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Abstract: Neutrosophic sets (NSs) handle uncertain information while fuzzy sets (FSs) and
intuitionistic fuzzy sets (IFs) fail to handle indeterminate information. Soft set theory, neutrosophic
set theory, and rough set theory are different mathematical models for handling uncertainties and
they are mutually related. The neutrosophic soft rough set (NSRS) model is a hybrid model by
combining neutrosophic soft sets with rough sets. We apply neutrosophic soft rough sets to graphs.
In this research paper, we introduce the idea of neutrosophic soft rough graphs (NSRGs) and describe
different methods of their construction. We consider the application of NSRG in decision-making
problems. In particular, we develop efficient algorithms to solve decision-making problems.
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1. Introduction

Smarandache [1] initiated the concept of neutrosophic set (NS). Smarandache’s NS is characterized
by three parts: truth, indeterminacy, and falsity. Truth, indeterminacy and falsity membership
values behave independently and deal with problems having uncertain, indeterminant and imprecise
data. Wang et al. [2] gave a new concept of single valued neutrosophic sets (SVNSs) and defined
the set theoretic operators on an instance of NS called SVNS. Peng et al. [3] discussed the
operations of simplified neutrosophic numbers and introduced an outranking idea of simplified
neutrosophic numbers.

Molodtsov [4] introduced the notion of soft set (SS) as a novel mathematical approach for handling
uncertainties. Molodtsov’s SSs gave us a new technique for dealing with uncertainty from the
viewpoint of parameters. Maji et al. [5-7] introduced neutrosophic soft sets (INSSs), intuitionistic
fuzzy soft sets and fuzzy soft sets (FSSs). In [8], Sahin and Kucuk presented NSS in the form of
neutrosophic relations.

Theory of rough set (RS) was proposed by Pawlak [9] in 1982. Rough set theory is used to study
the intelligence systems containing incomplete, uncertain or inexact information. The lower and upper
approximation operators of RSs are used for managing hidden information in a system. Feng et al. [10]
took a significant step to introduce parametrization tools in RSs. Meng et al. [11] provide further
discussion of the combination of SSs, RSs and FSs. The existing results of RSs and other extended
RSs such as rough fuzzy sets, generalized rough fuzzy sets, soft fuzzy rough sets and intuitionistic
fuzzy rough sets based decision-making models have their advantages and limitations [12,13].
In a different way, rough set approximations have been constructed into the intuitionistic fuzzy
environment and are known as intuitionistic fuzzy rough sets and rough intuitionistic fuzzy sets [14,15].
Zhang et al. [16,17] presented the notions of soft rough sets, soft rough intuitionistic fuzzy sets,
intuitionistic fuzzy soft rough sets, its application in decision-making, and also introduced generalized
intuitionistic fuzzy soft rough sets. Broumi et al. [18,19] developed a hybrid structure by combining
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RSs and NSs, called RNSs, they also presented interval valued neutrosophic soft rough sets by
combining interval valued neutrosophic soft sets and RSs. Yang et al. [20] proposed single valued
neutrosophic rough sets (SVNRSs) by combining SVNSs and RSs and defined SVNRSs on two universes
and established an algorithm for a decision-making problem based on SVNRSs on two universes.
Akram and Nawaz [21] have introduced the concept of soft graphs and some operation on soft
graphs. Certain concepts of fuzzy soft graphs and intuitionistic fuzzy soft graphs are discussed
in [22-24]. Akram and Shahzadi [25] have introduced neutrosophic soft graphs. Zafar and Akram [26]
introduced a rough fuzzy digraph and several basic notions concerning rough fuzzy digraphs. In this
research paper, a neutrosophic soft rough set is a generalization of a neutrosophic rough set, and we
introduce the idea of neutrosophic soft rough graphs (NSRGs) that are made by combining NSRSs
with graphs and describe different methods of their construction. We consider the application of NSRG
in decision-making problems and resolve the problem. In particular, we develop efficient algorithms
to solve decision-making problems.

For other notations, terminologies and applications not mentioned in the paper, the readers are
referred to [27-35].

2. Neutrosophic Soft Rough Information

In this section, we will introduce the notions of neutrosophic soft rough relation (NSRR),
and NSRGs.

Definition 1. Let Y be an initial universal set, P a universal set of parameters and M < IP. For an arbitrary

neutrosophic soft relation Q over Y x M, (Y, M, Q) is called neutrosophic soft approximation space (NSAS).
For any NS A € N (M), we define the upper neutrosophic soft rough approximation (UNSRA) and the

lower neutrosophic soft rough approximation (LNSRA) operators of A with respect to (Y, M, Q) denoted by

Q(A) and Q(A), respectively as follows:

(A) = {(u, Tgeay(u), I
(A) = {(u, Toa)y(u), I

where

Tow® =\ (Tow)(e) ATale), g ) = A\ geay(ue) v Ia(e)),

eeM eeM

Fom@) = /\ (Fouy(we) v Fa);  Towaym) = /\ (Foay(we) v Ta(e)),
eeM eeM

Igay(m) = \/ (1= Igeay(we) A Lale)), Foray(u) = \/ (To(a)(u,e) A Fale)).
eeM eeM

The pair (Q(A), Q(A)) is called NSRS of A w.rt (Y, M, Q), Q and Q are referred to as the LNSRA and
the LUINSRA operators, respectively.

Example 1. Suppose that Y = {w1, wy, w3, w4} is the set of careers under consideration, and Mr. X wants to
select the best suitable career. Ml = {eq, ey, e3} is a set of decision parameters. Mr. X describes the “most suitable
career” by defining a neutrosophic soft set (Q, M) on Y that is a neutrosophic relation from Y to M as shown in
Table 1.

Table 1. Neutrosophic soft relation Q.

Q w1 wa w3 wy

e (03,04,05) (04,02,03) (0.1,05,04)  (0.2,0.3,0.4)
e»  (0.1,05,04) (0.3,04,06) (04,04,03) (05,0.3,0.8)
es  (0.3,04,04) (04,06,07) (0.3,05,04) (0.5,04,0.6)
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Now, Mr. X gives the most favorable decision object A, which is an NS on M defined as follows: A =
{(e1,0.5,0.2,0.4), (e3,0.2,0.3,0.1), (e3,0.2,0.4,0.6) }. By Definition 1, we have

Fs
To(ay(®3) = 0.2, Tggay(ws) =04, Fga(ws) =03,
Fs

Toeay(wa) =02, Igia)(wa) =03, Fga(wa) =04
Similarly,

To(ay(w1) = 0.4, Igea)(w1) = 04, Foay(wi) =03,

Toa)(@2) =05, Ig(a)(w2) =04, Foa)(w) =04,

To(a)(ws) =04, Ig(a)(ws) = 0.4, Fo(ay(ws) =03,

Toay(ws) = 05, Iocay(ws) =04, Fg(a(ws) = 05.

Thus, we obtain

= {(wy,0.3,0.4,0.4), (w,0.4,0.2,0.4), (w3,0.2,0.4,0.3), (w4, 0.2,0.3,0.4)},
= {(wy,0.4,0.4,0.3), (w5,0.5,0.4,0.4), (w3,0.4,0.4,0.3), (ws,0.5,0.4,0.5)}.

o o
=2
|

Hence, (Q(A), Q(A)) is an NSRS of A.

The conventional neutrosophic soft set is a mapping from a parameter to the neutrosophic
subset of the universe and letting (Q, M) be neutrosophic soft set. Now, we present the constructive
definition of neutrosophic soft rough relation by using a neutrosphic soft relation S from M x M = M
to V(Y x Y = Y), where Y is a universal set and M be a set of parameters.

Definition 2. A neutrosophic soft rough relation (S(B),S(B)) on Y is an NSRS, S : M — N (Y) is a
neutrosophic soft relation on Y defined by

S(eiej) = A{ujuj|3u;e Qle;), uje Qlej)}, ujuje Y, such that
Ts(u; u],e e]) < min{Tg(u;, ), To(uj,€j)}
Is(ujuj eiej) < max{lg(ui e;), Io(uj ej)}
Fs(u; u],el ) < max{Fo(u; e;), Fo(uj,ej)}.
Forany Be N(M), B = {(eej, Tg(eie;), Is(eje;), Fa(eie;)) ujuj € M},
Ty(eie)) < min{Ta(e), Tale))},
Ip(eie)) < max{Laler), Lale,)},
Folee)) < maxiFa(e), Fale))}.

The UNSA and the LNSA of B w.r.t (Y, M, S) are defined as follows:

S(B) = {(u; wj, Tg gy (uittj), Ig gy (uittj), Fg gy (uinj)) | uin;j € Y},

19%)

(B) = {(uiuj, Ts(p) (uittj), Is(p) (i145), Fspy(uintj)) | uinj € Y3,
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where
Ts(uiny) = \/ (Ts(uiuj eiep) n To(eie))),
B,‘CjEM
Ig gy (uinj) = I\ (Is(uiuj eiej) v Ip(eie;)),
ejejeM
Fy(p)(uinj) - = /\ (Fs(ujuj,eiej) v Fo(eie)));
E,‘EjEM
Ts(py(uin)) = /\ (Fs(ujuj, eej) v Tp(eiej)),
EiEjEM
IQ(B)(Min) = \/ ((1—Is(uiuj,ei€j))/\IB(eZ-ej)),
GiEjEM
Fsy(uity) = \/ (Ts(uuj, eie) n Fp(eiey)).
C,‘EjEM

4 of 27

The pair (S(B), S(B)) is called NSRR and S, S : N'(M) — N (Y) are called the LNSRA and the UNSRA

operators, respectively.

