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ABSTRACT

FUZZY SET VALUED INTERVAL SOFT SETS

Mohammed Abbood Hussein AL-FURAIJI
Master of Science in Mathematics
Advisor: Assoc. Prof. Dr. Faruk KARAASLAN
January 2023

This thesis consists of seven sections. In section 1, a detailed literature review and the
motivation of the thesis are presented. A few fundamental definitions and procedures
for soft sets and fuzzy sets are introduced in Section 2. In Section 3, the definition of set-
valued intervals is given and their operations are presented. In Section 4, the definition and
operations of set-valued interval soft sets in light of the literature review are explained. In
Section 5, the concept of fuzzy set-valued intervals is described, and their operations are
explained with examples. In Section 6, fuzzy set-valued interval soft sets are discussed,
along with their operations, and the properties of the operations are further investigated
with examples. In Section 7, information about the thesis’s overall framework is provided

and the thesis’s findings are discussed.

2023, 41 pages

Keywords: Fuzzy set, Soft set, fuzzy set-valued interval, Fuzzy set-valued interval soft

sets, Set operations



OZET

BULANIK KUME DEGERLI ARALIK ESNEK KUMELER

Mohammed Abbood Hussein AL-FURAIJI
Matematik, Yiiksek Lisans
Danigman: Dog¢. Dr. Faruk KARAASLAN
Ocak 2023

Bu tez yedi boliimden olugsmaktadir. Boliim 1°de ayrintili bir literatiir taramasi ve tezin
motivasyonu sunulmaktadir. Boliim 2’de bulanik kiimeler ve yumusak kiimeler i¢in bazi
temel tanimlar ve iglemler tanitilmaktadir. Bolim 3’te kiime degerli araliklarin tanimi
verilmis ve islemleri sunulmugtur. Boliim 4’te literatiir taramasi 15181inda kiime degerli
aralikli esnek kiimelerin tanimi ve islemleri agiklanmistir. Boliim 5°te bulanik kiime
degerli araliklar kavrami anlatilmis ve islemleri 6rneklerle agiklanmistir. Bolim 6’da,
bulanik kiime degerli aralikli esnek kiimeler kavrami ve bunlarin iglemleri ele alinmakta
ve islemlerin ozellikleri incelenerek Ornekler verilmektedir. Boliim 7’de tezin genel

cercevesi hakkinda bilgi verilmis ve tezin bulgular1 tartisilmigtir.

2023, 41 sayfa

Anahtar Kelimeler: Bulanik kiime, Esnek kiime, Bulanik kiime degerli aralik, Bulanik

kiime degerli aralik esnek kiime, Kiime islemleri
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1. INTRODUCTION

Molodtsov  (1999) suggested "soft set theory" as a universal technique for handling
uncertain problems as an alternative approximation to fuzzy sets defined by Zadeh
(1965). In 2002, Maji et al. (2002) used rough mathematics and the theory of soft set to
solve a decision-making problem. Maji et al. (2003) defined the operations on soft sets
found in set theory, including union, intersection, and complement. They then
demonstrated a few of the suggested operations’ qualities. Chen et al. (2005) gave a
procedure connected to the soft set parameterizations reduction utilized to address a
decision-making issue. In 2007, the first study on soft algebra started with the soft group
structure defined by Aktas and Cagman (2007). Al et al. (2009) draw attention to
various flaws in (Maji et al. 2003) and defined some novel operations such as extended
of union and intersection, restricted of union and intersection of two soft sets. Cagman
and Enginoglu (2010) developed a decision-making approach known as the uni-int
decision-making method under a soft environment and redefined the set theoretical
operations of soft sets as more effective in decision-making challenges. Sezgin and
Atagun (2011) applied De Morgan’s law to some soft set operations. Additionally, they
looked at a few characteristics of the businesses that were done by Ali ef al. (2009) and
defined the restricted difference and restricted symmetric difference operations between

two soft sets.

The fuzzy soft sets notion was explained by Maji et al. (2001a). Roy and Maji (2007)
developed a new decision making for object identification from imprecise multi-observer
information. The concepts of interval-valued fuzzy soft sets and interval-valued fuzzy
sets with soft sets were blended by Yang ef al.  (2009). Chetia and Das (2010)
demonstrated the potential of interval-valued fuzzy soft sets for medical diagnosis. For
other studies related to "interval-valued fuzzy soft sets" and "fuzzy soft sets", see (Basu
et al. 2012, Cagman et al. 2011, Cagman and Enginoglu 2012, Kalaichelvi et al.
2012, Kong et al. 2011, Li and Xie 2015, Liu ef al. 2017, Ma and Sulaiman 2011,
Neog and Sut 2011, Peng and Garg 2018, Rehman et al. 2013, Sooraj and Tripath
2018, Sulaiman and Mohammed 2012, Tripathy et al. 2016, Xue et al. 2017, Zhang
2013, Zhou et al. 2012).



Yao (1993) established the idea of interval sets and its operations. He also examined
fundamental properties of interval set algebra and discussed the relationship between
interval set, rough set (Pawlak ef al. 1995) and fuzzy sets (Zadeh 1965). For other
works related to interval sets, see (Yao and Li 1996, Yao and Wong 1997, Yao and
Wang 1997, Yao 2009). Zhang and Fu (2012) introduced the concept of interval soft
set. Then, the interval soft sets tabular form was explained by Zhang (2014), the
innovative interval choice value notions were made clear, and two methods were
employed to apply the theory of interval soft sets to a decision-making problem.
Additionally, he constructed several lattice structures and explained certain interval soft
set procedures. In the area of interval soft set theory, he also established the concept of
"soft equality." The lattice-valued interval soft sets were introduced by Zhang and Wang
(2014) which include several soft set extensions like soft sets and interval soft sets
(Zhang and Fu 2012), f-soft sets (Maji et al. 2001a), L-fuzzy soft sets (Li et al. 2012),
interval-valued f-soft sets (Yang ef al. 2009), vague soft sets (Xu et al.  2010),
intuitionistic f-soft sets (Maji er al. 2001b), interval-valued intuitionistic f-soft sets
(Jiang et al. 2010), rough soft sets (Pawlak er al. 1995) etc. He also detailed how
interval soft sets functioned and, using the defined procedures, he was able to determine
some of the lattice structure of interval soft sets. (Yaylali ef al. 2021) employed tabular

representation of the soft interval set, a decision-making algorithm was built.

