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Abstract

The notion of the complex () bipolar neutrosophic subbisemiring (CQBNSBS) is a fundamental notion to be
considered for tackling tricky and intricate information. Here, in this study, we want to expand the notion of
CQBNSBS by giving a general algebraic structure for tackling bipolar complex fuzzy (BCF) data by fusing the
conception of CQBNSBS and subbisemiring. Keeping in view the importance of fuzzy algebraic structures, in
this manuscript, we develop the concept of CQBNSBS. We analyze the important properties and homomorphic
aspects of CQBNSBS. For bisemirings, we propose the CQBNSBS level sets. We also develop the notions of
homomorphic images of all CQBNSBSs is also CQBNSBS and homomorphic pre-images of all CQBNSBSs
is also CQBNSBS. Examples are provided to demonstrate our findings.

Keywords: CQBNSBS; SBS; Homomorphism

1 Introduction

Every day, systems become more complex, which makes it harder for decision-makers to select the best op-
tion. A single goal is hard to achieve, but you can do it. For many businesses, it was challenging to inspire
people, create objectives, and form attitudes. Therefore, many goals must be taken into account at the same
time when making decisions, whether they are made by an individual or a group. After giving it some thought,
it appears that the criteria are solved flexibly, which makes it challenging for any decision-maker to come up
with the best answer possible for each of the relevant criteria. Reliable and adequate methodologies should
be developed by decision-makers in order to identify the optimal solution. Generally, when dealing with am-
biguity and uncertainty in decision-making, crisp methods don’t work. Human life is becoming more and
more ambiguous and uncertain as time goes on, and an expert or decision-analyst cannot handle these kinds of
ambiguities and uncertainties by using the theory of crisp set. Fuzzy set (FS) theory was developed by Zadeh,*
and it is the best at dealing with ambiguity and uncertainty. If an element in an FS has a single value inside
the interval, it is regarded as a member. The degree of non-membership does not always equal one minus the
degree of membership, though, as resistance can occur in real-world circumstances. An increasing number of
hybrid fuzzy models are being created as FS theory develops swiftly. The uncertainties have contributed to the
development of a number of uncertain theories, such as FS ! intuitionistic FS (IFS),? Pythagorean FS (PFS)}
and spherical FS (SFS)# MG sets, or sets with grades between 0 and 1, make up an FS. Although an assertion
made by Atanassov? that non-membership grades (NMG) can only have a value of 1, IFS is categorized as
MG. The total of MGs and NMGs may occasionally exceed 1 throughout a decision-making process. Yager"
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used PFS to develop the generalized MG and NMG, which has a value not exceeding 1 and is determined
by the square of the MGs and NMGs. As the neutral state is neither positive nor negative, these theories are
unable to describe it. Cuong® talked to colleagues about the picture. FS used three grading points: positive,
neutral, and negative. The sum of these grades could not be greater than 1. It also outperforms PFS and IFS
in several situations. It addresses the truth, indeterminacy, and falsity of FS and IFS and is an autonomous
generalization of three models. The conception of bipolar fuzzy set (BFS) is one of the generalizations of FS,
as FS is unable to cover the negative opinion or negative supportive grade of human beings. Thus, Zhang®
initiated the BFS to cover both positive and negative opinions of human beings by enlarging the range of FS
[0, 1] to the BFS [0, 1], [—1, 0]. The BFS holds a positive supportive grade (PSG) which contains in [0, 1] and
negative supportive grade (NSG) which contains in [—1, 0].

Lee” was presented the idea of bipolar fuzzy sets. The membership degree range in conventional fuzzy sets
is [0, 1]. Fuzzy sets that have their membership degree range expanded from the interval [0, 1] to the interval
[—1, 1] are called BFSs. The membership degrees on (0, 1] indicate that elements somewhat satisfy the prop-
erty, the membership degrees on [—1, 0] indicate that elements somewhat satisfy the implicit counter property,
and the membership degree 0 in a bipolar fuzzy set indicates that elements are irrelevant to the corresponding
property. To handle conflicting and unclear data, Smarandache® developed the neutrosophic set (NS). The de-
gree to which a proposition is true, ambiguous, or false is established using this logic. Ramot et al? introduce
the concept of the complex fuzzy set (CFS). The membership functions of CFS’s transactions can have a very
broad range of values. While the unit circle of a fuzzy membership function remains fixed, the unit circle of
the complex plane is expanded to [0, 1]. Instead of extending purely to [0, 1], the membership function px (x)
of the CFS X extends to the unit circle in the complex plane. Hence, px (z) is a complex-valued function
that, for any element x in the discourse universe, provides a grade of membership of the type 7x (z) - ¢7x (*),
where i = v/—1. The two real-valued variables, nx (z) and 7x (z), where nx (x) € [0, 1], define the value of
px (7). Golan'” established the concept of semiring logic and its applications. Hussian et al'!' discussed the
concept and use of bisemirings. Lee” discusses bipolar-valued FSs and associated techniques. Fuzzy semirings
were studied by Ahsan et al.'? Sen et all?' introduced the concept of bisemirings. Palanikumar et al. (2019)
introduced an intuitionistic fuzzy normal SBS of bisemiring'# Palanikumar et al.' introduced the concept of
bisemiring by using bipolar valued neutrosophic normal sets. Numerous writers have recently written on novel
ideas such the fuzzy extension set, neutrosopic set, and SFS'92Z The study has benefited from the following
contributions:

1. The intersection of a every CQBNSBSs is again a CQBNSBS of bisemiring .7

2. LetI" be a CQBNSBS of . and T be a strongest complex cubic anti neutrosophic relation of .. Then
I"is a CQBNSBS of bisemiring . if and only if YT is a CQBNSBS of . x ..

3. The homomorphic image of every CQBNSBS is a CQBNSBS and homomorphic preimage of every
CQBNSBS is a CQBNSBS.

Aspects of the SBS and CQBNSBS concepts will be examined, and conclusions drawn. The following five
sections make up the article. We introduce semirings and SBS in Section [I} Information on semiring and
SBS preparation is provided in Section 2} The properties of CQBNSBS are listed in Section [3| It is advised
that numerical examples be used for evaluating CQBNSBS. The conclusion and future course are indicated in
Section ]

2 Preliminaries

Definition 2.1. A bipolar fuzzy set A in a universe U is an object having the

form A = {(z, 0¥y (z), w4 (x)) : © € X}, where py : X — [0,1] and p7; : X — [—1,0].

Here /%) () represents the degree of satisfaction of the element z to the property of A and p’; (x) represents
the degree of satisfaction of  to some implicit counter property of A. For simplicity the symbol (u%, u'%) is
used for the bipolar fuzzy set A = {(z, piy (z), u’% (z)) : © € X }.
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Definition 2.2. For two bipolar fuzzy subsets = (P, u™) and A = (AP, \") of S, the product of 1 and A is
denoted by 1 o A and is defined as

D P . Am
(1 0 W)(2) = { sen, {“ (s) A X (t)} if Ay #0

(4" o A" () = 4 (siha, [ vann}ira, £0
-1 if A, =0

Definition 2.3. ® A NS v in the universe U is v = {z,ul (z), ul(z), ul' (z)|x € U},where ul (z),ul(z) ul (z)

»

represents the TD,ID and FD of v respectively. Consider the mapping ul : t/ — [0,1],u! : U — [0,1 ,qu
U — 0,1 and 0 < ul'(z) + ul(z) + ul'(x) < 3.

Definition 2.4. © Let ¢y = (uj ,ul, ,ul )02 = (u,,u),,ul) and g = (ul ,ul  uf ) be the three
neutrosophic numbers over /. Then

L s O = (max(xT, ul, ), min(x,, ul,), min(xh,, wf])),

2. o lHbg = <min(xiwua),max(xiwu{pg), max(xiZ,u53)>,

3. 4Py > s iff ui > uid and “{bz < u{bd and uiQ < “53’

4. by =g iff “52 = uig and usz = ufpg and uf/;z = uf;?’.

Definition 2.5. ® For any NS ¢ = {x,xI(2),x.(2),xE (z)} of U. Then (r,)-cut is defined as {z €
Ulxy (2) = 7. x4 (2) > 7, x4 (@) < B}

Definition 2.6. 8 Let V and Y be two NSs of S. Then Cartesian product of V and Y is definedas V x Y =
{ngY(XWLX{/xY(XW) XVXY( )| fO’F all X5 ¢ € S} where

ey (06 0) = mindxT (2), XT ()} xhey () = MDD 3B (3, ) = mac{xd (@), x5 ()}

Definition 2.7. A fuzzy subset v of a bisemiring (., O1, Oz, O3) is represents a fuzzy SBS of .7 if x, (x O1

5) Z min{Xv(x)va(g)}7Xv(X OQ 5) 2 min{Xv(I)7Xv(€)}aXv(X OB 6) Z miH{Xv(I%Xv(g)}’fOf all
X, € € L.

3 Complex () bipolar neutrosophic subbisemiring

Here . denotes bisemiring unless other stated, R stands for real part and < stands for imaginary part and
127 = .