Remark 1. Consider an NS B on M and an NS A on M, according to the definition of NSRR, we get

TE(B)(” Llj) < min{Tg(A) (u;), TE(A)(”j)}r
IE(B) ulu]') < maX{Ig(A) (ui), IE(A)(MJ)}I
F?(B)(Mzu]') < max{Fg(A)(ui).ps(A)(uj)}_

Tspy(uinj) < min{Tg ) (), Tsca) (1))},
Ispy(uiu;) < max{Isa)(ui), Isca)(uj)},
F§(B) (uiuj) < max{Fg(A)(ui).Fﬁ(A) (Lt] }

Example 2. Let Y = {uq, up, us} be a universal set and M = {eq, ep, e3} a set of parameters. A neutrosophic

soft set (Q, M) on' Y can be defined in tabular form in Table 2 as follows:

Table 2. Neutrosophic soft set (Q, M).

Q u us us

e1 (04,05,06) (0.7,03,02) (0.6,0.3,0.4)
ey (05,03,06) (0.3,04,03) (0.7,0.2,0.3)
es (07,02,03) (0.6,05,04) (0.7,0.2,0.4)

Let E = {uquy, upuz, uptiy, uztir} Y and L = {eje3, exe1,e3e0} < M.
Then, a soft relation S on E (from L to E) can be defined in Table 3 as follows:
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Table 3. Neutrosophic soft relation S.

S uiun Uuus3 Uzun usun
eres  (0.4,04,05) (0.6,0.3,04) (0.504,02) (0.5,04,0.3)

eer  (03,03,04) (03,02,03) (0.2,03,03) (0.7,0.2,0.2)
ese  (03,03,02) (05,03,02) (0.2,0.4,04) (0.3,0.4,0.4)

Let A = {(e1,0.2,0.4,0.6), (e2,0.4,0.5,0.2), (e3,0.1,0.2,0.4)} be an NS on M, then
S(A) = {(u1,04,0.2,0.4), (u2,0.3,0.4,0.3), (u3,0.4,0.2,0.3)},
S(A) = {(u1,0.3,0.5,0.4), (u3,0.2,0.5,0.6), (u3,0.4,0.5,0.6) }.

Let B = {(e1e3,0.1,0.3,0.5), (epe1,0.2,0.4,0.3), (e3e2,0.1,0.2,0.3)} be an NS on L, then

( ) {(uluz, 0.2,0.3,0. 3), (u2u3, 0.2,0.3, 0.3), (uzuz, 0.2,0.4, 0.3), (u3u2, 0.2,0.4, 0.3)},
S(B) = {(uq112,0.2,0.4,0.4), (1213,0.2,0.4,0.5), (tip112,0.3,0.4,0.5), (u31ip,0.2,0.4,0.5)}.
Hence, S(B) = (S(B), S(B)) is NSRR.

Definition 3. A neutrosophic soft rough graph (NSRG) on a non-empty V is an 4-ordered tuple

(V,M, Q(A), S(B)) such that

(i) Mis a set of parameters,

(i) Q is an arbitrary neutrosophic soft relation over V x M,

(iii) S isan arbitrary neutrosophzc soft relation over V x M,

(vi) Q(A) = (QA,QA) isan NSRS ofA

(v) S(B) = (SB,SB)isan NSRRonV < V x V,

(iv) G = (Q(A),S(B)) is a neutrosophic soft rough graph, where G = (QA, SB) and G = (QA, SB) are lower
neutrosophic approximate graph (LNAG) and upper neutrosophic approximate graph (UNAG), respectively
of neutrosophic soft rough graph (NSRG) G = (Q(A), S(B)).

Example 3. Let V = {v1,vp, U3, 04,05, V6} be avertex set and Ml = {ey, ep, e3} a set of parameters. A neutrosophic
soft relation over V x M can be defined in tabular form in Table 4 as follows:

Table 4. Neutrosophic soft relation Q.

Q (1 (%] U3 Ug (4] U6
e; (04,05,06) (0.7,03,05) (0.6,02,0.3) (04,04,0.2) (0.5,0506) (04,0.5,0.6)

e (05,04,02) (0.6,04,05) (0.7,03,04) (05,03,02) (04,05,04) (0.6,0.5,04)
es (05,04,01) (060302 (0504,03) (0.6,0203) (0504,04) (0.7,03,05)

Let A = {(e1,0.5,0.4,0.6), (e2,0.7,0.4,0.5), (e3,0.6,0.2,0.5)} be an NS on M, then

S(A) = {(v1,0.5,04,05),(05,0.6,0.3,0.5), (vs,0.7,0.4,0.5), (v4,0.6,0.2,0.5), (vs, 0.5,
0.4,0.5), (v6,0.6,0.3,0.5)},
S(A) = {(v1,0.6,0.4,0.5), (v5,0.5,0.4,0.6), (v3,0.5,0.4,0.6), (v4,0.5,0.4,0.5), (vs, 0.6,

0.4,0.5), (vs,0.6,0.4,0.5)}.

Let E = {0101, 0102, 0201, 0203, V405, V304, U502, U506}  V and L = {eje3, exeq, 362} < ML
Then, a neutrosophic soft relation S on E (from L to E) can be defined in Tables 5 and 6 as follows:

Table 5. Neutrosophic soft relation S.

S 0101 0102 0201 0203
erey  (04,04,02) (0.4,04,05) (0.4,04,05) (0.6,0.3,0.4)

ees  (05,04,01) (04,03,02) (04,03,02) (05,0.3,0.2)
eres  (04,04,01) (04,02,02) (04,02,02) (0.5,0.3,0.3)
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Table 6. Neutrosophic soft relation S.

S V304 V405 U507 U5V

erep  (0.4,02,02) (0.4,04,02) (04,03,04) (0.3,0.2,0.3)
ees  (0.6,02,04) (03,02,01) (0.4,03,02) (0.4,0.3,0.4)
eres  (04,02,03) (04,03,01) (0.5,03,02) (0.5,0.3,0.5)

Let B = {(e1e2,04,04,0.5;), (eze3,0.5,04,0.5),
SB = {(0v191,0.5,0.4,0.5), (v102,0.4,0.2,0.5),

—_—

6 of 27

e1e3,0.5,0.2,0.5)} bean NS on L, then
v,01,04,0.2,0.5), (vp03,0.5,0.3,0.5),

(v304,0.5,0.2,0.5), (v405,0.4,0.3,0.5), (v502,0.5,0.3,0.5), (v506,0.5,0.3,0.5)},

(
SB = {(viv1,0.4,0.4,0.5)(v105,0.5,0.4,0.4), (v201,0.5,0.4,0.4
(

, (v203,0.4,0.4,0.5),

(0304, 0.4, 0.4, 0.5), (1)405, 0.4, 0.4, 0.4), U507, 0.4, 0.4, 0.5 , (1)52)6, 0.4, 0.4, 05) }

Hence, S(B) = (SB,SB) is NSRRonV.

Thus, G = (QA, SB) and G = (QA, SB) are LNAG and UNAG, respectively, are shown in Figure 1.

(v4,0.6,0.2,0.5)

(¢°0‘%°0 ‘%°0)

(g0 ‘V'tl‘eQ

(0.5,0.3,0.5)

0.
( 40405)
(v3,0.5,0.4,0.6)

(v6,0.6,0.3,0.5) (v5,0.7,0.4,0.5) (v6,0.6,0.4,0.5)

G = (QA,SB) G = (QA,SB)

Figure 1. Neutrosophic soft rough graph G = (G, G)

Hence, G = (G, G) is NSRG.

(v1,0.5,0.4,0.5) (v2,0.6,0.3,0.5) (v1,0.6,0.4,0.5) (“zw0-u,0-4-,0-ﬁ)(
\e 0
(0.4,0.2,0.5) C (0.5,0.4,0.4) &4

(¢°07°0°9°0 %)

Definition 4. Let G = (V,M, Q, S) be a neutrosophic soft rough graph on a non-empty set V. The order of G

can be denoted by O(G), defined by

O(G) = O(G)+0O(G), where
0(G) = > QA(v),0(G) = ), QA(v)
veV veV

The size of neutrosophic soft rough graph G, denoted by S(G), defined by

S(G)
S(G)

(SG + SG), where

ZSBuv ZSBuv

uveE uvekE

Example 4. Let G be a neutrosophic soft rough graph as shown in Figure 1. Then,

O(G) = (35,2.0,3.0), O(G) = (3.3,24,32),
O(G) = O(G)+O(G) = (6.8,44,6.2), and
S(G) = (32,18,3.0)S(G) = (2.5,2.4,2.8)
S(G) = S(G)+S(G) = (5.7,4.2,5.8).
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Definition 5. Let G1 = (G, G1) and Gy = (G,, G2) be two neutrosophic soft rough graphs on V. The union
of G1 and Gy is a neutrosophic soft rough graph G = G U Gy = (Gy U Gy, Gy U Gy), where G U G, =
(QA1 U QAy,SBy U SBy) and Gy u Gy = (QA1 U QAz, SBy L SBy) are neutrosophic graphs, such that
(i) Yve QAjbutv¢ QA.
T54,004,(©) =Tga, (©), Toa,u0a,(©) = Tga, (v),
Ina,o04,(0) =I5, (©), Iga,u04,(v) = IQA1 (0),
FQAluéAz (v) PQ (v) FQAluQAz (v) = (v)

(i) VYov¢ QAq butve QA;.

