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PREFACE

In this book the authors introduced the notions of soft neutrosophic
algebraic structures. These soft neutrosophic algebraic structures are
basically defined over the neutrosophic algebraic structures which
means a parameterized collection of subsets of the neutrosophic
algebraic structure. For instance, the existence of a soft neutrosophic
group over a neutrosophic group or a soft neutrosophic semigroup over a
neutrosophic semigroup, or a soft neutrosophic field over a neutrosophic
field, or a soft neutrosophic LA-semigroup over a neutrosophic LA-
semigroup, or a soft neutosophic loop over a neutrosophic loop. It is
interesting to note that these notions are defined over finite and infinite
neutrosophic algebraic structures. These structures are even bigger than
the classical algebraic structures.

This book contains five chapters. Chapter one is about the
introductory concepts. In chapter two the notions of soft neutrosophic
group, soft neutrosophic bigroup and soft neutrosophic N-group are
introduced and many fantastic properties are given with illustrative
examples. Soft neutrosophic semigroup, soft neutrosophic bisemigroup
and soft neutrosophic N-semigroup are placed in the second chapter with
related properties. The chapter three 1s about soft neutrosophic loop with
soft neutrosophic biloop and soft neutrosophic N-loop. Chapter four
contained on soft neutrosophic LA-semigroup, soft neutrosophic bi-LA-
semigroup and soft neutrosophic N-LA-semigroup. In the final chapter,
there are number of suggestive problems.



Chapter One

INTRODUCTION

In this chapter we give certain basic concepts and notions. This chapter
has 5 sections. The first section contains the notions of neutrosophic
groups, neutrosophic bigroups and neutrosophic N-groups. In section 2,
we mentioned neutrosophic semigroups, neutrosophic bisemigroups and
neutrosophic N-semigroups. Section 3 is about neutrosophic loops and
their generalizations. In section 4 some introductory description are
given about neutrosophic left almost semigroup abbrivated as
neutrosophic LA-semigroup, neutrosophic bi-LA-semigroup and
neutrosophic N-LA-semigroup and their related properties. In the last
section, we gave some basic literature about soft set theory and their
related properties which will help to understand the theory of soft sets.



1.1 Neutrosophic groups, Neutrosophic Bigroups, Neutrosophic N-
groups and their Properties

Groups are the only perfect and rich algebraic structures than other
algebraic strutures with one binary operation. Neutrosophic groups
areeven bigger algebraic structures than groups with some kind of

indeterminacy factor. Now we proceed to define a neutrosophic group.

Definition 1.1.1: Let (G,*) be any group and let
(GUI)={a+0l:ab e G}. Then the neutrosophic group is generated by
I and ¢ under « denoted by N(G)={(GUI),*} . 1 is called the

neutrosophic element with the property 7> =1 . For an integer n, n+ I
and nl are neutrosophic elements and 0./ = 0O .

-1 . . .
I ,the inverse of I 1is not defined and hence does not exist.
I actually means indeterminate.

Theorem 1.1.1: Let n~N(G@) be a neutrosophic group. Then

1) N(G) 1n general is not a group.
2) N(G) always contains a group.

Example 1.1.1: (N(2),+) , (N(@Q),+), (N(R),+) and (N(C),+) are
neutrosophic groups of integer, rational, real and complex numbers
respectively.

Example 1.1.2: Let Z = {0,1,2,...,6} be a group under addition modulo
7. NG) ={(Z uIl),+'mod7} is a neutrosophic group which is in fact a
group. For N(G)={a+bl:abc 2z} isagroup under * + 'modulo 7.
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Example 1.1.3: Let N(G) = (2, uI) is a neutrosophic group under
addition modul 4, where

(7 0,1,2,3, 1,21, 31,1+ [,1 + 21,1 + 31,
)= 24+ 12+202+3[3+1,3+213+3]

Definition 1.1.2: A pseudo neutrosophic group is defined as a
neutrosophic group, which does not contain a proper subset which is a

group.

Example 1.1.4: Let

N(Z,)) = {0,1,1,1 + I}
be a neutrosophic group under addition modulo 2. Then N(Z,) is a
pseudo neutrosophic group.

Definition 1.1.3: Let ~N(G) be a neutrosophic group. Then,

1) A proper subset N(H) of N(G) is said to be a neutrosophic subgroup
of nN(@) if N(H) 1s aneutrosophic group, that is, N(#) contains a
proper subset which is a group.

2) N(H) 1is said to be a pseudo neutrosophic subgroup if it does not
contain a proper subset which is a group.

Definition 1.1.4: Let ~N(G) be a finite neutrosophic group. Let p be a
proper subset of ~N(G) which under the operations of N(G) 1s a
neutrosophic group. If o(P)/ o(N(G)) then we call P to be a Lagrange
neutrosophic subgroup.

Definition 1.1.5: ~(G) i1s called weakly Lagrange neutrosophic group if
N(G) has at least one Lagrange neutrosophic subgroup.

10



Definition 1.1.6: ~(G) is called Lagrange free neutrosophic group if
N(G) has no Lagrange neutrosophic subgroup.