An interval is an important tool to represent the possible values of a variable. In a closed
real interval set, boundaries are any real numbers such that its lower bound is less than or
equal upper bound. Set valued intervals have set valued boundaries. Namely, lower and
upper bound of a set valued interval are the classical sets. For the modelings of some
problems classical set and logic are not sufficient. With this point-wise, in this thesis we
define the concept of fuzzy set-valued intervals and their operations. Then, as we
combine the ideas of soft set and fuzzy set-valued interval, we introduce the notion of

fuzzy set-valued interval soft set.

Following is how the rest of the thesis is structured: Some basic definitions and procedures
for fuzzy sets and soft sets are presented in Section 2. Section 3 gives related concepts to
set-valued intervals and operations of them. In Section 4, "set-valued interval soft sets"

are explained in light of the study in the literature. In Section 5, the notion of the fuzzy set-



valued intervals is defined and their operations are introduced by supporting them with
examples. The idea of fuzzy set-valued interval soft sets and associated operations are
covered in section 6. Also, the properties of the operations are investigated and examples
are given. In Section 7, information general frame of the thesis is given and the results of

the thesis are discussed.



2. PRELIMINARIES

In this section, the notions of fuzzy set and soft sets are recalled and some of their
properties are given. Throughout this paper £, E and P(%) denote initial universe, set of

parameters and power set of £, respectively.

2.1 Fuzzy Sets

Definition 2.1. (Zadeh 1965) Let . be a non-empty universal set. A fuzzy set (FS) ¥

on . is described by a membership function as follows:
Wy : . —1[0,1]
An FS can be expressed as a group of pairs as follows:
¥ ={(6,up(6)):s €7},

where iy (&) indicates the level of the element’s membership s € 2" to FS W.

Example 2.2. A student studies in a high school. For his level in English language, he
takes a course to improve it for two months. During the course, he takes 5 English tests.
His level changes from weak to high. Test results can be expressed as a fuzzy set as

follows.
Y = {(test;,0.5), (test,0.6), (test3,0.7), (tests,0.8), (tests,0.9)},

Definition 2.3. Operations on Fuzzy Sets (Zadeh 1965)
Given £ to be universe of discourse, & and X are two fuzzy sets with membership

function uz(s) and py (s) then,

Union: The union of two fuzzy sets E and X on & is a new fuzzy set ZU X also on @

which membership function defined as follows:

Hzox (s) = max(pz(s), tx(s))



Intersection: The intersection of two fuzzy sets & and X on £ is a new fuzzy set £ X

also on & which membership functions defined as follow:

Mz (s) = min(uz(s), px (5))

Complement: Complement of a fuzzy set Z is £ which membership function defined as

follow:

Hze(s) = 1 — p(s)

Equality: Two fuzzy sets & and X are said to be equal i.e, & = X if and only if

Uz (s) = Wx (s) which means their membership values must be equal.

Product of two fuzzy sets:The product of two fuzzy sets £ and X is a new fuzzy set EX

with membership function:

Hzx (s) = Hz(s)-Hx(s)

Product of Fuzzy Sets with a Crisp Number

Hnz(s) = n.uz(s)

Power of a Fuzzy Set:The fuzzy set’s alpha power of E is a new fuzzy set £% whose

membership function is:
za(s) = [uz(s)]”

that is, individual memberships power of «.

Difference of Fuzzy Sets:

The difference of two FSs E and X is a new FS E — X which is defined as

N X

[x]

X =

(x]



Disjunctive Sum of = and X: It is a new FS defined as follows:

[x]

X =(ENX)U(ENK)
Proposition 2.4. Let = and X two fuzzy sets over . Then,

1. (EUR) =Z°NXC
2. (ENX)°=EUKRC

2.2 Soft Sets

Definition 2.5. (Molodtsov 1999) Let & be an initial universe and E be a set of
parameters, E C E and P() be a power set of universal set. A pair (L,E) is called a soft

set over &, where L is a mapping given by L : E — P().

Cagman and Enginoglu (2010) redefined the concept of soft sets and its set operation
which is more effective for decision-making problems. Therefore, we use definitions and

operations given by Cagman and Enginoglu (2010) in our thesis.

Definition 2.6. (Cagman and Enginoglu 2010) Let & be a universal set, E be a parameter

set, & C E. A soft set Lz over g is defined set of ordered pairs as follows:

Lz ={(e,lz(e)) e € E,lz(e) € P(0)}

where Iz : E — P() such that Iz(e) = 0 if e € E\ E. Here, Iz is called approximate

function of the soft set Lx.

Note that if Z(e) = @, then the element (e,lz(e)) is not appeared in Lp. DY denotes the

set of all soft sets over 4 and parameter set E.

Definition 2.7. (Cagman and Enginoglu 2010) Let Lz,Lyx € E‘(Eg , =, X C E. Then,

1. If Iz(e) = 0 for all e € E, it is said that Lz is a null soft set, denoted by .
2.Iflz(e) = gpforall e € E. Lz, it is said that Lz is an absolute soft set, denoted by £.

B
=

3. Lz is soft subset of Ly, denoted by Lz CLy if Iz(e) C Ix(e) forall e € E.



4. Lz =Ly if LeCLy and Ly CLz.

5. Soft union of Lz and Ly, denoted by LzULy, is a soft set over & and defined by
LzULy : E — P(g) such that Iz, (e) = Iz(e) Ulx (e) forall e € E.

6. Soft intersection of Lz and Ly, denoted by LzNLy, is a soft set over & and defined by
LzNLy : E — P() such that Iz x (e) =Iz(e) Nix(e) forall e € E.

7. LY denotes the soft complement of Lz and defined by L : E — P(#) such that
I°(e)z = @\Iz(e) foralle € E.



3. SET VALUED INTERVALS

Set valued intervals and related operations are discussed in this section. Additionally,

some of their attributes are listed.

Definition 3.1. (Yao 1993) Let & be a crisp set, P(£) be the power set of & and
E, X C . Then, set valued interval (SVI.) g over 4 is defined by:

g=[E, X]; such that Z C X 3.1)

Note that, for Z, X C &, expression (3.1) may be rewritten in more concise form as:

(x]

g={YCp:ECYCX)

Thus, g is a subset of P(). In particular, if £ = X the set valued interval g reduces to the

classical set.

(x]
(x]

—
— ||
[E,

]

which is called a set interval or a set singleton. For example ¢ = [¢, 9], = [©, £

Form now on, & denotes the family of all set valued intervals.

Example 3.2. Let o = {{1,0,03,04,05,06,07,03,09,10} be a non-empty set,
g = [{l2,43,04},{02,03,04,07,08}] , since {{3,03,04} C {{r,03,04,07,03} C g then, gis a

set valued interval over .

