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Abstract: A simplified neutrosophic set is characterized by a truth-membership function,
an indeterminacy-membership function, and a falsity-membership function, which is a subclass of
the neutrosophic set and contains the concepts of an interval neutrosophic set and a single valued
neutrosophic set. It is a powerful structure in expressing indeterminate and inconsistent information.
However, there has only been one paper until now—to the best of my knowledge—on the subtraction
and division operators in the basic operational laws of neutrosophic single-valued numbers defined
in existing literature. Therefore, this paper proposes subtraction operation and division operation for
simplified neutrosophic sets, including single valued neutrosophic sets and interval neutrosophic
sets respectively, under some constrained conditions to form the integral theoretical framework
of simplified neutrosophic sets. In addition, we give numerical examples to illustrate the defined
operations. The subtraction and division operations are very important in many practical applications,
such as decision making and image processing.

Keywords: subtraction operation; division operation; simplified neutrosophic set; interval
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1. Introduction

To handle uncertainty, imprecise, incomplete, and inconsistent information, Smarandache [1]
proposed the concept of a neutrosophic set from philosophical viewpoint, which is a powerful general
formal framework and generalizes the concepts of the classic set, fuzzy set [2], intuitionistic fuzzy set
(IFS) [3], interval-valued intuitionistic fuzzy set (IVIFS) [4]. In the neutrosophic set, a truth-membership
function p(x), an indeterminacy-membership function o(x), and a falsity-membership function 7(x) are
characterized independently, where p(x), o(x), and 7(x) are real standard or nonstandard subsets of ] 70,
1*[, such that p(x): X — 170, 1*[, o(x): X — 170, 1*[, and 7(x): X — ]70, 1*[. Thus, the sum of p(x), o(x),
and 7(x) satisfies the condition ~0 < supp(x) + supc(x) + supt(x) < 3*. Then, the obvious advantage
of the neutrosophic set is that its components are best fit in the representation of indeterminacy and
inconsistent information, because IFSs and IVIFSs cannot represent indeterminacy and inconsistent
information. However, the defined range of p(x), (x), and 7(x) in a neutrosophic set is the non-standard
unit interval ]70, 17[, the neutrosophic set is merely used for philosophical applications, while its
engineering applications are difficult. Hence, the defined range of p(x), o(x), and 7(x) can be constrained
to the real standard unit interval [0, 1] for convenient engineering applications. Thus, a single
valued neutrosophic set (SVNS) [5] and an interval neutrosophic set (INS) [6] were introduced as
the subclasses of a neutrosophic set. Further, Ye [7] introduced a simplified neutrosophic set (SNS),
which is a subclass of the neutrosophic set and contains a SVNS and an INS, and defined some basic
operational laws over SNSs, such as addition and multiplication. Then, Zhang et al. [8] indicated
some unreasonable phenomena of the basic operational laws over SNSs in [7] and improved some
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basic operational laws of INSs. Recently, Smarandache [9] defined the subtraction and division
operators in the basic operational laws of neutrosophic single-valued numbers and presented some
restrictions for these operations of neutrosophic single-valued numbers and neutrosophic single-valued
overnumbers/undernumbers/offnumbers. However, as far as we know, there has not been any
investigation on the subtraction and division operations over SNSs (SVNSs and INSs) until now. Since
SNSs are the extension of IFSs and IVIFSs, the subtraction and division operations are very important
in forming the integral theoretical framework of SNSs. Then, the subtraction and division operations
of IFSs and IVIFSs have been investigated by some researchers [10-14]. Motivated by the subtraction
and division operations for IFSs and IVIFESs, this paper will try to develop the two new subtraction
and division operations for SNSs to form the integral theoretical framework of SNSs.

The remainder of this paper is arranged as follows. Section 2 describes some basic knowledge on
SNSs and their basic operations. Section 3 proposes the subtraction operation and division operation
over SNSs. Some remarks are contained in Section 4.

2. Some Basic Knowledge of SNSs and Their Basic Operations

For the science and engineering applications of neutrosophic sets, Ye [7] introduced the SNS
concept, which is a subclass of the neutrosophic set, and gave the following definition of a SNS.

