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Abstract

Intuitionistic fuzzy set deals with membership and non-membership of a certain element of universe of
discourse whereas these are further partitioned into their sub-membership degrees in refined intuitionistic
fuzzy set. This study aims to introduce the notions of convex and concave refined intuitionistic fuzzy
sets. Moreover, some of its important properties e.g. complement, union, intersection etc. and results are
discussed.
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1. Introduction

In 1965, Zadeh [1] introduced fuzzy set theory for dealing with uncertainties. In fuzzy set, every member
of the universe under consideration, is assigned a membership degree from the interval [0,1]. Zadeh [2]
employed his own concept of fuzzy sets as a basis for a theory of possibility. Dubois et al. [4, [5] discussed
relationship between fuzzy sets and probability theories. They derived monotonicity property for algebraic
operations performed between random set-valued variables. Ranking fuzzy numbers in the setting of pos-
sibility theory was done by Dubois et al. [3]. Beg et al. [6, [7, 8] calculated similarities between fuzzy
sets under certain implications. Osman et al. [J] calculated the solution of nonlinear partial differential
equations under fuzzy environment. Khan et al. [10] conceptualized some semigroups under the settings
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of intuitionistic fuzzy interior ideals. Rahman et al. [I1] developed the conceptual framework of (m,n)-
Convexity-cum-Concavity on fuzzy soft set with applications in first and second senses.

In certain real life situations, only membership grade is not sufficient. In 1986, Atanassov [12] [13] concep-
tualized intuitionistic fuzzy sets to adequate fuzzy sets for non-membership grade. Both membership value
and non-membership values are allocated from unit closed interval to all the elements of universe of dis-
course. The development of intuitionistic fuzzy set (as the generalization of the fuzzy set) proved very useful
tool for researchers. Ejegwa et al. [14] expanded the concept with the discussion on operations, algebra,
model operators and normalization on Intuitionistic fuzzy sets. Montes et al. [I5] investigated divergence
measures for intuitionistic fuzzy sets and also discussed their properties. Boran et al. [16] characterized a
biparametric similarity measure on intuitionistic fuzzy sets and discussed its applications to pattern recog-
nition. Edalatpanah [17, [I8] discussed data envelopment analysis model with triangular intuitionistic fuzzy
numbers and neutrosophic structured element respectively. Yaqoob et al. [19] investigated complex intu-
itionistic fuzzy graphs and discussed their application in cellular network provider companies. Gulistan et al.
[20] characterized direct product of general intuitionistic fuzzy sets of subtraction algebras and generalized
their properties. Khan et al. [2I] made valuable discussion on (e, €V g)-intuitionistic (fuzzy ideals, fuzzy
soft ideals) of subtraction algebras. Xu et al. [22] conceptualized star-shaped intuitionistic fuzzy sets and
discussed their properties.

Chaudhuri [23] 24] introduced the concept of concave fuzzy set and discussed some useful properties of con-
cave fuzzy sets and also described some associated concepts of concave fuzzy set with their computational
approaches. This concept is useful in development of fuzzy geometry and fuzzy structures. Yu-Ru Syau
[25] enhanced this concept to convex and concave fuzzy mappings. Sarkar [26] introduced concavo-convex
fuzzy set and established some interesting properties of this special type of fuzzy set. Ban [27, 28] made
valuable discussion on convex intuitionistic fuzzy sets and developed Convex temporal intuitionistic fuzzy
sets. Diaz et al. [29] characterized the aggregation of convex intuitionistic fuzzy sets and discussed its
generalized properties in detail. Smarandache [30] refined the definition of fuzzy sets and enhanced it to
refined Intuitionistic fuzzy set, refined inconsistent intuitionistic fuzzy set, refined picture fuzzy set, refined
ternary fuzzy set. This concept of refinement was very useful and helpful for more refinements in fuzzy sets
such as refined pythagorean fuzzy set, refined atanassov’s intuitionistic fuzzy set of type 2, refined spherical
fuzzy set, refined n-hyper spherical fuzzy set, refined g-rung orthopair fuzzy set etc. Rahman et al. [31]
studied the fundamental properties, operations and results of refined intuitionistic fuzzy sets with examples.
Motivating from the concept discussed in [27] 28] 30], convex and concave sets are characterized under
refined intuitionistic fuzzy set. Moreover, some important essential properties and results are discussed in
this context.