Definition1.1.7 : Let ~N(G) be a finite neutrosophic group. Suppose L
is a pseudo neutrosophic subgroup of ~N(G) and if o(L) / o(N(G)) then
we call £ to be a pseudo Lagrange neutrosophic subgroup.

Definition 1.1.8: If ~N(G) has at least one pseudo Lagrange
neutrosophic subgroup then we call ~N(G) to be a weakly pseudo
Lagrange neutrosophic group.

Definition 1.1.9: If ~N(G) has no pseudo Lagrange neutrosophic
subgroup then we call N(G) to be pseudo Lagrange free neutrosophic

group.

Definition 1.1.10: Let ~(G) be a neutrosophic group. We say a
neutrosophic subgroup H of N(G) is normal if we can find 2 and
in N(G) suchthat 7 =zHy forall z,ye NG) (Note 2=y or y=2a"
can also occur).

Definition 1.1.11: A neutrosophic group ~(¢) which has no nontrivial
neutrosophic normal subgroup is called a simple neutrosophic group.

Definition 1.1.12: Let ~N(G) be a neutrosophic group. A proper pseudo
neutrosophic subgroup P of N(G) is said to be normal if we have

P =zpPy forall zy e N(G) . A neutrosophic group is said to be pseudo
simple neutrosophic group if N(G) has no nontrivial pseudo normal
subgroups.

11



Definition 1.1.13: Let B,(G)={B(G,)uB(G,),*.,*} be a non-empty subset
with two binary operations on B, (G) satisfying the following conditions:

1. B,(G)={B(G)uB(G,)} where B(G)) and B(G,) are proper subsets
of B,(G).
2. (B(G)).%) 1is aneutrosophic group.
3. (B(G,).*,) isa group -
Then we define (B, (G).%.*,) to be a neutrosophic bigroup. If both B(G))
and B(G,) are neutrosophic groups. We say B,(G) 1s a strong

neutrosophic bigroup. If both the groups are not neutrosophic group, we
say B,(G) 1sjust a bigroup.

Example 1.1.5: Let B,(G)={B(G,)uB(G,)} where B(G)={g/g’=1} bea
cyclic group of order 9 and B(G,)={1,2,7,27} neutrosophic group under
multiplication modulo 3. We call B,(G) a neutrosophic bigroup.

Example 1.1.6: Let B,(G)={B(G)uB(G,)}, where
B(G,)={1,2,3,4,1,21,31,41}a neutrosophic group under multiplication modulo
5.B(G,)={0,1,2,1,21,1+1,2+1,1+21,2+21}1s a neutrosophic group under
multiplication modulo 3. Clearly 5,(G) is a strong

neutrosophic bigroup.
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Definition 1.1.14: Let B,(G)={B(G)UB(G,),*.*| be a neutrosophic
bigroup. A proper subset P={PUP,*,*,} 1s a neutrosophic subbigroup of
B, (G) 1f the following conditions are satisfied P={RUP,*,*} i1sa
neutrosophic bigroup under the operations =,*, 1.e. (R,%) 1sa
neutrosophic subgroup of (B,,%) and (B,*,) 1s asubgroup of (B,,*,) .
P=PnB, and P,=PnB, are subgroups of B, and B, respectively. If both
of P and P, are not neutrosophic then we call P=puUP, tobejusta
bigroup.

Definition 1.1.15: Let B, (G)={B(G,)uB(G,).*.*,} be a neutrosophic
bigroup. If both B(G) andB(G,) are commutative groups, then we call
B, (G) to be a commutative bigroup.

Definition 1.1.16: Let B, (G)={B(G,)UB(G,).*.*  be a neutrosophic

bigroup. If both B(G)) and B(Gz) are cyclic, we call B,(G) acyclic
bigroup.

Definition 1.1.17: Let B,(G)={B(G)uB(G,).*.,*} be aneutrosophic
bigroup. P(G)={P(G,)uP(G,).*.x| be aneutrosophic bigroup.
P(G)={P(G,)uP(G,).,*,*} 1s said to be a neutrosophic normal subbigroup
of B,(G) if P(G) is aneutrosophic subbigroup and both P(G,) and
P(G,) are normal subgroups of B(G,) and B(G,) respectively.

13



Definition 1.1.18: Let B,(G)={B(G)uB(G,).*.*,} be aneutrosophic
bigroup of finite order. Let P(G)={P(G,)uP(G,),*.*,} be aneutrosophic
subbigroup of B, (G) . If o(P(G))/0o(B,(G)) then we call P(G) a

Lagrange neutrosophic subbigroup, if every neutrosophic subbigroup »p
is such that o(P)/0(B,(G)) then we call B,(G) to be a Lagrange

neutrosophic bigroup.

Definition 1.1.19: If B,(G) has atleast one Lagrange neutrosophic
subbigroup then we call B, (G) to be a weak Lagrange neutrosophic
bigroup.

Definition 1.1.20: If 3, (G) has no Lagrange neutrosophic subbigroup
then B, (G)1s called Lagrange free neutrosophic bigroup.