Definition 3.3. An SV-interval g = [E,Ey/] over 2 is said to be null-SV-interval denoted
by [®],if £, = ¢ and Ey = ¢.

Definition 3.4. An SVI g = [E,,Ey] over @ is said to be absolute-SVI denoted by [g], if
Ep=pand Ey = @.

Definition 3.5. (Yao 1993) Let g = [E.,Ey] and X = X, Xy] are two SVIs over .
Then, g = [E.,Ey] is an SV-subinterval of X = [N, Xy], denoted by g C; X if



Er C Xp and Ey C Ny

Example 3.6. Let @ = {{1,05,03,04,05,05,07,03} and g = [{{2,(3},{¢2,03,04,¢7}] and
X = [{62,63,64}, {52,63,64,55,67}] be two SV-intervals. Since {62,63} - {52,63,54} and
{€2,v3,04,07} C {l2,03,44,05,07}, then

gL X

Definition 3.7. (Yao 1993) Let g = [E.,Ey] and X = [X, Xy] are two SVIs over p. if
gC; X and X C; g then, g = X.

Proposition 3.8. Let g = [E,,Ey]| and X = [X, Xy and Q) = [V, Yy] are three SVIs
over . Then,

L [®Cig

2.95 [
3.95 g
4.95; X and XLE;9=9L;

Definition 3.9. Let g = [£;,Zy] be an SVI. Then, width of SVI g, indicated by ®(g) is

specified as:

Example 3.10. Let us consider SVI g in Example 3.2. Then,

o(g) = [{f7, 4} =2

Definition 3.11. Let g = [E;, Ey| be an SV-interval. Then, image of SVI g denoted by g~

is defined as:

Example 3.12. Let us consider SVI g in Example 3.2. Then,

g =[{l1,05,46,09,l10},{l1,05,06,07,08,09,010}]



Proposition 3.13. Let g and X be two SV-intervals over . Then,

L.(g7)" =g
2. @] =[g]
3. @ =@
4.9 XR=X"0C;g

Proof. The proof is obvious from the definition of image.
]

Definition 3.14. Let g = [£;, Zy/| be an SVI. Then, magnitude of an SVI g denoted by |g|

is defined as:

Example 3.15. Let us consider SVI g in Example 3.2. Then,

lg| = Wt} 92 _ 4

Definition 3.16. (Yao 1993) Let g = [E1,Ey] and X = [X, Xy] be two SV-intervals.
over . Then, gU X is the union of g and X and defined as:

g@N:[ng:ELUNLQYgDUUNU]

Definition 3.17. (Yao 1993) Let g = [E1,Ey] and X = [X, Xy] be two SV-intervals.

over . Then, gM X is the intersection of g and X and defined as:
g@N:[Yg(@SELﬂNLngEUﬂNU]

Example 3.18.Given two SVIs g = [{{,6},{0,0, 0,050}, and
N = [{52,53,64},{52,53,24,65,67}] over 0 = {51,62,&,(4,65,56,67}. Then,

guUX = [{{1,02,03,04}, 0]
= {{51762763764}7 {617627£3764765}7 {617627637€4>£6}7 {617£27£37£47€7}7
{£17€27€3;£47€57€6}7 {615627637647657@7}; {61762763764766367}”@}

and

10



gm X = [{la},{l2, 03,05} = {{la},{la, b3}, {2, {5}, {2, 03,05} }

The following proposition gives some properties of union and intersection operation of

SVIs.

Proposition 3.19. (Zhang 2014) Let g = [E1,Ey] and X = [Xz, Xy] and Q) = [V, Y]
be three SV-intervals over. Then,

gng=gandgUg=g

gARX =XmMgand gU X = R Ug

gnd=Pandgnp=g

gUd =gand gU p = @

gM(XAY) = (g X)AY) and gU (X UY) = (gU X) YY)
gN(XWY)=(gMX)U(gMY)and gu(XMY) = (gUX)M(gUQ)

S Nk v =

Proof. 1. Since £y NE;p = Er and Ey NEy = Ey then, gM g = gand since &, UE = &,
and Ey UEy = Epy then, gUg = g.

2. Since E;NE;, = X_LNE; and Ey NBy = By NAy and £ U X = Xy UZE; and
EyURy =By UAyp then, gn X = XMgand gV X = X U g, respectively.

3.Since E; NP =¢ and EyN¢ = ¢ then, gNP =P. Since EN@=E and Ey N =Ey

then, gm o = g.
4. Since £, U¢ =E; and Ey U = Ey then, gUP =g. Since E,Up=@and Ey Up = @
then, gU 0 = p@.
5.
gfm(x@i‘z) = [ELQ(NLQYL),EUQ<NUQYU)]
= [(ELQRL)QYL,(DUﬂxu)ﬂYu]
= [ELQNL,(EUQNU)]@[YL,YU]
= (gAX)MY
and

11



gu(RXWUyY) =

gn(XWY) =

[ELU(NLUYL),EUU(NUUYU)]
(ELU NL)UYL,(EUU NU)UYU]

[
[ELU NL,(EUU NU)]@J[YL,YU]
(gUXR)UY

[ELH(NLUYL),EUQ(NUUYU)]
[
[

(gAR)U(gMY)

(ELﬂ NL)U(ELQYL),(EUQ NU)U(EUHYU)]

ErNN,EpN NU]LUJ[ELHYL,EUQYU]

The proof of gU (X MY)) = (gU X) M (gWQ)) can be easily obtained as similar in above.

]

Proposition 3.20. Let g = [E;,Ey] and X = [X, Xy] be two SV-intervals over . Then,

N

Proof. Letg=[E1,Zy]| and X = [X, Xy] be two SV-intervals over .
1.

(QUR)” =g MR~
(gAX)" =g UR"

(gLL_U N)_ = ([ELU N7, =y U NU])_

P\ (EyURy), @\ (ELUXL)]

12



(gl’rﬂ N)_ = ([ELﬂ N, EpN NU])_

O

Definition 3.21. (Yao 1993) Let g = [E;,Ey] and X = [X, Xy] be two SV-intervals over
. Then, g X denotes the difference of g and X and defined as:

gIX =[(EL\Xy), (Ey\XL)]

Example 3.22.Given two SVIs g = [{l,6},{0,0,0,0s,0}] and
X = [{£27‘€3;£4}7{627637‘64765767}] over = {£17€27£37£4765766>£7}' Then,

DR =[(EL\Ry), (Ey\RL)]
=[({l1,02}\{l2,03,04,05,07}), ({£1,42,03,05,l6}\ {2, (3, (4 })]
=[{l1},{l1,45,06}]

Proposition 3.23. Let g = [E,,Ey] and X = [X, Xy] be two SV-intervals over . Then,

gOIR =gmy~

Proof. Letg=[E.,Ey] and X = [X, Xy] be two SV-intervals over £

13



(@X) = ([EL\ Ry, Ey\ X))
P(EL\Ry), 2N (Ey \ X1
PN (ELNRY), £N (Ey NR])]
(PN RY), Zy N (LN X))
(#2\ Ry),EuN(@\ X))
EL,Euln[(@\ Ru), (£\ XL)]

]

Definition 3.24. Let g = [£,Ey] and X = [X;, Xy] be two SV-intervals over @. Then,
symmetric difference of g and X , denoted by g A X is defined as:

gA R =[E\Ry)U(RL\Ey), (Ev\Rp)U(Ry\EL)].