The rest of the paper is organized as: section 2 recalls basic definitions and terms relating to main result
from literature, section 3 presents novel concept of convexity cum concavity on refined intuitionistic fuzzy
set along with some properties and results and section 4 finally concludes the paper.

2. Preliminaries

In this section, some basic definitions and terms are recalled from literature for supporting main study
of this work. Here Z , G and I will play the role of universal set, R" and [0, 1] respectively.

Definition 2.1. [IL 2] A set A is fuzzy set if A is characterized by a membership function I'4 and defined
A= {(FA(OZ)),OJ € Z},FA : Z—)P(I)
where A C Z.

e The union of A and B where both are fuzzy sets with respective membership functions fa(«) and
fB(a) is another fuzzy set C, written as C = AU B, whose membership function is is given by

fc(a) = Max (fa(a), fp(a)),a € Z
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it can also be written as

fc=faV fB.

e The intersection of A and B where both are fuzzy sets with respective membership functions f4(«)
and fp(a) is another fuzzy set C, written as C' = AN B, whose membership function is given by

fo(a) =Min(fa(a), fs(a),a€Z

it can also be written as

fo=fan fB.

Definition 2.2. [1] A fuzzy set A is convex iff

faAar + (1= X)ag) > Min(fa(ar), fa(a2))
for all a1, a0 € Z and A in 1.

Definition 2.3. [23] A fuzzy set A is concave iff

fa(ar + (1= X)) ag) < Maz (fa(a1), fa(az))
for all a1, a0 € Z and A in 1.

Definition 2.4. [12] A set B is an intuitionistic fuzzy set if B is characterized by a membership function
Tp and non-membership function Fg, and defined as

B ={(Tp(a), Fp(a))), € Z} ,Tp(), Fp(a) : Z — P (I)
where B C Z.
Definition 2.5. [27] An intuitionistic fuzzy set B is convez if
() T (ha + (1= ) az) > Min (T (o) , £ (2))
(ii) Fp (Aa1 + (1 — AN ag) < Max (Fp (a1), Fp (a2))
for all a1, a0 € Z and A in 1.

Definition 2.6. [30] A refined fuzzy set A is defined as

Agps = { (T} (a) ,T% (@), ....T% (a),p>2,a € A)}

where Fil is sub-membership of degree j*-type of elements of Z w.r.t. A, and is subset of I for 1 < j < p

P 4
and Y supl) < 1,Va € A.
j=1
Definition 2.7. [30] When membership degree I' 4 () and non-membership degree F4(«) are refined/splitted
to sub-membership degrees, then refined intuitionistic fuzzy set can be defined as

ARIFS = {a (F,»l4 (Oé) aF?4 (Oé),...,Fi (Oé) 7]:}4 (Oé) a]:i (()5),,,,,]:154 (a)) ypts=3,ac A}
p s
with p, s are positive nonzero integers and > supT* + > sup F! < 1, and Fﬁlmps’fxl‘lmm C [0,1] for
k=1 =1

1<k<pand 1 << s where FZRIFS is sub-membership of degree k*-type of the elements w.r.t A, and
is subset of I for 1 < k < p and ]-'ARI
and is subset of I for 1 <[ <s

g 18 sub non-membership of degree ['_type of the elements w.r.t A,
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3. Convex and Concave Refined Intuitionistic Fuzzy Sets

In this section, convex and concave refined intuitionistic fuzzy sets are defined. Some important results
are discussed.

Definition 3.1. A refined intuitionistic fuzzy set Arrrg in G is Convex if for all u,v € G and all w on the
line segment wv

FﬁRIFS (w) Z min <Fk/:1R1FS (u)71—‘§1R1F5 (U)) 71 S k; S p

fllARIFS ('UJ) S max (IAR[FS (u)7f1l4RIFS (U)) 71 g l S S

where
I‘\k

Apipg 18 sub-membership of degree k*-type of the elements w.r.t A, and is subset of I for 1 < k < p and

P
Ysupl'* < 1. F xl‘le is sub non-membership of degree I*"-type of the elements w.r.t A, and is subset of

FS
k=1

s P s
Ifor1<l<sand ) sup F! < 1 with condition > supI'* + > sup F! < 1.