Definition 1.1.21: Let B,(G)={B(G)uB(G,).*.*| be a neutrosophic
bigroup. Suppose P={P(G,)UP(G,).*,x} and K={K(G)UK(G,),*,*} be
any two neutrosophic subbigroups. we say P and k are conjugate if
each P(G,) 1is conjugate with x(G,),i=12 ,then wesay P and Kk are
neutrosophic conjugate subbigroups of B, (G).

Definition 1.1.22: A set ((GuI),+-)with two binary operations ™ + '
and * . 'is called a strong neutrosophic bigroup if

l. (GuIl)=(G,uI)u(G,uI),
2. ((G,uI),+) is a neutrosophic group and
3. ({(G,uI),) 1s a neutrosophic group.

14



Example 1.1.7: Let {(GuI),*,%} be a strong neutrosophic bigroup
where (GuI)=(zuI)u{0,1,2,3,4,1,21,3,41} . (zuI) under " + 'isa
neutrosophic group and {0,1,2,3,4,7,27,37,4/} under multiplication modulo
5 1s a neutrosophic group.

Definition 1.1.23: A subset #=¢ of a strong neutrosophic bigroup
((GuI),%e) is called a strong neutrosophic subbigroup if # itselfis a

strong neutrosophic bigroup under * = 'and * - ' operations defined on
(GUI) .

Definition 1.1.24: Let ((GuI),%) be a strong neutrosophic bigroup of
finite order. Let H=¢ be a strong neutrosophic subbigroup of
((GuI),xe) . If o(H)/o((GuI)) then we call H, a Lagrange strong
neutrosophic subbigroup of (Gu1r) . If every strong neutrosophic
subbigroup of (Gu1r) is a Lagrange strong neutrosophic subbigroup then
we call (Gur) a Lagrange strong neutrosophic bigroup.

Definition 1.1.25: If the strong neutrosophic bigroup has at
least one Lagrange strong neutrosophic subbigroup then we call (Gur)

a weakly Lagrange strong neutrosophic bigroup.

Definition 1.1.26: If (Gur) has no Lagrange strong neutrosophic
subbigroup then we call (Gur) a Lagrange free strong neutrosophic
bigroup.

15



Definition 1.1.27: Let ((GuI),+,°) be a strong neutrosophic bigroup
with (GurI)=(G uI)u(G,uI) . Let (H,+,) be a neutrosophic subbigroup
where H=H,UH,. We say H is a neutrosophic normal subbigroup of
G ifboth #, and H, are neutrosophic normal subgroups of (G ur)
and (G,u1I) respectively.

Definition 1.1.28: Let 6=(G uG,,+®), be a neutrosophic bigroup. We
say two neutrosophic strong subbigroups H =H, U H, and K =K, UK, are
conjugate neutrosophic subbigroups of (GurI)=(G uIr)u(G uI) if H, is
conjugate to &, and H, is conjugate to K, as neutrosophic subgroups of
(G,uI) and (G, uI) respectively.

Definition 1.1.29: Let ((Gu1),%,...*,) be a nonempty set with N -binary

operations defined on it. We say (Gu1r) 1s a strong neutrosophic w -
group if the following conditions are true.

1) (Gul)=(Gun)u(Gul)u..u(G,ul) where (G uI) are proper subsets of
(GUI) .
2) ({G,uI),*) is a neutrosophic group, i=1,2,...N.

3) If in the above definition we have
a. (GUI)=G U(G,Ul)u..u(G UI)U(G,, UI)U..UG,
b. (G,*) 1is a group for some 1 or
4) ((G,v1),%) is a neutrosophic group for some ;. Then we call (Gur)

to be a neutrosophic N -group.

16



Example 1.1.8: Let (Gul)=((Gul)u(G,ul)U(GUI)U(G,UI) % .*.%.%) bea
neutrosophic 4-group where (G u1)={1,2,3,4,1,21,31,41} neutrosophic
group under multiplication modulo 5.
(G,uI)={0,1,2,1,21,1+1,2+1,1+21,2+21}a neutrosophic group under
multiplication modulo 3, (G,ur)=(zuI), aneutrosophic group under
addition and (G, 1) ={(a.b):a,be{1,1,4,41}}, component-wise multiplication
modulo 5.

Hence (Gu1I) is a strong neutrosophic4-group.

Example 1.1.9: Let (<Gu1>=<Glu1>u<G2u1>UG3uG4,*l,*2,*3,*4) be a
neutrosophic 4 -group, where (G u1)=1{1,2,3,4,1,21,37,41} a neutrosophic
group under multiplication modulo 5. (G, ur1)={0,1,1,1+1} ,a neutrosophic

group under multiplication modulo 2. G,=s, and G, = 4,, the alternating
group. (GuI) 1s a neutrosophic 4 -group.

Definition 1.1.30: Let ((Gul)=(GuI)u(G,Ul)u..U(G,UI)%,..*,) bea
neutrosophic N -group. A proper subset (P,x,...*,) 1s said to be a
neutrosophic sub N -group of (Gu1) if P=(Bu..uPR,) and each (B,) 1S
a neutrosophic subgroup (subgroup) of (G, ),1<i<N .