Example 3.25. Given two SV-intervals over @ = {{1,¢s,03,04,05,0c, (7},
g=[{41,02},{¢1,02,03,05,06}] , and R = [{€2,03,04},{02,03,04,05,¢7}]. Then,

g AR =[(EL\Ry)U(RL\EY), (Bu\Rp)U(Ry\EL)]
({1, 023\{€2,03,04,05,07}) U ({£2, 03,4 }\{l1,02,03,05,05}),

[
[
{01,62,03, 05,06 1\ {02, 03, £4}) U ({2, £3, €4, 05, L1\ {1, £2})]
[
[

({0} U{la}), ({1, €5, bs} U{L1,03,04,05,06,07})]
= {61764}; {61763764765766567}]

14



4. SET VALUED INTERVAL SOFT SETS

We define the idea of set valued interval soft set (SVISS) in this section. After that, we
discuss set valued interval soft set operations and look into how they relate to one

another.

Definition 4.1. (Zhang 2014) Let E be a parameter set, &£ be an universal set, and £ C E,
g be set of SVIs over @. Then, set valued interval soft set (SVIS-set) denoted by (L, E),
is defined by:

(L, E) ={(e,l(e)) : U(e) € g2}

here [ : £ —  is the e-approximation of SVIS-set (L,Z) and I(e) = [l (e),l2(e)], such
that /;(e),lx(e) € P(@) and i (e) C I(e). From now on, we will use S[4] instead of the
set of all SVIS-sets and approximation function of an SVIS-set will be denoted by

lowercase related to SVISS over .

Example 4.2.1et o = {{,03,03,04,05,06,07,03} be an universal set and

E ={ey,ez,e3,e4,e5} be a set of parameters. If,

I{e1) = [{1,63}, {1, 02,03, (5} ]

l(e2) = [{€a, s}, {l1,02,03,0a, 06,5 }]

l(e3) = [{ls, Lo}, {l1, 2, L5, L6, (7 }]

l(es) = [{l1,02,07,08},{€1,02,03,05,07,08}]
l(es) = [, {€1, s, 05,06}

then the SVISS L is written by

L :{(617 [{£17€3}7 {517627£3765}])7 (£27 [{62764}7 {£17€27£37€47€67£8}])7
(e3,[{ls, b}, {l1,02,05,06,07}]), (ea, [{€1,02,07,08},{€1,02,03,05,07,08}])
(65, [‘P’ {61764765766}])}

The tabular representation of the SVISS L is as follow:
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R4 23 /3 Uy s le U7 £

er [ [LIT T0IT TLIT T0,0] TO,IT T0,0] [0,0] T0,0]
e | [0,1] [L,1] [0,1] [1,1] [0,0] [O,1] [0,0] [O,1]
ez | [0,1] [O0,1] [0,0] [0,0] [1,1] [1,1] [O,1] [O,0]
es | [1,1] [1,1] [O,1] [0,0] [O,1] [0,0] [1,1] [1,1]
es | [0,17 [0,0] [0,0] [0,1] [O0,1] [O,1] [0,0] [0,0]

Here, uncertainty elements related to parameter e are ¢, and /s.

Definition 4.3. Let L € S[]. Then, element(s) of I(e)\/;(e) is(are) called uncertainty

element(s) related to the parameter e € E.

Example 4.4. Let us consider Example 4.2. Then, uncertainty elements related to

parameter e are ¢, and /s.

Definition 4.5. Let L € S[g]. If [(¢) = [®] for all ¢ € E. Then, L is called an empty
SVISS denoted by [®]:

Definition 4.6. Let L € S[p)]. If [(e) = [g@)] for all e € E. Then, L is called a universal
SVISS denoted by []:

Definition 4.7. (Zhang and Fu 2012) The extended intersection of two SVISS (L, Z) and
(M, X) over a universe @ is the SVISS (N,Y) = (L,E) M, (M, X), where Y = EU X, and
forallee€Y,

lle) ifecE—X,
ne) = m(e) if ee X —E,
lle)Mm(e) if ecENX

Example 4.8.Let o = {{1,02,03,04,05,06,07,fg} be an initial universe and
E = {e},ez,e3,e4,e5} be a set of parameters. E,X C E and E = {ej,ep,e3} and

X = {e3,e4,es}. Now we can consider the following SVISS
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(Lv‘E) = {(61’ [{61763}7 {617£2a£37€5}])7 (627 [{62764}7 {€17£2>£37£47£67£8}])7
(e3,[{€s, be} {1, 02,05, 06, 7}]) }

and

(M,X) = {(e3,[{1,05},{01,02,04,05}]), (ea, [{€2, 06}, {£1, 42,03, L, bs, 5 }]),
(es,[{€2,07},{l1,02,05,06,07}])}.

(NY) = (L,E)M, (M, X)
= {(er,[{€1,03},{01,62,43,(5}]), (e2, [{€2, £a}, {1, 42,03, L4, 46, (3}]),
(e3:[{€s}. {01, 62,45}]), (ea, [{2, be}, {41, 42,03, La, bs, L3 }]),
(es,[{l2,07},{41,42,05,06,47}])}-

Definition 4.9. (Zhang and Fu 2012) The extended union of two SVISSs (L,E) and
(M, X) over a universe g is the SVISS (N,Y =EUX) = (L,E) U, (M, X), foralle €Y,

lle) ifecE—X,
n(e)—{ m(e) if eec X —E,
lle)Um(e) if ecENX

Example 4.10.Let @© = {{1,05,03,04,05,05,07,4g} Dbe an initial universe,
E = {e1,ep,e3,e4,e5} be a set of parameters, D,X C E and E = {ej,ez,e3} and

