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Abstract

We propose the definition of intuitionistic fuzzy soft cubic relations and its properties are
studied.

1. Introduction

In 1999, the conception of a soft set was proposed by Moldstov [2]. Zadeh
[6] deals with the hypothesis of a fuzzy set in 1965. He ventilates the theory
of an interval valued fuzzy sets [7]. K. Attansov [1, 3, 4] suggested the
hypothesis of an intuitionistic fuzzy set and also introduces the theory of an
interval valued intuitionistic fuzzy sets. The concept of fuzzy soft set was
initiated by Maji et al. [8] and he enlarged the idea of soft sets to
intuitionistic fuzzy system [9]. The notion of cubic set was initiated by Jun et

al. [5].
2. Intuitionistic Fuzzy Soft Cubic Relations

Definition 2. Let U be an initial universal set and (P, E;) and (@, E5)

be two intuitionistic fuzzy soft cubic sets (IFSCS). Then the relation between
(P, E;) and (@, E,) is defined as (R, E; x E5) where R is a mapping given
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by R : E; x E; — IFSCS(U). This is called an intuitionistic fuzzy soft cubic
set relation (IVIFSSR).

Remark 2.2. Let U be an 1nitial universal set and

(P, E;), (P, Eg), ..., (P,, E,) be the number of IFSCS over U. Then a
relation Y between them is defined as a pair (R, E;XE, ..., XE,)), where R

is a mapping given by R : E;XE,, ..., XE9 — IFSCS(U).

Example 3.2. Let us consider an IFSCS (P, E;). Let the universal set

U = {s1, 89, 83,84} and the set of parameters E; = {e], e3}
representation of IFSCS (P, E;) is given below:
U ey e
sy | ([0.4,0.5],[0.3,0.5])[0.3,0.5] | ([0.3,0.6],[0.3,0.4])[0.4,0.3]
sy | ([0.5,0.71,[0.2,0.3[0.2,0.6] | ([0.5,0.6],[0.1,0.4])[0.5,0.4]
sy | ([0.4,0.61,[0.1,0.3])[0.6,0.2] | ([0.5,0.7],[0.2,0.3])[0.7,0.2]
ss | (10.2,0.4],[0.5,0.6])[0.4,0.5] | ([0.6,0.7],[0.2,0.3])[0.3,0.6]

(i1) Let wus consider an IFSCS

(Q> E2 )

U = {s;, S, s3, s4; and the set of parameters Es = {ey, e,}. Then the

representation of IFSCS (@, Ey) is given below:

Let the universal set

U es ey

$1 ([0.5,0.8],[0.1,0.2])[0.4,0.6] | ([0.5,0.6],[0.2,0.4])[0.3,0.5]
Sg ([0.3,0.6],[0.2,0.3])[0.6,0.2] | ([0.2,0.6],[0.3,0.4])[0.1,0.6]
S3 ([0.4,0.71,[0.1,0.3])[0.3,0.6] | ([0.4,0.6],[0.3,0.4])[0.8,0.1]
Sy ([0.4,0.5],[0.3,0.4])[0.5,0.4] | ([0.3,0.7],[0.1,0.2])[0.4,0.4]

Then the IFSCS relation R = (R, E;XE5) is given below:

(91, 62)

(ela 64)

(93’ 6'2)

(637 84)

51

([0.4,0.5],[0.3,0.5]) [0.3,0.6]

(10.4,0.5],[0.3,0.5]) [0.3,0.5]

([0.3,0.61,[0.3,0.4]) [0.4,0.6]

(0.3,0.6],[0.3,0.4]) [0.3,0.5]

52

([0.3,0.6],[0.2,0.3]) [0.2,0.6]

([0.2,0.6],[0.3,0.4]) [0.1,0.6]

([0.3,0.6],[0.2,0.4]) [0.5,0.4]

([0.2,0.6],[0.3,0.4]) [0.1,0.6]

83

([0.4,0.6],[0.1,0.3]) [0.3,0.6]

([0.4,0.6],[0.3,0.4]) [0.6,0.2]

([0.4,0.7],[0.2,0.3]) [0.3,0.6]

([0.4,0.6],[0.3,0.4]) [0.7,0.2]

S4

([0.2,0.41,[0.5,0.6]) [0.4,0.5]

(10.2,0.4],[0.5,0.6]) [0.4,0.5]

([0.4,0.5],[0.3,0.4]) [0.3,0.6]

(10.3,0.71,[0.2,0.3]) [0.3,0.6]
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Definition 2.4. The order of the relational matrix is (p,c) where p =

number of points in universal set and o =number of parameters. In the
above example, the relational matrix R 1is of order (4, 4). If = &, then the

relational matrix is called square matrix.