It 1s important to note (2,+) for no i 1s a neutrosophic group.

Thus we see a strong neutrosophic ~ -group can have 3 types of
subgroups viz.

1. Strong neutrosophic sub n -groups.

2. Neutrosophic sub N -groups.
3. Sub ~ -groups.

17



Also a neutrosophic N -group can have two types of sub N -groups.

1. Neutrosophic sub N -groups.
2. Sub N -groups.

Definition 1.1.31: If (Gu1r) 1s a neutrosophic N -group and if (Gu1I)

has a proper subset 7 such that 7 is a neutrosophic sub ~ -group and not
a strong neutrosophic sub ~ -group and o(7)/0((Gu1I)) thenwecall 7 a

Lagrange sub n~ -group. If every sub ~-group of (GurI) is a Lagrange
sub N -group then we call (Gur) aLagrange N -group.

Definition 1.1.32: If (Gur) has atleast one Lagrange sub N -group
then we call (Gur) a weakly Lagrange neutrosophic N-group.

Definition 1.1.33: If (Gur) has no Lagrange sub N -group then we call
(Gul) to be a Lagrange free N -group.

Definition 1.1.34: Let ((Gul)=(GuI)u(G,ul)u..u(G,UI)%,..,*,) bea
neutrosophic N -group. Suppose H ={H,WH,U..UH,,*,...*,} and

K ={K, UK, U..UK, *,...%,} are two sub N -groups of (GuI), we sayk 1s
a conjugate to H or # is conjugate to x if each H, is conjugate to K,
(i=12,..,N) as subgroups of G,.

18



1.2 Neutrosophic Semigroup, Neutrosophic Bisemigroup,
Neutrosophic N-semigroup and their Properties

In this section, we just recall the notions of neutrosophic semigroups,
neutrosophic bisemigroups and neutrosophic N-semigroups. We also
give briefly some of the important properties of it.

Definition 1.2.1: Let S be a semigroup. The semigroup generated by
Sand I i.e. Sulis denoted by (Su1I) is defined to be a neutrosophic
semigroup where / is indeterminacy element and termed as
neutrosophic element.

It is interesting to note that all neutrosophic semigroups contain a proper
subset which is a semigroup.

Example 1.2.1: Let Z = {the set of positive and negative integers with
zero}, z1s only a semigroup under multiplication. Let N(S)=(ZuUI) be
the neutrosophic semigroup under multiplication. Clearly Z < N(S) 1s a
semigroup.

Definition 1.2.2: Let N(S) be a neutrosophic semigroup. A proper
subset P of N(S)is said to be a neutrosophic subsemigroup, if P is a
neutrosophic semigroup under the operation of N(S). A neutrosophic
semigroup N(S) is said to have a subsemigroup if N(S) has a proper
subset which is a semigroup under the operation of N(S).

19



Theorem 1.2.1: Let N(S) be a neutrosophic semigroup. Suppose £ and

P, be any two neutrosophic subsemigroups of N(S). Then P, U P, the

union of two neutrosophic subsemigroups in general need not be a
neutrosophic subsemigroup.

Definition 1.2.3: A neutrosophic semigroup N(S) which has an
element e in N(S)such that e*s=s*e=s for all s e N(S), is called as a
neutrosophic monoid.

Definition 1.2.4: Let N(S) be a neutrosophic monoid under the binary
operation * . Suppose e is the identity in N(S), thatis s*e=e*s=s
for all s e N(S). We call a proper subset P of N(S) to be a neutrosophic
submonoid if

1. P is a neutrosophic semigroup under “* .

2. eeP,1.e. P 1samonoid under ‘ *’.

Definition 1.2.5: Let N(S) be a neutrosophic semigroup under a binary
operation *. P be a proper subset of N(S). P is said to be a
neutrosophic ideal of N(S) if the following conditions are satisfied.

1. P is a neutrosophic semigroup.
2. For all peP and for all se N(S) we have p*s and s*p arein P.

Definition 1.2.6: Let N(S) be a neutrosophic semigroup. P be a
neutrosophic ideal of N(S), P is said to be a neutrosophic cyclic ideal

or neutrosophic principal ideal if P can be generated by a single
element.

20



Definition 1.2.7: Let (BN(S),*,0) be a non-empty set with two binary
operations * and ©. (BN(S),*0) is said to be a neutrosophic
bisemigroup if BN(S)=F u P, where atleast one of (B,*) or (B,0) is a
neutrosophic semigroup and other is just a semigroup. P, and P, are
proper subsets of BN(S).

If both (£A,*) and (B,°) in the above definition are neutrosophic
semigroups then we call (BN(S),*) a neutrosophic strong bisemigroup.

All neutrosophic strong bisemigroups are trivially neutrosophic
bisemigroups.