=1§ (U)/ IQAluQA2(v) Iga, (v),

Foa,004,(0) =Fga, (0), Foa, 04, (v) = Foa, (v).
(i) Voe QA n QA

Toa,004,(©) =max{Tg, (v), Tg,, (v)}, Toa,uga, (v) = max{Tga, (v), Tga,(v)},
I5a,004,(0) =min{lg, (0),I54,(0)}, Iga,u04,(v) = min{lga, (v), Iga,(v)},
F5a,004,(0) =min{Fg, (v), Fg4, (0)}, Foa,004,(v) = min{Fgu, (v), Fga, (0)}-

(iv) Vou € SBy but vu ¢ SB,.
Tsp,uss, (0#) =Tsp, (vu), Tsp, s, (Vi) = Tsp, (vu),

I§B] UEBZ (Uu) I§ ( )I ISBlkJSBZ ('UM) = I§Bl (UM),

F§B1u§82(vu) Fgp, (vu), Fsp, usB, (vu) = Fsp, (vu).

(v) Vou ¢ SBy but vu € SB,

Tsp, s, (0#) =Tsp, (vu), Tsp, s, (Vi) = Tsp, (vut),
Isp, U5, (v1t) =Isp, (0u), Isp,uss, (vit) = Isp, (vu),
Fep Lsp,(vit) =Fgp (vu), Fsp, usp, (vu) = Fsp, (vu).

(vi) Yovue SB; nSB;

T?Bl USB, (vu) = max{TgB1 (vu), Tng (vu)}, TsB,usB, (vu) = max{TsBy(vu), Tsp,(vu)},
ISBluSBz(vu) =min{I§B1 (vu),I§B2(vu)}, 1§B1u§82(0u) = min{IQB1 (vu), Isp, (vu)},

PSBlung(vu) =min{PSB1 (vu), ILSBZ(vu)}, FgBlung(UU) = min{FEB1 (vu), Fsp, (vu)}.

Example 5. Let V = {v1,v5,v3,v4} be a set of universes, and M = {e1, ey, e3} a set of parameters. Then,
a neutrosophic soft relation over V x M can be written as in Table 7.

Table 7. Neutrosophic soft relation Q.

Q vy () U3 vy
e1 (05,04,03) (0.7,0605) (0.7,0.6,04) (0.5,0.7,0.4)

ey (03,05,06) (04,0501) (03,0605 (04,0802
es (0.7,05,08) (0.2,03,08) (0.7,0.3,05) (0.6,0.4,0.3)
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Let A1 = {(e1,0.5,0.7,0.8), (e2,0.7,0.5,0.3), (e3,0.4,0.5,0.3)}, and A, = {(e1,0.6,0.3,0.5),
(e2,0.5,0.8,0.2), (e3,0.5,0.7,0.2)} are two neutrosophic sets on M, Then, Q(A1) = (Q(A1), Q(A1)) and

Q(A2) = (Q(A2), Q(Ap)) are NSRSs, where

QA1) = {(v1,05,0.6,0.5), (v2,0.5,0.5,0.7)(v3,0.5,0.5,0.7), (v,0.4,0.5,0.5)},
Q(A1) = {(v1,05,05,0.6), (v2,0.5,0.5,0.3), (v3,0.5,0.5,0.5), (v40.5,0.5,0.3)},
Q(Az) = {(v1,0.6,0.5,0.5), (v2,0.5,0.7,0.5), (v3,0.5,0.7,0.5), (v4,0.5,0.6,0.5)},
Q(Ay) = {(v1,0.5,0.4,0.5), (v5,0.6,0.6,0.2), (v3,0.6,0.6,0.5), (v4,0.5,0.7,0.2)}.

Let E = {0102, 0104, 020y, 0203, 0303, 0304 = V x V, and L = {ejey, e1e3,epe3} < M. Then,
a neutrosophic soft relation on E can be written as in Table §.

Table 8. Neutrosophic soft relation S.

S 0102 0104 (% X%) (% X%]) 0303 V304

ere;  (0.3,04,01) (04,04,02) (04,0501) (03,0504) (0.3,04,04) (04,05,0.2)
eres (02,03,03) (04,03,02) (02,03,05) (04,03,03) (05,03,03) (0.5,04,03)
eves (02,0305  (03,03,03) (02,03,01) (0.4,03,01) (0.3,03,05) (0.3,0.4,0.3)

Let By = {
(e1e3,0.4,0.3,0.3), (exe3,0.4,0.6,0.2)} are two neutrosophic sets on L, Then, S(By) = (S(B1),S(By)) and
S(B,) = (S(B,),S(By)) are NSRRs, where

(e102,0.5,0.4,0.5), (e1¢3,0.3,0.4,0.5), (e2e3,0.4,0.4,0.3)}, and B, = {(e1e,0.5,0.3,0.2),
)

S(B1) = {(v102,0.3,0.4,0.3), (v104,0.3,0.4,0.4), (vov2,0.4,0.4,0.4), (v5v3,0.3,0.4,0.4),
(v303,0.3,0.4,0.5), (v304,0.3,0.4,0.5)},
S(B;) = {(01v2,03,04,0.5), (v104,0.4,0.4,0.3), (v205,0.4,0.4,0.3), (v203,0.4,0.4,0.3),

(v303,0.3,0.4,0.5), (v304,0.4,0.4,0.3)};

S(B,) = {(01v,04,0.6,0.2), (v104,0.4,0.6,0.3), (v205,0.4,0.6,0.2), (v203,0.4,0.6,0.3),
(v303,0.4,0.6,0.3), (v3v4,0.4,0.6,0.3)},
S(By) = {(01v,03,0.3,0.2), (v104,0.4,0.3,0.2), (v202,0.4,0.3,0.2), (v203,0.4,0.3,0.2),

(v303,0.4,0.3,0.3), (v304,0.4,0.4,0.2)}.

Thus, Gi = (G1,G1) and Gy = (G,,Gy) are NSRGs, where G; = (Q(A1),S(B1)), G =
(Q(A1),S(By)) as shown in Figure 2.

(0.4,0.4,0.4) (v1,0.5,0.5,0.6)
(v1,0.5,0.6,0.5)
-

(0.3,0.4,0.3)

(v2,0.5,0.5,0.7) N

o> (0.3,0.4,0.5)

(¢°0'7°0'¢°0)

\

(0.4,0.4,0.3)

L]
(v4,0.5,0.5,0.3) (v3,0.5,0.5,0.5)

wa
(0.3,0.4,0.5) S

{v3,0.5,0.5,0.7)

G,

(v4,0.4,0.5,0.5)

(£°0°g°0¢"0 ‘%a)

(0.4,0.4,0.3)

Figure 2. Neutrosophic soft rough graph G; = (G;, G1)

G, = (Q(A2),5(B2)), G2 = (Q(A2), S(By)) as shown in Figure 3.
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(0.4,0.3,0.2)
(v2,0.6,0.6,0.2)

(0.4,0.6,0.3)
(v1,0.6,0.5,0.5)

v3,0.5,0.7,0.5
(v3,0.5,0.7,

(0.4,0.6,0.2)
(0.4,0.6,0.3)

y 0.4,0.3,0.3)
5 5 .
(v2,0.5,0.7,0.5) (v4,0.5,0.6,0.5)

(0.4,0.6,0.2) (v3,0.6,0.6,0.5)
G, Go

Figure 3. Neutrosophic soft rough graph G, = (G,, G»)

The union of Gy = (Gy,G1) and Gy = (G, G,) is NSRG G = Gy U Gy = (G U Gy, G1 U Gy) as shown
in Figure 4.

(0.4,0.3,0.3)
(v1,0.5,0.4,0.5)

(v2,0.5,0.5,0.5) J
(v1,0.6,0.5,0.5) o
g
(0.4,0.4,0.2) . )
o o
(0.4,0.4,0.2) 3 |
—~ = o3 Ao
) =} o Sle
S < o S
< S S <
S < = i
- S _ e i~
S e N s
- > ks
° ° &
IS = B
(0.4,0.4,0.3) o = (v2,0.6,0.5,0.2) e
(v4,0.5,0.5,0.5)  (v3,0.5,0.5,0.5) = Z o
h no
o ~

G UG, G UG,

Figure 4. Neutrosophic soft rough graph G; U Gy = (G; U Gy, G1 U G?)

Definition 6. Let G = (G, G1) and G = (G,, G2) be two NSRGs on V. The intersection of G and G, is a
neutrosophic soft rough graph G = G n Gy = (Gy n Gy, G1 n Gy), where G; n G, = (QA1 n QA», SBy n
SBy) and G1 n Gy = (QA1 n QAy, SBy n SBy) are neutrosophic graphs, respectively, such that

(i) VYve QA butvé¢ QA,.

To4,004,(©) =Tga, (©), Toa,na, (©) = Toa, (v),
I5p,~04,(0) =I5, (0), Iga,~n0a, (0) = Iga, (v),

F5p,~04,(0) =Fg,(v), Foa,~04, (v) = Foa, (v).

(i) VYou¢ QA butve QA,.

<k
=
D
2
b
N
=
!
<k
b
N
=
1%
=
D
2
S
N
=
I
%
b
=

Isp,~04,(0) =I5, (©), Iga,~0a,(0) = Iga,(v),
F54,004,(©) =F5,(v), Foa,~04,(0) = Fga, (v).
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(iii) Vve QA1 n QA

T@AlmQAZ(U) :min{TQAl (U)rT* ,(0)}, Toa,na,

—~

v) = min{Tga, (v), Tga,(v)},
v) = max{Iga, (v), Iga, ()},

—~

Igp,noa, (@) =max{lg, (v), g, (0)}, Ioa,nga, ) )
F5a,nqa,(0) =max{Fg, (v), Fgyu, (0)}, Foa,na, (v) = max{Fga, (v), Fga, (v)}-

(iv) You € SBy but vu ¢ SB,.