Definition 2.5. Let R,Seyy(E;XE5),R=(R,E;XE5),S=(S,E,XE,),
and the order of relational matrices are same. Then we define

@) RUS =(RuS, E;XE;), where RuS : E;XE; — IVIFCS(U) and is
defined as (RmS)(ejej)v S(ee;) for (ejej) € E;XEy, where v denotes the
intuitionistic fuzzy soft cubic union.

(@) RNS=(R<S, E;XEg) where Ro S : E;XE, — IVIFSCS(U) and is
defined as (R N S)(e;, ;) v S(e;, e;) for (e;, ej) € E;XEy, where A denotes
the intuitionistic fuzzy soft cubic intersection.

(i) R¢ =(~ R, E;XE,) where R: E;XE5 — IVFSS(U) and is defined
as (~ R)(e;, ej)R(e;, ej)° for (e;, ej) € E;XEy, where ¢ denotes the
intuitionistic fuzzy soft cubic complement.

Example 2.6. Consider the IFSCS relations R = (R, E;XE,) and

S = (S, E;XE,) as given below R = (R, E;XE,).
v (e, e2) (e1, eq) (e3 e2) (e3, e4)
s ([0.4,0.5],[0.3,0.5]) [0.3,0.6] | ([0.4,0.5],[0.3,0.5]) [0.3,0.5] | ([0.3,0.5],[0.3,0.4]) [0.4,0.6] | ([0.3,0.4],[0.3,0.5]) [0.3,0.5]
59 ([0.3,0.4],[0.4,0.5]) [0.2,0.6] | ([0.2,0.6],[0.3,0.4]) [0.1,0.6] | ([0.3,0.6],[0.2,0.4]) [0.5,0.4] | ([0.2,0.6],[0.3,0.4]) [0.1,0.6]
s3 ([0.4,0.6],[0.1,0.4]) [0.3,0.6] | ([0.4,0.6],[0.3,0.4]) [0.6,0.2] | ([0.4,0.7],[0.2,0.3]) [0.3,0.6] | ([0.4,0.5],[0.3,0.5]) [0.7,0.2]
54 ([0.2,0.3],[0.5,0.6]) [0.4,0.5] | ([0.2,0.4],[0.5,0.6]) [0.4,0.5] | ([0.6,0.7],[0.1,0.2]) [0.3,0.6] | ([0.3,0.7],[0.2,0.3]) [0.3,0.6]

= (S7 ElXE2 )