Example 1.2.2: Let (BN(S),*0) =1{0,1,2,3,1,21,31,5(3), %} = (B,*) U(B,°)
where (P, =10,1,2,3,,27,31} and (B,°) =(5(3),0). Clearly (£,*) is a
neutrosophic semigroup under multiplication modulo 4. (£,°) is just a
semigroup. Thus (BN(S),*,0) is a neutrosophic bisemigroup.

Definition 1.2.8: Let (BN(S)=P,uUP;: %) be a neutrosophic bisemigroup.
A proper subset (7,0,*) 1s said to be a neutrosophic subbisemigroup of
BN(S) if

1.7=T7,0T, where T, =PNT and T,=P,~T and
2. At least one of (7},°) or (7,,*) is a neutrosophic semigroup.

21



Definition 1.2.9: Let (BN(S)=P,uU P,*,) be a neutrosophic strong
bisemigroup. A proper subset 7 of BN(S) is called the neutrosophic
strong subbisemigroup if 7=7, U7, with T, =T and 7,=P,NT and if
both (7},*) and (7},°) are neutrosophic subsemigroups of (B,*) and
(P,,°) respectively. We call 7=7, UT, to be a neutrosophic strong
subbisemigroup, if atleast one of (7},*) or (7,,°) is a semigroup then

T =T,uT, is only a neutrosophic subsemigroup.

Definition 1.2.10: Let (BN(S)=PUP,*) be any neutrosophic
bisemigroup. Let J be a proper subset of BN(S) such that J,=J P, and

J,=JNP, are ideals of P, and P, respectively. Then J is called the
neutrosophic biideal of BN(S).

Definition 1.2.11: Let (BN(S),*,°) be a neutrosophic strong
bisemigroup where BN(S)=PuUP with (B,*) and (P,,°) be any two
neutrosophic semigroups. Let J be a proper subset of BN(S) such that
J,=JnP and J,=J NP are ideals of P, and P, respectively. Then J is
called the neutrosophic strong biideal of BN(S).

Note: Union of any two neutrosophic biideals in general is not a
neutrosophic biideal. This is true of neutrosophic strong biideals.
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Definition 1.2.12: Let {S(N),*,...,*,} be a non-empty set with N -binary
operations defined on it. We call S(N) a neutrosophic N -semigroup (N
a positive integer) if the following conditions are satisfied.

1) S(N) =5, u...S, where each S; is a proper subset of S(N) i.e. S, S, or
ScS if i#].

2) (S,,*) 1s either a neutrosophic semigroup or a semigroup for
i=12,3,.,N.

If all the N -semigroups (S,,*) are neutrosophic semigroups (i.e. for

i=1,2,3,..,N) then we call S(IV) to be a neutrosophic strong N -
semigroup.

Example 1.2.3: Let S(V)={S, US, US,US,,*,%,%,%,} be a neutrosophic
4 -semigroup where

S, ={Z,,, semigroup under multiplication modulo 12},

S, =11,2,3,1,21,31 , semigroup under multiplication modulo 4}, a
neutrosophic semigroup.

a b . . .
S, = ra,b,c,d e(RUI);, neutrosophic semigroup under matrix
’ c d

multiplication and
S, =(Zul), neutrosophic semigroup under multiplication.

Definition 1.2.13: Let S(V)={S,US, U....S,.*,%,,...,*,} be a neutrosophic
N -semigroup. A proper subset P={PUP, U...P,,*,%,...%,} of S(N) is
said to be a neutrosophic N -subsemigroup if 2=PnS,i=12,..,N are
subsemigroups of S, in which atleast some of the subsemigroups are
neutrosophic subsemigroups.
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Definition 1.2.14: Let S(V)={S,US, U...S,,%.%,...*,} be a neutrosophic
strong N -semigroup. A proper subset 7'={TUT, U...UT,,*,%,...%,} of
S(N) 1s said to be a neutrosophic strong sub N -semigroup if each (7},*)
is a neutrosophic subsemigroup of (S,,*) for i=1,2,...,N where
T=SANT.

If only a few of the (7,,+) in 7 are just subsemigroups of (S,,*,), (i.e.
(T.,*,) are not neutrosophic subsemigroups then we call 7 to be a sub

N -semigroup of S(N).

Definition 1.2.15. Let S(V)={S, US, U...S,,%.%,,...%,} be a neutrosophic
N -semigroup. A proper subset P={PUP, U...UP,,*,%,,...%,} of S(N) is

said to be a neutrosophic N -subsemigroup, if the following conditions
are true.

1. P is aneutrosophic sub ~ -semigroup of S(N).

2. Each P=SnP,i=1,2,..N is an ideal of S,.
Then P is called or defined as the neutrosophic N -ideal of the
neutrosophic N -semigroup S(N).

Definition 1.2.16: Let S(NV)={S,US, U...Sy,*,%,,...*,} be a neutrosophic
strong N -semigroup. A proper subset J={J,UJ, U...J,*,%,,...%,} wWhere
J,=JnS, for t=1,2,..,N is said to be a neutrosophic strong N -ideal of

S(N) if the following conditions are satisfied.

