’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056
JET  Volume: 03 Issue: 10 | Oct -2016 www.irjet.net p-ISSN: 2395-0072

Application of Neutrosophic Rough Set in Multi Criterion Decision Making
on two universal sets

C. Antony Crispin Sweety! & I. Arockiarani?

12 Nirmala College for Women, Coimbatore- 641018 Tamilnadu, India.

Abstract -. The main objective of this study is to introduce a new hybrid intelligent structure called rough neutrosophic sets
on the Cartesian product of two universe sets. Further as an application a multi criteria decision making problem is solved.
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I.INTRODUCTION

The rough sets theory introduced by Pawlak [10] is an excellent mathematical tool for the analysis of uncertain, inconsistency
and vague description of objects. Neutrosophic sets and rough sets are two different topics, none conflicts the other. While the
neutrosophic set is a powerful tool to deal with indeterminate and inconsistent data, the theory of rough sets is a powerful
mathematical tool to deal with incompleteness. By combining the Neutrosophic sets and rough sets the rough sets in
neutrosophic approximation space [2] and Neutrosophic neutrosophic rough sets [4] were introduced Multi criterion
decision making (MCDM) is a process in which decision makers evaluate each alternative according to multiple criteria. Many
representative methods are introduced to solve MCDM problem in business and industry areas. However, a drawback of these
approaches is that they mostly consider the decision making with certain information of the weights and decision values. This
makes them much less useful when managing uncertain information. To this end, multi criteria fuzzy decision making has
been studied in [4, 6, 7]. Several attempts have already been made to use the rough set theory to decision support . But, in
many real life problems, an information system establishes relation between two universal sets. Multi criterion decision
making on such information system is very challenging. This paper discusses how neutrosophic rough set on two universal
sets can be employed on MCDM problems for taking decisions.

2. PRELIMINARIES

Definition 2.1[13] A Neutrosophic set A on the universe of discourse X is defined as A = {(x, T, (x), I, (x), F4(x)), x € X , Where
T,I,F:X »]0,17[ and O<T,(X)+1,(X)+F,(x)<3".

Definition 2.2:[12] Let U be any non empty set. Suppose R is an equivalence relation over U. For any non null subset X of U,
the sets

Ai(X) ={x: [x]rc X}, A2(X) = {x: [x]r X=# @}

are called lower approximation and upper approximation respectively of X and the pair

S= (U, R) is called approximation space. The equivalence relation R is called indiscernibility relation. The pair A(X) = (A1(X),
A>(X)) is called the rough set of X in S. Here [x]r denotes the equivalence class of R containing x.

Definition 2.3[4]:
Let U be a non empty universe of discourse. For an arbitrary fuzzy neutrosophic relation R over U X U the pair (U, R) is called
fuzzy neutrosophic approximation space. For any A € FN(U), we define the upper and lower approximation with respect to

(U, R), denoted by R and R respectively.
R(A) = {< x, TR (), Igay (%), Fray(x) >/x € U}
R(A) = {< x, Treay(x), Ip(ay(x), Freay(x) > x € U}
TE(A)(x) =V [TeCx,y) ATA(¥)], IE(A)(x) = V rC,y) AL (] FE(A)(X) = é} [Fr(x,¥) ATa(¥)]

yeU yeU

Treay(x) = /} [FrCe,y) ATy V)], Igeay(x) = N\ 1= LCy) AL O] Frey(x) = \/ [Tr(x,¥) AF4(¥)]

yeU yeU
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The pair (R, R) is fuzzy neutrosophic rough set of A with respect to (U,R) and R, R:FN(U)—FN(U) are refered to as upper and
lower Fuzzy neutrosophic rough approximation operators respectively.

3. NEUTROSOPHIC ROUGH SET ON TWO UNIVERSAL SETS

Now, we present the definitions, notations and results of neutrosophic rough set on two universal We define the basic
concepts leading to neutrosophic rough set on two universal sets in which we denote for truth function TRN , indeterminacy

IRN and falsity function FRN for non membership functions that are associated with an neutrosophic rough set on two

universal sets.

Definition 3.1:[11] Let U and V be two non empty universal sets. An neutrosophic relation Ry from U — Vis an neutrosophic

set of (U x V) characterized by the truth value function TRN , indeterminacy function and falsity function FRN where

R, ={<(x, Y). e, (6 ) Tg, (%, Y), Fe (X, y),> |xeU,yeV}with 0<T, (X, y)+1g (X Y)+Fs (X y)<3for
every (x,y) e Ux V.

Definition 3.2 [13] Let U and V be two non empty universal sets and Ry, is a neutrosophic relation from U to V. If for xeU,
Te, (X ¥)=0, I (Xx,y)=0and F; (X,y)=1forally e V, then x is said to be a solitary element with respect to R .

