the element x € X, respectively, with the condition that {,ud{x]}: + {fi'd{.r]}: = 1. Corresponding to its

membership functions, the degree of indeterminacy is given bym,(x} = \J'I'L - I[Iud(x]}: — (8, }

Definition 2.2[4]: A pair (F,E) is called Pythagorean fuzzy soft set if a map F : E — PY defined
asFy. () = {(u; {;(u;) 8 ;) )i u; € U where PY is the Pythagorean fuzzy subset of U and ¢, 9 satisfies (2 + 92< 1
for all uj € U.

A pair (FE) is termed as Pythagorean soft set and denote Fy (e;) = {(u;;(u;).8;(u;)) called as
Pythagorean fuzzy soft number (PFSN) with E-;:(p,-} + ﬂ?;.(pj_:, = 1for g';:[:PJ_:,. t?;.(E_J_} e [0.1].
Definition 2.3[6]: Let X is the universe of discourse. An interval-valued Pythagorean fuzzy set (IVPFS) A defined
in X is given as A= o i G, w800 ] [, 8F ] x e XT, where
0= uh() = w0 =1 0 =82() = 870x) = 1and (u40)) + (8Y(x))" <1 for all x € X. Similar to

PFSs, corresponding to interval-valued membership values, its hesitation interval relative to A is given as

m,(x) = Jl- (W 0)) = (82 ), 'L—{ud(x]} — (8F {.rJ}J

If forevery x € X, pylx) = phlx)l = pfilx), 8,0x) = 8f(x) = 8 (x), then IVPFS reduces to PFS. For
an IVPFS A, the pair ([ph (), pB0cl], [85(x), 87 (]} is called an interval-valued Pythagorean fuzzy number
(IVPFN). For convenience, this pair is often denoted by & = {[a. b]. [c. d1}, where [a, b] < [0, 1], [c, d] < [0, 1],

and b+ d?< 1.

3. MAJOR SECTION
Definition 3.1: Let the parameter set be E. Let A = E. A pair (f. =) is called an interval-valued Pythagorean
fuzzy soft set (IVPFSS) over U, where U is the universe and f is a mapping given by f:-4 — IFY, where IF”
denotes the collection of all interval-valued Pythagorean fuzzy subsets of II.
Definition 3.2: Let T be the universe and the parameter set be E. Let <4, # < E, (f. «4}and (g.#) be two IVPSS,
then (f. <A is an interval-valued Pythagorean fuzzy soft subset of {g. #) if and only if

1. AC &,

2. ¥e £ A f(e) is an interval-valued Pythagorean fuzzy soft subsets of gi(e). ie.,, ¥x €1 and

e A k() =k (el () 2wl (), 8, () = 8k, (), 82, () = 8%, () and

FiE) l§||E| SFiE -;IlEl
is denoted by (f. <A} S (g.#). Similarily, (f. 4} is said to be an interval-valued Pythagorean

Q'Fl glsl

fuzzy soft superset of (g.#), if (g. %) is an interval-valued Pythagorean fuzzy soft subset of (f. «A4)
and is denoted by (f. «4) 2 (g.#).
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Definition 3.3: Let (f. 4} and (g.#) be two IVPFSS over U. {f. 4} and (g.#) are said to be interval-valued
Pythagorean fuzzy soft equal if and only if (f. =4} is an interval-valued Pythagorean fuzzy soft subset of (g. )
and vice — versa.

Definition 3.4: Let E = {e1, e, €3,.....en} be a parameter set. The Not set of E is denoted by TE, defined as 1E =
{-e1, =€z, -es,....,men} Where —e; is note;.

Definition 3.5: The complement of an IVPFSS (f. 4} is denoted by (f. =4)C, defined as (f. +41C = (f°.7:A4),
where F°:74 — IPY, where IPY denotes the collection of all interval-valued Pythagorean fuzzy subsets of I and
the mapping is given by f () = (x.t?f. o (), g _E.{.r]) vx eUands € TeA.