1. Each it is a neutrosophic subsemigroup of S,,z=12,...,.N 1e.Itisa
neutrosophic strong N-subsemigroup of S(N).
2. Each it is a two sided ideal of S, for t=1,2,...,N.
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Similarly one can define neutrosophic strong N -left ideal or
neutrosophic strong right ideal of S(N).
A neutrosophic strong N -ideal is one which is both a neutrosophic

strong N -left ideal and N -right ideal of S(N).

1.3 Neutrosophic Loops, Neutrosophic Biloops, Neutrosophic N-
loops and their Properties

This section is about the introductory concepts of neutrosophic loops,
neutrosophic biloops and neutrosophic N-loops. Their relavent
properties are also given in the present section.

Definition 1.3.1: A neutrosophic loop is generated by a loop L and
I denoted by (Lu1T). A neutrosophic loop in general need not be a loop

for 1> =1 and I may not have an inverse but every element in a loop
has an inverse.

Example 1.3.1: Let (LuI)=(L,(4)uI) be a neutrosophic loop which is
generated by the loop L,(4) and [ .

Example 1.3.2: Let (£ ,(2)ul)={e1,2,3,4,...15,el,11,21,...,141,15I} be another
neutrosophic loop of order 32.

Definition 1.3.2: Let (LU/) be a neutrosophic loop. A proper subset
(PuI) of (LulI) is called the neutrosophic subloop, if (PU1I) is itself a
neutrosophic loop under the operations of (LU1I).
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Definition 1.3.3: Let ((LU1),0) be a neutrosophic loop of finite order.
A proper subset P of (Lul) is said to be a Lagrange neutrosophic

subloop, if P is a neutrosophic subloop under the operation © and
0(P)/0<Lu]> .

Definition 1.3.4: If every neutrosophic subloop of (L) is Lagrange
then we call (Lu1I) to be a Lagrange neutrosophic loop.

Definition 1.3.5: If (LU 7) has no Lagrange neutrosophic subloop then
we call (LuUT) to be a Lagrange free neutrosophic loop.

Definition 1.3.6: If (L UI) has atleast one Lagrange neutrosophic
subloop then we call (Lu1I) to be a weakly Lagrange neutrosophic loop.

Definition 1.3.7: Let (BUI),%,*,) be a non-empty set with two binary
operations *,*,, (BUI) is a neutrosophic biloop if the following
conditions are satisfied.

1. (Bul)=RUPR where P, and P, are proper subsets of (BUIT).
2. (B,*) 1s a neutrosophic loop.
3. (P.*,) 1s a group or a loop.

Example 1.3.3: Let B=(B,uB,,*.*,) be a neutrosophic biloop of order
20, where B =(L3)ul) and B,={g:g" =¢}.

26



Definition 1.3.8: Let ((BuI),.*,*,) be a neutrosophic biloop. A proper
subset P of (Bu1) is said to be a neutrosophic subbiloop of (BUI) if

P=(PURB,*,%) 1s itself a neutrosophic biloop under the operations of
(BUI).

Definition 1.3.9: Let B=(B,UB,,,*,) be a finite neutrosophic biloop.
Let P=(PuURB,*,*,) be a neutrosophic biloop. If o(P)/o(B) then we call P
to be a Lagrange neutrosophic subbiloop of B.

Definition 1.3.10: If every neutrosophic subbiloop of B is Lagrange
then we call B to be a Lagrange neutrosophic biloop.

Definition 1.3.11: If B has atleast one Lagrange neutrosophic
subbiloop then we call B to be a weakly Lagrange neutrosophic biloop.

Definition 1.3.12: If B has no Lagrange neutrosophic subbiloops then
we call B to be a Lagrange free neutrosophic biloop.

Definition 1.3.13: Let S(B)={S(B)US(B,)U...uS(B,),*,*%,...%,} be anon-
empty neutrosophic set with N -binary operations. S(B) is a
neutrosophic N -loop if S(B)=S(B,)uS(B,)u..uS(B,), S(B;) are proper
subsets of S(B) for 1<i<N and some of S(B,) are neutrosophic loops
and some of the S(B,) are groups.

Example 1.3.4: Let S(B)={S(B)uUS(B,)US(B,).*,*,*} be a neutrosophic
3-loop, where S(B)=(L(3)wI), S(B,)={g:g" =¢} and S(B;)=5,.
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Definition 1.3.14: Let S(B)={S(B,)US(B,)U...US(B,),*,%,,....*,} be a
neutrosophic N -loop. A proper subset (P,*,%,,....*,) of S(B) is said to
be a neutrosophic sub N -loop of S(B) if P itself is a neutrosophic N -
loop under the operations of S(B).

Definition 1.3.15: Let (L=, UL U..UL,,*,%,...*,) be a neutrosophic

N -loop of finite order. Suppose P is a proper subset of L, which is a
neutrosophic sub N -loop. If o(P)/o(L) then we call P a Lagrange
neutrosophic sub N -loop.

Definition 1.3.16: If every neutrosophic sub N -loop is Lagrange then
we call L to be a Lagrange neutrosophic N -loop.