Definition 3.1. The non- empty set @ is a complex Q bipolar neutrosophic set(CQBNS) £ in universal set U,

0= {r,RT" (r9).x37 " ) RI" (ra). a3t T RE" (7 e asy %TP( 0).297 <Tq>,w(7q) s
5}%5?(711) . ewgf () re U}, where mz“ (Tq) .e” ? 7%£n(7_q) . e% m(rd )7%511(7_(1) X e“”/z m(rd) U

[~1,0] x [0,1] and RT(79) - €75t " RI(r9) . 2307 RF (7Y . 70 o - U — [~1,0] x [0, 1] represents

the truth degree, indeterminacy degree and false degree respectively.
For simplicity the symbol R} ", R" 3?[ "is CQBNS ¢ = {r,R}" (19) - erSi ),8?;(7‘1) el ),

RE" (79) .emf”“q)7§RKT‘”(7q) ) emST S JRI (7) .ergjp(’%’%g’) () A I U} and g € Q.
Definition 3.2, Let ¢ = {7, RF" (7). RL" (r9):230 7RI (r).enST T BT (7). 29T,
R (r) - xS RE () 29T} and

9= {r L (r1) - x93 RY (r0) - 23T RE" (r) - 295 REY () 295

RL” (r9) - e“«‘%ép(fq), REY (19) - er35 >} be two CQBNSs of U.
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Then we define the intersection and union operation is defined as

HLtno = {(T max{R?" (79) - St T >,§Rg" (19) - S5 )} max{R." (79) - et T >,§R§ (19) -
S5 T } mln{?RF (r9) - erst %F”(Tq) e (\gnﬁq)},

(\I (Tq) c\IP(Tq)

mIF’( ) . et }’

P(r?)

min{R?" (79) - e”
max{?)?fp(Tq)f ,?Rgp( 7). oS

T (1 )-e”fa } min{R}" (17) -

C)|revy

g)fuo = {(7’ min{%Tn( a) . eng A gceT”( a0 . e ag?" )} mln{?RI (r7) - em%f (D) %én(rq) )

I FT(rd n T
e295 7" ) max{Rf” () - e* T RE"(7ay . oS5,

. TP (4 . ~IP (74 g P(+4q
max{R}" <Tq>-e e %TP( 1) er35" Y max{ R (1) - eS0T RY (r0) 295 Ty,
FP( r
min{RY” (r) -3 R (7)Y | e ),
s " 23T D I 23D
Definition 3.3. For any CQBNS / = {T R, (19)- €™ JRE(72) - e ,
%gn(7’q> eng T gceeTp(Tq) eﬁ‘? T 3?IP( ) lgé o %gp(T ) 61%5 (Tl)}ofauniversal set U. Then
n " n I (e n ~FM (4
(1, p2)-cutis defined as { 7 € UIRT" (70)-e#31" " < o RY"(r)-e25 7 < oy R (7)) >
~TP (74 o~ T FP(r4

02, R (79) x0T > o) RI7(79) - exd ™ > o1, RE (79) - 730 )Sm}.

Definition 3.4. The Cartesian product of £ and O is defined as
n 2STILND oS!
{xo= {%eTxa((ﬂ )‘)q) ’ 8%éxa((T )‘)q) ’

oF"((T A9

((T ) n
F ARy
%exa(ﬂ )‘) £ )

R ((r,7) - S5 R () - 5 RE (0 - 35S for all 7o € ST,
where ¢ and © be the CQBNS of U
REL((r )0 2057 = ma (R (7) - 97 9D () 292"}
RE o (1, A) S %tgn(T‘?)-ezSén(Tq)JréRén(/\q).e:”““én(*q)
RS (1, 0)9) - =™ 2 in {é}%fﬂ (19) - erSF " RET(ND) e <\Fw<xq)}
RE o (1, A)9) - =SV 2 min{%ng (19) - ey JRIT(A) e “gf’uq)}
Riro((,0)9) . (ESIRTI RIP (79).c7%0 )+§R”’ (A0)-e=55 O
RS (1, A)7) A - {%517 (19) - ew%e %F”()\q) P (Aq)}

Definition 3.5. For any CQBNS ¢ of .7 is said to be a ()-complex bipolar neutrosophic SBS (CQBNSBS) of
S if

RT" ((1O10)7) - e=ST (r010)%) < max{RT" (19) - ST (1) KT (A9) - ew%‘zTn((/\")}

RI" ((7022)7) - €737 "((70207) < max{RT" (79) - e 237" ((79) JRT™(A9) - enS1 (W)

RI" ((r03A)7) - €291 (103N < max{RT" (79) . 237 () RT" (A7) . 237 (A}

23" (D)

éRén((TolA)‘I) . ez(\‘fén((7'<>1>\)q) S mi" (7-‘1)-6”"9’5 ((TQ);m({,n (A9)-e
OR

132 L ((A9)

RI" ((rOzA)7) - 237 ((r023)7) < Re"(7): et “*‘”mf’%m

OR

Ry A)) - xS (7050 < RI" (79)-e290 (D LRI™ (n1).e29] " (AD)
, ((1O3N)9) -e < :

RE™ ((1010)7) - €237 (F01ND) > min [RF" (£9) . 237 (7)) REF" (Aa) . 237 (A}

RE" ((1020)7) - 23 (020D > min{RE" (79) - 23 (7 RF" (A1) . 237 (A1)}

RE" ((103M)9) ST ((T0sN)1) > min{RF" (79) - e* (GOl RE" (A7) (OO
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RI” ((1O10)9) - €237 (TO1N) > min{RT” (79 . €237 (7)) RT” (Aa) . 237" (A}
%gp((TOQ)‘)q) . z\y[ ((7'()2)\) ) > m1n{§RT (,rq) . emg;p((70)7%zP(Aq) . ez%;{'p(()ﬂ)}
RI” ((rO3A)9) - €31 (10N > i {RT” (79) - 237 (1) RT7 (2) . 237 (A}
, oI P10y oo SE (1 P 3ay.ex S5 ()
R (0 A)) - 230 (oD > Rl D em? iy ertl ©
OR
p 4 P Tq_ezgfp 4 Poygy oS q
%ép((Toz)\)q).ez%Z ((7022)9) > R, (79 e « )ggﬁ (A?)-e & o
OR
RI7 (105 A)) - 23 (0N 5 RE (rt)er () emi? (=270
RET((101A)9) - € 237 (rO10)) < max{RE" (79) - St () R (X9) - e “Fp((kq)}
RE” ((1020)7) - e=SET (1022)7) < max{RY (Tq).ez%f (™) R (A7) - e S A(CON
RE((TOsM)7) - €73 "((r0a0)) < max{R}" (r9) - €23 (7 JRET(AD) - e {7 (0M)
forall 7, \ € <.
Example 3.6. Consider the bisemiring . = {1, 12, 73, n4} with the Cayley table:
v m | m w3 ma [ Q2| m | m2|m3 | ma || O3 m |[m2|m|m
M | M || ™| T M | M | M2 | M3 | ™4 m | m | ||
T2 | [ M2 | M | T2 M2 | M2 | M2 | N4 | T4 2 | | M2 | M3 | T4
3 1M [T | M3 |13 N3 1 M3 [ M4 | M3 | T4 M3 | M4 | Ma | M4 | T4
Ma | M [ T2 | M3 | T4 Ma | M4 [ T4 | T4 | T4 N4 | M4 | M4 | M4 | T4
b)=m (b) = n2 (b) =ns (b) =m
(%T" (\g")(b) _0'75ei27r(70.60) _0.761’271'(70.55) _0.66i27r(70.45) —0.656i2ﬂ-(07‘50)
(éRl ,sén)(b) _0.8561271(—0.70) —0.8€i27r(_0'65) _0.761'271(—0.55) —0.75€i2ﬂ(_0'60)
(%{‘"’Sg'")(b) _0'6561'2#(70.50) _0.7561'2#(70.6) _0.856i2ﬂ'(70.7) _0.861‘271’(70.65)
(b) =m (b) =mn2 () =ns () =m
(% (\Tp)(b) 0.6561‘277(0.55) 0.5567;271'(0.45) O.356i2ﬂ(0'25) 0'4562’2#(0.35)
(% C\Ip)(b) 0.856i27r(0.75) 0.75671271'(0.65) 0.4567:2#(0.35) 0.5567?277(0.45)
(gR FP (\Fp)(b) 0.556i2ﬂ-(0'45) 0.656i27r(0.55) 0.8561’271'(0.75) 0.75ei27r(0.65)

Hence, ¢ is a CQBNSBS of ..

Theorem 3.7. The intersection of a every COBNSBSs is again a COBNSBS of .