X = {e3,e4,es}. Let us consider the following SVISSs

(L7E’) = {(617 [{61753}7 {€17€27£37£5}])7 (627 [{62764}7 {€17£2=£37€47£67€8}])7
(e3,[{€s, L6}, {01,042, 05,06,07}]) }

and

(va) = {(e3a[{61765}7{61’62764765}])7(e4’[{62766}7{61’62763764766’68}])’
(es, [{£2,07},{41,42,05,46,47}]) }

Then,
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(N>Y> = (L,E)l_le(M,N):{(61,[{K],fy,},{51,52,63,€5}]),(62,[{62,54},
{61762763764766’68}])’(€3,[{61,65766},{61,62,64765766767}]),
(ea, [{€2, L6}, {1,462, 03,0, b6, L5 }]), (es, [{€2, 07}, {1, 2, 05,06, £7}]) }

Theorem 4.11. (Zhang and Fu 2012) Let (L,ZE), (M, X) and (N,Y) be a SVISSs over

the same universe . Then,

1. (L,E) M, (L,E) = (L, E);

2. (L,E)M, (M, ®) = (M, %), (L, E);

3. (L,E)Me (M, X) M (N,Y) = (L, E) Me (M, X) M (N,Y));
4. (L,Z) U, (L,E) = (L,E);

5. (L,E) U, (M, ®) = (M, X)L, (L, E);

6. (L,E) Ue (M, X) Le (N,Y) = (L, E) L (M, X) L (N, Y))

Definition 4.12. (Zhang and Fu 2012) The "restricted intersection" of two SVISSs
(L,E) and (M, X) over a universe g is the SVISS (N,Y) = (L,E) M, (M, X), where
Y=ENNXandforallecY,n(e) =I(e)Mm(e).

Example 4.13. For the SVISSs over £ given in Example 4.8, we get:

(NaY) = (LvE) My (M7 N) = {(637 [{65},{61,62765}])}.

Definition 4.14. (Zhang and Fu 2012) The restricted union of two SVISSs (L,Z) and
(M, X) over the universe g is the SVISS (N,Y) = (L,E) U, (M, X), where
Y=ENX#¢andforalle eY,n(e)=1(e)Umf(e).

Example 4.15. Let us consider the SVISSs given in Example 4.8. We get:

(N,Y) = L,E) L, (M, N) = {<e3, [{€1,€5,€6},{61,52,54,65,56,67}])}.
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Theorem 4.16. (Zhang and Fu 2012) Let (L,ZE), (M, X) and (N,Y) be a SVISSs over

the same universe . Then,

1. (L,2)N, (L&) = (L,&);

2. (L,Z)M, (M, ®) = (M, X) 1, (L, E);

3. ((L,E) M, (M, )M, (NLY) = (L, Z) 1, (M, X) 1, (NLY));
4. (L,E)U, (L,E) = (L,B);

5. (L,E)U, (M, ®) = (M, X) U, (L, E);

6. (L,Z)U, (M, X)L, (N, Y) = (L, E) U, (M, X) LU, (N, )

For SVISSs, operations I, and LI, satisfy commutativity, associativity, idempotent and

absorption rules. Using these properties, the following results can be get

Theorem 4.17. (Zhang 2014) Let (L,E), (M, X) and (N,Y) be three SVISSs over the

same universe . Then,

Proof. 1. Suppose that (L,Z) U, (M, X) = (N,EUX) and ((L,E) U, (M, X))M,(L,E) =
(0,(EUXR)NE) = (0,&).
Foralle € (EURX)NE,e€ E,O(e) =N(e)ML(e) = (L(e) UM(e))ML(e) = L(e);

[I] —

Foralle e (ENX)U €
Therefore, ((L,Z) M, (M, X)) L,
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Theorem 4.18. (Zhang 2014) Let (L,E), (M, X) and (N,Y) be three SVISSs over the

same universe . Then,

Proof. 1. Let (L,E) U, (M, X) = (N,£N X) and

(L,E) U, (M, X)) M, (L,E) = (0O,(ENX)UE) = (0,E). For all e € EN X,
O(e) = N(e) M L(e) = (L(e) U M(e)) M L(e) = L(e); for  all
ecEZ\(ENX),0(e) =N(e)ML(e) = (L(e) UM(e)) ML(e) = L(e).

Therefore, ((L,Z) U, (M, X)), (L, &) = (L, ).
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5. FUZZY SET VALUED INTERVAL SETS

In this section, we define concept of fuzzy set valued interval (FSVI) and their

operations.

Definition 5.1. Let & be a crisp set, (%) be the collection of fuzzy set over £ and
5By € L(). Then, fuzzy set valued interval (FSVI) E over 2 is defined by:

E=[EL,Ey]; ELCEy

and FSVI; the family of all fuzzy set valued intervals over .
Thus, Z is a fuzzy subset of . In particular, if £; = =y the SVI Z reduces to the classical
FS

[x]
[
[x]

:[7]

which is called a FS-interval or a FS-singleton. For example ¢ = [¢, 9], £ = [@, £)], here

£ and ¢ are universal fuzzy set and empty fuzzy set over .

Example 5.2.1et o = {l,05,03,04,05,06,07,f3} be a non-empty  set,

E=[{tla/4,03/.5},{l2/.5,03/.6,44/.7,47/.8}], since {{/.4,03/.5} C {l2/.5,(3/.6,
04).7,47/.8} C gothen, E is a FSVI over .

Definition 5.3. An FSV-interval £ = [£;, Zy/] over 2 is said to be null- FSVI denoted by

[®@],if £, = ¢ and =y = ¢.

Definition 5.4. An FSVI E = [=,, 5y over @ is said to be absolute-FSVI denoted by
[ﬁ], if EL = g and iU = .

Definition 5.5. Let £ = [=;,Zy] and X = [X, Ry] are two FSVIs over @. If £, C X

and =y C Ry, it is said that £ = [, Zy] is an FSVSI of X = [R, ] and it is denoted
by ) Ei X,

Example 5.6. Let P = {61,62,€3,E4,f5,£6,€7,€8} and D = [{fz/.4,€3/.4},
{62/.5%3/.6,64/.7,67/.8}] and X = [{53/.5,54/.7,65/.7},{gz/.S,63/.6,54/.7,65/.9,
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¢7/.8}] are two FSVIs. Then, since {¢»/.4,03/.4} C {l3/.5,04/.7,05/.7} and
{lr/.5,03/.6,04).7,07/.8} C{lr/.5,43/.6,04/.7,05/.9,¢7/.8} then, D C; X.

Definition 5.7. Let £ = [£,,Zy] and R = [R, 8] are two FSVIs over @. if £ C; X and
X C; E then, & = X.