v (e1, e2) (e1, eq) (es; e2) (3 e4)
s ([0.4,0.7],[0.2,0.3]) [0.2,0.7] | ([0.3,0.4],[0.5,0.6]) [0.7,0.5] | ([0.2,0.4],[0.3,0.6]) [0.4,0.2] ([0.3,0.5],[0,0.3]) [0.3,0.2]
s9 ([0.5,0.6],[0,04]) [0.3,0.4] ([0.5,0.6],[0.3,0.4]) [0.6,0.4] | ([0.4,0.6],[0.2,0.4]) [0,0.5] ([0.5,0.6],[0.2,0.3]) [0.3,0.5]
53 ([0.3,0.4],[0.2,0.4]) [0.6,0.4] | ([0.4,0.6],[0,0.3]) [0.5,0.2] ([0.8,0.91,[0,0.1]) [0.7,0.3] ([0.4,0.6],[0,0.2]) [0.5,0.2]
54 ([0.4,0.8],[0,0.2]) [0.5,0.4] | ([0.4,0.6],[0.3,0.4]) [0.6,0.3] | ([0.4,0.6],[0.2,0.4]) [0.5,0.4] | ([0.4,0.6],[0.2,0.3]) [0.8,0.1]
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Then RUS :
U (e1, eg) (e1, eq) (e3, e9) (e3, e4)
s | ([0.4,0.7],[0.2 | ([0.4,0.5],[0.3,0.5]) | ([0.3,0.5],[0.3, | ([0.3,0.5],[0,0.3])
,0.3]) 0.3,0.6] [0.7,0.5] 0.4]) [0.4,0.2] [0.3.0.2]
sy | ([0.5,0.6],[0,0 | ([0.5,0.6],[0.3,0.4]) | ([0.4,0.6],[0.2, | ([0.5,0.6],[0.2,0.3
.4]) [0.3,0.6] [0.6,0.4] 0.4]) [0.5,0.4] 1 [0.3,0.5]
s3 | ([0.4,0.6],[0.1 | ([0.4,0.6],[0,0.3]) | ([0.8,0.9],[0,0. | ([0.4,0.6],[0,0.2])
,0.4]) 0.6,0.4] [0.6,0.2] 1]) [0.7,0.3] [0.7,0.2]
sy | ([0.4,0.8],[0,0 | ([0.4,0.6],[0.3,0.4]) | ([0.6,0.7],[0.1, | ([0.4,0.7],[0.2,0.3
.2]) [0.5,0.4] [0.6,0.3] 0.2]) [0.5,0.4] 1 [0.8,0.1]
RNS:
U (e1, e3) (e1, eq) (e3, eg) (e3, eq)
s; | ([0.4,0.5],[0.3, | ([0.3,0.4],[0.5, | ([0.2,0.4],[0.3, | ([0.3,0.4],[0.3,

0.5]) [0.2,0.7]

0.6]) [0.3,0.5]

0.6]) [0.4,0.6]

0.5]) [0.3,0.5]

S2

(10.3,0.4],[0.4,
0.5]) [0.2,0.6]

([0.2,0.6],[0.3,
0.4]) [0.1,0.6]

([0.3,0.6],[0.2,
0.4]) [0,0.5]

([0.2,0.6],[0.3,
0.4]) [0.1,0.6]

83

(10.3,0.4],[0.2,
0.4]) [0.3,0.6]

(10.4,0.6],[0.3,
0.4]) [0.5,0.2]

([0.4,0.71,[0.2,
0.3]) [0.3,0.6]

([0.4,0.5],[0.3,
0.5]) [0.3,0.5]

S4

([0.2,0.3],[0.5,
0.6]) [0.4,0.5]

([0.2,0.4],[0.5,
0.6]) [0.4,0.5]

([0.4,0.6],[0.2,
0.4]) [0.3,0.6]

(10.3,0.6],[0.2,
0.3]) [0.3,0.6]

RE :

U

(el’ 62)

(e1, eq)

(e3, €2)

(63’ 64)

81

([0.3,0.5],[0.4,
0.5]) [0.6,0.3]

([0.3,0.5],[0.4,
0.5]) [0.5,0.3]

(10.3,0.4],[0.3,
0.5]) [0.6,0.4]

(10.3,0.51,[0.3,
0.4]) [0.5,0.3]

89

([0.4,0.5],[0.3,
0.4]) [0.6,0.2]

([0.3,0.4],[0.2,
0.6]) [0.6,0.1]

([0.2,0.4],[0.3,
0.6]) [0.4,0.5]

([0.3,0.4],[0.2,
0.6]) [0.6,0.1]

83

([0.1,0.4],[0.4,
0.6]) [0.6,0.3]

([0.8,0.4],[0.4,
0.6]) [0.2,0.6]

([0.2,0.3],[0.4,
0.7]) [0.6,0.3]

([0.3,0.5],[0.4,
0.5]) [0.2,0.7]

S4

([0.5,0.6],[0.2,
0.3]) [0.5,0.4]

([0.5,0.6],[0.2,
0.4]) [0.5,0.4]

([0.1,0.2],[0.6,
0.7]) [0.6,0.3]

([0.2,0.3],[0.3,
0.7]) [0.6,0.3]
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Theorem 2.7. Let R, S, 7 € yy(E;XE5) and the order of the relational

matrices are same. Then the following statements hold:
i) (RUS) = R¢NS°
(i) (RNS) =R U S
(i) RUSUT)=(RUS)UT
v) RN(SNT)=(RNS)NT
M RNESUT)=RNSURNT)
i) RUSNT)=(RUS)N(RUT)

Proof. @) Let R = (R, E;XE,), S = (S, E;XE,) then
RUS =(RuS, E;XE,;) where RuS : E;XE, — IFSCS(U) and is defined

as (RwS)(e;, ej) = Rle;, ej) v S(e;, e;) for (e;, ej) € By XE5.