Tsp, A58, (V1) =Tgp, (), Tsp, ~sB, (vu) = Tsp, (0u),
1§Blm§32(vu) *1531( u), Isp, ~sB, (vu) = Isp, (vu),

Fsp ~sp,(v1t) =Fgp (vut), Fsp, ~sp, (vu) = Fsp, (vu).

(v)  You ¢ SBy but vu € SBy

T§B] NSB, (ou) T§B (vu), Tsp, ~sB, (ou) = Tsg, (vu),
I§Bl ﬂng (UU) I§ ( )/ ISB]ﬁSBZ (vu) = I§BZ (Uu),

Fsp, ~3p,(01t) =Fsp, (vut), Fsp, ~sB, (vut) = Fsp, (vu).

(vi) Youe SBynSB;

H

gBmng(vu) =rnir1{T§B1 (vu),Tng(vu)}, TsB, ~sB, (vu) = min{Ts B (vu), Tsp, (vu)},
ISBmSBz(U”) =rnax{IgB1 (vu),lng(vu)}, Isp, ~sB, (vu) = max{Isp, (vu), Isp, (vu)},

SBmng(vu) = max{PSB1 (vu), F§32 (vu)}, Fs, ~sB, (vu) = max{Fsp, (vu), Fsp,(vu)}.

T

Definition 7. Let Gy = (G, G1) and G, = (G,, G2) be two neutrosophic soft rough graphs on V. The join
of Gy and Gy is a neutrosophic soft rough graph G = Gy + Gy = (G1 + Gy, Gy + G2), where G1 + G, =
(QA1 + QA,SBy + SBy) and Gy + Gp = (QA1 + QA, SBy + SBy) are neutrosophic graph, respectively,
such that

(i) VYoeQAibutv¢ QA,.
Toa,+04,(0) =Tga, (v), Toa,+04,(0) = Toa, (v),
Iga,+04,(©) =Iga, (©), Iga,+04,(v) = IQAl (),
Foa,+04,(©) =Fga, (0), Foa, +04, (v) = Foa, (0).
(i) Vué¢ QA1 butve QA;.
Toa,+04,(©) =Tga,(©), Toa,+04,(v) = Toa,(v),
Igp,+04,(0) =Iga,(©), Iga,+0a,(v) = IQAZ( )s
Ga,+04,(©) =Fga,(©), Foa,+04,(v) = Foa, (v).
(lll) Yov e QA] N QAZ
T@A1+§Az (v) = max{Té (v), TQAZ (v)}, TQA1+QA2 (v) = max{TQA1 (v), TQA2 (v)},

Igp,+04,(0) =min{lg, (0),I54,(0)}, Iga,+Qa,(v) = min{lga, (v), Iga,(v)},
F5a,+04,(0) =min{Fg, (), Fg4,(0)}, Foa, +0a4,(v) = min{Fgu, (v), Fga, (0)}-
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(iv) You € SBy but vu ¢ SB,.

Tsp, 58, (v1) =Tsp (vu), Tsp, 158, (vi) = Tsp, (vu),
Isp, 455, (0u) =Isp (0u), Isp, +sp,(0u) = Isp, (vu),

F§31+§32(U”) F§Bl (ou), Fsp, +sB,(vu) = Fsp, (vu).

(v) You ¢ SBy but vu e SBy

Tsp, 158, (Vi) =Tsp, (v), Tsp, 58, (V) = Tsp, (),
IEBr‘rng(vu) :IEBZ(Uu)r I§31+§Bz(vu) =1 BZ(UM),

Fgp 5, (v1t) =Fgp (vu), Fsp, 1 s, (vu) = Fsp, (vu).
(vi) Voue SB; nSB;
T§B] +§BZ(U”) = max{TgB1 (vu), TEBZ(U”)}' Tsp, +sB, (vit) = max{TsBy(vu), Tsp, (vu)},

Isp, .55, (vu) = min{lgy (vu), Isp (vu)}, Isp, +sp, (vu) = min{lgp, (vu), Isp, (vu)},

Fsp, . 5p,(vu) =min{Fgp (vu), Fsp (vu)}, Fsp, 1B, (vu) = min{Fsp, (vu), Fsp, (vu)}.

(vii) Vou € E, where E is the set of edges joining vertices of QA1 and QA,.

Tsp, 58, (vut) =min{T, (v), Tg,, ()}, Tsp,+s8,(vu) = min{Tga, (v), Toa, (1)},

Isp, 45, (vu) =max{Ig, (v), Iga, (W)}, Isp,+ss,(vu) = max{Iga, (v), Iga, (1)},

Fsp, y5p,(0u) =max{Fg, (0),Fqu, (1)}, Fsp,+sp, (vu) = max{Fga, (v), Foa, (1)}.
Definition 8. The Cartesian product of Gy and Gy isa G = Gy x Gy = (G x Gy, G1 x Gy), where Gy x G, =
(QA1 x QA, SBy x SBy) and Gy x Gy = (QA1 x QA,, SBy x SBy) are neutrosophic digraph, such that
(i) ¥ (v1,02) € QA1 x QAs.

Tga,x04,)(01,02) =min{T5, (1), Tgu, (01)}, T(ga,xQa,)(v1,v2) = min{Toa, (v1), Tga, (01)},

Lga, x4, (01,02) =max{l5, (v1),I5.,(v1)}, LA xQA,)(V1,v2) = max{lga, (1), Iga, (v1)},
F(éAlxéAz) (01,02) =max{lLQAl (01)’%A2(vl)}’F(QA1 KQAZ) (01, Z)z) = max{FgAl (Ul), PQAZ(Ul)}-

(i) VYovivp € SBy,v e QA;.

T(5p, w38,) (0, 01)(0,02)) =min{Tg5, (v), Tsp, (v102)},
T(sB, xsB,) ((0,01)(0,02)) = min{Tpx, (v), Tsp, (v102)},
Isp, 38y ((0,v1)(v,02)) = max{lg,, (v), I, (v102)},
I(sB, xsB,) (0, 91)(v,02)) =max{Iga, (v), I, (v1v2)},
Fsp, 58, ((0,01)(v,02)) =max{Fqy (0), Fgp,(0102)},
Fisp, xsB,) ((0,01)(v,02)) = max{Fga, (v), Fsp, (0102)}
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(iii) Vovivp € SB1,v € QAs.

T(sB,xsB,) ((v1,9)(02,0)) =min{Tsp, (v1v2), Tga,(v)},
T(sp,x58y) (V1,0)(02,0)) =min{Tgy (v102), Ty, (0)},
L33, 58, ((01,0)(v2,0)) =max{Igp (v102), I5,,(0)},
I(sB, xsB,) ((01,0)(v2,0)) =max{Isp, (v1v2), Iga, (v)},
Fsp, x58,) ((01,0)(v2,0)) =max{Fgp (0102), Fg4, ()},
F(sB,xsB,) ((01,0)(v2,v)) = max{Fsp, (v102), Fa,(0)}

Definition 9. The cross product of G1 and Gy is a neutrosophic soft rough graph G = G1© Gy = (G ©
Gy, G1 ® Gy), where G; ® G, = (QA1 ® QA»,SB1 ® SBy) and G1 ® Gy = (QA1 ® QAy, SB1 © SBy) are
neutrosophic graphs, respectively, such that

(i) M4 (01,02) € QA1 X QAZ-

Tga,604,) (01, 02) =min{T5, (1), Tgu, (01)}, T(ga,e04,)(01,v2) = min{Toa, (v1), Tga, (01)},
Lga,004,) (01,02) =max{l5, (v1),I5,,(v1)}, L(Qa,004,)(01,v2) = max{lga, (1), Iga, (1)},
Faa,004y) (01,02) =max{Fg, (1), Fgu, (01)} Foa,@04,) (01, 02) = max{Fga, (01), Fga, (v1)}-

(i) Voviuq € SBy, vpup € SBy.

T(sp,058,)

T(531@532 V1,02

((v1,02)
((v1,02)
581@532 ((v1,02)
531@532 ) ((v1,02)
Fsp,e58, (v1,72)

((01,02)

F(sp,@sBy) (01,02

Definition 10. The rejection of Gy and Gy is a neutrosophic soft rough graph G = G1|Gy = (G4|G,, G1|G2),
where G1|G, = (SA1|SA2,SB1|SBy) and G1|Gy = (SA1|SAy, SB1|SBy) are neutrosophic graphs such that
(i) ¥V (v1,v2) € QA1 x QA.
TQa,|04,)(01,02) =min{T5, (v1), Tga, (02)}, Tia,|Qa,) (v1,v2) = min{Tga, (v1), Toa, (v2)},
[a, 04, (01,02) =max{ls, (v1), Iga, (v2)}, T(Qay|Qay) (v1,02) = max{lga, (v1), Iga, (v2)},
Faa,[04y)(01,02) =max{Fg, (v1),Fg,, (v2)}, Fgay10ay) (v1, 02) = max{Fga, (v1), Fga, (v2)}.

(i1) V’(’Jzuz ¢ SBz, (RS QAl-

Tsp,58,) (0, 02)(v,12)) =min{Tg, (0), Tga, (v2), Tga, (u2)},
T(sB,|QB,) (v, 02)(v, u2)) =min{Tgu, (v), Tga, (v2), Tga, (12)},
(Fsp, 58, ((v,02)(v,u2)) =max{Ig, (v), Igs, (v2), 5, (12)},
ISBl|SBz ((v,02)(v,u2)) =max{Iga, (v), Iga,(v2), Iga, (u2)},

Fsp, 38, (0,02)(0,12)) = max{Fq (0), Fqa,(02), Fga, (12)},
FSB1|SBZ ((v,02)(v,u2)) =max{Fga, (v), Foa,(v2), Fga, (u2)}.
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(iii) Vv1u1 ¢ SBl, (NS QAz,

(iv) Voqup ¢ SBy, voun ¢ SBy, v1 = uy.