The set of all solitary elements with respect to the relation R\ is called the solitary set S. That is,

S={x|xeU, T, (xy)=0,I; (x,y)=0,F (x,y)=1 VyeV

Definition 3.3:[13] Let U and V be two non empty universal sets and RN is a neutrosophic relation from U to V. Therefore,

(U,V, Ry )is called a neutrosophic approximation space. For Y € N (V') an neutrosophic rough set is a pair (R Y, RY)

of neutrosophic set on U such that for every x € U.

R0 = (X T (001, , (9 Fey (0] 1X €U an
R () = (X, 001 ) 00,y (9) 1 X €U} (12
Where
TRy () = \{[TR(X'}’) AT D] Iy = \{[IR(JC:Y) AT Frey(x) = {} [Fr(x,y) AT, ()]

Treay(x) = /} [FrGe, y) ATA()] gy (x) = /> [1—Ix(x, ) ALy(D)] Freay(x) = \/ [Tr(x,¥) AF4(¥)]

yeV

The pair (R (Y), K(Y)) is called the neutrosophic rough set of Y with respect to (U,V,R, ) where R (Y), K(Y) :

N(U) — N(V) are referred as lower and upper neutrosophic rough approximation operators on two universal sets.

4.ALGEBRAIC PROPERTIES:

In this section, we discuss the algebraic properties of neutrosophic rough set on two universal sets through solitary set.

Proposition 4.1: Let U and V be two universal sets. Let RN be an neutrosophic relation from U to V and further let S be the

solitary set with respect to RN .Then for X, Y € N(V), the following properties holds:

@ Ry (W=Uand Ry (¢)=¢
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(b)  IfXCY then Ry () < Ry (V) and K(XJ c K(Y)

(0 R_N(X]:RN (X))’ and Ry (X)= Ry &)
(d) Ry® 2 Sand RV < S’, where S’ denotes the complement of S in U.
(e) lgany given index set J, X; € N(V),

Ry (UX\) 2 URX and Ry (M X)) Ry X

ied ied” ied ield
(0 For any given index set ],
X eNW), Ry (MX)= mRXandR (UX,) = R_X
iel iel iel

Proof:
First note that V is a neutrosophic set satisfying T, (X) =1 , I, (X) =0and F, (x) =1 forall XeV .Thus, Vcan be

represented as V = {<X,1,1,0> IxeV}

Now, by definition we have

Tay@) = /\ Fy 6opvT ) =1 e @ = A\ -1, v, ) =1 Frn @) = VT, (03 ARy =0
ye ye' yev

Therefore we get,

Ry (V) :{<x,TRN(V)(x), gy 00 Fr (9, >| xeU}} = {(x110)IxcU}

Similarly, ¢ is a neutrosophic set satisfying T, (X) =0 , I, (X) =1and F, (X) =0 forall XV .Thus, ¢ canbe
represented as ¢ ={(X,0,0,1)I x eV}

Now, by definition we have

Ty @) = V[T, y) ATy N1 =0, Iz () = \/ [Ir(x,y) ALg(y)] =0, Freyy(x) = y/} [Fr(x,y) ATy (y)]=1

yev yev

Therefore we get, a(@ ={<X,Tﬂ(¢), Iﬂw)’ Fﬂ(¢)>| xeU}} = {<X,0,0,1>| xeU}=¢.

(ii) First note that X < Y ifandonly T, (X) <T,(X), I (X) <1, (x) and Fy (X) < F, (X) forall
X €V . Therefore, we have

RN(X)(X) =A [FRN X Y)vT(y)] < A\ [FRN X, y)vT, (V)] TRN(Y)(X)

yev yev

Lo, ) () = A B=Tg, XYV I (V] < A [le, (6 Y)V Iy (W] =g, 1) (X)

Fr, 00 (X) = v [Te, (X, ) AFy ()] 2 v [T, ) AR (W] = F oy (X)

Therefore, R X) < R (Y). Similarly, we have
Te o =\ [Tr, AT W] < v/ [lg, Y AT, (D] =Te-,, (X)

yev yev
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ey 0=/ T, O AL TS v T, (W) AL (D] = 1y, (X)

i 0= A e, 060V BT A [P (60)Y By (9] P, (9

Therefore, Ry (X) < R (Y).
(iii) We know that R (X" = {<X TR (x)(X) |R (X)(X) FR (x)(X)>/X€U},Where
T (0= v Mo, AT =3 T, (09 A Fy (D] = oy )

e ®= v/ T, O AT =\ T, (N AL (] =1 L0 = 0 (9

Fe o (0= [Fe, (G Y) v EC(N] = [F (% Y) VT (V)] = Tg, ) (X)

Therefore, we have

Ry (X) =X, T 1y 001 Ty (00, Py () X €U}

= 4% iy 000 002~ Ty 0y 00 T 0 (x)>/ xcU}

indicates that (K(X')) = {< Ry X)( ) (X), FRN(X)(X)’>| X € U and consequently
Ru (<) = Ry (X)
Ry (X)=4{x T, (015, 00 Fi, () [x<U

Teoor® = A [, ONVT 1= A [Fe, (6 Y)V P (D] = e (9

er yeVv

Lo, 0y )= A =T, V)V I (N]= A D=Tg (6 V) VI- T (V)]=[lg, (V) AL (V)]

SN
Ry (X)
Frac0 0= v/ T, (0N AR (T2 v/ T, () ATy (] = T, (9.