Definition 1 [7]. Let X be a universal of discourse. A SNS N in X is characterized by a truth-membership
function pn(x), an indeterminacy-membership function on(x), and a falsity-membership function Tn(x), where
the functions pN(x), on(x) and Tn(x) are singleton subintervals/subsets in the real standard interval [0, 1],
such that pn(x): X — [0, 1], on(x): X — [0, 1], and tn(x): X — [0, 1]. Thus, a SNS N is denoted by

N = {(x, pon (%), on (%), Tn (%)) [x € X}

The SN is a subclass of the neutrosophic set and contains the concepts of INS and SVNS [7].

If the values of the three functions pn(x), on(x) and Ty(x) in the SNS N are taken as three real
numbers, i.e., pn(X), on(x), Tn(X) € [0, 1], then the SNS N is reduced to the SVNS N. Thus, the sum of
PN (x), on(x), and Tn(x) satisfies the condition 0 < pn(x) + on(x) + Ta(x) < 3.

For SVNSs Ny = {(x, pn; (x), 0N, (x), T, () )]x € X} and Np = {(x, pn, (%), 0w, (%), T, (%) )| x € X},
there are the following relations [5]:

(1) Complement: N = {(x, ty,(x),1 —on, (x), o, (x))]x € X};
(2) Inclusion: Ny € N, if and only if pn, (x) < pn, (%), o, (X) > on, (x), and T, (x) > T, (%) for any x

in X;

(3) Equality: Ny = Ny if and only if Ny € N and N, C Nj.

Since SVNSs are the special case of INSs, the operational laws of the SVNSs N; and N, are

introduced as follows [8]:

1) N+ Ny = {(x, o () + oy () = o, (X) o (), 0y (X)om, (1), Ty (1) T () ) [x € X}
7 4 + 7
@ N x Ny = {< X, N, (X)pn, (X), 00, (x) + 0, (%) — o, (x) o, () >|x . X};
™ (%) + T, () — Ty, (%) T, ()

(B) AN; = {<x 1—(1—pn(x X)), UI)\‘]1<X),TI/\\,1(X)>|X € X},A >0;
4) Nt = {<x,,pN1 (), 1= (1= o, () 1— (1— 1y, (x))’\>|x € X},A > 0.

If the values of the three functions py(x), on(x), and Tn(x) in the SNS N are taken as three interval
numbers, i.e., pn(x), on(x), Tn(x) C [0, 1], then the SNS N is reduced to the INS N. Thus, the sum of

pn(x), on(x), and Tn(x) satisfies the condition 0 < suppn(x) + supon(x) + supTy(x) < 3.

For INSs Ny = {(x, pn, (x),0n, (x), T, (x))]x € X} and Ny = {(x, pn, (), on, (x), T, (%) ) |x € X},
there are the following relations [6]:
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x, [infry, (x), supty, (x)],
(1) Complement: Nj = < [1 —supoy, (x),1 —infoy, (x)], )[x € X p;
[infon, (x), suppn, (¥)]
(2) Inclusion: Nj C N, if and only if infoy, (x) < infop, (x), suppn, (x) < suppn, (x), infoy, (x) >
infoy, (x), supon, (x) > supoy, (x), infry, (x) > infry, (x), and supty, (x) > supty, (x) for any x
in X;
(3) Equality: Ny = N; if and only if Ny € N and N, C Nj.

Whereas, the operational laws of the INSs N1 and N, are introduced as follows [8]:

X [inprl (x) + inprz (x) — inprl (x)inprz (x),
1) Nyt Np =4 SUPPN, (x) + suppn, (x) — supp, (x)suppn, (1)), rex;
[infoy, (x)infon;, (x), supo, (x)supon, (x)],

[infy, (x)infTy, (x), supTy, (x)supty, (x)]

x, linfpw, (x)infons (3), suppn, (¥)suppny (x)],

[infoy;, (x) + infoy, (x) — infoy, (x)infoy, (x),

2 Ny xN;= < supoy;, (x) + supon, (x) — supoy, (x)supo, (x)] >|x eX;
[infry, (x) + infry, (x) — infry, (x)infy, (x),
supTy, (x) + supy, (x) — supty, (x)supy, (x)]