I=1 k=1 I=1
Definition 3.2. A refined intuitionistic fuzzy set Arrrs in G is Ortho-Convex if for all u,v € G and all w
on the line segment uww lie on line which is parallel to co-ordinate axis

ARIFsS

FzRIFS (w,) > min (Fk (u,) 7Fk (U/)) 71 <k< p.

Finges (@) S max (Fhyypg (o) Fhgyps (o)) 11 < s

where
Fk

Apspg 18 sub-membership of degree kt'-type of the elements w.r.t A, and is subset of I for 1 < k < p and

lth

P
S supI* < 1. ]-"ARIFS is sub non-membership of degree ["*-type of the elements w.r.t A, and is subset of

k=1

S
Ifor1<l<sand Y supF' <1 with condition Y supI'* + > sup F! < 1.

p s
=1 k=

1 I=1
Remark 3.3. An ortho-convex RIFS is convex RIFS but its converse may or may not true.

Definition 3.4. A refined intuitionistic fuzzy set Arrrs in G is Concave if for all u,v € G and all w on
the line segment wv

FQRIFS (w) S max (FZR[FS (U) ’FZRIFS (U)) 71 S k S p

Fhrprns (W) = min (Fh (), Fy (0)) 115

where
I‘\k

Apspg 18 sub-membership of degree kt'-type of the elements w.r.t A, and is subset of I for 1 < k < p and

p
S supl* < 1. F
k=1

R sub non-membership of degree I*"-type of the elements w.r.t A, and is subset of

S
Iforl1<l<sand ) sup F! < 1 with condition > sup ¥ + > sup F! < 1.

s p
=1 k=1 =1

Definition 3.5. A refined intuitionistic fuzzy set Agrrs in G is Ortho-Concave if for all u,v € G and all w
on the line segment uw lie on line which is parallel to co-ordinate axis

D s () < maxe (Th o () Th ()01

IN

k

IN

D.

IN

Frprrs () = min (Fh () Fhyyg () 11
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where
Fk

Apsps 18 sub-membership of degree kt'-type of the elements w.r.t A, and is subset of I for 1 < k < p and

P
Yosupl'* < 1. F ilmps is sub non-membership of degree I*"-type of the elements w.r.t A, and is subset of
k=1

S S
Ifor1<1<sand Y supF' <1 with condition 3 supI* + > sup F! < 1.
=1 k=1 =1

P
Remark 3.6. An ortho-concave RIFS is concave RIFS but its converse may or may not be true.
Theorem 3.7. The Complement of convexr Arrrs is concave RIFS.

Proof. If A is convex refined intuitionistic fuzzy then for any two points u and v and another point w which
lies on wov

FQRIFS <w) Z mln (FIIZR]FS (u) 7F1§4R1F5 (U)> 71 S k S p

=)
f’;(w)g1—min(1—f’;(u),1—fﬁ(v)),1gkgp (3.1)
now if . .
1-T,4(u) <1-Ty (v)
then . . i
min (1 T (u),1-T (v)) =1-T" (u)

and there from (3.1

—k —k

Iy (w) < Ty (w)

similarly if
1T (v) 1T (w)

then . . .
min (1 —T% (u),1 —fA(v)) =1-T, (v)
so from ([3.1))
k —k
Ly (w) <Th (v)
Hence,

T (w) < max (T (u), T (0)) 1 <k < p

Similarly If A is convex refined intuitionistic fuzzy then for any two points w and v and another point w
which lies on uo

‘FIZ4RIFS (w) < max (‘leélmps (u) 7‘7:114R1Fs (v)) 1<i<s

then
?Z(w)21—max(1—?lA(u),1—7lA(v)),1§l§s (3.2)
now if . -
1—F, (u)>1—F,(v)
then l l l
max(l—?A(u),l—?A(vD =1—F, (u)
and from (|3.2])

similarly if
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then . . .
max (1= Fy (), 1= Fy (0)) =1 - Fy (v)

so from ([3.2))

Fa(w)>Fy(v)
Hence l l l
F 4 (w) > min (?A (u),F 4 (v)) ,1<1<s
which means compliment of Agrjpg is concave RIFS. O

Remark 3.8. The Complement of ortho-convex Agrrg is ortho-concave and hence concave RIFS.