Definition 3.6: An IVPFSS (f. «4) over U is said to be a null IVPFSS denoted by @, if
ve €A pp(x) =[0,0] 85 (x) = [L 1] x e

Definition 3.7: An IVPFSS (f. «4) over U is said to be a absolute IVPFSS denoted byT, if
ve €A g (x) =[1L 1184 (x) = [0,0Lx e U.

Definition 3.8: The union of two IVPFSS (f. -4} and (g.:#) over a universe U is an IVPFSS (h. €} where

=AU & and ve € C.
Iu‘r-.s.{_r:l ifeeA-B xel
e () = dgealx) ifee®-A, x el
[SLlp(.u:‘;,s,{x]..u;,s,(.r]).sup(.u:,'fl,s,{x]..u;',s,{x])].:'fE eA Ndx el
Bpalx) ifecA-B x el
B () = Bgie(x) ifeedB—A x el

[inf (87 (). 8%, () ) inf (88, (), 85,0 )] .if e eANBx €U
denoted by (f. <4} U (g..#) = (h. €.
Definition 3.9: The intersection of two IVPFSS (f. =4} and (g. ) over a universe 1 is an IVFPSS (h, ¢} where

C=AnN & and v € C.
.uf.s.':x] ifeeA-B x ell
ufnlgl{x]z Iuglsl{-r] ifeed—A x el
[inf (12 (). ik (o ). i () 0. 48 0] if & €A NBx €U

ﬂf.s.{.r] ife eA-B x el
ﬁ'ﬂlgl{-r:]z ﬂglsl{-r:l n'.-fE ed—cA, x el

[sup (ﬁfL.s.(.r].t?gL.s.{.r]).SLlp (t‘i‘f-.'s.'ix].ﬁg-;s.(x])] ife eAN#Exy el |
denoted by (f. «A) n (g.#) = (h., €.
Theorem 3.1: Let the parameter set be E, :4 = E. If @ is a null IVPFSS, T an absolute IVPFSS and (f. «4) and
(f. E) be two IVPFSS over I, then
(f. A U (f. A) = (f. A)

2. (f. A n(f, A= (f. A)
3. (f. Bue=I(f E
4. (f, Elng=0

ETIST 2021

33



Dr. P. Rajarajeswarit, T. Mathi Sujitha? and Dr. R. Santhi®

5. (f. BUY=F
6. (f. EEnT=(f. E)
Proof: Theorem proof can be derived from the Definition 3.8 and Definition 3.9.
Theorem 3.2: If (f. «2)and (g. E) be two IVPFSS over T, then
1 ((f. AU (g, B)) =(F. A¥ n (g BF,
2. ((f, A n (g, BY) =(f. AF U (g. BYF
Proof: 1. By Definition 3.8,(f. «4) U (g, B) =(h €), then ((f. 1) u (g, B)) = (h. )¢ = (KE, 7€),
R () = (.r.t?h.f.{x]..uh.y{x]) ¥x elUand oz € 18="1(A U B)="14 NTB. Therefore,
Bpex) ifeeA-B x€el
unCgla) = By0(x) ife €eB-A x el
| [inf (82, (). 82, () ). inf (85, .87, )] .if e eA NBx e
ppelx) ifeeA-B, x el
8, Ci_pyx) = dgielx) ife eB-A x el
[SLlp(.uf;,s,{.r]..u;,s,{x]).sup{.u?',s,{.r]..u;',s,{.rjjl].:'fE eA NBx el
Since (f.«A)° = (ff.%A)and (g.BIF = (g%.1B), then (f.«4A) n (g.B)* = (f°.7A4) n (gE.1B). Let
(€740 n (g% 1B) = (L. D)whereD=1¢="1A U B)=TA n1B and -z € D.
t‘.?j-.s.{_r] ife eA-B, x el
g () = Oy0x) ife€eB-A, x €U