Proposition 5.8. Let Z = [£;,Zy] and X = [R;, Ry] and Y = [V, ¥y] are three FSVIs
over . Then,

;Xoand R Y=ELY

Definition 5.9. Let = = [EL, iy] be an FSVI. Then, width of FSV-interval ¢, denoted by

®(E) is defined as:

Example 5.10. we will consider FSVI. E in Example 5.6. Then,
0(E) =1[{l/.5,03/.6,04/.7,07/.8} =2.6

Definition 5.11. Let £ = [£,,Z] be FSVI. Then, image of FSVI Z denoted by =~ is

defined as:
E= [EL,EU]i = [@\iUﬂé\iL]
Example 5.12. Let us consider FSVI E in Example 5.6. Then,

I = [{51/1,62/.5,@/.4,55/1,£6/.1,€7/.2,€8/1},{61/1,52/.6,63/.6,54/1,55/1,
66/1757/1768/1}]

Proposition 5.13. Let & and X be two FSVIs over . Then,
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>
(x]
I

i N = X", E7

Definition 5.14. Let = = [£,, Z;/] be an FSVI. Then, magnitude of FSVI Z denoted by
|Z] is defined by:

=) = |E0\EL|
Example 5.15. Let us consider SVI Z in Example 5.6. Then,
2| =2%°=6.06

Definition 5.16. Let = = [£;,%y] and X = [R, Ry] be two FSVIs over . Then, union
of E and X, indicated by ZUX is specified as:

(1]
[x]
[

Ux :[ LU &L, vUJ &U]

Definition 5.17.Let & = [£;,Zy] and E = [, Ry] be two FSVIs over @. Then,

intersection of Z and X, indicated by EAZ is defined as:

[x]
[x}
[z

MmN :[ Lﬂ&b UQ&U]

Example 5.18. Given two FSVIs over o = {{},05,03,04,05,05,07},
5= [{51/2,£2/3}, {El/.Z,62/.4,63/.5,65/.6,66/.7}] and
N = [{52/.3,63/.4,64/.5}, {fz/.4,€3/.6,€4/.5,€5/.4,g7/.8}] then,

EUN =[{¢1/.2,6,).3,03)4,04/.5},{1/.2,6,/.4,03/.6,04].5,05].6,06).7.07/.8)]

and

EAR = [{2/.3},{0/.4,03/.5,05/.4}]

Proposition 5.19. Let & = [=;, 5y and X = [R, Xy and Y = [V, V] be three FSVIs
over . Then,

1. EAZ = & and EUE = &

2. ZAX = XAZ and ZUR = RUZ

3. Zn[®] = [®] and EA[H] = &

4. ZU[®] = = and ZU[H)] =[]

5. ZA(XAY) = (EAR)MY) and ZU(R UY) = (ZUX)UY)
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6. EA(XUY) = (EMX)U(ZMY) and ZU(RAY) = (ZUX)M(ZUY)

—

Proof. 1. Since ELNEL =Z. and Ey N

[x]:

v = Ey then, EME = E and since

ErUEp =¥ and Ey UEy = Ep then, EUE = &,

2. Since iLﬂ &L: &Lﬂi[, and iUﬂ &U: &Uﬂi(] and ELU &L: &LUEL and

EyURy = Ry UZy then, ZAX = XAMZ and TUR = RUZE, respectively.

3. Since £,N¢ = ¢ and Zy N = ¢ then, EA[P] = [®]. Since Z, N [H] = Z; and
EU N [(@] = EU then, Eﬁ[(@] = &.

4. Since E U@ = Z; and Ey U [P] = =y then, ZU[P] = E. Since =, U [@] = [H)] and
EyU[@] = @] then, EU (@] = [¢].

5.
E@(N@Y) Z[ELH(SZLQYL),EUQ(NUQYU)]
:[(ELQ &L)ﬂ ~L,(§Uﬂ NU)ﬂYu]
:[iLﬂ X7, (EU N &U)]@[YL,YU]
_(EAR)AY
and

E@(N@Y) :[ELU(&LUYL),EUU(&UUYU)]

—

ELURL) UYL, (ByURy)UTY)

[x]

[
[ELURLEy U RY|U[YL, Yy
(EUR)UY

24



The proof of ZU(XAY) = (ZU X )A(ZUY) can be easily obtained as similar in above.

Proposition 5.20. Let = = [£;, %] and X = [R, 8] be two FSVIs over . Then,
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]

Definition 5.21. Let & = [£;,Zy] and X = [R;, Ry] be two FSVIs over . Then,

difference of E and X , indicated by £} X is specified as:

(x]
[x]
[

VX = [(E\Ry), (Ev\Rp)]

Example 5.22. Let us consider two FSVIs on @ = {{1,05,03,04,05,0s, {7} given as:
E=[{l1/.2,04)3,05/.6},{l1/.7,42]).4,04].7,05/.8,0¢/.2}] and

N =[{la/4,05/.6,07/.3},{41/.3,02/.5,04).8,05/.9,07/.4}].

Then, E2 X = [{{1/.2,04).2,05/ 1},{01/.7,02].4,04/.7,05].4,0].2}]

Proposition 5.23. Let £ = [£;, =] and X = [&, R ] be two FSVIs over . Then,

MY~

[x]

I X =

[x]
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]

Definition 5.24.Let £ = [£;,%y] and X = [X;, Ry] be two FSVIs over . Then,

symmetric difference of = and X , indicated by & A X is specified as:

(=]

Example 5.25. Let us consider FSVIs E and X given in Example 5.22. Then,

EAR=[{01/2,02).4,04)2,05).2,07).2Y,{1/.7,02) 8,04]7,05).4,05) 2,07/ 4}]

AR =[EN\Ry)U(RL\Ey), (
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6. FUZZY SET VALUED INTERVAL SOFT SETS

We present the concept of fuzzy set valued interval soft set (FSVIS-set) in this section.
After that, we describe the operations of FSVISS and look into how they relate to one

another.

Definition 6.1. Let E be a parameter set, & be an initial universe and .Z[ ] be set of FSVI
over . Then, fuzzy set valued interval soft set (FSVIS-set) denoted by (I, D) is defined
by

(1,2) ={(e.l(e)) : I(e) € L[]}

here I(e) = [[1(e),l2(e)], such that [1(e),2(e) € £ () and [} (e) C I;(e). From now on,
we will use .ZS[g7] instead of the set of all FSVISSs over .

[x]

Definition 6.2. Let [ € .ZS[g]. Then, element(s) of >(e)\[] (e) is(are) called uncertainty

element(s) related to the parameter e € E.