(01102 Ug, up
)( U1,02)(U1, U2
01,02

01,02

2
51_f;1|532
2

01,02

(v1,02)(
(v1,02)(
) ((v1,22)(
) ((v1,02)(
) (01, 22)(
(o1, 02)(

SBl|SBg)

)
)
v1),
)
)

)
)

1),
) T:
)

(
(U] , T§A1 (1/11),
(

%Al (1),

(v1), Fga, (1),

QA;

TQAZ
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(v1), Tga, (u1), Tga, (v)},
(v1), Iga, (1), Iga, (v)},
Foa, (u1), Fga, (v)},
T4, (1),
Iga, (1), Ig4,(0)},

FbAz

(@)},

(©)}-

1), Toa, (1), Toa, (v2), Toa, (42)},
1), Iga, (1), Iga, (v2), Iga, (12)},

Foa, (1), FQa, (v2), Foa, (u2)},
(02),
max{l@l] 1), Iga, (1), Iga, (02), Iga, (42)},
Fga,(v2),

TQAz

(u2)},

FQAZ (MZ)}I

Example 6. Let G; = (Gy,Gy) and Gy = (Gy, Gy) be two neutrosophic soft rough graphs on V, where

= (QAlréBl) and él =

(QA1, SBy) are neutrosophic graphs as shown in Figure 2 and G, = (QA2,SB,)

and Gy = (QAj, SBy) are neutrosophic graphs as shown in Figure 3. The Cartesian product of Gy = (G, G1)
and Gy = (G,, G2) is NSRG G = Gy x Gy = (G; x Gy, Gy x Gp) as shown in Figure 5.

(0.4,0.6,0.5)
oﬁﬁ-iﬁ (0.4,0.6,0.5)
((v1,21),0.5,0.6,0.5) (B ((v1,2),0.5,0.7,0.5) ((v1,v3),0.5,0.7,0.5) ((v1,v4),0.5,0.6,0.5)
(0.4,0.6,0.5) (0.4,0.6,0.5) (0.4,0.6,0.5)
= S =} S
S = = <
5 S =) =)
2 o o el
= S S s
S (0.4,0.6,0.7) ~ (0.4,0.6,0.7) (§-4,0.6]077)
v2,01),0.5,(.5,0.7 ,v)),0.5,0.6,0.7)
((v2,21),0.5,0.5,0.7) ((v2,v2),0.5,0.7,0.9) ((v3,v3),0.5,0.7,0.7)
(0.4,0.6,0.7) |2 ) (04,0607 |z ) (0.4,0.6,0.7) _
B 7 A I —~ )
| % % |2 ‘o2 21 &
S Y o) S s
4 < s s 2= S
- - =} o ~
e « (050.7{)a)3((14(16[)7(30705)“ =
((vs,v1),0.5,0.5,0.7) | v3,v4),0.5,0.6,0.7
((v3,v2),0.5,0.7,)0. ((v3,v3),0.5,0.7,0.7) (g, v )
£ (0.4,0.6,0.7) Z (0.4,0.6,0.7) |z (0.4,0.6,0.7)
5 4 7
2 4 ’0@ S
2 @ o la @ e | o ol
s s\ Y2 EANRC = B
s = s < s S
< Ot,: S i S S
S B s B g S
-
4 14,0.5,0. (foa,v4),0.4,0.6, 0.5
((v4,21), 04,05, 0.8 ((v4,v3),0.4,0.7,0.5) ((v4,v3),0.4,0.7,0.5) ) )
(0.4,0.6,0.5) (0.4,0.6,0.5) (0.4,0.6,0.5)
(0.4,07, 0.5) (0.4,0.6,0.5)
(0.4,0.6,0.5)
G x G,
(a)

Figure 5. Cont.
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(0.4,0.5,0.6)
05,09 (0.4,0.5,0.6)
((v1,01),0.5,0.5,0.6) (04 ((v1,v2),0.5,0.6,0.6) ((v1,v3),0.5,0.6,0.6) ((v1,v4),0.5,0.7,0.6)
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@ o 5
= S =] <
S < < =
< < < <
S o o )
o 2 S 2
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<D (0.3,0.5,0.5) 2, (0.4,05,0.5) | (0.4,0.5,0.5) LS
R4 7 ¥ >
9 7 2
Sy o E o | =~ ~ >
15 ? o |= 5 °.| & N
e o, s o o) © e
« S, < S 1< ,;
e = S ) =) S
< < < < < <
= 2 ) = < S
5.0.5.0. v4,v4),0.5,0.7,0.3
((v4,v1),0.5,0.5,0.%) ((v4,v2),0.5,0.6,0.3) ((v4,v3),0.5,0.6,0.5) ( ) )
(0.3,0.5,0.3) (0.4,0.5,0.3) (0.4,0.5,0.3)
(04,05 3) (0.4,0.5,0.3)
(0.4,0.5,0.3)
Gy x G
(b)

Figure 5. Cartesian product of two neutrosophic soft rough graphs G; x Gy

Definition 11. The symmetric difference of G1 and Gy is a neutrosophic soft rough graph G = Gy ® Gy =
(G1 @Gy, G1®Ga), where Gy © Gy = (QA1 @ QA, SB1 @ SBy) and G1 @ G = (QA1 ® QA2 SB1 ®SBy)
are neutrosophic graphs, respectively, such that

(1) v ("01,”02) € QA1 X QAz.

T(éAl@GAZ) (01,02) =mil‘1{T§Al (vl), T@Az (Z}z)}, T(QAl@QAz) (Ul, 7)2) = mil‘l{TgAl (Ul), TQAz(UZ)}/
[oa,@04,) (01, 02) =max{l5, (v1),I5.,(v2)}, L(oa,@04,)(01,02) = max{iga, (01), Iga, (v2)},
Fon@nay)(01,02) =max{Fg, (01), Fgu, (02)}, Fa,@0a,) (01, v2) = max{Fga, (v1), Fga, (v2)}-

(i1) V?lez € SBz, vE QA1~

T(5p,@58,) (0, 01)(0,02)) =min{Tg5, (v), T, (v102)},
T(sB,@s8,) (v, 01)(0,02)) =min{Tpx, (v), Tsp, (v102)},
I5p,@58,) (0,01)(v,02)) =max{Ig,, (v), g, (v102)},
I(sp,@sB,) ((v,01)(v,02)) =max{Ipa, (v), Isp, (v102)},
Fsp,@58,) ((0,01)(v,02)) =max{Fg (v), Fp,(0102)},
Fisp,@sB,) ((0,01)(v,v2)) =max{Fga, (v), Fsp,(01v2)}
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(iii) Vovivp € SB1,v € QAs.
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(v)  Yovquqg ¢ SBy, vouy € SBo.
T(s,a58,) (v1,02) (w1, 12)) =min{Tg, (01), Tgy, (1), Tsp, (02112)},
T(sB,@sB,) (01, 02) (41, u2)) = min{Tga, (v1), Tga, (1), Tsp, (vati2)},
I58,a58,) ((01,02)(u1,u2)) =max{Ig, (v1), I, (11), I, (v212)},
Iisp,@sp,) ((01,02) (w1, 42)) =max{Iga, (v1), Iga, (41), Isp, (v212)},
Fsp,@sn,) (1, 02)(u1,12)) =max{Fg, (v1), Fgs, (1), Fsp, (va212)},
Fisp,@ss,) ((01,02) (11, u2)) = max{Foa, (v1), Foa, (u1), Fsp, (v2u2)}.

Example 7. Let Gy = (Gy,Gq) and Gy =
= (QAl, SBl) and G1
and Gy =

(0.3,0.4,0.3)

(Gy, G) be two neutrosophic soft rough graphs on 'V, where

(QA4, SBy) are neutrosophic graphs as shown in Figure 6 and G, = (QAz, SBy)
(QA,, SBy) are neutrosophic graphs as shown in Figure 7.

(0.1,0.4,0.2)

(b,0.3,0.2,,0.3)

Figure 6. Neutrosophic soft rough graph G; =

(¢,0.5,0.4,0.3)
G, = (QA1,5B))

(b,0.4,0.5,0.3) (670‘670,2,0‘11)
G1=(QA:,5B)

(glr é1 )
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(0.1,0.3,0.2)

(a,0.5,0.3,0.0)

.
(€,0.1,0.3,0.2)

Gy = (QAs,5By)

(0.5,0.3,0.1)

(a,1.0,0.2,0.9)

.
(¢,0.6,0.3,0.3)

Gy = (QA3,SBy)

Figure 7. Neutrosophic soft rough graph G, = (G,, G2)

16 of 27

The symmetric difference of Gy and Gy is G = G1® Gy = (G ® Gy, G1 ® Gy), where G; ® G, =
(QA1 ® QAz,SB1 ® SBy) and G1 & Gy = (QA1 @ QAz, SBy @ SBy) are neutrosophic graphs as shown

in Figure 8.