[inf (87, (). 82, (). inf (8, 0. 8%, 00))].if e €A NBx €D

.U‘flfl{-r] :-fE g4 —E, r el
ﬁl. e {x:]: Iluglsll::-r:] I-fE ER—.A, xr el

[sup (Iu?,s,{.r].lu;,s,{.r]) .sup{lu}"'-',s,{.r).lug,s,{_ﬂjl] ifeeANBx el
Hence hC and i are the same operators and ((f, «2) U (g, B)) = (f. :A) n (g. B)°. Similarly we can prove 2.
Definition 3.10: The necessity operation on an IVPFSS (f. =41 is denoted by
olf. ) ={(x. topie) (6). Bopier (1) ¥ € Uand e € A) Where uope () = [ud (), p¥,, ()] is the interval

valued fuzzy  membership  degree that the object x holds on the parameter &,

| 2 | Z
B () = [J-L - (Iu}'m{x]) -Jl_ (,uf;,s,'ix]) ]is the interval valued fuzzy membership degree that the

object x does not hold on the parameter = and f is a mapping f : 4 — IPY where IPY is the interval-valued
Pythagorean fuzzy subsets of 1.
Theorem: 3.3: Let (f.=1) and (g.B) be two IVPFSS over T, then the following properties hold:

1. o((f.A)ulg.BY) = o(f.A) v O(g.B)

2. ol(f.44)n(g.B)) = O(f.-A) n O(g.B)

3. oo(f,«D)=o(f,1).
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Proof: 1. By Definition 3.8, we have O ({f.«4) U (g.B)) = O (h.C) where @ =4 UB and ¥z £ C. Bythe
Definition 3.10, we have
upe(x)  ife€eA-B x el
bopio () = I .E.':x] ife eB—oA, x el
[sup( ,E,{x] u ,E,{x]) sup( ,E,{x] u g (e) )],J‘E eA NEB,.x el

r

[ul‘ (s ;-s-{x]): u'l—( ;.s.‘ixl]zl ifeeA—B, xel

Banie () = 4 [\;'1_ (W0 @) 1= (u g,f,m)] feeB-A  xeU
L[\.,IIL_ sup( ,E.{x],lu;',sl{x]) ﬂll—sup{ ,E,{x],lu;,s,{x])],ifs EANEBx el

Assume olf, A) {( [u I N7 .E.f,x]] [ 1-— ( J”f,':x)) ,JL—( ,r.s.':x]) D:x EUand e Eﬁ}and

o(g.B) = {(r [k () Gl GO, [u'll - (,u;'m{x]): ,ﬂ'll —{ g,f,{x]) D tx eUande € fB}. Hence

olf, A) U (g.B) = (0.C) where e = AU B and £ EC.
upex)  ife €EA-B x €l
Sie () = u .E.{x:l ife eEB—-cA x el
[SHP( 2re (), p .5.&]) sup( .s.(x],,u;'.s.{x]]],ifs EANBx el
( ['Il—{u'“-' {x]): '1—( {xiljl ifee A-B x €l
VI Wi N W : *
5 () =] Hi — (@) ,u'll—{,u;,s,{x]]:l feeB-A, xel
[({nfﬂrl R S A s ],mf(\‘J (1o @) wu'.L_(,u;.s.{xJ)f)],
L ife esd NBx el
( [\I'I'L— (4., @) ‘J'L —(u *"F'{x]):l ifeeA-B xel
= [ull — (u g,s,{:d) ,u'll — (st @) I ifeeB-A, x€eU
L|:\|”-_ sup( ,E.{x],lu;',sl{x]) \IIL —sup{ ,f,{x],lug,s,{x])],ifs eEANEB,x el

Hence O (h.€) = (o. €J. Thus we have proved 1. Similarly we can prove 2 and 3.
Definition 3.11: The possibility operation on an IVPFSS (f. 4} is denoted by O(f. A) =
{(x wogeer () Fope () : x € Uand e € A) where 85, () = [85,(x), 87, (x)] is the interval valued fuzzy

membership  degree  that the  object =x does not  hold on the parameter E,

z I z
e () = [ (tﬁ'j‘js,{x]) ,\J"L— (t?ri*m{x]) Iis the interval valued fuzzy membership degree that the

object x hold on the parameter = and f is a mapping f : 4 — IFY, where IPY is the interval-valued Pythagorean

fuzzy subsets of 1I.

