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Abstract

In this work, we prove the properties of necessity and possibility and other
related properties with examples. We introduce the operator of implication and
their properties . Some examples are given.
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1. Introduction

In 1999, Molodtsov [1] initiated the novel concept of soft set theory which is a
completely new approach for modeling vagueness and uncertainty. Soft set theory is a
new mathematical tool for dealing with uncertainties which traditional mathematical
tool can not handle. He has shown several applications of this theory in solving many
practical problems in economics, engineering, social science, medical science etc. in
his pioneer work [1], and so forth Maji et al.[2, 3] have further studied the soft sets
and used this theory to solve some decision making problems.

2. Definition and Preliminaries:

Soft Matrices

Definition 2.1 [1] Let U be an initial universe, P(U) be the power set of U, E be the
set of all parameters and Ac E. A soft set (f4, E) on the universe U is defined by the
set of order pairs

(fa. E) ={(e, fa(e)) : e€ E, fu(e) € P(U) }

where f, : E = P(U) such that f,(e) = ¢ ife ¢ A.
Here f, is called an approximate function of the soft set (f,, E). The set f,(e) is
called e-approximate value set or e-approximate set which consists of related objects
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of the parameter e € E .

Definition 2.2 [7] A pair (F, A) is called a fuzzy set over U where F: A —» P(U) is a
mapping from A into P(U) .

3. Fuzzy Soft Matrices (FSM)
Definition 3.1[5] Let (f4, E) be fuzzy soft set over U. Then a subset of U x E is
uniquely defined by

Ry,={(u,e):ee A ue f,(e) }
which is called relation form of (f,, E) . The characteristic function of R, is written by
Xr, - UXE [0, 1], where g, (u, e ) € [ O, 1] is the membership value of ueu
for each e €U.

If W;; = xr, (u; e;), we can define a matrix

M1 M1z - Hin

Ma1  Hzz - M
[“ij]an: 21 22 2n

“ml “mz “mn

which is called an m x n soft matrix of the soft set (f,, E) over U.

4. Intuitionistic Fuzzy Soft Matrices ( IFSMs)

Definition 4.1 [6] Let U be an initial universe, E be the set of parameters and AC E.
Let ] Let (f4, E) be an Intuitionistic fuzzy soft set ( IFSS) over U. Then a subset of U
x E is uniquely defined by

Ry,={(u,e):ee A,ue f,(e) }

which is called relation form of (f,, E) . The membership and non membership
functions of are written by

Hp, -UXE -0, 1] and vg, : UXE — [0, 1] where pg,: (u,e) € [0, 1] and
Vg, - (U, e) € [0, 1] are the membership value and non membership value of ueu for
eache € E.

If (Wij, vij) = (Mg, (ui€), vr, (u; e;) ), we can define a matrix

(M11,v11)  (Mazoviz) o (MinoVin)
[p-ija Vij]an: (“211:1/21) (“221:1/22) (HZn:VZn) ’ WhICh iS called
(“mla le) “mZa sz) (“mna an)

an m x n IFSM of the IFSS(f,, E) over U. Therefore, we can say that IFSS(f;, E) is
uniquely characterized by the matrix [W;;,v;jlmxn and both concepts are
interchangeable. The set of all m x n IFS matrices will be denoted by IFSM,,, x ..



Some Properties on Intuitionistic Fuzzy Soft Matrices 269

Definition 4.2 [6]Let 4 = [(uft, v/ )] € IFSMy 5, -

Then A is called

a) a zero IFSM denoted by 0 = [(0, 0)], if uA =0and vA =Qforalliandj.

b) a p-universal IFSM, denoted by I = [(1, 0)] if uA =1and vA =0foralliandj.

c) a v- universal IFSM, denoted by [ ==[(0, 1)] if l‘u =0 and vA =1foralliandj.

Definition 4.3 [6]Let 4 = [(uf}, v/)], B = [(uB, vE )] € IFSM,, x , . Then

a) A = [(uft, v/3)] is said to be intuitionistic fuzzy soft sub matrix of B =[W?, vE)
denoted by 4 € B if l‘u < l‘u and Vu >vf; foralliandj.

b) A = [(uft, v/)] is said to be mtumonlstlc fuzzy soft super matrix of B = [(u5, v2)]
denoted by A 2 B if l‘u l‘u and Vu <vf foralliandj.

o) A = [(wh, v, B = [(uu, vf)] are sald to be intuitionistic fuzzy soft equal
matrices denoted by A = B if A = p® and vl =vZ foralliandj.