Definition 1.3.17: If L has atleast one Lagrange neutrosophic sub N -
loop then we call L to be a weakly Lagrange neutrosophic N -loop.

Definition 1.3.18: If L has no Lagrange neutrosophic sub N -loop then
we call L to be a Lagrange free neutrosophic N -loop.

1.4 Neutrosophic LA-semigroup, Neutrosophic Bi-LA-semigroup,
Neutrosophic N-LA-semigroup and their Properties

In this section we mention some of the basic and fundamental concepts
of neutrosophic LA-semigroup, neutrosophic bi-LA-semigroup and
neutrosophic N-LA-semigroup.
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Definition 1.4.1: Let (S,*) be an LA-semigroup and let
(Sul)={a+bl:a,beS}. The neutrosophic LA-semigroup is generated by
S and / under = denoted as N(S)={(Sul),*}, where / is called the
neutrosophic element with property 7°=17. For an integer # ,n+ 7 and

nl are neutrosophic elements and 0./ =0.

I', the inverse of I is not defined and hence does not exist.

Similarly we can define neutrosophic RA-semigroup on the same lines.

Example 1.4.1: Let ~N(S)={1,2,3,4,17,21,31,41} be a neutrosophic LA-
semigroup with the following table.

=11 12 13 14 |11 [21 |31 [41
I I 14 |2 [3 |11 |41 [Z21 |31
Z |3 [Z2 |4 |1 |31 |21 [41 |11
3 (4 [I [3 [2Z2 [4l [II |31 [ZI
4 12 [3 |1 [4 |21 [31 |11 [41

IT [II {41 |21 |31 [ IT [41 |21 |31

21 |31 |21 (41 [ IT1 |31 |21 |41 |11

31 (46 [ IT [ 31 [Z21 {41 [IT |31 [ZI

41 |21 |31 [ I1 |41 |21 [31 |11 [41
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Definition 1.4.2: Let N(S) be a neutrosophic LA-semigroup. An
element ee N(S) is said to be left identity if exs=s for all se N(S).
Similarly e is called right identity if s*e=s for all se N(S).e is called
two sided identity or simply identity if e is left as well as right identity.

Definition 1.4.3: Let N(S) be a neutrosophic LA-semigroup and N(H)
be a proper subset of N(S). Then N(H) is called a neutrosophic sub LA-
semigroup if N(H) itself is a neutrosophic LA-semigroup under the

operation of N(S).

Definition 1.4.4: A neutrosophic sub LA-semigroup N(H) is called

strong neutrosophic sub LA-semigroup or pure neutrosophic sub LA-
semigroup if all the elements of N(H)are neutrosophic elements.

Definition 1.4.5: Let N(S) be a neutrosophic LA-semigroup and N (K)
be a subset of N(S). Then N(K) is called Left (right) neutrosophic
ideal of N(S) if N(S)N(K)cN(K),{N(K)N(S)=N(K)}.

If N(K) is both left and right neutrosophic ideal, then N(K) is called a

two sided neutrosophic ideal or simply a neutrosophic ideal.

Definition 1.4.6: A necutrosophic ideal N(KX) is called strong

neutrosophic ideal or pure neutrosophic ideal if all of its elements are
neutrosophic elements.
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Definition 1.4.7: Let (BN(S),*0°) be a non-empty set with two binary
operations = and -. (BN(S),*0) is said to be a neutrosophic bi-LA-
semigroup if BN(S)=F u PR, where atleast one of (B,*) or (P,,0) is a
neutrosophic LA-semigroup and other is just an LA- semigroup. £, and
P, are proper subsets of BN(S).

If both (B,*) and (P,,°) in the above definition are neutrosophic LA-

semigroups then we call (BN(S),*°) a neutrosophic strong bi-LA-
semigroup.

Example 1.4.2: Let BN(S)={(S,u1)U(S,uI)} be a neutrosophic bi-LA-
semigroup, where (S, uI)={1,2,3,11,21,31} 1s a neutrosophic bi-LA-
semigroup and (S, u/)={1,2,3,1,21,3I} 1s another neutrosophic LA-
semigroup.

Definition 1.4.8: Let (BN(S)=P,UPB;: %) be a neutrosophic bi-LA-
semigroup. A proper subset (7,o,*) is said to be a neutrosophic sub bi-
LA-semigroup of BN(S) if

1. T=T,0T, where T=PNT and 7,=B,NT and
2. Atleast one of (7;,0) or (7,,*) is a neutrosophic LA-semigroup.

Definition 1.4.9: Let (BN(S)=P,uUP,*) be a neutrosophic bi-LA-
semigroup. A proper subset (7,o,*) is said to be a neutrosophic strong
sub bi-LA-semigroup of BN(S) i1f

1. 7=7,0T, where T, =BT and 7, =B, N T and
2. (T,,°) and (7,,*) are neutrosophic strong LA-semigroups.
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Definition 1.4.10: Let (BN(S)=PuURB,*0) be any neutrosophic bi-LA-
semigroup. Let J be a proper subset of BN(S) such that J, =J A and
J,=J NP, are ideals of B, and P, respectively. Then J is called the
neutrosophic biideal of BN(S).