(Ry(x") :{<x,TRN
= {<x, F

Ru(x)

IR NTNCOR- (x)>|x€u
(x).1 (). T (X),>|XGU

It indicates that (R_N(X )) ={<X’Tﬁ(><) (x), Iﬂ(X) (%), Fﬂ(X) (X)>/ X € U } and consequently

(Ry (X)) =Ry (X).

TR Rux

(iv) First note that, ¢ is a neutrosophic set satisfying T, (X) =0, I, (X) =0 and F, (X) =1
forall X €V .Thus, ¢ can be represented as
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¢ ={(x,0,01)I1xeV}
Also note that, S is a solitary set. This indicates that
Therefore, we have forall X € S

Teu ()= A [Fe, V) VT, (N] = A [LvO] =1

yev yeVv

oy (0= A BL= T, YV I, = A [LVO] =1

yev yeVv
Fr,y () =/ [Te, X Y)VF,(Y)] =\ [0A]1] =0
o yeV yev

Hence, itis clear that Tp () (X) 2Tg (X, ¥), 15 (5 (X) = 15 (X, Y) and Fy ) (X) <Fp (X, y)for xeS.
Therefore, by proposition (ii) we have R (#) 2S.
Similarly, by proposition (iii) we have K(X) = (RN (X '))

On taking X €V we get m(\/) = (RN (V'))

But V '= ¢ .Again by proposition (iv), we have Ry, (#) D S .Itimplies that (R, (¢)) < S".

Therefore, we get R (V) < S'.

(v) From the properties of union, for any index set J={1,2,3....,n}
Xic X X, 2 U X, Xs S U X X, cUX,.
iel ield iel ield

Therefore, by proposition (ii) we have

Ry (X)) =Ry (LU X)) Ry (X,) = Ry (U Xi) s Ry (X)) =Ry (LX)

iel ield iel
It indicates that,
UR_N(Xi) QR_N(U X;) . ie &(U X;)2 UR_N(Xi)-
iel iel ield ield
Similarly, for any index set ]={1,2,3...,n}
NX, X, NX, <X, X S Xg o NX, cX,.
iel ied iel iel

Therefore, by proposition (ii) we have

Ry (N X)) € Ry (Xy), Ry(0 X)) € Ry (X5) e Ry (X)) € Ry (X,)
It indicates that, K(Q X)) c N Ry (X,).

(vi) For any index set] ={1, 2, 3,..,n}, X; € N(V),

Ru(nX))= {<x,TRN(@ 00 0 00 P ) (x)>/x cU}. But

TFLN(QJ X;) X)=A [FRN (x,y) VT(QJ X)) (]

= /}/ [FRN (X y)v (Tx1 (y) /\sz (y) /\Tx3 (V) Ao /\Txn,1 (y) /\Txn (V)]
A [(Fe, (6 Y) VT (W) A (R, (6 Y) VT, (V) A AR (X, Y) VT (V)]
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=TR7N(X1)(X)/\TR7N(X2)(X)/\ ..... ATRA(X

= Min{TRJ(Xl) (X)}
Similary, we can prove for indeterrminacy and false value functions.
Again, for any index set ] ={1, 2, 3...,n}, X, € N(V),

Ry (X)X Toy (001, (9 Fi (9 IxEU
Ru(0) (X T, 001, 00 Fr (0] xEU

—(X2)

n

R (%)

R(X){<xT (),

B xRy
Therefore, we have

N R_N(Xi):{<x, MinT,,  CORMingl, (4} Max{FRN(Xn)(x)}> IxeU

Hence, it is clear that Ry (F} X)= N Ry (X;). Similarly for any index set ] ={1, 2, 3,...,.n}, X, € N(V),
— le leJ —

(x).F

Ry (%)

(X),>|X€U

Ru (X0 = 0Ty O 00 Fy g 09U
ngxi)(x)=Max{mel) (X) 3, Imig xy ) =Max{ - (X)}, Fmg vy ) =Min{Fg () (X)}

Again, for any index set J={1, 2, 3,..., n}, X; € N(V),

Ry () ={{x Ty, (015, (0 Fi  00,)1xEU
RuOG)-{(X T, (015, (F

Ry (x,) R (x,)