Definition 4.4 [6]Let 4 = [(ult, v/)], B = [(u5, vE )] € IFSM,, x , . Then
IFSM € =[(u§, v&)] is called
a) Union Aof B =denoted by A U B if u§; = max {uf}, u? } and

=min {v2,vE}foralliandj.

b) Intersection A of B = denoted by A i1 B if uf; = min {uf, uf } and

= max{v/}, v} foralliand j.

ij

c) Complement of 4 = [(ufA, v/1)] denoted by A° = [(v/A, uft)] for all iand j.

Definition 4.5 . [8] Let 4 = [(uf}, v/)], B = [(u5, vE )] € IFSM,, x ,, . Then
IFSM € =[(u§, v&)] is called

a) the “(product) operation of A and B, denoted by € = A . B if u§ =uft. p®and v§
=vA +vE —vA VB foralliand j.

b) the “+"(Probabi|istic sum) operation of A and B, denoted by € = 4 + B if uf] =
ul + B — B and vE=vA vE foralliand .

c) the “@”(Arlthmetlc Mean) operatlon of A and B, denoted by C =4 @ B if l‘u

whi+ud i
112 ij and C = U > U f0ra||landj

d) the “@"” (WejghtedNArlthmetlc Mean) operation of A and B, denoted by € = 4

a B
S .e ¢ _ Wil tWally;
@" B if pjj = ——————

¢ W1V +wy V
w1+ wy J

vE =—2L——=U foralliand j. w; >0, w, >0
w1 + Wy
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e) the “$” (Geometric Mean) operation of A and B, denoted by C = 4 $ B if p§

/“u uPandv§ = |vi vE forall iand .

f) the “$W” (Weighted Geometrlc Mean) operation of A and B, denoted by C =4 $”

B if uf] =(( uU ) (uu )WZ)W1+W2 and v{; = (( VU )i (u )WZ)W1+W2 for all i and j.
w; >0,w, >0

g) the “x"(Harmonic Mean) operation of A and B, denoted by C = 4 x B if
A B
Y iy by and v, =2, U foralliand j. w; >0, w, >0
HU+HU iyt l]

h) the “=™” ( Weighted Harmonic Mean) operation of 4 and B, denoted by € = A
X" Bif uf = vajivv‘;; v :wlliwz for all i and j.

A B
“u Hij Vij  Vij

Proposition 1.1 : Let A = [(uft, v)], B = [(uf., vE )] € IFSMy, 5, . Then

)(AN B)+(AU B)=4
il(ANB).(AUGB)=4.B
i) (AN B)@ (A0 B)=4A@B
iv) (AN B)$(AU B)=A%$B
V(AR B)x(AUB)=A~x B
Vi) (A+B)@(A.B)=4A@B

Proof : For all i and j,
) (AN B)+(ATUB)

= [{mirl{#f}, Ty rflaX{Vf},Vf}})]f[{maX{u{‘}, Hf}}, [nin{vg‘},vf}})J =[(
mind uify, w3+ max{ iy, g} — mind g, w1} max{ pf, pip 3 max v, vi;
min{v§,~v5})~] .

=[ @l +uf —uf . uBvE vE] [ min(a b) + max(a, b) =a+ b & min(a, b) .
max(a, b) a.b]

= [(ﬂl] | Vl] )] + [(HU | Vl] )]

=A+B O

i) (AN B). (AU B)
= L(ming ufy, kB3 max{ v vEI) 1. [(max{ ufy, uf 3 min{ v, vE}) ]
—[(mln{uu,uu} max{uu,uu} max{vu,vU}+m|n{vU,vU} max {
VU,VU} mln{vu,vu})]
=[(ufy - uf v+ vl — vl )]
= [Gafy, VD1 [ vED)
=A.B |
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i) (AN B)@(AU B)
—[(m'n{ﬂu,ﬂu} maX{VU,VU})]@[(max{ﬂwllu} mln{vu,vu})]

mln{,ul] ,ul]}+ max{ ,ul] ,ul]} max{vf} v5}+m1n {v VU}
=[( 5 , . )
,uf‘-+,ul v +V1
= [(FR )]
=A@B ]

Similar proof for others.