Example 6.3.Let o = {{1,02,03,04,05,06,07,fg} be an initial universe and

E = {e},ea,e3,e4,es5} be a set of parameters. If,

[(er) = [{€1/.5,03/ 4},{01/.6,02/ 2,03/ 5,45/ T}]

Hes) = [{£s)-1,04)-6},401/.9,02/3,03/.5,04). 7,0 2,0/ 3}]

I(e3) = [{s/ 4,06/ T},{t1/ 2,2/ 4,05/ 8,05/ 9,07/ .3}]

Hea) = [{£1/.3,2) 4,07).5,05).6}, {01/ -4,02).6,05/.2,05 ] 4,076, 05/ O}]
[(es) = [9,{t1/.1,4/.7,05/ 5,06/ .4}]
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then the FSVISS is written by

[={(e1,[{t1/.5,43/ 4},{1/.6,02/ 2,03/ 5,05/ .T}]),
(e2,[{la).1,04/.6},{01/.9,02/.3,05/.5,04].7,0c].2,05/.3}]),

(e3,[{ls/ 4,86/ . T},{1/.2,62/ 4,05/ .8,L5/.9,7/.3}]),

(ea,[{€1/.3,02).4,07/.5,08/.6},{01/.4,05].6,03].2,05].4,07/.6,05/.9}])

(es,(@,{1/-1,04/.7,45/.5,06/ 4}])}

€3,

[
[
[
[

The tabler represents the FSVISS [ is as follow:

er | [.5.6] [0,2] [4.5] [0,0] [0,.7T [0,0] [0,0] [0,0]
e» | 10,91 [.1,.3] [0,.5] [.6,.71 [0,0] [0,2] [0,0] [0,.3]
ez | [0,.2] [0,4] [0,0] [0,0] [.4,.8] [.7,.9] 1[0,3] [0,0]
es | [.3,4] [4,.6] [0,2] [0,0] [0,4] [0,0] [.5,7] [.6,.9]
es | [0,.1] [0,0] [0,0] [0,7] [0,5] 1[0,4] [0,0] [0,0]

Definition 6.4. Let [ ¢ ZS[g]. If [(¢) = [®] for all e € E. Then, [ is called an empty
FSVISS, denoted by [®].

Definition 6.5. Let [ € S[g]. If [(e) = [@] for all e € E. Then, [ is called an universal
FSVISS, denoted by [].

Definition 6.6. The extended intersection of two FSVISSs (/,Z) and (/i2, X) over an

universe 2 is the FSVIS-set denoted by (7,Y) = ([,E)M.(im, X), where ¥ = EU X,
(E,XCE)andforalleeY,

Example 6.7.Let @© = {(1,02,0(3,04,05,06,¢7,f3} be an initial universe and
E = {e},ez,e3,e4,es5} be a set of parameters. =, X C FE and E = {ej,ez,e3} and

X = {e3,e4,es5}. Let us consider the following FSVIS-sets.
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(i,E)) = {(61, [{61/.5,&,/.4}, {61/.6,52/.2,53/.5,65/.7}]), (62,
{02).1,04).6},{01/.9,0,/.3,03).5,04/.7,06/ 2,05/ .3}]), (3,

[
[{4s/.4,86/.7},{01/.2,42/.5,05/.8,46/.9,€7/.3}])}

and
(m, X)) = {(es,[{l1/.1,05/.4},{€1/.2,02].5,04/.6,(5/.8}]),(ea,[{l2].8,0s/. T},
{01/.2,02/.9,05/.5,04/.5,06/.8,03/.T}]), (es,[{l2].2,¢7/.3},
{01/.4,0,/.3,05/.4,06/.6,07/.4}])}.
Then,

#Y) = (I,E).(m,X)
= {(er,[{t1/.5,43/.4},{01/.6,42/.2,03/ 5,05/ .7}]), (e, [{{2/ 1,44/ .6},
{1/.9,42/.3,43/.5,04/.7,06/ 2,03/ .3}]), (e3,[{ls/ .4},
{01/.2,02/.5,05/.8}]), (e4,[{¢2/.8,46/.T},
(01/2,02).9,05/.5.04).5,05) 8,05/ T}]),
(es,[{€2/.2,47/.3},{€1/.4,62/ 3,05/ 4,05/ .6,07/.4}]) }.

Definition 6.8. The extended union of two FSVIS-sets (I,Z) and (7, X ) over a universe

 is the FSVIS-set denoted by (2,Y) = (I,E)0,(r, X ), where Y = EU X, and for all
ecY (E, R CE),

{ [(e) if e€ E— X,

Example 6.9.Let @© = {{1,02,03,04,05,06,¢7,f3} be an initial universe and
E = {e},ez,e3,e4,es5} be a set of parameters. =, X C FE and E = {ej,ez,e3} and

X = {e3,e4,es5}. Let us consider the following FSVIS-sets
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(LE) = {(e1,[{1/.5,03/ 4}, {t1/.6,4/.2,03/.5,L5/.T}]), (e,
[{6s).1,04).6},{01/.9,02/3,05/.5,04/ 7,0/ 2,0/ 3}]),
(e3,[{ls/.4,46/.T},{t1/.2,£2/.5,05/.8,06/.9,47/.3}])}

and
(m,X) = {(es,[{€1/.1,65/.4},{€1/.2,02].5,04/.6,05/.8}]), (ea,[{¢l2/.8,0c/. T},
{01/.2,02/.9,05/.5,04/.5,0¢/.8,03/.T}]), (es,[{¢2/.2,07/.3},
{01).4,02).3,05].4,06/.6,07/.4}])}.
Then,

(@,Y) = ((1,E)0(m, X))
= {(en,[{€1/.5,03/.4},{61/.6,£2/.2,05/.5,(5/.T}]), (e2, [{(2/ .1, 44/ .6},
{61/.9,42/.3,43/.5,44/.7,06/ 2,03/ .3}]), (e3,[{1/ 1,45/ 4,46/ . T},
(01/2,02).5,04/-6,05).8,46/-9,61).3}), (ea, [{62/.8, 46 /.T},
(01)2,02).9,03).5,04].5, 06 ) 8,65 T}). (e, [{£2/ 2,07/ 31,
(01)4,00) 3,054, 06].6,01] 4])}.