(X),>|XEU

" Rux,y)

Ry (X)) ={(xT

Ry (%)

Therefore, we have

AR (X,)- {<x Min{T,,  (O}Min{l, (O} Max(F, | (x)}>|xeu

Hence, it is clear that Ry ((\J Xi): N Ry (Xi).
— le leJ —

(g, (0 Fey () XU

4. AN APPLICATION TO MULTI CRITERION DECISION MAKING

In this section, we depict a real life application of neutrosophic rough set on two universal sets to multi criterion decision
making. The model application is explained as neutrosophic rough set upper approximation. Let us consider the multi criteria
decision making in the case of a online shop. However, it is observed that due to several factors such as, on time delivery,
offers and discounts, quality of the product, Easy returns, Diccreet shoping. Therefore, from customer behaviour, clear review

of the particular online shop can be obtained. Hence, neutrosophic relation better depicts the relation between the customers
and supermarkets.
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Let us set the criteria U={Us, Uz, U3, Uy, Us, Ug} in which Uy denotes the convenience in shopping, Uz denotes on time delivery
of the products, Uz denotes offers and discounts given, Us denote quality of the product, Us denotes easy returns of the
products, Ug denotes the discreetness in shoping. Let us consider the review rating, such as 5*4*,3*,2* 1% nil.

Several variety of customers and professionals are invited to the survey that only focuses on the criterion of best Easy returns
in the online shop X.

. DECISIONS YES(%) NEUTRAL(%) NO(%)
ook Ds 15 30 47
ok Dy 28 46 23

ok D3 46 27 43
ok D; 40 38 56
* D, 26 67 70

----- Do 34 40 14

then the vector can be obtained as
[(0.15,0.30,0.28),( 0.28,0.46,0.23),( 0.46,0.27,0.23), ( 0.40,0.38,0.34),(0.26,0.67,0.35) ,(0.34,0.40,0.14)]T
where T represents the transpose.

Similarly, the decisions based on other criteria are obtained as follows:

[(0.10,0.20,0.30), (0.30,0.30,0.21),(0.25,0.20,0.15),(0.10,0.40,0.8),(0.20,0.30,0.7),(0.25,0.20,0.25) ]
[(0.55,0.55, 0.41), (0.55,0.55,0.1), (0.20,0.30, 0.15), (0.50,0.40,0.6),( 0.30,0.10,0.3),(0.20,0.20, 0.4)]T
[(0.1,0.10, 0.7),(0.10,0.10,0.4), (0.40,0.45,0.20) ,(0.20,0.25,0.30), (0.20,0.22,0.10),(0.35,0.10,0.10)]"
[(0.24,0.10,0.20), (0.20,0.12,0.67),(0.15,0.13,0.59) ,(0.35,0.30,0.36),(0.5,0.40,0.36),(0.20,0.22,0.54)]"
[(0.25,0.28,0.31),( 0.25,0.23,0.10),(0.25,0.23,0.20),(0.20,0.34,0.40),(0.10,0.35,0.40),(0.20,0.14,0.30)]T

Based on the decision vectors, the neutrosophic relation from U to V is presented by the following matrix. We define the
neutrosophic relation by the following matrix.

(0.150.3,0.30)  (0.28,0.460.23) (0.46,0.27,23)  (0.4,0.380.34)  (0.26,0.67,0.35)  (0.34,0.4,0.14)
(01,02,03)  (0.30,0.300.21 (0.250.20,0.15)  (0.1,0.40,0.80)  (0.20,30,0.70) ~ (0.20,0.25,0.40)
(055,0.55,041) (0.550.55,0.1)  0.2,030.15)  (050,0,40,0.60) (0.30,0.10,0.30) (0.20,0.20,0.40)
(0.10,0.100.70)  (0.10,0.10.40)  (0.40,0.450.20) (0.20,0.250.30)  (0.20,0.22,0.10)] (0.35,0.10,0.10)
(0.24,0.100.20) (0.20,0.120.67) 0.150.13059  (0.35,0.30,0.36)  (0.50,0.40.36)  (0.20,0.22,0.54)
(0.250.280.31) (0.250.230.10) (0.250.230.20) (0.2,0.30,040)  (0.10,0.350.40)  (0.20,0.14,0.30)

It is assumed that there are two categories of customers, where right weights for each criterion in V are

For, Y, =((d,.0.34,0.43.0.2),(d,,0.23,0.45,0.67),(d,,34,2356),(d, 54,43,39),(d 45,27,39), (d 17,28,34))

We can calculate,

N1

—, _((d;.0.40,0.45.0.28),(d,,0.25,0.30,0.30), (d, ,34,34,36),
(d,,34,25,36),(d.,35,30,36), (d,34,30,31)

and according to the principle of maximum membership, the decision for the first category of customers is 5*.
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