(ac,0.1,0.3,0.2) (aa,0.4,0.3,0.1) (ab,0.4,0.3,0.3)

(0.1,0.3,0.2)

=
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= 4,0 £

(0.1,0.4,0.3)
(cc,0.1,0.9,0.3)

(0.4,0.4,0.3) ™
(ca,0.5,0.4,0.3) (cb,0.4,0.4,0.3)

G &G,

(bb,0.4,0.3,0.3)

(be,0.4,0.3,0.3)

(ac,0.1,0.3,0.2) (aa,0.4,0.6,0.9) (ab,0.4,0.6,0.3)

(0.4,0.6,0.3) (0.4,0.6,0.9)
R 3
» =
S o
< &

,0.4,0.5,0

(0.49.5,0.3) (0.4
s ¢ 3
= 0% z
= A E
= $ 2
o 2) o
& 00 o @

o>

(0.5,0.3,0.1) (0.4,0.3,0.2)

cc,0.6,0.3,0.3) (ca,0.6,0.2,0.9)

G oG,

(cb,0.4,0.6,0.3)

Figure 8. Neutrosophic soft rough graph G; ® G, = (G; ® Gy, G1 @ G,)

(bb,0.4,0.5,0.9)

Definition 12. The lexicographic product of Gy and G is a neutrosophic soft rough graph G = G1 © Gy = (G1,©

Goy, Gik ® G;), where G4 O Goy = (QAl ®9A2,§B1 ®SBy) and Gik ® G;

neutrosophic graphs, respectively, such that

(i) ¥ (v1,02) € QA1 x QAz.

(QAl @QAz, §B1 @gBZ) are

T(éAl@GAz) (771, Uz) = min{TQAl (Ul), T@Az (Uz)}, T(QAl(DQAz) (Ul, Uz) = min{TQAl (01), TQAZ (Uz)},

IéAz

T@Az

I(@I‘h@@f‘z) (v1,02) = maX{IQAl (v1),
F(§A1®§A2) (01, 02) = max{%Al (01),

(i) VYovivp € SBy, v e QA;.

I58,058,)

I(sp,0sB,)

(v2)}, Iiga,004,)(01,02) = max{lga, (v1), Iga, (v2)},
(v2)}, Fga,004,) (v1,02) = max{Fga, (v1), Foa, (v2)}.
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(iii) Vvlul € SBl,Uluz € SBQ.

T(SB1®SB2

T(SBl(DSBz 01,01
1(531@532 01,01
SBlG)SBZ

((01,01)
(o1, 01)
531@532 ((v1,01)
((01,01)
((01,01)
((01,01)

Fisp,@sBy) (01,01

Definition 13. The strong product of G and G is a neutrosophic soft rough graph G = G1 ® Gy = (G14 ®
G2+, Gf ® G5), where G1,, ® Goy, = (QA1 ® QA2,5B1 ® SBy) and Gf ® G5 = (QA1 ® QA2,S5B1 ® SBy)
are neutrosophic graphs, respectively, such that

(i) 4 (01,02) € QA1 X QAZ.

Tioa,@04,) (01, 02) =min{Tg, (1), Tg,, (02)}, T(ga,@04,)(01,v2) = min{Toa, (v1), Tga, (v2)},
[5a,004,)(01,02) =max{Ig, (01),I5.,(02)}, Liga,@Qa,) (V1,02) = max{lga, (v1), Iga, (v2)},
Foa,04,)(01,02) =max{Fq, (01), F5,,(02)}, Figa,@Q4,) (v1,v2) = max{Fga, (v1), Foa, (v2)}.

(ii) Vvivp € SBy, ve QA;.

T(55,858,) ((v,01)(v,v2)) =min{Tg, (v), Top, (v102)},
T(sB,@sB,) (v, 01)(v,v2)) =min{Tpx, (v), Tsp, (v102)},
I5p,@58,) ((0,v1)(0,02)) =max{Ig,, (0), s, (v122)},
I(sp,@sB,) ((v,91)(v,02)) =max{Iga, (v), Isp, (v1v2)},
F(531®§Bz) ((U/ v1)(, 02)) = max{lel (), F§32 (v1v2)},
Fisp,@se,) (0,01)(v,02)) = max{Fga, (v), Fsp, (0102)}
(iii) Vovivp € SB1, veE QAs

T(5p,&58,) ((v1,0)(v2,0)) =min{Tsy (0102), Ty, (0)},
T(sB,@sB,) ((v1,9)(0v2,0)) =min{Tsp, (v1v2), Tga,(v)},
I(?B@?Bz) ((v1,0)(vp,0)) = m.alx{IgB1 (v177), I, (v)},
I(sB,@58,) ((v1,0)(v2,0)) = max{Isp, (v102), Iga, (v)},

(38,&58y) ((01,0)(v2,0)) =max{Fgp (v102), Fg5,,(0)},
Fisp,@sB,) ((01,0)(v2,v)) = max{Fsp, (0102), Fga, (0)}.
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(iv) Voviuq € SBy,vqun € SBy.

T(531®532

T(531®532 01,01
I(SB1®SBz 01,01
SBl®SB2

((

((
531®532 ((v1, 01

((

((

((

Fisp,@ssy) (01,01

Definition 14. The composition of Gi and Gy is a neutrosophic soft rough graph G = G1[Gp] =
(G14[Gax], GT[G3]), where G14[Gax] = (QA1[QA2], SB1[SBa])] and GT[G3] = (QA1[QA2], SB1[SBa])
are neutrosophic graphs, respectively, such that

(i)  V(v1,v2) € QA1 x QA,.

Tga,x04,) (@1, 02) =min{T5, (1), Tgu, (02)}, T(ga,xQa,)(v1,v2) = min{Toa, (v1), Tga, (v2)},
[5a,x04,)(01,02) =max{I, (01),I54,(02)}, LA, xQay) (v1,02) = max{lga, (v1), Iga, (v2)},
Foa,x04,)(01,02) =max{Fq, (01), F5,,(02)}, Figa, xQa,) (v1,v2) = max{Fga, (v1), Fga,(v2)}.

(ii) Vvivp € SBy, ve QA;.

T(sp, <38y (V1,0)(02,0)) =min{Tgy (v102), Ty, (0)},
T(sB, xsBy) ((v1,9)(v2,0)) =min{Tsp, (v102), Tga,(v)},
I(SBl «3B,) ((v1,0)(vp,0)) = m.alx{IgB1 (v177), I, (v)},
I(sB, x5B,) ((01,0)(v2,0)) =max{Isp, (v102), g4, (0)},

(38, x58y) ((01,0)(v2,0)) =max{Fgp (v102), Fg5,,(0)},
E(sp, xsB,) ((01,0)(v2,v)) = max{Fsp, (0102), Foa, (0)}
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(iv) Voiuq € SBy, vy # up € QAs.

T5p, x58,) (01, 01) (11, u2)) =min{Tgp (v101), Tgp, (v1112)},
T(sB, xsBy) ((v1,01) (41, u2)) =min{Tsp (v1u1), Tsp, (v1u2)},
Isp, x5, (01,01) (1, u2)) = max{Igy (viu1), s, (v112)},
I(sB, xsB,) ((01,01)(u1, 42)) =max{Isp, (v1t1), Isp, (v1ti2)},
Fsp, x5, ((01,01) (11, u2)) = max{Fgp (v111), Fsp, (v112)},
F(sp, xs8,) ((v1,01)(141,u2)) = max{Fsp, (v1u1), Fsp,(v112)}

Deﬁnition 15. Let G = (G, G) be a neutrosophic soft rough graph. The complement of G, denoted by

G = (G, G) is a neutrosophic soft rough graph, where G = (QA, SB) and G = (QA SB) are neutrosophic
graphs such that

(i) VoveQA.

54(©) = Toawy 194(0) = Igaw)y Fga(®) = Fgaw)
Q

(i) Vo,ue QA.

Isg(ou) = max{Ipa(v), Ioa(u)} — Isz(ou),

Tgp(vu) = min{TQA(v), TQA(u)} — Tgp(vu),
Lp(vu) = max{l5,(v), [5, (1)} — Isp(vu),
Fig(o) = max{Fg, (0), Fg (1)} — Fsplou),
Tsp(vu) = min{Toa(v), Tga(u)} — Tsp(ou),
(ou) (v)
(vu)

FS:B U) = maX{FQA (Z)), FQA (M)} — F§B (UL!).
Example 8. Consider an NSRGs G as shown in Figure 9.

(v,0.5,0.3,0.1) (1,0.4,0.1,0.2) (v,0.2,0.3,0.5) (u,0.5,0.3,0.1)
(0.2,0.3,0.1) (0.1,0.3,0.5)

(z,0.2,0.3,0.3) (w,0.3,0.1,0.1) (x,0.3,0.3,0.2) (w,0.3,0.0,0.1)

= (QA.5B) G = (QA,SB)

Figure 9. Neutrosophic soft rough graph G = (G, G)

The complement of G is G = (G, C) is obtained by using the Definition 15, where G = (QA, SB) and
= (QA, SB) are neutrosophic graphs as shown in Figure 10.
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(0.2,0.0,0.1)

(u, 0.4, 0%, (u,0.5,00%,0.1) ) <

= ©
(040302) o (020305) >

= o
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(0.3,0.0,0.1)
(+,0.3,0.3,0.2) (w,0.3,07,0.1)

= (QA, SB)

Figure 10. Neutrosophic soft rough graph G = (G, é)

Definition 16. A graph G is called self complement, if G = G, i.e.,
(i) VYveQA.

(i) Vo,ue QA.

o
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Definition 17. A neutrosophic soft rough graph G is called strong neutrosophic soft rough graph if Vuv € SB,

Tgp(vu) =min{Tg, (v), Toa (1)}, Igp(vu) = max{lg,(v), [5,(u)}), Fep(vu) = max{Fy,(v), Fg,(u)},
Tsp(vu) =min{Tga(v), Tga(u)}, Isp(vu) = max{lga(v), Iga(u)}, Fsp(vu) = max{Fga(v), Foa(u)}.

Example 9. Consider a graph G such that V = {u,v,w} and E = {uv, vw, wu}. Let QA be a neutrosophic
soft rough set of V and let SB be a neutrosophic soft rough set of E defined in the Tables 9 and 10, respectively.