Proof. Let {; : i € I} be the family of CQBNSBSs of . and £ = [\ ;. Let 7, A € ..

iel
Now,
RE (70120 3T 0N =\ R (r01)) - e (0
iel
</ (R () ORI () 79 00)
iel
:max{\/ 5)?2':( ST (7 \/ ?RTn A7) %g?(/\q)}
icl i€l
= max{RE (r7) - 231" () RI" (xa) . 287" (A
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Similarly,

RE((1022)7) - €23 (02N < maxe{RE” (7) - €231 ) R (A1) - €288 O,

(&
R ((10O3M)9) - erS1 (T0sN)") < max{R}" (19) - (Tq),%gn()\q) . e”S/an()‘q)}.
Now,
RE(r010)7) - 7 (TN = \[ R (70,10)7) -7 (70100
i€l
RL (r1) - 295 0 LRI (A1) . 95 V)
< =
V >
i€l
\/ R (r1) - 9= 4\ RE (A7) - 705 O
_»iGI icl
2
_ RI"(79) - €0 (7 p RIT(A9) . @22 )
2
Similarly,
RI" (rOA)1) - 298 (r0xN)) < R Ger 0emi” vy el O g

A7)

R (r0aA)) - 08" (0w ¢ B0 O
Now,

RE (01N e (COND = A RET(r010)7) e (0

i€l
> /\ min{%g? (r9) - S i (7). %gj()\q) ) exsg’;(,\a)}
iel
= min {/\ %Fﬂ /\ %Fﬂ D) g?@\q)}

el el
= min{RE" (79) . =97 ) RE" (A1) . 237 (D)
Similarly,
RE" (7020)7) - €737 (7020 > min (RF" (7). e237 () RF" (A1) . 297 A} and
RE" ((1030)9) - €237 (703N > min{RE" (79) - €23 (1) RF" (Aa) . 27 (D},
Let {w; : i € I} be the family of CQBNSBSs of . and ¢ = /\w,-. Letm,\ € 7.

iel
Now,

RE (r010)1) 3T (TN = A\ RE (70107 - xS (00

iel

> A\ min{RE](79) - e R (h1) - 950}

iel
*mm{/\ %Tp 79) - 9= (™) /\ §RTP A7) Ti(/\q)}
el el

Zmin{%?p(Tq) “‘\’tz (r) %T"(}\q) z\s[Tp()\q)}
Similarly,
RT"((1O20)7) - =S (102D > min{RT* (r9) - ¢ ogp(ﬂ)?%{pw) 9T )y
R ((703M)9) - erSE (70301 > min{R7" (79) - e* fp(fq),%gp()\q) , ea:%{p(v)}.
Now,
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RE(r00)7) - 7 (00D = A\ RE(7010)7) - €73 (01

el

> /\ R (19) - e
i€l
N L) S5 1 \ R ) 350
el il
B 2
RI” (79) - €21 () 1 RI” (A1) . 291 O
2

=5, (") +RE(\) - 3%, (A
2

Similarly,

and

@S IP (4 P 2517 (A7)
I 217 ((r020)7) > RE(r)-e¥t TD4RIT (A1)«
R ((TO2N)9) - e (70201 > e —

P s (ra P 2a1P (2a
%ép((TO;g)\)q) ) em%fp((r%k)q) = afel{ (r9)-e Sy ( )+§R£ (A9)-e Sy (D
= 3 .
Now,

%51)((7_01)\)(1). QJ\YZ ((T<>1)\) \/ éRFp((Tol ) ) 13517((701/\)4)
el
<\/ max{RL () ST ) RE” (A9) (P Oy
iel
—max{\/ me 79) SEY (r) \/ §RF” A7) 'gjw)}
el icl
Zmax{%fp(rq).BISer(T")7§R5P()\q) oSt (Aq)}

Similarly,

RE” ((7020)1) - €3 (00N < max(RE” (7).
§R5”((TQ3,\)q) @S ((r03N)) < max{mf (19) -
Thus,? is a CQBNSBS of ..

FEN RET (A1) - 2 A and

6
oS () RET(\a) . 29T (AN,

Theorem 3.8. If ¢ and O be the COBNSBSs of .1 and .5 respectively, then ¢ x Ois a COBNSBS of /1 X Y.

Proof. Let 71,72 € %1 and A1, Ay € F. Then (71, A1) and (72, A2) are in .1 X F. Now

%g:a[((ﬁ, )\1)<>1(7—27 )\2)‘1)] . ea:%}":a[((7—17/\1)01(7'2,)\2)C1)]

R (110172, M O1A2)?) - €230 (0172201 0132))

max{%gn((ﬁ(}lm)Q) . QC\SZ ((7'1()17'2)‘1) %TTL(()\]_O]_)Q) ) x\fa (()\1<>1A2)Q)}
max{max{%gn (11) ST (7'1)’%%" (12) - oSt (rz)}’

max{%gn (M) - ex%f"(Al), %g” (A2) - ezSeT"(AQ)}}

max{max (R} () -7 7, R () -3 ),

max{RT" (72) - 3 2 RL"(A5) - €#3 O}y

= max{?}ﬁ{:a((ﬁ? A7) - eIJzXa((n A7) %Ma((Tg, ILE em%g;a((fm)\z)q)}

IN

Also RES[((11, A1) O2(72, A2)9)] - e"ShxallT1A1)02(722) )]
< max{RL" ((r1,\1)7) - e®STo (11, 21)%) RTT (12, Ag)?)e*Sixa (T2:22)))

and L5 (71, M) 0372, 1)) - 5 9FEI(1 )00
< max{RT" ((r1, 1)) - e Sho (T, A7) RLT (12, Ag)9) - e28hca((222)) )
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Now,

Rz (71, A1) 01 (72, Ag)9)] - 3exa (72001 (72, 22) )]
= RI5 (10172, AO1A2)1) - e Sheo (MO 210002

RE(110172)7) - 2362 (O™ 4 RIT(A10149)7) - 92 (A10122)7)
2
RY (1) ) £ R () ) R O) e O 1 R () - 3 (M)]

N | =

2 2

n

-§Ré (m1) oS () + %g‘()\l) 85" () . 3?["(7_2) . exSt (12) %I"( 2) _emsg”(xz)]

2 2

ER%ZD(@’L A)?) - ¢St (AN | RS (12, X2)7) - emeT:a((m«\z)")}

N = N =

Also R [((71, A1) 02 (72, Ag))] - 2o (12002 (r2r2) )] <
{R“a((ﬁ’ A)1) - e SE (A LRI (70, 00)1) - 6x%é23((m’/\2)q)} and R} 5 [((71, A1)03(72, A2)7)] -
TS (11, A1)03(2.02)1)] <
{%éxa((ﬁ,)q)q) S (AN 4RI (75, 05)1) -exgé:a((ﬁ)\z)q)]
Now,
RE (11, M) 01 (72, Ao) )] - €30 (AN 01(72,22))]
RET (10172, A1 01 A2)7) - €730x0 (11017201 0100)%)
min{R" ((110172)9) .eﬁffa((noﬂz)q)’ RE" (M O1A2)7) - ez%f;a((,\1<>1A2)q)}
min{min{R}" () - 69”%5”(71), R (72) - St ()}
min{RE" (A1) - €235 1) RE"(2y) - 795 QD))
min{min{R" (1) - €3 D RE" (X)) - ¥ 1),
min{?)%gm (12) - 6x%f"(72) §RF" (A2) - msg"L(A2)}}

= min{RE5 (71, M)?) - €SB (TADD RET (7, 15)7) - e#STxa (222)1)3

Y

Also RIS (11, A1) 02(72, A2)9)] - oS [((T1,21)02(72,22)%)]

> min{Rf (71, 0)%) - €210, R (7, 00)1) - 2050 (72, 02))),

%559[((71, A1)03(12, A2)9)] - oS To [((11,21)03(2,22) )]

> min{RE5 (71, M)?) - "0 (ADD RET (1), 2y)7) - 230 (2220,

Let 71,70 € 7 and A1, Ay € . Then (11, A1) and (72, A2) are in ) X .#. Now

%{:a[((ﬁ, A1)01(12, A2)9)] - emf:a[((ﬁ7A1)<>1(Tz,/\z)q)]

R (110172, A O1A2)?) - €7 3hio(110172,010122)7)

= min{RL (1 0172)%) - €77 (070" KTV (301 29)9) - €795 (M0122))y

min{min{RE" (1)) - 3 1) RT (1) - % 2} min{RE7 (Ay) - ORI () - O )y
min{min{R}” () - "3 ) R () - 3 O} min R (rp) - €73 () RI7 (0g) - 7S O}y

min{%gﬁa((’]—lv Al)q) : eZD%{:D((Tl,)\l) %[XD((T27 )\2)(]) . ewgg:a((T%/\Z)q)}

Y]

Also RT 5 [((11, 1) 02(72, A2))] - #S T l((11:21)02(72,22)1)]
= mln{%@xa((ﬁy A1)?) - eznga((Tl’Al)q), %{:a((Tg, )\2)‘1)695%259((72,)\2)‘7)}

and RE 5 [((71, M) 03(72, A2) )] - # a7 21)03(72:22) )]
> min{RT (71, A1)?) - e"¥xo (AN RIT (1) A5)4) . e730Ka((r222)) )
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Now,
RES1(71, A1) 01 (T2, A2) )] - St l(T1,21)01(72,22) )]
= §}CEZ><D((7'1<>17'27)\1<>1)\2) ) 9“’2xa((7'1<>17'2,>\1<>1>\2)‘1)
. ?RZ ((110172)7) - ez\r“a((n(h‘rz)q) + 8%5’(()\101)\2)(1) . ew%f:a(()\lol,\z)q)
- 2
> 1 -%ép('rl) . ez%;{"(‘rl) + %ép(Tz) . em%jp(m) N §R§> ()\1) ) emgg()\l) n %g)()@) I\SD )
= 5 5 !
_ 1 _%?’(7‘1) . 6x§j£”(7‘1) + %g’()\l) . ex%g)()\l) . %é'p(7_2) ) exggp(ﬁ) n %g’()\g) . x\sa )
= 3 - :
5| BT (A | R ST (mra)?)
- 2l R (11, M1)9) - Vo2 (TeADD) L RIP (75 A5)7) - e Sexa((T2:A2 ]

Also R}J (11, A1) 02(72, A2)7)] - e*Stea (A1) 02(72,02))] >
{%Exa((ﬁ’)\l)q) S ((TA)Y) 4 R (12, A2)9) .emﬁ’;a((rz,,bw)}
and B2 [((71, M) O3 (72, Ag)7)] - e23E0ol(T1A)0a(r2 )] >
%{%éia((ﬁ’)\l)q) LS (MAND) LRI (7, A9)7) - ““D((T%AZ)CI)]
Now,
RIS [((71, M) O1(72, Ag)®)] - € SExa (71200172, 22))]

Rireo (110172, A O1X2)9) - eS1o (11017201 0142)7)

maX{maX{?Rgp(ﬁ)'ewsfp(ﬁ) RE (1) - €230 (72)}
max{RE" (A;) - €795 ) afe "(Ag) - €235 Qo))
max{max{R!" (Tl)-e“"f ™) RE ()\1).ew%’aﬂo(h)}7
max(Rf” (1) 23700, R (0) - 235700y

IN

= max{RI.~((11,\)7) - e 2370 ((r1,M1)) SRED (12, 22)7) - e 23T 5 ((T2,22)1 !