Example(z3 : Iz_;atﬁ( = [(u)g*}, fj)],(lj =3§(u?,( ,61/5.2))] € IFSM, x , , where
3.2) (4.5 3) (6.,
:[(.5,.3) (.7,.2)]’3 [(7.2) (.3,.4)]'The”
AR BY+(AU B

(.3,.%) ((.4L,J.5) )ﬁ (4,.3) (.6,.2)])+
([(.5,.3) (.7,.2)] [(.7,.2) (3,.4)
(9 Galolis @l
_ [(.3, 3) (4 .5)] . [(.4, 2) (6, .2)]

g.g,ée% 6)(.3,(47)6 1)(.7, 2) (7.2)
:[(:85::06) (.'79,’.68)]:‘”3 :

)

Other results can be verified similarly.

Definition4.6 : Let A = [(ufA, v/1)] € IFSMy, x . Then
) The necessity operatlon of A is denoted by o A and defined as
DA—[(uU, 1- ”u )] foralliandj.

i) The possibility operatlon of A is denoted by ¢0A and defined as
0A=[(1- U, )]foralllandj

Proposition 1.2: Let A = [(uft, v/1)] € IFSM,;, x .. Then

)[Oo[ A°]]°=0A4iv)o0A=0A4

i [0[A°]]°=0dV)00A=0A4

i)ooA=0Avi)00A=0A4

Proof : For all i and j,

i) [o[ A°]1° iv) n0A

= [D [VU ’HU ]]0 =0 0[(”1] ! Vl] )]

:[(Vi]’l_VA)]O D[(l_vl]’vl])] }

:[(1_Vij’vl])]_[(1_vl]’ (1_V{3)]
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=0Ao=[(1 - v{z},vg- )]

i) [0[4°]]1°=04

=190 [v{}i,uﬁ. °vocd
=001 =y u; 1° =0 0 [y, vi)]
=[(uf 1 — i) 1=00(uff 1 — uf )]
=0do=[(1—(1-ul)1—-ul)]

i) ood=[(uf 1~ uf)]

:DD[(uf;,v{z})]ZDAD

o[ (41 = uf; )1V 004

=[(u. 1 — wfy )1=00[ufy, vi))]

0Ao=0[1 = v§jvij)]

=[(@ = vfjv)]

=0A O

Example 1: Let A = [(uf, v/)] € IFSM,  ,, where

 [(3.2) (4.5)
A= [(.5, 3) (7, .2)] - Then
10 [(23) (5.4
) [('3’ '?2 5(3)2 ’ 7()l 5)
LR1=(57 (29
(8.2) (5,5)

— o
(e[ AT ‘[(.7,.3) (8, .2)] =04 0
Other results can be verified similarly .

Proposition 1.3 : Let A = [(uft, v/)], B = [(uf., vE )] € IFSM,, x . Then
)o[ARN B]=o0AfoBvi)o[A xB]>od woB
io0[ATUB]=0AUoBvii)0[AN B]=0AR0B
iii) [O[4A°+ B°]]°=0A.0BixX)0[AU B]=0A00B
iv) [0 [4°.B°]1°=0A+0BX)[0[A°+ B°]]1°=0d.cB
VIoO[A@B]=0A@oBxi)[0[4A°B°]]°=0d +0OB
Vi)O[A$B]ooA$oBxi)0[A@B]=0A@0B

Some of the proofs are given :

Proof : For all i and j,

)o[AN B]
=0 [(min{flg-,flg-}, max { vj ,}/5})]
=[(min{ i, w3 L—min{ v, vi})]
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= [(min{ ufj, ufi} max {1 —pfj, 1= 3)]

—[(Ilwl—llu)]n[(llg,l HU)]
=nAfoB O

io[AU B]
= o[ (max{ uf}, ufy} min { v}, v/} }) ]
= [(max{ uf}, ufi} 1= max {vf}, vf}})]
=[(max pft, uB}, min {1 —pf, 1-pE })]

‘HmplmmUK@J-mﬂ]
=0AUoB O

iii) [O[4° + B° ]]°
=[a[(vj.uf)] + [(vl, i I’
=[o [(VU + VU - VU' vy Hij- ”U)]]O
_[( l; % _VU Vu’l (v{‘} +VU - l;' l] )]0
=[(1 - (VU + VU - VU VU) VU + v] - v{‘} .vij )]

_[(1 - Vl]’vl] )] [(1 _Vl]’vl])]
=0A.0B O

iv) [o[A°.B°1]]°
= [o[(v, )] [0 1
=[o [(VU VEuf +oul = g e
[(VU. 3, - vu,vu)]0
—[(1—1/1] VU,VS VU)] o
—[(% U,VU)]"'[(l vi,vi) ]
—0A+0B .