Table 9. Neutrosophic soft rough set on V.

v QA QA

(0.8,05,02) (0.7,05,0.2)
(0.9,05,0.1) (0.7,0.5,0.2)
w (0.7,05,01) (0.7,0.5,0.2)

=

Table 10. Neutrosophic soft rough set on E.

E SB SB

uv  (0.8,05,02) (0.7,05,02)
vw  (0.7,05,0.1) (0.7,0.5,0.2)
wu  (0.7,05,02) (0.7,05,02)
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v(0.9,050.1)
(0.8,0.5,0.2)

u(08,050.2) v(0.7,05,0.2)

u(0.7,0.5,0.2)
(0.7,0.5,0.2) *

w(0.7,0.5,0.2) w(0.7,0.5,0.2)
G =(QA,SB)

G = (QA,SB)

Figure 11. Strong neutrosophic soft rough graph G = (QA, SB)

Hence, G = (QA, SB) is a strong neutrosophic soft rough graph.

Definition 18. A neutrosophic soft rough graph G is called a complete neutrosophic soft rough graph if
Voue QA,

Tgp(vu)
TQB (vu)

=min{Tg,(0), Tg (1)}, Igg(vu) = max{Ig,(v), I5 4 (1)}, Fgp(vu) = max{

=min{Tga(v), Toa(u)}, Isg(vu) = max{Iga(v), Iga(u)}, Fsp(vu)

FQA(U)rFQA(”)}r
= max{Fqga (v), Fga(u)}.

Remark 2. Every complete neutrosophic soft rough graph is a strong neutrosophic soft rough graph. However,
the converse is not true.

Definition 19. A neutrosophic soft rough graph G is isolated, if Vx,y € QA.
Tsp(vu) = 0, Isg(vu) = 0, Fsg(vu) =0, Tgg(vu) =0, Igg(vu) =0, Fgz(vu) = 0.
Theorem 1. The rejection of two neutrosophic soft rough graphs is a neutrosophic soft rough graph.

Proof. Let Gy = (G;,G1) and G, = (G,, G2) be two NSRGs. Let G = G1|Gy = (G4|G,, G1|G3) be the
rejection of G1 and Gy, where G|G, = (QA1|QA», SB1|SB) and G1|Gy = (QA1|QA,, SB1|SB,). We
claim that G = G1|G, is a neutrosophic soft rough graph. It is enough to show that SB;|SB, and
SB1|SB, are neutrosophic relations on QA1|QA, and QA1|QAy, respectively. First, we show that
SB1|SB; is a neutrosophic relation on QA1 |QA,.

If ve QAq, 0102 ¢ SBy, then

(Tga, (v) A
= (Tga,(v) A Tga,(v2)) A (
= Tigalea,)(©:01) A Tigay|gay)(
T(gBl\ng)((vrvl)(vrvz)) = (
Similarly, 1(531@32)((0101)(0102)) =

((U, Ul)(v/ UZ)) =

T(sB,|sB,) ((0,01)(0,v2)) A (Tga, (02) A Tga,(v2)))
(Tga, (v) A Tga,(v2))
)

)

0,07
T(Qa,1Q4,)(©:01) A T(Qay|04,) (0,02

>~<

(7A1\QA2)(U 01) v I(QA1|QA2)(UI 02)
Figajay) (0,0

F(sp,|sBy) 1) v Fga,|ga,) (v, 02).

If v102 ¢ SBy, v € QAy, then

—~

T(sB,|sBy) ((01,0)(02,0)) =

T(sB,|sB,) ((v1,0)(v2,0))
Similarly, 1(531 ISB,) ((v1,0)(02,0))
F(sp, |sB,)((01,0)(v2,0))

(Tga, (v1) A Tga, (v2)) A Tga,(v))
(Tga, (v1) A Tga, (©)) A (Tga, (v2) A Tga,(v)))
T(Qa11Qa2) (v1,2) A T(Qa,|Qay) (V2,0)

—~

T(Qa,1045)(01,9) A T(Qa,104,)(02/)

~

(7A1|QA2)(01’ v) v I(QAl\QAZ) (v2,0)

.ﬁ

(Q411042) (01,9) v Fgay|0a,) (v2,0)-
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If v1vy ¢ SBy, uq,us ¢ SBy, then

T(sB,|sB,) ((v1,u1)(02,u2)) = ((Tga,(v1) A Tga, (v2)) A (Tga, (1) A Tga, (u2)))
= (Tga,(v1) A Tga,(u1)) A (Tga, (v2) A Tga, (u2))

= Tigay|0ay) (01, u1) A T(ga,|Qa,) (v2, u2)
Tispy|spy) ((01,11)(02,12)) = T(Qayj0ay) (01, 41) A Tiga0ay) (41, 2)
Similarly, I(sp,|sp,)((v1,11)(v2,u2)) =

F(sB,|sB,) ((v1,u1)(v2, u2)) =

N

(Q411Q4,) (01, 11) v L1, 0ay) (U1, U2)

np!

(QA11Q42) (01, 41) v Fgay|0a,) (1, 12)-

Thus, SB1|SB; is a neutrosophic relation on QA1|QA;. Similarly, we can show that SB1|SBy is a
neutrosophic relation on QA1|QA;. Hence, G is a neutrosophic soft rough graph. O

Theorem 2. The Cartesian product of two NSRGs is a neutrosophic soft rough graph.

Proof. Let G; = (G;,G1) and G, = (G,, G3) be two NSRGs. Let G = G x Gy = (G; x G5, Gy x G»)
be the Cartesian product of G; and G, where G; x G, = (QA; x QA,SBy x SBy) and Gy x G, =
(QA; x QA,SBy x SBy). We claim that G = G; x G, is a neutrosophic soft rough graph. It is enough
to show that SB; x SB, and SB; x 5B, are neutrosophic relations on QA; x QA, and QA; x QA,,
respectively. We have to show that SBy x SB; is a neutrosophic relation on QA1 x QA».

If v e QAy, v1ug € SBy, then

T(sB,xsB,) (v, v1)(0,u1)) = T(ga,)(©) A T(sp,)(v1141)

Tga) (@) A (T(ga,) (v1) A T(QA2)(u1))

(Tigay) (@) A Tigay,) (1)) A (T(ga,) () A Tiga,) (1))
(QAyxQ4) (0, 01) A T(oa xQay) (V. 1)

N

|
~

T(sBywsBy) ((0,01)(0,11)) < T(Qa;xQay) (0, 01) A T(ga,xQay) (0, 1)
Similarly, Isp, ws8,)((v,01)(v,11)) < LiQa,xQay) (¥, 01) v Iiga,xQay) (0, 11)
F(s,xsp,) ((0,01)(0,u1)) < FQa,x04,)(0,01) v Fga,xga,) (v, ).

If v1uy € SBy, z € QAy, then

T(sB, xsBy)((v1,2)(11,2)) T(sy)(v1u1) A T(ga,)(2)

< (Ti@ay) 1) r(@an) (#1)) A Tigay) (2)
= Tiga,xQay)(v1,2) A T xQ4y) (11, 2)
TispywsBy) ((01,2)(11,2)) < T(Qa,xQ4,)(01,2) A T(Qa, xQa,) (11, 2)
Similarly, I(gleng)((ULZ)(ul/Z)) < I(QAlleAz)(Ul/Z) v QAleAZ)(ulfz)
F(s,xspy) (01,2)(11,2)) < Foa,xQ4,)(¥1,2) v Fa,x04,)(11,2).

Therefore, SB; x SB, is a neutrosophic relation on QA; x QA,. Similarly, 5B x SBy is a
neutrosophic relation on QA; x QA,. Hence, G is a neutrosophic rough graph. [

Theorem 3. The cross product of two neutrosophic soft rough graphs is a neutrosophic soft rough graph.

Proof. Let G; = (G;,G1) and G, = (G,, Gy) be two NSRGs. Let G = G1 ® Gy = (G; © G5, G1 © G»)
be the cross product of Gy and G, where G; ® G, = (QA1 ® QA»,SB1 ©®SBy) and G1 © G, = (QA; ®
QAj,,SB; ® SBy). We claim that G = G; ® G; is a neutrosophic soft rough graph. It is enough to show
that SB; @ SB, and SB; ® SB, are neutrosophic relations on QA; ® QA; and QA; ® QA», respectively.
First, we show that SBy © SB; is a neutrosophic relation on QA1 © QA».
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If v1uq € SBy, v1uy € SBy, then

T(sB,esBy) ((v1,01)(u1,u2)) = T(sp,)(v111) A Tisp,)(v12)
(Tigay) (01) A Tgay) (1) A (T(ga,) (01) A T(ga,) (u2))
(Tigay) (01) A T(gay)(01)) A (Tigay) (1) A Tiga,) (u2))

N

= Tiga,004,)(v1,01) A Tiga,004,) (11, 42)
T(sp,@58,) ((v1,01) (11, 12)) < Tga,004,)(01,01) A T(a,004,) (0, U2)
Similarly, I(sp,@sp,)((01,01) (U1, 1u2)) < I(gAl@QAZ)(Ul,Ul) v I(Q/‘h@gz‘\z)(v’ up)
F(sp@ssy) (01, 01)(u1,12)) < Fga,e04,)(01,01) v Foa,004,) (v, i2).

Thus, SB1 © SB; is a neutrosophic relation on QA; ® QA;. Similarly, we can show that SB,©®SB,
is a neutrosophic relation on QA; ® QA;. Hence, G is a neutrosophic soft rough graph. [

3. Application

In this section, we apply the concept of NSRSs to a decision-making problem. In recent times,
the object recognition problem has gained considerable importance. The object recognition problem
can be considered as a decision-making problem, in which final identification of objects is founded on
a given set of information. A detailed description of the algorithm for the selection of most suitable
objects based on an available set of alternatives is given, and purposed decision-making method
can be used to calculate lower and upper approximation operators to progress deep concerns of the
problem. The presented algorithms can be applied to avoid lengthy calculations when dealing with
large number of objects. This method can be applied in various domains for multi-criteria selection
of objects.