Also RELS (71, A1)02(T2, A2))] - # 3o (1202 (72 02) )]
< max{RE (11, \)9) - 230 (1 ADD)

REo (72, A0)7) - €775 (73, A0) ")),

RE (11, A1) 03(72, A2)9)] - €230 [((71.21)03(72.02))]

< max{%?ja((ﬁ, A1)f) - ew\y“a((th K %Zxa((TQ’ A2)1) - eISZT:a((Tz’)\z)q)}
Thus,? x o is a CQBNSBS of .7.

Corollary 3.9. If (1,05, ..., L, be the finite collection of COBNSBSs of .1, %5, ..., %n respectively.

£y X by X ... X Uy is a COBNSBS of /1 X S X ... X L.
Definition 3.10. Let ¢ C . the strongest CQBN relation on .¥ is

R ((1,A)9) - ST ()Y = = min{RT" (7-‘1) e DRI (A9) - e }"(xz)}

RL (7, A)1) - 235 (rA)) — RE. (r1)-e*31" ”q)zmé"(mew (A7)

RE"((7,1)9) - e=SE (r ) — max{ﬂ‘kfn (19) - RSV (Tq)’g%fn(v) 02T (,\q)}

RI” (7, \)1) - 2SI () = max{RT" (79) - orS7" () RT" (M) - e

1P+ 2s1?
RE (7 A)q)-ew%ff((rmw _ R (r)-emSe q>+§R£”<A")'e e
W )

RE” ((1,0)7) - 2% (D) = min{RE” (79) . e#3E" ) RET (\0) . 77
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max{@%fp((ﬁOﬂZ)q) . ew%fﬁa((n@rrz)q)’ %Fp((MOMz)q) ] emgffa(()\lol/\z)q)}

ISZ"@Q)}

(Aq)}

Then
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Theorem 3.11. Let £ be a COBNSBS of . and w be a strongest complex bipolar neutrosophic relation of . .
Then { is a COBNSBS of . x . if and only if w is a COQBNSBS of . x .%.

Proof. Suppose ¢ is a CQBNSBS of . x .# and w be the strongest complex bipolar neutrosophic relation of
.
Forany 7 = (11, 72), A = (A1, A2) € S x . Now,
((TO1N)9) - e23% (10107
[((((7’1,7'2) ) (()\17)\2 q)] . 69332 [((((r1,m2) 1) 01 ((A1,22))]
R (7'101)\177'201)\2) 69:%2" (110121,720122)
max{%[ ((T1<>1)\1) ) w\fe ((7101/\1 1) éRl ((7_201)\2)11)_eazgfn((m(}l/\z)q)}
max{max{R" (71) - e )R] (ny) - 22O},
max{%?n(m) 7St (72)7%5"()\2). xS7 )\2)}}
max{max{R]" (ry) - % ) RE" () - 237 ()},
max{RY" (A1) -3 O R (Ag) - T 02}y
= max{a%T”((Tm)Q) 2% (1)) RT™ (A, A)) - €255 (A1A2))y
= max{RL (71) - 795 0, RLT (A1) - 79 O}

= R

T
w
r"
w

IN

Also RL" ((1022)7) - 9% (020 < max{RL" (79) - 295 () %Tn(/\q) 23T (),
RL" ((1030)9) - €295 (103N < ax[RT" (79) . 295 (7) ’%gn(/\q) S0y,
Now, R (701 \) - 295 (7010)

= R (71, 72))01 (A1, Ag)?)] - % ((2m)D01 (O 22)D)

=R (10121, 7201X2)7) - 7S ((1101A1,m20122)7)

%{L((Tl<>1>\1)q) ) $3£ (r10120)%) 3%1 ((1201A2)9) - ez(“yén ((1201A2)9)
B 2

1 [%én (11) - emgé"(ﬁ) + %én (A1) - exgzn()\l) " §R£n (12) - ezgg" (r2) 4 §R£n (\2) - ez%én(h)‘|
=5 5 5

1 [%g" (1) -2 £ R (7)) RN N £ R () ew%%z)]
2 2

RE (1, 72)7) - €595 (1)) R0 (3 2g)10) - 5% (G130
2
%Iw” (Tq) . ez%;n () + §RIW” (Aq) . er%{:(‘rq)
- 2

" R m rSL (7 1) 1™ LS (a9
Also RL ((1020)9) - 235 (10207 < R (T):e R (e

and BRI (7050)7) - 9L (F0sN)7) < BE (r1)-e0% <”>+éﬁf“<xq>e
Similarly RE ((r010)1) - %" (90" > min(RE (71) - 595" éRF”(Aq) L1y
§Rgn((7_<>2)\)q), SE" ((1020)%) > mm{%F (19) - e S (79) 8?Fno\q) E™ (1) }and
RE"((T03N)9) - e 2L (703M)7) > min{RE" (79) - e sL () JRET(A9) e aSL (1,

sy
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Forany 7 = (11, 72), A = (A1, A2) € ¥ x .. Now,

2SI ((T010)7)

R ((1010)7) - e
= RT[((((r1, 72))01((A1, A2)9)] - 7%=
SCETP(T1<>1)\177‘2<>1)\

w

min{%; ((Tl <>1/\1)

Y

min{RT” (1) - 237 () RT" () - e

min{R7" (A) - "3 00 RY

= min{%gp((ﬁ,m) )-e”

= min{RL"(79) . 3=

(o) et

Also RL” ((102A)9) - €735 (022 > min{mT"(Tq)
RI” ((1030)9) - 2% (70N > min{RT” (79 - ¢
Now, R (701 \) - €795 (7013)

= RE[((((11, 72)7)01 (A1, Ag)9)] - €735 ()0

= R (M O1M1, 7201 X2)7) - % (1102 0)"

(
) S gp(7'1<>1/\1,7'2<>1>\2)
)

ST (MO R/T” (1,0, 20)9) - e
min{min{%? (7-1) . 6£C\Sz (7'1)7 %z"" ()\1) .e
x%{p(xz)}}
min{min{%gp( ) . ezSeTp (11) §RT” (7_2) .

ST ((11,72) q),gcgg’((/\h/\z) ) -
), RT" (A7) .eﬁﬁp(/\q)}

ST (r9) %T” (A7) - e

I(((r1,m2) D) 01 (A1, A2) D)

xg{p(kl)}
)]

-”ﬂngp(W)}7
37" (A2) }}

exsgp(v)}
2% ANy,

) RE (/\q)

((A1;22)9))]
)

™3t (1201 00)7)

R (r01M)Y) €23t (11010 L RI” (1501 19)9) -
2
1) - et ()

9% (A2

)

x%?”((mmzm}

> 1 [%f(n) e () L R (A
-2 2

2

LR (1) e LR ()

er%é"w)]

L[RE (71) - €258 00 4RI (75) - €258 02 R (Ay) - 3 O 4RI (2g) - €79 22)
2 9 2
R (r1, 72)7) - €295 (0m2)") LRI (A, A)7) - €29% (C1.32)7)

a 2

- %5(7—‘1) . 696%11;(7‘1) + %g ()\q) . emgg(Tq)

2

SZ(TQ)+%IP(/\q) 2P (A7)

Also R ((702)7) - 235 (r022)%) > Bg (r)-c”

and R ((r03))7) - e
Similarly, RE” (101 \)) - €295 (10107 < max{RE” (Tq
RE” ((1020)7) - €735 (1020 < max{RE" (79) - gw
%gp((TOS)‘)q)' F ((70sN)?) < max{@?F (Tq) o=SE
Therefore,w is a CQBNSBS of . x .¥.
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2
oo IP oIP
SL(r0a)1) > R (r)-e= (*q>+ére”“<x‘f> o= O

FP(_q

) e"= 7 )',%f;p(”)-e
() RE” (A7) - 295 (A} and
(1) RET (A9) - 2% (A1,
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Conversely, suppose that zo is a CQBNSBS of .7 x .. Let 7 = ((11,72)9), A = ((A1, A\2)?) € & x .. Now,

max{R7 ((r101A1)?) - 31 (0D [T (7,0, 29)7) - €751 (720132703
— R (1101 A1, 201 Ag) - €755 (101017201%2)

— BT [((71,72)D)01 (A, A2))] - 55 (7)) 01(Aa,22))]

= R (101 ) - eESE (01N

< max{?RT (19) - e ST (r) mT"()\q) ”(,\Q)}

= max{RL" ((r1,72)7)} - ¢35 (i)} RT" (A1, A2)9) .emg"((xlm)q)}

— max{max{R] " (r) - e )R] (ry) - e D max{ R () - e O R () - €23 O}

IR ((1101M1)9) ST (101A1)) > RT" (1201 02)9) - e*ST ((7—201>\2)‘1)

then R7 " (ry) - e#F (0) > %Tn (r2) - €737 (™) and RT" (A1) - 237 W) > RT"(),) - €237 (A2),