@) AN, = {< x,[1— (1 —infoy, (x))*,1 — (1 — suppy, (x))"] >|x c X},A - 0;

[infaﬁ,1 (x), supaf\‘]1 (x)], [inf’r{\‘,1 (x), suprli}1 (x)]

x, [infop;, (x), suppy;, (x)],
@ N = <

[1— (1 — infoy, (x))*,1 = (1 — supoy, (x))"], >|x €Xp,A>0.
[1— (1 - infry, (x))",1 = (1 — supT, ()]
However, there is little any investigation on the subtraction and division operations over SNSs

(SVNSs and INSs) in existing literature. Therefore, we should investigate the subtraction and division
operations of SNSs to form the integral theoretical framework of SNSs.

3. Subtraction and Division Operations over SNSs

3.1. Subtraction and Division Operations over SVNSs

For any two given SVNSs A and B, the problem is how to find the unknown SVNS C = A — B, which
satisfies pc(x), oc(x), Tc(x) € [0, 1] and 0 < pc(x) + o¢c(x) + Tc(x) < 3 for x € X. Based on the addition
operation of SVNSs for A = C + B, there are pa(x) = pc(x) + pp(x) — pc(x)pp(x), oa(x) = oc(x)op(x), and
Ta(x) = Tc(x)Tp(x). Then, we can obtain the following results:

_ palx) —pp(x)
Pc(x) - A1 _PB(i) @
_oalx)
UC(X) - O'I;A(X) (2)
_ Talx)
Tc(x) = T;‘(x) ®)

Then, the functions pc(x), oc(x), Tc(x) in C must take values in the interval [0, 1] and satisfy the
following conditions:

0< pa(x) —pp(x)

1 pp() =L foree(x) < palx)and pp(x) £ 1 @
0< Zz((i)) <1 for og(x) > 0a(x) and op(x) # 0 )
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N

0<

TB((JJS)) <1 for 15(x) > T4(x) and t(x) # 0 ©

Obviously, the inequalities (4)—(6) hold only if A > B, pp(x) # 1, 0p(x) # 0, and Tp5(x) # 0. Therefore,
we can give the following definition of subtraction operation for SVNSs.

Definition 2. For any two given SVNSs A and B, the subtraction operation of the SVNSs A and B are defined as

g/, pal¥) —pp(x) galx) Ta(x)\
8 B_{<’ 1—pp(x) 'UB(x)'TB(x)>| GX} @)

which is valid under the conditions A > B, pp(x) # 1, op(x) # 0, and tp(x) # 0.

Example 1. Let us consider two SVNSs A and B in the universe of discourse X = {x}: A ={<x, 0.7, 0.4, 0.3> 1
x € X}and B ={<x,0.5,0.6,0.5>| x € X|. Then, we find the unknown SVNSC=A — B.

By using Equation (7), we can obtain that

_ _ 0.7—-05 04 0.3
C =a-B={(x%% 8 8)xex}

®)
= {(x,04,0.6667,0.6)|x € X}.

For any two given SVNSs A and B, the problem is how to find the unknown SVNS D = A/B,
which satisfies pp(x), op(x), Tp(x) € [0, 1] and 0 < pp(x) + op(x) + Tp(x) < 3 for x € X. Based on the
multiplication operation of SVNSs for A = D x B, there are p4(x) = pp(x)pp(x), oa(x) = op(x) + op(x) —
op(x)op(x), and T4(x) = Tp(x) + Ta(x¥) — Tp(x)Tp(x). Then, we can obtain the following results:

_ pa(x)
Pp(x) = pB(x) ©
op(x) = W (10)
Tp(x) = w (11)

Then, the functions pp(x), op(x), Tp(x) in D must take the values in the interval [0, 1] and satisfy
the following conditions:

0< pa(¥) <1 for pp(x) > pa(x) and pp(x) # 0 (12)
p5(x)

02 T < for gy 4) < 4 (4) and oy (5) 1 ®

0< w <1 for 13(x) < Ta(x) and T(x) # 1 (14)

Obviously, the inequalities (11)-(13) hold only if B > A, pp(x) # 0, 0p(x) # 1, and tp(x) # 1. Thus,
we can give the following definition of division operation for SVNSs A and B.