Then (RUS)" = [R(e;, ej)v S(e;, ej)]c = [{<rk’ (TR(ei, ej)(rk))7 (FR(ei, ej)(rk))’

[“R(ei,ej)(rk)> SR(ei,ej)(rk)D} v {rk’ (TS(ei, ej)(rk)’ FS(ei,ej)(rk))’ [HS(ei, ej)(rk)’
83(es.e) D 7 €UT = {(m,

max (1nf (TR(eiy ej)(rk )’ inf (TR(ei, ej)(rk ))7 max (sup (TR(ei, ej)(rk )7

sup (TS(ei, ej)(rk )], [min (inf (FR(ei, ej)(rk)’ inf (FS(ei, ej)(rk )

min (sup (Fr(e;, ¢;)( ) sUp (Fse;, ;)(7))], [max (up(e;, e (%)

BS(e;, e)(T): MINO R, ¢y (k) OR(e, o)) > 13, € UJ°

= {(, [min (inf (Fpe,, ¢;)(7%), Inf (F(e;, ¢;)( ), min (sup (),

sup (FS(ei, ej)(rk ))]’ [max (inf (TR(ei, ej)(rk ), inf (TS(ei, ej)(rk )}

max (Sup (TR(ei, ej)(rk )> sup (TS(ei, ej)(rk ))]> [min(SR(ei, ej)(rk )7

SR(ei, ej)(rk))a max (“R(ei, ej)(rk)’ HS(e;, ej)(rk)]> ‘TR € U}-

Now, R°NSC =(~ R, E;XE;)N (~ S, E,XE;) where ~R,~S:E,

XEy — IVIFSCS(U) are defined as ~ R(e;, ;) = (R(e;, €j))° and ~S(e;,e;)
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=(S(e;,e;)) for (e;, ej) € EyXEy, we have (~R,EXEy)N(~S,E XE;)
=(~RO~S,E1 XE;)(e;, ej).

Now for (e;,ej)e E1XEy,(~ RO~ S)(e;,ej)=~ Rle;,ej)n~S(ej, ej)=1{(,
[FR(ei, ej)(rk)’ TR(ei, ej)(rk)]’ [SR(ei, ej)(rk)’ HR(e;, ej)(rk)]} A {<rk’ [FS(ei, ej)(rk)’
Ts(e;, e;)T)): [95(e;, ) Tk ) s ey, ) (12 )]y 2 73 € U = (e, [min (inf (Fpye,, (),
inf (FS(ei,ej)(rk )), min (Sup(FR(ei,ej)(rk ), Sup(FS(ei,ej)(rk ))]a max (inf (TR(ei,ej)(rk ),
inf (TS(ei, ej)(rk ))> max (sup (TR(ei, ej)(rk ), sup (TS(ei, ej)(rk ))]’ [min (SR(ei, ej)(rk ),

9S(ei, ej)(rk))’ max (“R(ei, ej)(rk)’ HS(e;, ej)(rk))]> “Tr € U}.

Then (R U S)® = R° NS¢

(i) Let R = (R, E1XE,), S = (S, E;XE,) then RN S = (R0 S, E; XE5)
where ROS:EXE; — IFSCS(U) and is defined as (ROS)(e;e;)
=R(ej,ej)nS(ej,e;) for (e;, ej) € E; XEy.