Theorem 6.10. Let (/,Z), (772, X) and (7,Y) be three FSVIS-sets over the same universe
£. Then,

1. (L,2).(1L,E) = (1,E);

2. (I,E)Ae(m, X)) = (i, ¥)M(I,E);

3. (LE)e (i, X))Fe(,Y) = (1,2) (2, X)Fe(,));
4. (I,E)0(1,2) = (I,E);

5. (I,2)0, (i, R) = (m, X)) ([, E);

6. ((1,2)0e (1, X)) e (.Y ) = (1,Z)Ce((, X ) e (7,

Definition 6.11. The restricted intersection of two FSVIS-sets (/,Z) and (7, X) over a

universe g is the FSVIS-set denoted by (4,Y) = (I,E)M,(m,X), where

Y =ZNX(E,XR CE)andforalle €Y,7i(e) = [(e)Mri(e).

Example 6.12.Let @© = {{1,0y,03,04,05,06,07,¢3} be an initial universe and

E = {e1,e2,e3,e4,es} be a set of parameters. E,X C E and E = {ej,es,e3} and
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X = {e3,e4,es}. Let us consider the following FSVIS-sets

(LE) = {(e1,[{01/.5,03/ 4}, {t1/.6,42/.2,03/.5,05/.T}]), (e,
[{02)1,04).6),{01/.9,0).3,05/.5. 0] 7,05).2, 05/ 3}]),
(e3,[{ls5/.4, 06/ T}, {l1/ 2,02/ .5,05/.8,L5].9,7/.3}])}

and
(7, %) = {(e5,[{01/1,05).4Y, {01/ 2,02/.5,04/.6,05/.8}]), (es, [{£2/.8, L6/ T},
{01/.2,0,/.9,05/.5,04/.5,0¢/.8,03/.T}]), (es,[{¢2/.2,07/.3},
{01/.4,0,).3,05].4,06/.6,07/.4}])}.
Then,

(@,Y) = (LE),(h,X)
= {(es,[{ts/ 4}, {€1/.2,62/ 5,45/ 8}])}.

Definition 6.13. The restricted union of two FSVISSs (/,Z) and (si7, X ) over a universe

2 is an FSVISS denoted by (7,Y) = (I,E)(, (72, X ), where Y = ENX £ ¢ and Ve € Y,

n(e) = I(e)Unm(e).

Example 6.14.Let @© = {{1,0y,03,04,05,06,07,¢3} be an initial universe and
E = {e},ez,e3,e4,es5} be a set of parameters. =, X C FE and E = {ej,ez,e3} and

X = {e3,e4,es5}. Let us consider the following,

(LE) = {(e1,[{€1/.5,43/.4},{41/.6,62/.2,43/.5,(5/.T}]), (e2,
{2/ 1,44/.6},{01/.9,2/.3,03/.5,04/.7,4s/.2,l5/.3}]),
(637 [{65/4766/7}7{61/2762/5765/8766/9767/3}])}

and
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(7, X) = {(es,[{1/.1,65/.4},101/.2,02/.5,04/).6,05/.8}]), (es, [{£2/.8, 05T,
(01/.2,0,).9,03/.5.04].5,06) 8,05 ).}, (es, [{£2/.2, £1/.3},
(01/.4,0,).3,05/.4,06).6,07/ 4}])}.

(mY) = (I.E)0,0mX)
= {(e3,[{01/.1,05).8,06/.7},{01/.2,02/.5,04].6,05] 8,6/.9, 61/ 3}])}.

Theorem 6.15. Let (I,Z), (771, X) and (7, Y) be three FSVISSs over the same universe .
Then,

1. (L,E)"(,5) = (I,E);

2. (1,2)A, (i, X) = (m, ®)A,([,5);

3. ((LE)N0m, ®)A(7,Y) = (IE)7,((m, ®)O(7,Y));
4. (I,E)YOAILE) = (I,B);

5. (1,2)0, (i, X) = (i, ®)0,(1,2);

6. ((L,E)0,(m, X)), (7,Y) = (1,2) (1, ®) (7, Y)

FSVISS operations (7, and [, satisfy commutativity, associativity, idempotent and

absorption. Using these properties, we can get following results.

Theorem 6.16. Let (I,Z), (712, X ) and (7,Y) be three FSVISSs over the same universe .
Then,

Proof. 1. Suppose that (

((1,2)8e (1, X)))A(1, :
Then, ole) = ~ﬁ(e)n (e) = (I(e)Tm(e))nl(e) = Ile). Therefore,

((7,2)0e (i, X)),(1LE) = (I,E).
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E)=(0,E). Forallec (ENX)UE, e € &E.
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Theorem 6.17. Let ([,Z), (72, X)) and (71,Y) be three FSVISSs over the same universe
. Then,

(a) if e € X, then 6(e) =7i(e)M
(b)if e € E\ X, then o(e) l
Therefore, ((I,Z)C1,(m, X))([,Z) = (I, B).

2. Suppose that (I,Z), (72, X) = (4, 2N X) and

(1,Z) M, (1, X)), E) = (6,(ENR)UE) = (6,Z). Forall e € &
(a)if e € X, then 6(e) = 7i(e) Li(e) = (I(e) Mim(e)) Li(e) = I(e);
(b)if e € Z\ R, then 6(e) = I(e);

)
Therefore, ((I,2)M,. (1, X))0,([,Z) = (I, E).

]

Definition 6.18. Let (/, Z) be an FSVISS over . Then, image of (I, =) denoted by (I,E)™~
1s an FSVISS defined as follows:

(LE)” ={(e,[@\lu(e),£\IL(e)]) e € E}

Theorem 6.19. Let (/,Z) and (72, X ) be two FSVISSs over the same universe . Then,
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Proof. Let us consider FSVISSs;

(I,E) = {(e.llL(e),lu(e)]) s e € D, 1 (e), Iy (e) € Z ()}

and
(m, ) = {(e, [mp(e),my(e)]) :e € X,my(e),my(e) € £ (o)}

2. Assume that (I,Z) M, (/, X) = (6,Y) here

fi(e) = I(e)rm(e) = [Tz (e) Ntz e), Iy (e) Mg (e)]

forallec Y =EN X #0.
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7. CONCLUSION

In this thesis, a novel concept called as fuzzy set-valued interval soft sets and
set-theoretical operations between two fuzzy sets valued interval soft set are defined.
Then, some of their properties are obtained. A fuzzy set valued interval soft set is an
important tool for the representation of the information in environments including
uncertainty. Because, in a fuzzy set valued interval soft set, both parameterized family of
a set and fuzzy set valued intervals are used. This allows us to represent the information
involving uncertainty more effective. Also, in the light of definitions and results, some
generalization of the proposed concepts such as intuitionistic fuzzy set valued interval

and intuitionistic fuzzy set valued interval soft sets can be studied by researchers.
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