Theorem 3.9. The union of two conver refined intuitionistic fuzzy sets is a convexr refined intuitionistic
fuzzy set.

Proof. Let Arrrps and Brrps be two convex refined intuitionistic fuzzy sets and H = Agrrps U Brirs.
Consider two points v and v and w which lie on wo, Now

T (u) = min (r’;lms (u),T% (u)) 1<k<p

—
B
—
<
~—
I

min (Fk (v),T% (v)) A<k<p

ARIFs

HRirs ARIFS Brirs =
Now
min (F’;{Rms (u) ,F];IRIFS (v))
= min (mln (F];lmps (u) ,F%RIFS (u)) , min (I‘]Z‘RIFS (v) ’F%RIFS (v)))
= min (T, (1) Ty g (), T ()T, (0) (3.3)
let
hiprrs () < Ty g ()
in so that

as A is convex refined intuitionistic fuzzy set so
r* > min (T* ¥
ARIFsS (w) = min ARIFS (u), ARIFS (v)

Z min <Fi€4mFs (u) ’F%RIFS (u) 711];‘RIFS (v) ’F%RIFS (U))
i.e.

P gyre (W) = Dl oo (w) = min (Thy ()T, (0)

similarly for T' (w) < FZRIFS (w) in equation 1' so that

BRrirs
rk (w) =Tk (w)

HgrFrs BRrirs

as B is convex refined intuitionistic fuzzy set so (3.3)) becomes

F%RIFS (w) Z min (F%RIFS (u) ’F%RIFS (v)>
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> min <F]ZRIFS ( ) FBRIFS ( ) ’FIZRIFS ( ) FBRIFS ( ))
i.e.

Fitages (0) = min (T, o () Dy, o (0)

Similarly
Let Agrrrs and Brrps be two convex refined intuitionistic fuzzy sets and H = Arrps U Brirs.
Consider two points v and v and w which lie on wo, Now

—
IN
IN
VA

Fhtgps (0) = max (Fh s (0), Pl (0)

Fhtgurs () = 05 (Fhpypg (0) Pl (0)) 1< 1< 5

Now
max (}—IZLIRIFS (’U,) ’f]l;IRIFS (U))
= max (max <.7'_,Z4R,FS (u) ,fngIFS (u)) ,max (‘leélmps (v) "7:1l3mFs (U))>
— max (’F%RIFS( ) ‘FBRIFS( )’IARIFS( ) fBRIFS( )) (34)
let

‘le“RIFs (w) < ‘FIBRIFS (w)

n (3.4) so that
F}{RIFS (w) = ‘FARIFS (w)

as A is convex refined intuitionistic fuzzy set so
l l 1
'FARIFS (w) < max ('FARIFS (u) "FARIFS (U)>

< max (Fy g (0), Fhpy g (0), Fhgy g (0, Fhigy s (0))
1l.e.

'FARIFS (w) = ]:HRIFS (w) < max (“FHRIFS (u )]:HRIFS (v ))

similarly for F lBRIFS (w) > F! Ap s (W) I equation 1' so that

]:HRIFS( ) “FBRIFS( )

as B is convex refined intuitionistic fuzzy set so (3.4) becomes
! ! 1
]:BRIFS (w) < max (‘FBRIFS (u) "FBRIFS (U)>

< max <]:zl431Fs ( ) ]:BRIFS ( ) ”FARIFS ( ) ]:BRIFS ( )>
i.e.
T < F F
HRgirs (w) = max HRgirs (u) HRgirs (v)
hence the proof. O