Then (R N 8)° = [Rlei, ¢;) » S(ep, ;)
=[{rk> TRee; e )T 1 FR(es o) (1) [ R(es ) TR ) O Ries ) (DY AL Ts(ey0) ()
Fs(e;,05) (111 [0S (e7.0/) (71 ) 85 ey.0) e ) : 70 €U ={(e, [min(inf (Tg(e; ¢ )(72):
inf (Tg(e;, e;)(% ) in (Sup(Tr(e;, ) (7% ). SUP(Ts ¢y, ;) (e )] [max (inf (Fr(e, o)),
inf (Fg(g;, ;) (1) max (sup(Fr(e;, e;) (7 ): SUP(Fs ;) (73 ) [min (M pee;, ) ()
BS(e;e;) (T2 ) MAX(S R(e; ) () O5(e;, e/) (T2 72 €U = {1, max(inf (Fpe; e;) (7).
inf (Fg e, e;) (7)) max (sup(Fre;, e;) (71 ). Sup(Fs ¢y, e;) (7 )], min (inf (T, o) ().
inf (Ts(e;, e;)( ), min (sup(T'r(e;, e;) (7% ): SUP(Ts(e;, ) (7 )]s max (e, ) (7% );

HS(ei,ej)(rk)’ min(SR(ei,ej)(rk)’ 9S(ei,ej)(rk ))]’rk EU}

Now, R¢US¢ = (~ R, E,XE;)U(~ S, E;XE;) where ~R,~S:E

XEy — IVIFCS(U) are defined as ~ R(e;, e;) = (R(e;, ¢;))° and ~S(e;,e;)
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~(S(ee;) for (i ej) € ByXEy, we have (~R,EXEy)U(~S.E;XE,)
= (~ Ru~ S, E1XEy)(e;, ¢})

Now for (. ¢;) e EyXEy, (~ Rm~ S)(ei. ¢;) =~Rlei. e)J ~ S(eyn e;) =
[k Frie;, e) (72 TR(es, ) (TR ) [9 Ree;, ) (71 1 MR(e;, ) T MV ATk Fis ey ) (T )
Ts(e;,e;) (1), [95(e, ) Tk ) s ey, )1 D -7 €U = ({1, [max (inf (Fpe,, o7k );
inf (Fg(e;, ) (75, ): max (sup(Fr(e;, e;) (i ): SuP(Fs ;) (7)) [min (inf (Tg(e, )
(17.), inf (Ts ey, ) (7)) min (sup (TR(e;, e;)(7% ), Sup (Tse;, ;) (e )],

max (HR(ei, ej)(rk)> HS(e;, ej)(rk)’ min (SR(ei, ej)(rk)’ 9S(ei, ej)(rk))]> Tk € U}.

Then (R U S)° = R¢ N S°.

Gii) Let R = (R, ByXEy), S = (S, E,XE,), T = (T, E,XE,) then RU S
= (RwuS, E;XE;), where RuS : E;XEy9 — IVIFCS(U) and is defined as
(RuS)(e;, ej) = Rlej, ej) v S(e;, ej) for (e, ej) € E1 XEs.

Then (RUS)UT =(RuS)nT, E;XE;) where (RuS)nT : EXE,
— IVIFCS(U) and is defined as (RwS)nT(e;, ej) = Rle;, ej) v S(e;, €j)
VT (ej,e;) for (e;, ej) € E1XEj.

Now (Rles, o3) v S(es, ;) v T, o5) = ey 23) v (Sess e3) v Tieis o)

Therefore (RuS)nT)(e;, ¢j) = (Ru(SuT))(e;, e;).
Also ( RUS)UT =RUSUT)=(Ru(SuT)), E;XE,).
Therefore (RUS)UT = RU(SUT).

(v) Let R = (R, E\XE,), S = (S, E,XEs), T = (T, E,XE5) then RS
=(R0S, E;XE;) where ROS:E XE; — IFCS(U) and is defined as
(ROS) (e, ej) = R(e;, ej)/\ S(e;, ej) for (e;, ej) e E1XE,.

Then (RNS)NT =(ROS)OT, E;XEy) where (ROS)0T : E1X
Eoy —>IVIFCS(U) and is defined as (ROS)NT(e;, ej) = Rle;, ;)
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vS(e;, ej) A T(e;, ej) for (e;, e;) € E1XEj.
Now (R(e;, ej) ~ S(e;, ej) n T(e;, ej) = R(e;, ej)(S(e;, ;) A Te;, ).
Therefore (R0 S)0T)(e;, ;) = (RO(S 0T))(e;, e;).
Also (RNS)NT =RN(SNT) = (RIS OT)), B, XEs).
Therefore (RNS)NT =RN(SNT).