We get R ((r10101)7) #3110 < max{R]" (r1)-eSF () KT (\) 73 O} forall 7y, Ay €

& ,and

max{R?" ((1102A1)7)-€ 237 ((7102’\1)11),5}%:’1"((7202)\2) )-e oSy ((7202/\2)‘1)} gmax{max{%gn(7'1)~e””ngn(Tl),%g"(Tg)-
7 ()} max{RT" (A1) - €731 W) RT" () - €237 (M)}}

IERT" (11021)7)-e"%F (7102200 > RY ((r20222)") "7 " (1202327 then RT" (11021 )9)-€7SF (1102217 <
max{R] " (n) - €7 (R (n) - e OO},

max{RT" ((7103A1)7)-e737 <<ﬁ<>sh " mT”((TgogAg) )e297 ((120332))} < maxc{max{RT" (r1)-e*% () RT" (7,)-
ez%f”(rg)} max{?RT ( ) a;\sg (A1) %T"()Q) w\sz ()\2)}}

If%ng((ﬁQg)\l) )e ST ((1103M1)%) > %Tn((7'2<>3/\2) )-e ST ((1203X2)9) then?RT ((r10571)7)-¢ 2T (11 0371)7) <
max{R7" (1) - S (1) BT (A 1) - enSE Oy,

Now,

. ! 37" ¢ " &I™((120122)9)

R ((110121)7) L "St (mo1h) )+ R ((120100)7) - €5 o }
= %Iwﬂ (11011, 201 A2) ezgg (1101A1,72012)

{;[((Tl,Tg) ) (()\17)\2)11)] . x%g‘[((7—1,7—2)‘1)01(()\17)\2)q)]

= R ((1010)7) - 3% (T010)7)

< RL(79) - e” IS + R (N9) - =S (A
2
_RE (71, m2)1) - 95 (M) 4 RIT(Ag, X)) - 29
2

_ LR LS ¢ RE(72) oSt (7 + R, (M) - eS1 (M) 4 R (N2) - eS1" (A2)
=5 : 2

If %5"‘((7_101)\1) ) . :E\S@ ((TlOlAl ) > §RI ((7_2<>1)\2)q) . x\yz ((7-201)\2)41) then §RI ( ) exgén(Tl) >
R (12) - *SF 02 and RE" (Ay) - #SF O0) >§RI"(/\2) o731 (h2).

)-S5t " =T ()
We get B2 ((110101)9) - €73 (0121 < & Lyt T J;ERI Qa)e” * =

Similarly, R ((r102A1)7) - 231 (102207 < B ")t <*1>+%£"’<A eSO

and %én((7'1<>3)\1)4). ST ((1103A1)7) < Ri(r1): "3t (TI)JFERI (A) St (Al)'

Similarly to prove that

mm{%F ((1101A1)9)-€ 23y ((7101>‘1 R §RFW((7'2<>1)\2) )- e ((T2<>1>\2)q)} > min{min{%fn(7'1)~ez%fn(“),§R5n(7’2)~
e ) min{R” () - 707 ORI (Ag) - 77 O}

If RE" ((101M1)7) - e7F (o)) < RE" ((120172)9) - ¢St (120102)7) then RE" (71) - ¢S (1) <
RE™ (73) - 23 (72) and RE" (A1) - 9 O0) < RE” (g - 298" (),
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We get R ((m01h)?) - €37 (00D > min{R]” (r) - 707 (), RE” () - 72 ),
min{%f"((ﬁoz)\l)) eS7 (T10221)7) RET ((120202)7) - € ST ((120222)7 it

> min{min{Rf" (ry) - e*3 C) RE" (ry) - €23 0D} minRE” (M) - 7S Q0 RE" (Ay) - 73 )

IERE" ((1102M1)9)-€ M (110221 < RE" (150529)9)eSF ((20222)) then RE™ (71 02A1)7)-e#3F (110221)7) >
min{R;" (7'1)-6“”"@ (71) §RF7L(/\1).6$35”(A1)}

mm{?RF ((1103A1)9)-€ xSy (('rl<>3>\1 7) %FW((T2<>3>\2) )- erSY ((7203>\2)‘1)} Zmin{mjn{&ﬁfn(7'1)~ez%fn(ﬁ),%fn(m)'
200 minRE” () 300, RE” () 30 001y

If R, ((7'103)\1)) ST" ((1103M1)%) g?}%[ ((T2<>3)\2)) ST ((T203)‘2)q),then?}%5”((7103)\1)) ST ((7'1(}3)\1))
min(R]" (r) - e+ 0), RE" () - 53O0}

Let 7 = ((71,72)7), A = ((A1, A2)?) € ¥ x 7. Now,

o

min{R7” ((r1010)7) - 3 (ORI (101 2g)7) - 737 (201221}

= RL (110121, 7201 A2) - ST (T101M,7201)02)

= %g”[((n,@)q)ol(@l,AQ)q)] ST I((m1,72) )01 (A1, 22)D)]

= RT"(7011) - 7% (1013

> min{RL"(79) - ezsg"(ﬂ)’ RI"(A) - 6953?()\‘7)}

— min{RL" (1, )0)} - €295 (DY RT7 () 2)0) - 3% (1A))y

= min{min{R}" (r1) - e3¢ ) RT" (1) - 23 D} min{R]" (Ar) - 73 A0, RI (1) - 2 Oy

If %sz((TlOl/\}))q) . e:ci}eT”((ﬁ(h)q)q) Sp %gp((T2<>l)\2)q) . 69”%‘sz((7'2<>1>\2)“)7 then %%ﬂp(ﬁ) . ex%ZP(Tl) <
R (72) €80 and R (1) - €31 O < RT” (A) - 72 0,

We get §R£Tp((7'1<>1)\1) ) ST ((r101A1)9) > min{%zp(r) erS7 (1) %Tp()\l) g“gp(h)}for all 7, \ €
<, and
TP

min{RT" ((102A1)7)-e23t (1102201 RT” ((7,0505)9)-e737 (20220} > min{min{RT” (1)-e23¢ () RT” (7)-
oSt (72)) min{;}gT‘D()\l) Lm0 RT(Ay) - w%,?p(kz)}}

IERE” (710301 7)-e23¢ (O3 < R (7505 09)1)-e77 (72022207 then RT” (71 Qa1 )1)-e2SF (102207 >
min{R]" (r1) - "5 DRI (Ay) - 257 O},

mm{éRT ((1103A1)9)-€e “’Tp((“%h )*) §RTP((72<>3/\2) )-e#31" (2020} > min{min{RT” ()" ), R]” (r3)-
ez\re 72)} mln{?RT( ) z\sg (/\1 §RT”(>\2) a:\rg Ag)}}

If%{p((7103A1) ) 27 ((T103)\1)‘?) < %gp((7—2<>3>\2) ) ST ((Tankz)q)’then%gp((Tlo?))\l) ) ST ((T103>\1)q) >
min{R?" () - e"SE (Tl),%{”(/\l) : e“ngp(/\l)}.

Now,

! S8 K P SIP (. )9)
SR (01207 - e300 L R (730100)1) - =¥ ]
= §)%117(7'101/\177'2<>1)\2) . exsg(ﬁ@l)‘lﬂolh)

_ %Ip[((frl, TQ) ) (()\1, )\2)‘1)] . a:i‘rf: [((T1,72)1) 01 ((A1,2A2)7)]
= R (70, 0)7) - €73 (TN

L RE@) e 4 RE (V) - 702 O

2
_ RE (71, m)7) - €795 () 4 R (A, A9)9) - €79
N 2
I 237" (1) 1 pl” 2317 (12)  RIP (N 23" () L RI” () 2317 (A2)
_ LRy () -e TRy (m2) e LR ()e TR (Xo)-e
2 2 2
DOI: https://doi.org/10.54216/1JNS.250220 245

Received: June 05, 2024 Revised: July 15, 2024 Accepted: August 27, 2024



International Journal of Neutrosophic Science (IJNS) Vol. 25, No. 02, PP. 233-253, 2025

If R ((110101)9) - ¢St (MO < RI” (7201 A2)9) - ¢St ((120132)7)  then RIY (1) - erS1 (1) <
%ép (12) - ew%ﬁp('rg) and §RI (A1) - St P n) < m[”( 2) 'eIsép(Az)

We get %ép((7'1<>1)\1)q)- 2377 (1101 2M1)7) > R7 (‘Fl)er% (Tl)'i‘%lp()\ ) e=3t" O

Similarly. R} (71 02A1)7) - €3¢ (102207 > R (ry)-e"t <’1>+8%”’<A> =i O

P eI (1) | 1P «sIP (A
and ?Rf((ﬁ(}g)\l)q) . "17“2 P((1103A1)¢ ) > > Ry (m1)-e”7e 'L ;%e ()\l)e FANCS! .