Vol[A@B]
=0 ( [(MU ! Vl] )] @ [(ﬂl] ! Vl] )])

ulul v+v
o [(MEH )

l‘l l‘l l‘l l‘l
= (1 - M) )

"[0&,,1 u )]@?[(uﬁ,l ui )]
—nA@uoB ]

Vi)D(A$§)~ ] o
=0 ([, v $ [ vi) 1)
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=0 ( Juf ”U’\[ vh

=(uf wf 1= |ulouf)

oA$oB

=[(uf 1—pf ) IST(uf 1—uf)]
[ i (1 =) (1 = 1))

Clearlyo (A$B)>o0A$oB O
Other results can be proved similarly.

Definition 4.7: Let 4 = [(uf, v)], B = [(uf, v )] € IFSM,, x , . Then the operation
‘>’ (Implication) denoted by A ~ B is defined by
Aw B=[(max{vfj,uf } min{ uf, vi})]

Proposition 1.4 : Let A = [(uA, v)], B = [W®, vE)], € = [(u;, v5)] € IFSMyp 5 .
Then

NV[AR B]l=C2[AmC]R[B~C]
iN[AUB]»Cc[A»C]U[B~C]
i)[ARB]»C=[A»C]U[B~C]
V)[A+B]—=»C2[A~»C]+[B~C]
VI[A.Bl»Cc[A-C].[B~C]
ViA-[B+C]c[A»B]+[A~C]
Vi) Am[B.C]12[A»B].[A~C]

viii) A — A% = A°

Proof: Let A4 = [(uf, v/)1, B = [(u8, vE)], € = [(uf;, v§)] € IFSMy, & .. Then
forall iand j

i)[/i'ﬁ}f?]wf~ ) o o
= [(min {ucfh, 1 3 max { vl vE 1 1o [@G vl
=[(max { max { v{}, v{ } uf; 3o min{min {u, w2 }vi 1)1 - 1)

[A»C1A[Bw~C]
= [(max { v}, ufy 3, min {uf, v IR [(max {vfj, 4§ 3, min {uf}, v§; D]
= [(min{max{ v{}, uf; }, max { v/}, uf; }}, max{min {u; v
min {uf; v 11
=[(min{max{ v}, vE }, uf; }, max{min {uf, uE 1, vED] oo, 2)

From (1) and (2) it is clear that
[ANB]»C22[A-»C]A[B~C] O
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i)[AUB]~C
= [(max{ugt, w3, min{ v/, vE Yo [, v5)]
= [ (max {min{ v, vE }, u&}, min{ max{uf, uE 3} vEDT oo, (3)
[AC]U[B~C]
= [(max { v}, u§ 3 min {uf, v5 110 [(max { vf, uG 3, min {uf, v5 D]
[( max{max{ v, u§ ¥ max { v, u ¥}, min{min {uf,v& }, min {uB v53ID]
=[(max{max{ v ,vE}, u& ¥, min{min {uf, uE 1 vED] oo (4)

From (3) and (4), it is clear that
[ATB]»Cc[A»C]T[B-C] o
i)[ARB]»C=[A»C]U[B~C]
Proof: Proof follows from (1) and (4).

V) [A+B1m C=[ W+l —uft  uB v vE ) 1o (1§, V)]
=[(m§x{v§.~v5,1ﬁ yomin {ud + 1l —ud wB vEN T (5)
[A-C1+[BwC]
=[(max { v/, u§ 3 min{uf v 1+ [(max { v, u§ 3, min {uf, v§ D]
=[(max { v, u& }+ max {vZ, puf 3 — max { v, u& }. max {vB, u§ 1,

min {uf, v5 3. min{uf,v5 1)1 ... (6)
From (5) and (6), it follows that
[A+B]-C2[A~C]+[B~C] o

Similar proof for others.

Example 3: Let A = [(uf, v)], B = [W®, vE)], € = [(u5, v5)] € IFSM, x . , where
Q- [(.3, 2) (4 .5)] 5 - [(.4, 5) (3 .4)] e [(.3, 6) (4, .6)

(5.3) (7, '2)@, 58)(.7(, .f)58§.6, 3)) (6,.3) (5,.4)

[A+B ] C= [ (6.3) (5,4) ]

_ ~ L. 1(8,12)  (7,12)
[AmCI+[B~C]= [(.84,.09) (.75, .58)]
Obviously, [A+B]—-C2[A~C]+[Bw~C] o

Conclusion

In this paper, we have proved the properties of necessity and possibility and other
related properties with examples. We have introduced the operator of implication and
their properties . Some of the properties of implication have been proved.
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