%) Let R =(R, EXEy), S=(S, E,XEy), T = (T, E;XE;) then
SUT = (SuT, E,XEy) where SuT :EXEy — IVIFSCS(U) and is
defined as (SwT)(e;, ej) = S(e;, ej) v Te;, ej) for (e;, ej) € E1XEy.

Then RN(SUT)=(RO(SuT), E;XE,) where (RI(SuT)): E;XEo—
IFSCS(U) and is defined as RO(SuT)(e;, ej) = Rle;, ej) A (S(e;, ej)
VT (ej, ej)) for (e;, ej) € B XE,.

Now (R(e;, ej) ~ S(e;, ej)) v Tle;, ej)) = (Rle;, ej) ~ S(e;, ej)) v Rle;, ;)
AT (e;, e;).

We have RO (SuT)(ej,ej)=(R(e;,ej)nS(ej,ej))v(R(ej,ej)nT(e;,e;))

Also (RNS)U(RNT)=(ROS, E;XE;)U(ROT, E;XEy)=((ROS)m(ROT),
E,XE,).

Now for (e;,ej)e E;XEy, (ROS)m(ROT))(e;,e;j)=((ROS)(e;,ej)v (ROT)
(ei, e]) = (R(ei, e]-)/\ S(ei, ej))v (R(ei, ej) 7 T(ei, ej)) = RO(SIT)(GL’, ej)
Then RN(SUT)=(RNS)UMRNT)

(vi) Let R = (R, E1XE,), S = (S, E;XE5), T = (T, E;XE5) then SNT
= (SOE,XE,) where SOT =T : E;XE9q — IVIFSCS(U) and is defined as
(S()T)(ei, 61) = S(el-, ej)/\ T(ei, 61) for (ei, 61) (S ElXEQ.

Then RU(SNT)=(Ru(SOT), E;XE,) where (Ru(S0T)): E;XE,; —
IVIFSCS(U) and is defined as Ru(S0T)(s;,s;)=R(s;,s;)v S(s;,8;) AT (s;,8;)
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for (s;, s;) € E; XEs.

Now  (R(s;, 5;)) v (S(s;, s;)) A (T(s5, 55)) = (R(s;, s5) v S(s;, 57)) A (B(sg, 55)
\/T(si,sj)).

We have Ru(S0T)(s;,s;)=(R(s;,s;)v S(s;,s;)) A (R(s;,85)v T(si,85))

Also (RUS)N(RUT)=(RuS, E,XEs)N(RuT, E,XE,) = (RuS)0(RuT),
ElXE2).

Now for (e, ej) € E;XEy, (RmS)0(RuT))(e;, ej) = (RmS)(e;, e;)
/\(R-S))(ei, e]) :(R(ei,ej)vS(ei,ej))/\(R(ei,ej)vT(ei,ej)):R-(SOT)(ei,ej).

Then RU(SNT) = (RUS)N(RUT).

3. Some More Concepts

Definition 3.1. Let R, S € y7(E; XE5) and their relational matrices are
of same order. Then R < S if R(s;, s;) < S(s;, ;) for (s;, s;) € (E1XE3)
where R = (R, E;XE,), S = (S, E; XE,).

Definition 3.2. Let (R, E;) and (S, E5) be two intuitionistic fuzzy soft
cubic sets. Then a null relation between (R, E;) and (S, E,) is denoted as
¢y and is defined as ¢y = (Tp, Ey XEy) where Ty (e;, ;) = {(tg, [0, 0], [1, 1],
[0, 1))/t € U} for (e;, ej) € (E;XEy). Here U denotes the initial universe set.

Definition 3.3. Let (R, E;) and (S, E5) be two intuitionistic fuzzy soft
cubic sets. Then an absolute relation between (R, E;) and (S, E5) is denoted
as py and is defined as py = (T}, E;XEy) where Ty(s;, sj) = {(tz, [1, 1],
[0, 0](0, 1))/t), € U} for (s;, sj) € (E;XE3). Here U denotes the initial

universe set.
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