Similarly to prove that

max{RF" ((r10171)9) - 23 (O RF (7,01 X5)7) - 2 (20102))}

< max{max{%fp(ﬁ) ST D RE (1) - S D} max{RET (A1) - €#5F Q1) RET (Ay) - €7 O2)}

I RE((1101A1)9) - *SF (0D > RI (7,01 29)1) - NZFF((WOMQ)(Z)Jhen REY (71) - S () >

RE (1) - e»37 (™2) and R () e O 2 RET(Ag) - e ),

We get RI” ((1101M1)7) - e 297" ((101A)7) < max{R" () - oSt (1 VRE () - e=S7 (Al)}

max{RE” ((102M0)) - 720 (1020 RE” (730200)1) - “e”«ﬁ%w}

< max{max{R" (1) - exsfp(ﬁ)’?}%fp(@) .ewgfp(Tz)} max{?pr()\l) oS () JRET (M) - 'C‘Fp}}

IFRE" ((1102M1)1 ) “’fp((ﬁ%’\l)q) >9?Fp((72<>2/\2) )-e*S¢ "((r20222)? ) then RY” ((1102M1)7) € #SE (0207

masx{R” () - €23 (), RE(Ay) - €23 O,

max{%{p((’rlOg/\l)q) . ezsfp((Tlos)\l) ,%Fp((m()g/\z) ) . Idfp((72<>3>\2)q)}

< max{max{?RFp(ﬁ) e“"gfp(ﬁ),%fp(ﬁ) eS¢ (72)} max{@?F (A1) -e 2377 () ?RFP( 9) - erSE (2) H

IFRE” ((11030)9)-€73F (103X > RE (105 25)7)-e73F (20332)) then RE” (71 05M)7)-e737 (11032

max{R" (1) - St (Tl), R (M) ~e”‘°‘/pr(’\1)}.

Therefore, ¢ is a CQBNSBS of .7.

Theorem 3.12. Suppose that { is a subset of .. Then R = (RF" - St SR a3t JRET St JRTT
erSE §RIP xSt , S‘E{p . ezgfp) is a COBNSBS of .7 if and only if R(¥1:92) is a SBS of . for all 1, pa €
Do, 1]

Proof Assume that R is aCQBNSBS of .. For each p1, po € D[O 1] and 71, 7o € R(®1:92), Now §RT (m1)
e (1) < 1 R (1) (1) < o1 and R (m) - €0 (1) < o1, R (1) - " (72) < g
and R} (1) - emz (1) > o2, R} (7 ) 6“2 (m2) > 2. NowRT" ((110172)7) - €3 ((1101m2)7) <
max{R]" () -3 (1), R] " (72) -3 (72)} < g1 and

RE (nO1m2)7) - €™ ((r01m)?) < B0 T (leﬁe (e () < P17 = o) and

RE” ((110172)9) - St ((7:0172)9) > min

{RE" (1) €=5% " (71), RE" (15) €37 (73)} > o. This implies that 71017, € R©192)_ Similarly,r Oo7s €
RE102) and 71 Q379 € N(E192) Hence, R(¥192) is a SBS of .7, for all g1, o2 € D[0,1].

For each pl, pg €l0,1Jand 7y, € 3?(501’@2). Now,R7" (71)~63”sz1) (11) > o1, RE” (Tg)~e‘”$pr (12) > g1 and
RY (71)-e730" (1) 2 o1, RY” (2)-e23 (72) = o1 and RE” (r1)-e3F () < 00, RE” (72)-e73 (72) < o,
Now, R} ((110172) ) : e“’fp((ﬁolm)q) > min{R{" (n) - ex%'?: (1), R (r2) - 31" (1)} > 1 and
%ép((ﬁoﬁz) )-€ a ((1101712)9) > %ép(n)'ewz (Tl);%ﬁp(m)'ezgg () 2 szrm = 1 and%fp((ﬁ(hm)q)'
et ((10172)) < max{RF" (1) - €23 (1), RE” (r2) - €37 (73)} < . This implies that 71017, €
Rp1.02) Similarly,m om0 € RE102) and 7,037 € RE12) Hence,R(®1:62) is a SBS of .&,for all
01,2 € D[O 1]

Conversely, assume that %(lem isa SBS of . and 1, g2 € D[O 1] Suppose if there ex1st T1, Ty € % such
that R7" ((110172)7 )-e“g"’Z ((110172)9 )> max{?RT (1) - =St (7'1) RT" (1) - vt (7'2)}

R ((110172)7) - 230 n((T1<>1T2)q) > Ry (et (TIH‘SRZ Lr2)e" () and

~F™

RE(mO1m)7) - e ((110172)7) < min{R]" <n>~ef%f”"< 1), RE" (7 >~e“f (72)}. For o1, €
D[O, 1] suchthatﬂ?gT ((T1<>1T2)q)'€w\sf ((7’1017'2) )> 01 >II134X{%T (7’1) 6$J£ ( ) %Tn( ) 237 (Tg)}
and R (m0172)7) - 3 (m01m)1) > g > R ) ) 0 qng RF” (7, 017)1) -

St (11 01712)%) < g2 < min{%F”(ﬁ) St (11), %Fn(Tg) e“ﬁ'ém (12)}. Thus,r, 7o 6 Re1:02) Hut
710172 ¢ R(¥1:92)_ This contradicts, R(¥1:92) is a SBS of .. Therefore R} ((710172)7 )e”“l’ ((101m2)?) <
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max{Rf” (71) - e+ O ), B () 31 (1)}, RE ((m0172)7) - €73 ((10172)7) <
Ry (ry)-e"% YR (ra)e™ (ra) g

RE" ((n0172)0) - 237 ((110172)7) = mindRE" (1) - 37 (), RE" (72) - €237 (m2)}.

Similarly, ¢ and {3 cases.

Hence R = (RT" - 297 RI" . e230" RE" . ¢257" ) is a CQBNSBS of .77

Let us assume that R(¥1-92) is a SBS of . and g1, p» € [0, 1]. Suppose if there exist 71,75 € . such that
RY((110172)9) - 6”3?((71017%)‘1) > min{%eﬂgﬁ) ST (1), R (r2) - 5 (1) LRE ((r10172)9) -

e (1, 017a)7) > B IR ()™ () g R (7 0,1y ) 7). 07O ((Tlom) ) < max{RE” (7).
=t (1), REY (r3) - €237 (73)}. For g1, s € D[0,1] such that RT” ((1,0172) ) e ((110172)7) >

p1 < min{p%eTp(Tl) ol EJTl)yg?eTp(Tz) e ()} and RE (1 0172)9) - €% (1 017m2)7) > g1 <

R17 (1)1 (ﬁ);m”(m)ewi (2) 4nd

RE ((110172)9) €23 (110172)9) < o > max{RE” (11) €23 (1), RE” (2) €73 (15)}. Thus,ry, 75 €
Rle1:02) but 74O 70 ¢ R(©1:02) - This contradicts, R(¥192) is a SBS of Y Therefore %Tp((ﬁom)q) .

e (n0172)) > min{RY" (71)-*3" (1), R]” (72)- €77 ()}, R (110172)1)-e% (mO1m)7) >
w2 ) 0 ) ) ang RE (7, 0172)1) e (710172)1) < mas(RE (r)-e53E (), RE ().
St (12)}. Similarly, 02 and O3 cases.

Hence R = (RT” - €237 RI" . o9t RF” . 297" is a CQBNSBS of .7.

Definition 3.13. Let (1, ©1, ©2, ©3) and (-2, 4, , |}, #;) be any two bisemirings. The mapping k : 5’1
S and { be any CQBNSBS in .1, w be any CQBNSBS ink(.7) = .7, If R, - e*5¢ = [%z" St ﬂ?g

oSt RE" . e337 Ryeene RTT . e30 RI7 o231 RFT 0297 isa CQBNS in ., then R, is a CQBNS
in Yg,deﬁned by

0 otherwise

n QT T (ra) . o287 (£4) j -1
RT"(N9) - 7S ()\q)_{/\%z (19)-e®¥e (r9) if TekTIA

n ad™ I" q) . wg[" q 1 —1
R (A9) - =9t ()\q):{/\sﬁe (79) - e (77) if TekTIA

0 otherwise

1 otherwise

%i"(Aqwemf"(A")—{V%‘ (71) - e (71) if T e kA

P TP (q)\ . 23TP q\ —1
R () - 7 m:{vm (r1) - =% (1) if € kA

0 otherwise

VRE (79) - e3¢ (79) if 7€ k1A
0 otherwise

R (A7) e#SF (A7) = {

%gp ()\q) ) ew%fr) ()\q) _ { /\ §R51’ (7"1) . em%fp C.q) if Te k=1
1 otherwise
forall7 € % and A € S5 is represents the image of R, under k.
SimilarlyIf R, - e?9= = [RL" . e230 RI".eo9% RE". v l], R -e*S= RT” St SR e a3y JRET
¢"S% is a CQBNS in.%,then CQBNS R, = koR, in.#} ie,the CQBNS defined by R (77)-¢*¢("™) R (k(r9))-
e (m)) Ry = ko Ry, in .7 [ie,the CQBNS defined by R(79) - e*5¢™") = R_ (k(79)) - =3¢k ig
represents the preimage of ., under k.