Definition 3. For any two given SVNSs A and B, the division operation of the SVNSs A and B is defined as

_ pa(x) oa(x) —op(x) Ta(x) — T8(X)
A/B_{<X'PB(X)' 1—op(x) * 1-1p(x) >|x€X} (19

which is valid under the conditions B > A, pp(x) # 0, op(x) # 1, and Tg(x) # 1.
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Example 2. Let us consider two SVNSs A and B in the universe of discourse X = {x}: A ={<x, 0.6, 0.3, 0.2>
x € X}and B=1{<x,0.8,0.2,0.1>| x € X}. Then, we need to find the unknown SVNS D = A/B.

According to Equation (14), we have that

_ _ 06 03-02 02-01
D =A/B= {<x, 08/ 1-02 7/ 1-01 >|x = X} (16)
= {{x,0.75,0.125,0.1111) |x € X}.

3.2. Subtraction and Division Operations of INSs

Based on the aforementioned discussions in the subtraction and division operations of SVNSs,
we can give the subtraction and division operations of INSs as the extension of the subtraction and
division operations of SVNSs.

If we only consider pa(x), ca(x), Ta(x) C [0, 1] and pp(x), op(x), Tp(x) C [0, 1] in two SNSs A and
B as interval numbers, i.e., two INSs A and B, the problem is how to find the unknown INSC=A — B,
which satisfies pc(x), oc(x), Tc(x) C [0, 1] and 0 < suppc(x) + supoc(x) + suptc(x) < 3 for x € X. Based
on the addition operation of INSs for A = C + B, there are p4(x) = [infpc(x) + infop(x) — infpc(x)infpp(x),
suppc(x) + suppp(x) — suppc(x)suppp(x)], ca(x) = [infoc(x)infop(x), supoc(x)supop(x)], and T4(x) =
[inftc(x)inftp(x), suptc(x)suptp(x)]. Then, we can obtain

_ [infoa(x) —infop(x) suppa(x) — suppp(x)
pc(x) = [ 1—infog(x) ' 1 —suppp(x) } o
_ [infou(x) supos(x)
oc(x) = [inf(rz(x) ’ Supifz(x)] "
_ [infta(x) supta(x)
Tc(x) = [mfrz(x) ’ SupT/BX(x)} )

Then, the functions pc(x), oc(x), Tc(x) in C must take the subintervals in the real standard
interval [0, 1]:

infp 4 (x)—infpg(x) suppa(x)—suppp(x)
pelx) = | P, SRR | € (0,1

(20)
for info 4 (x) > infpp(x),suppa(x) > suppp(x) and pg(x) # [1,1]
_ [infos(x) supog(x)
UC(x) - [infcrg((xg’ zul}))gg(jcc)} - [0/ 1] (21)
for infop(x) > info4(x),supog(x) > supoa(x) and op(x) # [0,0]
_ [infta(x) supta(x)
TC(x) - [infT/;(x)’ supTB(x)} < [0’1] (22)

for inftg(x) > infrs(x),suptp(x) > supta(x) and 15(x) # [0,0]
Obviously, Equations (18)—(20) hold only if A > B, pg(x) # [1, 1], op(x) # [0, 0], and 7p(x) # [0, 0].

Thus, we can give the following definition of subtraction operation for INSs A and B.

Definition 4. If we consider two INSs A and B, the subtraction operation of the INSs A and B is defined as

X [infpiq (J.C);in(fp;g (x) supplA (x)fsu(pp)B (x) }

_B = ! —Intpp(x ’ —suppp(x ’

A—-B {< {infaA(x) supcrA(x)} [infTA(x) SUPTA(x)} >|x S X} (23)
infop(x)” supop(x) |’

inftg(x)” suptp(x)

which is valid under the conditions A > B, pp(x) # [1, 1], op(x) # [0, 0], and tp(x) # [0, 0].
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Example 3. Let us consider two INSs A and B in the universe of discourse X = {x}: A ={<x,[0.7,0.9],[0.4, 0.5],
[0.3,0.4]>| x € X}and B ={<x,[0.5,0.7],[0.5, 0.6], [0.5, 0.6]>| x € X}. Then, we need to obtain the unknown
INSC=A —B.