Selection of Most Suitable Generic Version of Brand Name Medicine

In the pharmaceutical industry, different pharmaceutical companies develop, produce and
discover pharmaceutical medicine (drugs) for use as medication. These pharmaceutical companies
deals with “brand name medicine” and “generic medicine”. Brand name medicine and generic
medicine are bioequivalent, and have a generic medicine rate and element of absorption. Brand name
medicine and generic medicine have the same active ingredients, but the inactive ingredients may
differ. The most important difference is cost. Generic medicine is less expensive as compared to
brand name comparators. Usually, generic drug manufacturers face competition to produce cost less
products. The product may possibly be slightly dissimilar in color, shape, or markings. The major
difference is cost. We consider a brand name drug “u = Loratadine” used for seasonal allergies
medication. Consider

V= {uy = Triamcinolone, u; = Cetirizine/Pseudoephedrine,
u3 = Pseudoephedrine, u4 = loratadine/pseudoephedrine,

us = Fluticasone}

is a set of generic versions of “Loratadine”. We want to select the most suitable generic version of
Loratadine on the basis of parameters ¢; = Highly soluble, e; = Highly permeable, e3 = Rapidly
dissolving. M = {ej, ez, e3} be a set of paraments. Let Q be a neutrosophic soft relation from V to
parameter set M, and describe truth-membership, indeterminacy-membership and false-membership
degrees of generic version medicine corresponding to the parameters as shown in Table 11.
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Table 11. Neutrosophic soft set (Q, M).

Q uy up u3 1y us

e1 (04,05,06) (05,03,06) (0.7,02,03) (050705 (0.6,0.5,0.4)
e (07,03,02) (0.3,04,03) (0.6,0504) (0.8,04,06) (0.7,0.8,0.5)
e  (0.6,03,04) (0.7,02,03) (0.7,02,04) (0.8,07,06) (0.7,0.3,0.5)

Suppose A = {(e1,0.2,0.4,0.5), (e2,0.5,0.6,0.4), (e3,0.7,0.5,0.4)} is the most favorable object that

is an NS on the parameter set M under consideration. Then, (Q(A), Q(A)) is an NSRS in NSAS
(V, M, Q), where

Q(A) = {(u1,0.6,0.5,0.4), (1,0.7,0.4,0.4), (113,0.7,0.4,0.4), (i1,0.7,0.6,0.5), (u5,0.7,0.5,0.5)},
Q(A) = {(11,05,0.6,0.4), (u,0.5,0.6,0.5), (113,0.3,0.3,0.5), (114,0.5,0.6,0.5), (u5,0.4,0.5,0.5)}.

Let E = {u10y, uyu3, tigliy, uptiz, usiz, oy, tixtis} < V and L = {eje3, exeq, 362} < M.
Then, a neutrosophic soft relation S on E (from L to E) can be defined as follows:

Table 12. Neutrosophic soft relation S.

S ujus ujus uguq usus Uusus Uruy Uzus
erep (0.3,04,02) (0.4,04,05) (0.4,04,05) (0.6,03,04) (0.4,02,02) (0.4,04,02) (0.4,0.3,0.4)

ees  (05,04,01) (04,03,02) (04,03,02) (03,03,02) (0.6,02,04) (03,02,01) (0.3,0.3,0.2)
eres  (04,04,01) (04,02,02) (04,02,02) (05,03,03) (04,02,03) (04,03,01) (0.5,0.3,0.2)

Let B = {(e1€2,0.2,0.4,0.5), (epe3,0.5,0.4,0.4), (e1e3,0.5,0.2,0.5)} be an NS on L that describes some
relationship between the parameters under consideration; then, SB = (S B, SB) is an NSRR, where

SB = {(u1u2,0.5,0.4,0.4), (11u3,0.4,0.2,0.4), (us11,0.4,0.2,0.4), (u213,0.5,0.3,0.4),
(us13,0.5,0.2,0.4), (12114,0.4,0.3,0.4), (1p135,0.5,0.3,0.4)},

SB = {(u112,0.2,0.4,0.4)(u1u3,0.5,0.4,0.4), (usu1,0.5,0.4,0.4), (uu3,0.4,0.4,0.5),
(u513,0.2,0.4,0.4), (112114,0.2,0.4,0.4), (1p1s5,0.4,0.4,0.5)}.

(0.4,0.2,0.4)
(1,0.6,0.5,0.4) (u3,0.7,0.4,0.4) |
~ D

=
=} Mo
< !
S
3 5 =
S = S
(u4,0.5,0.6,0.5) o al
< ~ g
S S 2
S
o
C\!“ -
S 0.4,0.4,0.5) S
(u2,0.5,0.6,0.5) (0.4,0.4,0 (us,0.4,0.5,0.5) lu4’0.7,0A6,0.5) (us,0.7,0.5,0.5)
G =(QA,8B) G = (QA,SB)

Figure 12. Neutrosophic soft rough graph G = (G, G)

In [3], the sum of two neutrosophic numbers is defined.
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Definition 20. [3] Let C and D be two single valued neutrosophic numbers, and the sum of two single valued
neutrosophic number is defined as follows:

CA®D =<Tc+Tp—Tc xTp,Ic xIp,Fc x Fp > . 1)

Algorithm 1: Algorithm for selection of most suitable objects

1. Input the number of elements in vertex set V = {uq,uy,...,u}.
2. Input the number of elements in parameter set Ml = {e1,e,...,en}.
3. Input a neutrosophic soft relation Q from V to M.
4. Input a neutrosophic set A on M.
5. Compute neutrosophic soft rough vertex set QA = (QA, Q(A)).
6. Input the number of elements in edge set E = {u; Uy, Uiy, . . ., Ul }.
7. Input the number of elements in parameter set M = {e1e1,e1e,...,e01}.
8. Input a neutrosophic soft relation S from V to M.
9. Input a neutrosophic set B on M.
10. Compute neutrosophic soft rough edge set SB = (SB, S(B)).
11.  Compute neutrosophic set & = (Tx(u;), Ln(u;), Fx(u;)), where
Tu(ui) = Toeay(ui) + Toeay (i) — T ay (i) x To(ay (1),
L(ui) = Tgay(ui) x To(a)(ui),
Fo(uj) = F@(A)(”i) X Fi(A)(”i)

12. Compute neutrosophic set B = (Tg(u;u;), Ig(uiu;), Fg(uiu;)), where

Tp(uiuj) = Tgp)(uittj) + Ts(py(uintj) — T gy (uittj) x Ts(p) (ujuj),
Ig(uiuj) = Tgpy(uiuj) x Tg(p)(uinj),
Fﬂ(uiu]-) = ILS(B) (u u; ) X FS(B) (uiu]-).

13.  Calculate the score values of each object u;, and the score function is defined as follows:

_ Z +Ia( ) th( ])
3— Tﬁ Llu]>+1ﬁ(u uj) — Fg(uiuj))’

u; u]eE

14. The decision is S; if S; = m%lx S;.
=
15.  If i has more than one value, then any one of S; may be chosen.

The sum of UNSRS QA and the LNSRS QA and sum of LNSRR SB and the UNSRR SB are NSs
QA@® QA and SB@® SB, respectively defined by

a=QA®QA = {(11,08,03,0.16), (1,0.85,0.24,0.2), (13,0.79,0.2,0.2), (14,0.85,0.36,0.25),
(us,0.82,0.25,0.25)},
B=SB®SB = {(uyu,0.6,0.16,0.16), (1113,0.7,0.8,0.16), (11411,0.7,0.8,0.16), (113, 0.7,

0.12,0.2), (usu3,0.6,0.08,0.16), (uz114,0.52,0.12,0.16), (uus,0.7,0.12,0.2)}.

The score function S(uy) defines for each generic version medicine u; € V,

S(u) = 3 Ta(j) + L (1)) — Fa(u)

— (Tp(ujuj) + Ig(uju;) — Fg(u;uj)) @)

3
uji;€E
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and uy with the larger score value u; = maxS(u;) is the most suitable generic version medicine.
1

By calculations, we have
S(u1) = 0.88,5(up) = 0.69, S(uz) = 0.26 S(uy) = 0.57, and S(us) = 0.33. 3)

Here, u; is the optimal decision, and the most suitable generic version of “Loratadine” is
“Triamcinolone”. We have used software MATLAB (version 7, MathWorks, Natick, MA, USA) for
calculating the required results in the application. The algorithm is given in Algorithm 1. The algorithm
of the program is general for any number of objects with respect to certain parameters.

4. Conclusions

Rough set theory can be considered as an extension of classical set theory. Rough set theory
is a very useful mathematical model to handle vagueness. NS theory, RS theory and SS theory are
three useful distinguished approaches to deal with vagueness. NS and RS models are used to handle
uncertainty, and combining these two models with another remarkable model of SSs gives more precise
results for decision-making problems. In this paper, we have presented the notion of NSRGs and
investigated some properties of NSRGs in detail. The notion of NSRGs can be utilized as a mathematical
tool to deal with imprecise and unspecified information. In addition, a decision-making method based
on NSRGs is proposed. This research work can be extended to (1) Rough bipolar neutrosophic
soft sets; (2) Bipolar neutrosophic soft rough sets, (3) Interval-valued bipolar neutrosophic rough sets,
and (4) Soft rough neutrosophic graphs.
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