Theorem 3.14. The homomorphic image of every COBNSBS is a COBNSBS.
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Proof. The mapping k : .4 — . be any homomorphism. Now, k((7 ©1 A\)?) = k(79) |, k(A?),k((T ©2
N)?) = k(79) Wy k(A?) and k((7 ©3 A)?) = k(79) [H;k(A?) for all 7,A € . Let w = k(¢),f is any
CQBNSBS of .. Let k(7%),k(\9) € .#5. Let 7 € uk~ ' (k(79)) and A € k~*(k(\?)) be such that R} " (77) -

=S () A RT" (r9) - e*37 (7") and RT" (A7) - ST () A RT" (r9) - €29t (7).,
Tek=1(k(T2)) Tek=1(k(A9))
Now, RL" ((k(r9) lsJ, k(A9))) - €27 () 1 k(A1)
= /\ RT"(r') e 237" ()

(7") k=1 (k(r9) W, k(A9))

= /\ RT" (1) - e 287" ()

(T ek (k((TO11)9)
= R]" ((r o1 A)7) - 7S (@O
< max{%{n (19) - ST ), meT” (A7) - ez%{"(}ﬂ)}

= max{RL k(r?) - 3% KT R E(NT) . 795 EODY,

Thus RE ((k(r7) 1 k(A))) 3% (KB 00D < max (R (r1)#9% K %Tn k(A)-c292 500,

Similarly, RZ" ((k(77) ), k(Aq))),emsg’L((k(rq)&b KA < max{RT"k(r9)- ST ) RT"Kk(\9)-e” ST (A"}
and

%gb((k(T’l) 5 k(A7) ST k() Wy k(AD))) < max{?Rg"]k(Tq) . e;c%ﬁ”k(ﬂ), %g"k(Xl) _ exggb]k(/\q)}.
Let7 € k=1(k(r7)) and A € k~!(k(A9)) be such that RI" (79)-e25% (7) = A RI"(79).¢29% ()

n . Tk (k(r9))
and R]" (A7) - 3= XD = A RY(r) - emd= KT,
Tek—1(k(X\7))
Now, RL" ((k(79) ), k(A))) - e (KT, KAD)

- A R (1) - St )
(7" €k (I(r9) W, k()
SN e

(r") ek (k((r012)7)
= RI" (7 ©1 A7) - 231 (O
_ R - €231 (™) 4 RI" (A7) . e731 (A)
= 2
B §R7I;k(7_q) 619 ]k + §RI" ( ) emglw k(A7)
= 5 :

Thus,
RL ((k(79) W, k(M) - €335 (T EOD) < %ng(Tq)-emSIwnk("'q)er%;”k@q)_ems{:k(,w).
Similarly,

RL ((k(79) l¢), k(7)) - €235 () 6 k(A1)
R ((k(77) by k(A))) - 235 (KT Wy KOAN) -
Let k(79),k(\7) € S. Let T e k— (k( 7)) and A € k~1(k )(1)) be such that RF" ( 7). 2SI )

\/ §R5" (Tq) et d ) and §Rl ( ) emgf"o\q) = \/ %571 (Tq) . ex\‘l (Tq).
T =1 (k(3))

§RI k(79)- "S5 k(rq)+RIn k(A9 )ex%gllk(k‘?)

IN

and

%I k(r9)- ew\sI k(q—q)+§RI" k(A9 )ew(\“{vnk(*q)

IN
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Now, RE" ((k(79) |, k(A\))) - €735 (G 1 k)
-V e
(/)€1 (k(r9) W, k(A1)

= \/ RE(T) e 235" ()

(7") ek~ 1 (k((TO1A)9)
= R} (7 01 A)9) - *SF (O
zmin{gref”(Tq) =St " (r9) %Fn(/\q) Sépnw)}

o~

= min{RE"K(r?) - 9= K RE"R(X) - 295 KA,

ThusRE" ((77) 1, k(A)))-e735 (KD D) > min(RE"k(79)-735 K1) RE"(A).e=95 KON},
Similarly,

RE (7 b, )73 (S 06500 2 iR (7)€ K00, RE(30) 595 50 ) ang

n

%gn((k(ﬂ) L*Jg k(A7) - ezsgn((k(rq) W, k(A))) > min{?)?gn]k(Tq) . e?SE ]k(,\q)7 ﬂ%gnk()\q) aSE K( )\q)}'

k() ¢, k(A9), k(T O2 A)1) =
Let w = k(£),f is any CQB-
1(k(X9)) be such that R]” () -

The mapping k : #; — % be any homomorphism. Now, k((7 ©1 A)?) =
k(79) Wy k(A9) and k((7 ©3 A)9) = k(79) H; k(A7) for all 7,A € 7.
NSBS of . Letk(79),k(\?) € #. Let 7 € k™!(k(7?)) and /\ € k™

) =

enST (1) = V 3?{? (r7) - ST (T and §R{p (A9) - exS77 (A \/ g%“’ (r9) - eoST (7).
ek (k(r9)) ek (k(A7))
Now, RL” ((k(7) b, k(A9))) - 237 () W K(A)
= V RY" (7))
(r) €k (k(79) ), K(A9))
-V ) e

(') €k=1 (k((r©17)2)
= R} ((rog A7) - 3 (@O
> min{R?" (79) - oS () LRI (A) - MTPW)}
= min{RLk(77) - 79 K7 R k(A7) - ewg”n«w}.

Thus. R (k(7%) 1, k(A1) - e23=" (ECOWEND) > min[RTK(r1)- 9= K0, RT(MT) €03 KO,
Similarly, R’ (k(77) I, k(\9)))-e 2SI ((k(r7) Wy k(X)) > min{ R k(r9)-e” ﬂ«ﬁ“),%g" (A q),e:c%g’k(xf)}
and

R ((k(79) 5 k(A7) - 5% (KD EAD) > min{RT"k(79) - 3% KT RT (A7) . 235 KADY,
Let 7 € k=1 (k(79)) and A € k~!(k(A\?)) be such that RI” (79) - e23= (") = Vo RI(r9). e85 ()

ek~ k(7))
and RI" (A1) - ¢392 ) =/ RI7(79) . eaS k()
rek-1(k(A))
Now, R ((k(79) 4, k(1)) - €235 (((r) )y k(A1)

=V W)
(r") ek (k(79) ), k(A)
— \/ RI” (7). 31 ()

(7)) ek (k((r©11)9)
= %él"((T 01 )\)q) . eaz%ép((,r@l)\)q)

3 2SIP (e » TP g

>§Ré (Tq) z( )+§RI ()\q) 2SI (A7)

= 2
RLK(r9) - 3% KT 4 RITR(NT) - 2S5 KO
— 5 :
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Thus R ((k(r) ), k(A7) - 592 (RGO > REEEDE CDARTLON D OD Gy
R ((I(7) gy k(M) - €79 (D 0 kO) > Rek(rt)er™S "‘“”%”"k(”) O
R ((k(79) Wy k(A9))) - 25% (KT Wa k(A1) > R k(r)-e"S% “*“;m{: (A7) KA
et K(77), € 2. LetT € K™ T an c K™ € such that TY) - 4
Let k(77),k(\7) € #. L k=1 (k(r? d)\kk)\qb hhé}%qu““q)
A RE(79) . eS0T and REV(A) - €230 O = A RE7(74). 230 (1),

7€k~ (k(r9)) Tek—1(k(A\2))
Now, RE” ((k(r9) ), k(A))) - e eSEP ((k(r) W, k(A7)

= /\ 9%5"(7’). 237 (7)

(') ek (k(79) W), k(A7)
= /\ RET(7) e G

(') €k=1 (k((TO12)9)
= RE7 (101 A)7) - €73 (O
< max{R" (77) .efgfp(fq)) RE”(A) _ezsf”(xl)}
= max{RE k(1) - 9% KT RETg(x1) - 7L KON,

Thus, RE” ((k(79) 14, k(A\))) 3% (KT W KOD) < max{RE k(77)-e79% KT RE Kk (\T).e29% KA},
Similarly, RE” ((k(77) |4, k()\q))).exsf;p (T W, k(A1) < max{;}gg‘”k(ﬂ).ew%gk(#)’ REK(\) ,ex%f;pk(kq)}
and

RE ((k(79) Wy k(A))) - e SE ((r) W, k(A1) < max{RE"k(77) - ez%,ipk(kq)’gyeg"k(/\q) - e?SEEADY,
Thus,w is a CQBNSBS of .%.

Theorem 3.15. The homomorphic preimage of every COBNSBS is a COBNSBS.

Proof. The mappingk : .7 — .7 be ahomomorphism. Now,k((701A)?) = k(79) ), k(A9), k((70©2A)?) =
() bl k(A7) and k(7 ©3 A)7) = K(7%) by k(A7) for all 7\ € A. Let w = k(£),w is a CQBNSBS of

. Let 7, A € 1. NowRT"((r ©1 A)9) - 237 (rO1)* §RT"( ((r o1 M) - % (K(Te1NT) =
R ((k(79) ), k(D)) - e 2SI (k(r9) ¢, k(A9))) Smax{gﬁg 79) . e K

RLK(NT) - €235 EADY = max{zraT (r7) - oSt (1) §RT”(X1) eSO Thus RT" ((r ©1 A)9) -
ez%f"((rgl)\) ) gmax{%%“ (Tq) x\sg (1) &EZ ( ) ea:\yZ ()\‘1)}

NowsR}" (7 ©1 0)1) - e (TONY = R (7 01 X)) - e79= (TON = RE((K(r7) by K(A) -
281 (r01)7) < REK()-e" “Damy k()" 3% KON

(&
RI" (19)-7%¢ <Tq>+m{"(A0) STAE)

Thus. R} (7 ©1 A)1) - €23 (O < §R2{n<f")'6’“‘\‘5n(’q>+%£"(Aq)emi‘fé"m),

NOW, 8%5 ((7_@1 ) ) ex™s f (ToO1A)? §RF”( ((T@l)\)q)) ezSF (k((rO1 1)) %F"(( (7—(1) Ul ( )))
an((k(T‘I)&Jlk(,\Q)) >m n{%g ( )~e SF" k(ﬂ))%g"ko\%. gE" k(/\q)} mm{%F (1) 2L o) %F”(Aq).

e"’ﬁep (x93,

Thus RE” (7 01 A)7) - #F(TO) > min{RE" (79) -3 (), RE" (x0) - 298" ().