ETIST 2021
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Theorem 3.4: Let (f. «A4) and (g. B) be two IVPFSS over T, then the following properties hold:
1L o((f. AU (g B)=0(f. AU (g B)
2. ol(f, A n g, B))=0(f. Ao (g, B
3. 00 (f, A)=0(F. A)

Proof: 1. By Definition 3.8, we have ¢ ((f, «4) U (g. B)) = ¢ (h.€). By Definition 3.11,

i

[\JII'L_(L- {x]): ‘JIL (vt {x]):l ifecA-B, xel

Fi(&) Fi&)
tynie () = 3 Hl_ (g,s,{xil) ,H'IL (ﬁ;,s,{x]):l ife EB—A, x €l

[\J‘L— inf (8, (). 87

glel

() \J'L—mf{t‘? Ho (), 82

glel

{x])],:fs eANBxel

Bpox) ifecA-B xel
Bynie (x) = Bgalx) ife€eB-oA, x €U
[inf (87, ()82, () inf (8, (). 8%, (0))].if e €A NBx €T
Assume ¢ (f.=4) and ¢ (g.BJby Definition 3.11 and by Definiton 3.8, we have ¢ (f.-41U ¢ (g.B)} = (o0.€J, where
C=AUBande €C.

r

fiel

|:\.| (JTIEI{'T:I:I \JIJ-_(ﬁb {x]):I -‘:fE EA—B, ry e

.“olsl{x] =4 ["Jlll_ (;‘fll:x]): \JIJ'_( g|s|{x]):l ife eB—cA, r el
[(sup\;‘l— (82.G) ,‘J'I'L —(ﬁ;;s.{x]):],mp(ﬂlli_ (82(0)) J\J.'.L_(ﬁ;m{ﬂjf]]J
. ifeeANBx el

Hl— ( I,f,{x)) 1= (88, 0) J ifeeA—B, xel

qie) qig)

=4 Hl_(ﬁu {x]): \,IL {., {x]):I e emoa  aeu

LIL— inf (87, (), 8%, (x)) JL—mf( ﬁs.{x],t‘i'gf*.s.{x])],ifﬁ eANBxel
Bpiex) ifeeA-B x€l
o) = Bgielx) ife eB-A, xel
[inf (85, (). 8%, () ) inf (88, (), 8%, ()] .if e €A NBx el
Hence & (h, ) and (o, C) are same IVPFSS. Hence (i).Similarly we can prove 2 and 3.
Theorem 3.5: Let (f, «1) be an IVFPSS over TI, then we have the following properties
1. off.A) c(f.A)c b (f.A);
2. tolf.-A) =olf,A);
3. O¢lf.A)=0(f.A)
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Proof: 1. Suppose that (f,-4) = {(x [.uf,f,E,{x] ,E,{x]] [1? Fre) (X). 9F1 5 () )]):x eUand = €A} Hence by

Definition 3.10 and Definition 3.11, define o(f.<4) and ¢ (f,4). Since( (1%, (x)) ") + ((8%.,G))7) <1, then

|— I 1 I } o
\I' — (u .s.{x]} B () = 85, and u'l— '[,uf;.f.{x]} = ‘Jll_ {,u}'.s.{x]} = 0f,(x).  Since
Hee (x) =y, (x) and e () = wd (2. Hence olf.«2) c (f.2). Now,
= [ -
J1- (880@) = wl, () = pt,  and J1- (85 () z | — (88, () ) = #¥, (). Since

B () = 97, () and 87, () = G, (x)., hence (f.=A) = ¢ (f.A).

Assume definition 3.10. Then

ol 1= (= Go@)). J1- (J1- (o))
_ _ | y )
¢ olf.A) = ixe Uand s €A

o e

= {(.r [Iuj:,f,{_r]..u:';',s,{_r]],[\III]_ - I[Iu:';-",f,{_r]}:, _\Ill'J_ — {Iu‘;“-',s,{x]}:l]:x € Uand £ € n’?}

=o(f, ).

Similarly we can prove 2 as 3.
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