Theorem 3.10. The union of two ortho-convexr RIFS is a ortho-convex RIFS and hence convex RIFS.
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Proof. Let Arrrs and Bgrrrs be two convex refined intuitionistic fuzzy sets and H = Agrrrps U ARrrs
Consider two points 1’ and v" and and another point w’ which lie on «/v’ which is parallel to coordinate axis
Now

) 1<k<p

RE

FI;'IRIFS (u/) = min (PZRIFS (ul) BRIFS (ul)
)

I"Igilmps (UI) = min (FQRIFS (U/) FBRIFS (’Ul

HRirs ARIFsS BriFs
Now
min (FHRIFS (u/) ’FIJCLIRIFS (U/)>
= min (mln (Fﬁmes (u/) ’F%RIFS (u/)) , Min (FA]ZRIFS (U/) ’F%RIFS (v/)>>
= min (PA]ZRIFS (ul) F%RIFS (ul) ’FIIZRIFS (Ul) F%RIFS (U/)) (3.5)
let

n (3.5) so that
as A is ortho-convex refined intuitionistic fuzzy set so

D s () = min (Th o () T ()

= min (F‘]ZRIFS ( ) FBRIFS ( ) FARIFS (v/) ’F%RIFS (U/)>
i.e.

s (@) = Dl g () = min (Thy, o () D (0)

. . k k
similarly for I'p (w') <T

ARIFsS

(w’) in equation l} so that

FHRIFS ( ) FBRIFS (wl)

as B is ortho-convex refined intuitionistic fuzzy set so

FBRIFS ( /) > min <FkBRIFS (u/) ’F%RIFS (U/))

> min (Flc‘lRIFs ( ) FBRIFS (Ul) 7F]2R1p5 (U/) ’F%RIFS (UI)>
i.e.

FBRIFS ( ) FHRIFS ( ,) > min (FZRIFS (u/) FI;{RIFS (v/>>

Similarly
Consider two points «’ and v" and and another point w’ which lie on u/v” which is parallel to coordinate axis
Now
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Now
max (}—JILIRIFS (u/) ’]:}{RIFS (v/>>
- max (maX (J:’ZLXRIFS (ul) ’]:lBRIFS (u/)) » tHax (]:zl‘XRIFs (U/) 7]:lBRIFS (U/)>)
- hax (]:‘lARIFS (u/) "FlBRIFS (ul) ’]:zl‘XRIFs (U/) "FJl3R1Fs (U/)) (3.6)
let

.FARIFS (w/) Z FlBR,IFS (w/)

in so that
‘FHRIFS ( /) = ‘le‘\RIFS (w,)

as A is ortho-convex refined intuitionistic fuzzy set so

‘le“RlFs (w/) S max (‘FII‘\RIFS (u/) "le‘\RIFs (U/))

< max (‘Fxl‘lRIFS ( ) ]:BRIFS ( /) "F1l4RIFS ( ) ]:BRIFS ( /)>
ie.

1 ! 1 !
F Arirs (w/) = FHpips (w/) < max (‘FHRIFS (u/) FHprrs (U/))
similarly for Fp (') > Fly (w') in equation (3.6) so that

F}IRIFS (w/) = IZBRIFS (w/)

as B is ortho-convex refined intuitionistic fuzzy set so

]:BRIFS ( ) < max (‘FBRIFS ( ) fBRIFS ( /)>

< max (-F,lqRIFS (ul) 7’FZBR,IFS (u/) ”FARIFS (1)/) ”FZBRIFS (UI))
i.e.

Fhprrs (W) = Fhigy s () < max (Flyp,g (o) Flyg s (V)

since every ortho-convex refined intuitionistic fuzzy set is also convex refined intuitionistic fuzzy set which
leads to completion of proof. O

Remark 3.11. The union of family of convex refined intuitionistic fuzzy sets is a convex refined intuitionistic
fuzzy set.

Remark 3.12. The union of family of ortho-convex refined intuitionistic fuzzy sets is ortho-convex refined
intuitionistic fuzzy and hence convex refined intuitionistic fuzzy set.

Theorem 3.13. The Complement of concave Arrrs is convex RIFS.