The mapping k : .7 — % be a homomorphism. Nowk((T ©1 A)9) = k(79) |{; k(A?),k((T ©2 A)9) =
k(79) Wy k(A?) and k((T ©3 A)?) = k(77) g5, k(A\?) for all 7, € 7. Let w = k(¢),w is a CQBNSBS
of . Let 7, A € .#1. Now,RT” (( ©1 \)?) - =S (re1N)?) — RL" (k(( ©1 N)9)) - ST k(01 0)?) —
RI? ((k(9) ), k(A ))) - ST ((k(r) W, k(M) > min{RT"k(r9) - ew%?k(r‘?)mgpk()\q) . ewgﬁpk(kq)} =
min{R]" (r7) - 3 (T RTT (A7) = DY Thus RT” (7 01 A)7) - €23 (TON) > min{RI” (79) -
z\sp (1) %Tp()\q) z\sz ()\q)}_
NowR{" (7 ©1 A7) - e (FON) = R (i((r 03 A)7)) - 732 (O = R ((l(r9) ), k(D)) -
ST (rO1N)1) 5 RIEGD 3% D LRIE(OD) 3 KD Rl (1) w3 D 4Rl (29). =3 O

puiy 2 - .

2
1 1P (e P +31P (A7)
i 2SI ((ro1n)T) 5 R ("% TD4RT (A6t
Thus, §RZ ((T o1 )\)q) L exSe ((Te1N)9) > y ]
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NowRE” (701 A)7) - 231 (TN = R (ke((7 O, A)g))-eﬁ“*““@l”q = RE"(k(79) ¢, k(A7) -

OF"((H«W)&Jlk(Aq))) < max{w k(r9) - 295 K0 RETR(AT) - 295 KA} =
max{?RF (r9) - eg“Z %Fp()\q) ””“f (A1) } Thus §RFP((T O1N)9) e 377 (re10)) < max{%fp(ﬂ)o
ez\se %Fp()\q) 93\‘@ ()‘q)}

Theorem 3.16. Ifk : 1 — .75 is a homomorphism,then k({(y,, ,.\) is a SBS of COBNSBS w of /5.

Proof. The mappingk : .1 — . be ahomomorphism. Now,k((701A)?) = k(79) ), k(A?),k((702A)?) =

k(79) 4, k(A?) and k((7 O3 A\)?) = k(79) g5 k(A?) for all 7, € . Let w = k(¢),l is a CQB-

NSBS of 1. By Theorem [3.14 @ is a CQBNSBS of 5. Let {(,,, ) be any SBS of /. Suppose that

T, € L(py.00)- Then 701 A\, 7 Oz Aand 7 O3 A € £, o). NowRL" (k(77)) - e=ST k(7)) _ R (19) -
e < o) KT (k(A)) - 795 BN = = R{ () e < o1 Thus RZ" ((k(r9) b, k(A7)
ST (((r9) ¥, k(M) < %T"((T@M) )- =87 (ro10)9) < p1. Now, R (k(Tq)).ex%‘; k(7)) — geé (1)
eS0T < oy RI (k(AT)) - 2% BOD) = RIT (A1) 2SO < g0

Thus, RL ((k(77) |4, k(A7) - ST ((k(T) Y, k(AD)) < RI"((r ©1 A)7) - xS ((TONT) < )

Now, RE" (k(79)) - e29% (") — RE" (79) - e*SE () > 02, RE™ (k(\9)) - €295 (K(AD) = RET (A9) -
xSt () > 9.

Thus, RE" ((k(79) b, k(X9))) - e23% (KTDWEOD) > RF™((7 ) A)1) - €330 (01N > o) for all

k(77), k(A7) € . Similarly other operations,k (£, ,)) is a SBS of CQBNSBS w of .%5.

The mapping k : .7 — % be a homomorphism. Now,k((T ©1 A)9) = k(79) |H; k(A?),k((T ©2 A)9) =

k(79) Wy k(A?) and k((7 ©3 A\)?) = k(79) g k(A?) for all 7, A € . Let w = k(¢),/ is a CQBNSBS of

1. By Theorem [3.14] @ is a CQBNSBS of .%5. Let {(,, ,,) be any SBS of £. Suppose that 7, A € £, .-

Then 7 ©1 A, 7 ©2 A and 7 O3 A € £y, o). Now,RL" (k(79)) - ST (k(r) — RT” (79) - ST HCOIPS
o1, RT" (K(A9)) - €295 KON = RT”(\a) . 237" () > ¢

Thus, RZ” ((k(r7) W, k(A))) - €295 (WL EAD) > RT7((7 0, A)7) - emz (O > o)

Now, R (k(r9))-e*3% () = = R (r9).e3 T > o, R (k ( 0))-e29% (KO1) = = RI" (A7) 23" (A7) >
$1-

Thus, %g((k(TQ)Mlk()\q))), e ((k(79) W, k(1)) > %IP((T O >\) ) - e*St 7 ((ro1n)?) > m

Now, RE” (k(79)) - 2% K" = RF”(74) . 29 (7)< o) RE”(K(A)) - €295 KON = RF” () .

(
oSt (A < p2
Thus RE” ((I(79) b, k(A7) - e23= (DGO < RE (7 03 A)7) - €237 (O < g,
for all k(77), k(A7) € /. Similarly other operations, k(¢ ) is a SBS of CQBNSBS = of .%5.

Theorem 3.17. Ifk : 1 — 73 is any homomorphism,then L, .\ is a SBS of COBNSBS { of /1.

Proof. The mapping k : .4 — .#5 be any homomorphism. We have k((7©1 A)?) = k(77) |, k(A?), k((T O
A7) = k(77) H, k(A?) and k((7 ©3 A)?) = k(77) W3 k(A?) for all 7, X € 1. Let w = k(¢),w is a CQB-
NSBS of .. By Theorem [3.15]¢ is a CQBNSBS of .#1. Let k({(q, ,,)) be a SBS of . Suppose that
k(19),k(X) € k(€(p,,0,))- Nowk((T7 ©1 A)?),k((T ©2A)?) and lk((T ©3A)9) € k(€(e,,0r))- Now,RT" (79) -

ST

ST = RT™ (k(79)) - e29% KT < o1, RT"(N9) -+ =97 (AQ> = R (k(\)) - e23% KOD) <
o1. Thus,R7"((1 ©1 A)9) - ST (o) < max{R?" (79) - oSt () RT" (A7) - eISfTﬂ(’\Q)} < p1.

Now,RI" (79)-e231 (") = RI” (k(79))-e23% ET) < o RI"(A7)-e2%F A) = RL" (k(A9))-e23% EO) <

£1- . .

Thus,é)%f((r@m )e 231 (ronn)) < BE (7)ot ““;%é"w»e“"« e < pl Now,%f”(rq).ew%f”w =
RE" (k(r1)) - €292  E0D) > gp RE (A7) - €297 O = RE" ((A0)) - €235 (O >

Thus, RE" (7 ©1 A)9) - 237 (TO1N) = RE” ((k(79) lsJ, k(A7) - mi"«k(r ) Wy k(A)))

> min{éﬁ‘:fn (r7) - e () %gn (\9) - em%@F"(Aq)} > po forall 7, \ € ..

Similarly other operations,/(,, ) is a SBS of CQBNSBS / of .7

The mapping k : .1 — .3 be any homomorphism. We have k((7 01 A)?) = k(77) |, k(A?),k((1O2A)?) =
k(79) Wy k(A?) and k((7 ©3 A)9) = k(77) |g5 k(A?) for all 7,\ € /1. Let w = k(¢),w is a CQBNSBS of
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2. By Theorem 3.15}¢ is a CQBNSBS of .#1. Let k({(,, ,,,)) be a SBS of @. Suppose that k(77), ( 1) e

K(l(py,02))- Nowk((T ©1 N9, k((T ©2 \)? )and k((r O3 A)?) € k({(py,0s))- NowRT" (79) - w1 (1) =

RE (k(r) - 7= (0) > oy R (A1) -3 O = BT (k(A1) - 0= CO) > g,

Thus, R} ((1010)9)-¢ w77 (ro1)) > min{R}" (Tq)« 237" () %Tp(/\q)fxszp(/\q)} > 1. Now,RI"(19)-
_ gRI‘“( () - T EED) > ol RIT(AT) - eSO = R (R(AT)) - T KO > o)

q %Ip(Tq)-emgép“q)—HRIp(/\q)»emgl (D P ~FP o q

Thus, R ((TO1A)4 ) 237 (re1n)?) > R Tt > o1. Now,RI™" (79)-e75¢ (7)) =

RE” (k(79)) - 2L (k(r) < 2, RE” ( )_emF A = RE” k(X)) - e :F EAD) < .

Thus,RE” (1 ©1 A)4 ). eS¢ (ro1))° %RFP(( (79) |, k(A9))) - e® oS5 (R(T) W1 k(D)) <

max{RE" (79) - 737 i JRET(AT) - emSE "ONY < gy forall T, \ € .

Similarly other operations, is a SBS of CQBNSBS { of .75

¢S (7)

(91,02)

4 Conclusion

This paper presents a novel form of CQBNSBS. Three grades are expressed in terms of a complex number
by the complex bipolar neutrosophic subbisemiring, which approaches the concept of three grades in a novel
way. A bipolar neutrosophic SBS carrying complicated interval values was defined. Level sets for CQBNSBS
and CQBNNSBS were defined. Applying the set to bisemiring is our aim. Furthermore, an analysis of the
properties of various conversions is conducted. As a result, we should think about using soft set CQBNSBS,
soft set CQBNNSBS in the future.
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