By using Equation (21), we can obtain that
0.7-0.5 O 9-0.7
X [ —05/ 107

0.6 5/

8,0. 8333]

O»—x
‘O‘—‘

e

.6
0.6,0.6667])|x € X}.

[=
U‘I

0.

.—o

= {(x,[04, 0.6667]

If we only consider pa(x), ca(x), Ta(x) C [0, 1] and pp(x), op(x), Tp(x) C [0, 1] in two SNSs
A and B as interval numbers, i.e.,, two INSs A and B, the problem is how to find the unknown
INS D = A/B, which satisfies pp(x), op(x), Tp(x) C [0, 1] and 0 < suppp(x) + supop(x) + supTp(x)
< 3 for x € X. Based on the multiplication operation of INSs for A = D x B, there are ps(x) =
[infop(x)infop(x), suppp(x)suppp(x)], ca(x) = [infop(x) + infop(x) — infop(x)infop(x), supop(x) +
supop(x) — supop(x)supop(x)], and T4(x) = [infrp(x) + infrp(x) — infrp(x)infrp(x), supTp(x) + supTp(x)
— suptp(x)suptp(x)]. Then, we can obtain the following:

o) = infps(x) suppa(x)

pote) - [y, epeate) ®
_ [infoa(x) — infop(x) supoa(x) — supop(x)

op(x) = [ {‘_inng(x)B ’ 1A— suptTB(x)B ] 2

ro(s) = [0TAle) infals) supra(s) —supra()] @)

Then, the functions pp(x), op(x), Tp(x) in D must take the subintervals in the real standard
interval [0, 1]:

op(x) = [ianA(x) SUPPA(X)] c [0,1]

infog(x)” suppp(x) (28)

for infop(x) > info (x), suppp(x) > suppa(x) and pp(x) # [0,0]
op(x) = | MEALITRInG], supeal Zoapenl | € o, 1) 29)

for infop(x) < infoy (x),supop(x) < supo(x) and op(x) # [1,1]
w(x) = | MG, st sl | ¢ fo,1] (30)

for inftg(x) < infry(x),suptg(x) < supta(x)and t5(x) # [1,1]

Obviously, the inequalities (25)—(27) hold only if B > A, pp(x) # [0, 0], op(x) # [1, 1], and Tp(x) #
[1, 1]. Thus, we can give the following definition of division operation for the INSs A and B.

Definition 5. If we consider two INSs A and B, the division operation of the SNSs A and B is defined as

infpa(x) suppa(x)
"' [mfp3<x> ’ Suppp (x) } '
A/B = < [infaA(a.c)finfaB(x)/ supaA(x)fsupaB(x)}, >|x cX 31)

1—infog(x) 1—supop(x)

[infTA(x)finfrB(x) suprA(x)—supTB(x)]
1—infrg(x) 7 1—suptp(x)

which is valid under the conditions B > A, pp(x) # [0, 0], op(x) # [1, 1], and tp(x) # [1, 1].
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Example 4. Let us consider two INSs A and B in the universe of discourse X = {x}, which are given by A = {<x,
[0.4,0.6],[0.3,0.5],[0.2,0.4]>| x € X} and B = {<x,[0.6,0.8],[0.2,0.3],[0.1, 0.3]> | x € X}. Then, we need
to obtain the unknown INS D = A/B.

According to Equation (28), we can yield that

— _ 04 06] 103-02 05-037 [02-01 04-03
D =A/B= {<x, {W/ @}r [ s ) [ 1-0.1 7 1-03 }>|x € X}

= {(x, [0.6667,0.75], [0.125,0.2857], [0.1111,0.1429]) | x € X}.

(32)

4. Conclusions

In this paper, we proposed the subtraction and division operations of the SNSs (SVNSs and INSs)
with corresponding constrained conditions. Meantime, numerical examples were provided to show
the subtraction and division operations over SNSs (SVNSs and INSs). The subtraction and division
operations are very important in forming the integral theoretical framework of SNSs and may have
many practical applications, such as decision making and image processing.
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