Proof. If A is concave refined intuitionistic fuzzy set then for any two points « and v and another point w
which lies on uv, then

f’;(w)z1—max(1—ff1(u),1—fA(v)),1gkgp (3.7)

now if . i
1-T (u) £1-Ty(v)



A.U. Rahman et al., Journal of Prime Research in Mathematics, 17(2) (2021), 122-137 131

then . . .
max(l—TA(u),l—FA(v)> —1-T% (v)

and from (|3.7])

similarly if
1T () <1-T% (u)

then i N N
max <1 —T,(u),1 —TA(U)) =1-T, (u)
so from ([3.7))
k —k
Iy (w) 21y (u)
Hence

T (w) > min (T (1), T (1)) 1 <k < p

which means compliment of Agrrg is convex RIFS.

Similarly

If A is concave refined intuitionistic fuzzy set then for any two points u and v and another point w which
lies on uw, then

Ffﬁlmps (w) > min (]—"ARIFS (u) ,FARIFS (v)) ,1<1<s

so we have l l l
?A(w)g1_min(1—?A(u),1_?A(v)),1gzgs (3.8)
now if l l
1—F, (u)>1—F,(v)
then
. —l — —
mln(lf]:A(u),lf]:A(vD =1—F,(v)
and there from (3.8])

Foy(w) < Fy (v)

similarly if
1-Fy () >1—Fy(u)

then l l l
min (1= Foy (), 1= Fy (0)) =1 F (w)
so from ([3.8))
7l J—
Fa(w) <Fy(u)
Hence l . l
F 4 (w) < max (7/1 (u),Fh (v)) ,1<1<s
which means compliment of Agrjpg is convex RIFS. O

Remark 3.14. The Complement of ortho-concave Agrrg is ortho-convex and hence convex RIF'S.

Theorem 3.15. The union of two concave RIF-sets is a concave refined intuitionistic fuzzy set.
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Proof. Let Agrrrs and Brrrs be two concave refined intuitionistic fuzzy sets and Hrrrs = Arrrs U Brirs.
Consider two points v and v and another point w on wv

now

Dhtagps () = max (T, (). Thy, () 1<k <p

111;JRIFS (’U) = max (FQRIFS ('U) ’F%RIFS (U)) 7]- S k S p

PIIC—IRIFS (w) = max (F{ZR]FS (w) 7P%RIFS (w)) 71 S k S p
now

max (P];IRIFS (u) ’F’;{Rms (1)))
= max (masx (T g (). Dy (0)) max (D g (0T 0)))

= max (FARIFS ( ) FBRIFS (u) 7F];1RIFS (U) ’F%RIFS (’U)) (3'9)

let

FARIFS ( ) FBRIFS (w)

in equation (3.9)) so that

FHRIFS ( ) FARIFS (w)

as A is concave refined intuitionistic fuzzy set so equation . ) becomes

FHRIFS ( ) = 11Aljh!%urFs (w) < max (FZRIFS (u) ’FZRIFS (U))

k k
PHRIFS ( ) < max (FARIFS ( ) FBRIFS ( ) ’FARIFS ( )FBRIFS ( )>
i.e.
FHRIFS ( ) < max (FHRIFS ( )FHRIFS (U)>

similarly for F%RIFS (w) > FIZRIFS (w),in equation 1} so that

FHRIFS ( ) FBRIFS (w)

as B is concave refined intuitionistic fuzzy set so equation (3.9 becomes

1—\I{RIFS (w) = 1—\%RIFS ('LU) S max <FBRIFS ( ) I_\ARIFS ( )>

FHRIFS (w) < max (FARIFS' (u), FBRIFS’ (u), FARIFS (v )FBRIFS (v ))

i.e.
Ditages () < max (Do () Ty g (0))
Similarly
Consider two points v and v and another point w on uwv
now
Fltgure (w) = max (Fh, o (), Fhyypg () 1< 1< s
Fhyo oo (v) = max (fixms (), Fh, o (v )) 1<i<s (3.10)

Fhtgres (w) = max (Flgy g () gy g (0)) 1< 1< 5
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now
025 (Flyg s () Fhyg s (0)
= max (max (]:ARIFS (u) ’IZBRIFS (u)) , max (‘le‘mes (v) ,fjlngS (v)))
= max (Fly g () Pl (0 Pl (), Fhigy e (0)
let
‘le‘\RIFs (w) 2 FlBRIFS (w)
in equation (3.10) so that
Ftrnres (@) = Flgyes ()
as A is concave refined intuitionistic fuzzy set so equation ([3.10) becomes
}—llqRIFs (w) = ]:xl‘lRIFs (w) < max (‘le‘lRIFs (u) ’]:xl‘lRIFS (’U))
]:ll'{RIFS (w) < max (‘FIIL‘RIFS (u) "FZBRIFS (u) ’”FAZARIFS (U) ‘FIBRIFS (U)>
ie.
Fltgrre (W) < max (Fhy o (0) Fiyyy oo (0)
similarly for F lBRIFS (w) > F ARIFS (w),in equation lb so that
f]lLIRIFS (w) = leRIFS (w)
as B is concave refined intuitionistic fuzzy set so equation (3.10|) becomes
Pt () = Fhgypg () S max (P (), Fhy g (0))
Fltgres (W) < max (Fhy, o (), Fhyy e (0), Fhpy g (0) Fhpy g (0)
ie.
Fttprrs (W) <max (Fhp g (0) Fhrpyp (V)
Hpips \W) = MAXN\ S o pg W) S Hp pg \V
hence the proof. O

Theorem 3.16. The union of two ortho-concave RIFS is a ortho-concave RIFS and hence concave RIFS.

Proof. Let A and B be two ortho-concave RIFS and H = AU B

Consider two points ' and v" and another point w’ on «/v’ with condition that u/v’ is parallel to coordinate

axis.

Now
P’IC{RIFS (u/) = max <FAI’C4RIFS (u/) 7F%RIFS (u/)> 71 <k< p
FI;—IRIFS ('U/) = max <Ff€4RIFS (UI) ’P%RIFS ('U/)) 71 S k S p
FI;{RIFS (wl) = max <F§\R1Fs (w,) 7F%RIFS (wl)) A<k<p

now
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= max <FIIZRIFS ( ) FBRIFS ( ,) ’FIIZRIFS (U/) ’FkBRIFS (v,)> (3‘11)
let
FQRIFS ( ) FBRIFS (w/)

in (3.11) so that
FHRIFS (w/) = Fﬁ\mps (wl)

as A is ortho-concave refined intuitionistic fuzzy set so

Diaes () = Ty () < max (TK o () T (v)

Dhiages (0) < max (T () Thy o (0) Ty () Ty (V)
i.e.

FZRIFS (wl) < max (PI;'IRIFS ( )PHRIFS (UI)>

(w'),in equation 1' so that

FHRIFS ( ) FBRIFS (w/)

as B is ortho-concave refined intuitionistic fuzzy set so equation (3.11)) becomes

FHRIFS ( ) FBRIFS (w/) S max (FkBRIFS (U/) ’FZRIFS (U/)>

. . k k
similarly for I'p (w') > T

ARIFsS

F];—IRIFS (wl) S max (Flki{RIFS ( ) F%RIFS ( ) FARIFS ( )F%RIFS (U/)>

i.e.

F};{RIFS (w/) < max (FHRIFS ( )FHRIFS (U,))

Similarly
Consider two points v’ and v" and another point w’ on «/v’ with condition that u/v’ is parallel to coordinate
axis.

Now
Fltgurs () =min (F o (W) Fhypps (1)) 11 <
]:HRIFS (U/) = min ('/_-.lARIFS (U/) BRIFS (U/)) ’
Fhigrrs () = min (Fi o (0) Fhype (0)) 1< 1< s
How : fl / J—_-l /
mln( HRrirs (u) 'Y HRIFs (U ))
= min (min (“le“RIFs ( ) }—BRIFS ( ,)> , min (‘le‘\RIFs ( ) ]:BRIFS ( /)))
= min (Fh o (0) g (0)  Fhy s (V) Pl (o)) (3.12)
let

‘7:1l4RIFS (U)/) S leRIFS (w/)
in so that

f]l;IRIFS (w,) = ‘7:II4RIFS (w/)

as A is ortho-concave refined intuitionistic fuzzy set so

fHRIFS ( /) = FARIFS (wl) Z mln (‘FARIFS (u/) 7‘FII4RIFS ('UI))
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fllqRIFS (w,) Z min (‘FII‘\RIFS (u/) "/—:IBRIFS (u,) ’J:ll4RIFS (v/) ]:lBRIFS (U/))
i.e.

Fhtgars (@) = min (Fy, o () Flygps ()

similarly for FIBRIFS (w') < ]:ARIFS (w),in equation 1' so that

F}IRIFS ('LU,) = FIBRIFS (w,)

as B is ortho-concave refined intuitionistic fuzzy set so equation (3.12)) becomes
l N _ rl / : l / l /
]:HRIFS (w ) - FBRIFS (w ) 2 min (]:BRIFS (u ) ’]:ARIFS (v )>

‘FIZZIRIFS (w/) 2 mln (fAlARIFS (u/) 7leRIFS (u/) 7‘FIZ4RIFS ('UI) leRIFS ('U/))
i.e.

f}{RIFS (wl) 2 mln (‘F}{RIFS (U/) f]l;IRIFS' (U,)>

since every ortho-concave refined intuitionistic fuzzy set is also concave refined intuitionistic fuzzy set which
leads to completion of proof. O

Remark 3.17. The union of family of concave refined intuitionistic fuzzy sets is a concave refined intuitionistic
fuzzy set.

Remark 3.18. The union of family of ortho-concave refined intuitionistic fuzzy sets is ortho-concave refined
intuitionistic fuzzy and hence concave refined intuitionistic fuzzy set.

Definition 3.19. For any point p € L where L is a line, L,, is perpendicular to L at A, the inf projection Ar,
of concave refined intuitionistic fuzzy set A in R? is mapping of each point p € L into inf {A (r),r € L,}.

Definition 3.20. For any point p € L where L is a line, L, is perpendicular to L at A, the sup projection Ar,
of concave refined intuitionistic fuzzy set A in R? is mapping of each point p € L into sup {A (r),r € L,}.

Theorem 3.21. If A is concave RIFS, so is Ap.

Proof. If u,v,w are three points of L such that w lies on uw, given any € > 0, let v/ and v’ be points on L,
and L, so that F,’ZL (u) > Tk (u') — € and FﬁK (v) > T* (v') — €. Let w’ be the intersection of line segment
w'v' with L,,. Since A is concave and w’ € v/v/, then we have

FIIZ (w’) < max (Fffl (u') ,Ffjl (U/)) 1<k <p,
< max (FZL (u) + ¢, FZL (v) + e)

= max (FﬁL (u) ,F’IZL (v)) +e

but by definition of inf projection
I‘]jjl (w’) > F].ZL (w)

hence
I, (w) < max (T, (u), T4, (0)) +¢

since € > 0 is arbitrary, we have

Tk (w) < max (r’;,L (u),T% (U))
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Similarly

If u, v, w are three points of L such that w lies on ww, given any € > 0, let v/ and v" be points on L, and
L, so that f,]flL (u) < F% (v') — € and .FZZL (v) < F& (v') — €. Let w' be the intersection of line segment u/v’
with L,,. Since A is concave and w’ € u/v’, then we have

ffl (w') > min (ffl (u') ,]:Ilfl (U')) 1<k <n,
> min (]—'QL (u) + e,fﬁL (v) + e)

= min (ffo (u) ,fflL (v)) + €

but by definition of inf projection
Fh(w') < FE, (w)

hence
Fh, (w) > min (F}, (u), Fh, (0)) +e

since € > 0 is arbitrary, we have
Fh, (w) = min (F}, (u), F}, ()

so Ay, is concave. O

Remark 3.22. If A is convex RIFS, so is Aj.

4. Conclusion

In this paper, convexity cum concavity is defined on refined intuitionistic fuzzy set and some of useful
results are established. This work can further be extended by developing certain variants of convexity like
s-convex, (s,m)-convex, strongly-convexity, strictly-convexity, concavo convex, graded convexity, triangular
convexity etc., under refined intuitionistic fuzzy set environment.
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