Definition 1.4.11: Let (BN(S),*) be a strong neutrosophic bi-LA-
semigroup where BN(S)=PuPp, with (B,*) and (P,-) be any two
neutrosophic LA-semigroups. Let J be a proper subset of BN(S) where
J=J,uJ, with J,=JNP and J, =J NP, are neutrosophic ideals of the
neutrosophic LA-semigroups B and P, respectively. Then J is called or
defined as the strong neutrosophic biideal of BN(S).

Definition 1.4.12: Let {S(N),*,...*,} be a non-empty set with N -binary
operations defined on it. We call S(¥) a neutrosophic N -LA-semigroup
(N apositive integer) if the following conditions are satisfied.

1. S(N)=S,u...S, where each S, is a proper subset of S(N).
2. (S,,*) 1s either a neutrosophic LA-semigroup or an LA-semigroup
for i=1,2,3,...N.
If all the NV -LA-semigroups (S,,*) are neutrosophic LA-semigroups
(i.e. for i=1,2,3,..,N) then we call S(N) to be a neutrosophic strong N -
LA-semigroup.
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Example 1.4.3: Let S(N)={S,US,US,,*,%,,%} be a neutrosophic 3-LA-
semigroup where S,={1,2,3,4,17,21,31,41} 1s a neutrosophic LA-semigroup,
S, ={1,2,3,17,21,31} be another neutrosophic bi-LA-semigroup with the
following table and s, ={1,2,3,7,27,37} 1s a neutrosophic LA-

semigroup.

Definition 1.4.13: Let s(V)={S,US,U...S,,*,*,....*,} be a neutrosophic

N -LA-semigroup. A proper subset P={PUP U...P,,*,x,...%,} of S(N) 1S
said to be a neutrosophic sub N -LA-semigroup if P=PnS,i=12,.,N are
sub LA-semigroups of s, in which atleast some of the sub LA-
semigroups are neutrosophic sub LA-semigroups.

Definition 1.4.14: Let S(V)={S5,US, U...Sy,*,%,,...*,} be a neutrosophic
strong N -LA-semigroup. A proper subset 7= {T,UT, U...UT,,*,%,..,%,} Of
S(N) 1s said to be a neutrosophic strong sub N -LA-semigroup if each
(T,,+) 1s a neutrosophic sub LA-semigroup of (s,x) for i=1,2,..,N where
T=SnNT.

Definition 1.4.15: Let S(V)={5,US, U...S,,*,%,,..,*,} be a neutrosophic

N -LA-semigroup. A proper subset P={PUPR U...UP,,*,%,..,%,} of S(N) is
said to be a neutrosophic ~ -ideal, if the following conditions are true.

1. P is a neutrosophic sub N -LA-semigroup of S(v).
2. Each p=snP,i=12,.,N is an ideal of s,.
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Definition 1.4.16: Let s(V)={S,US,U...S,,*.,*,....*,} be a neutrosophic
strong N -LA-semigroup. A proper subset J ={J,uJ, U.. T, %%, ...%,}
where s =Jns for +=12,.,N is said to be a neutrosophic strong n -ideal
of s(~) if the following conditions are satisfied.

1) Each it is a neutrosophic sub LA-semigroup of s,7=1,2,..,N i.e. [tis a
neutrosophic strong N-sub LA-semigroup of S(»).
2) Each it is a two sided ideal of s, for r=1,2,..,N.

Similarly one can define neutrosophic strong »~ -left ideal or
neutrosophic strong right ideal of s(v).

A neutrosophic strong N -ideal is one which is both a neutrosophic
strong N -left ideal and W -right ideal of S(V).

1.5 Soft Sets and their Properties

In this section, we give the the definition of soft set and their related
properties are also mention in the present section.

Throughout this section v refers to an initial universe, £ is a set of
parameters, P(U) is the power set of v,and 4,B c E.

Definition 1.5.1: A pair (F, 4) is called a soft set over U where Fis a
mapping given by F: A — PU).

In other words, a soft set over v is a parameterized family of subsets of
the universe 0. For ac A, F(a) may be considered as the set of «-
elements of the soft set (7, 4) , or as the set of «-approximate elements
of the soft set.
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Example 1.5.1: Suppose that v is the set of shops. Eis the set of
parameters and each parameter is a word or sentence. Let

high rent,normal rent,

E =
in good condition,in bad condition

Let us consider a soft set (£, 4)which describes the attractiveness of
shops that Mr. Z is taking on rent. Suppose that there are five houses in
the universe U = {s,s,,s;,5,,5s,} under consideration, and that

A = {a,,a,,a,} be the set of parameters where

a, stands for the parameter 'high rent,

a, stands for the parameter 'normal rent,

a, Stands for the parameter 'in good condition.
Suppose that

F(a,) = {s,5,},
F(ay) = {s5,55},
F(ay) = {s3}-

The soft set (#, 4) 1s an approximated family {F(a,),i = 1,2,3} of subsets
of the set v which gives us a collection of approximate description of an
object. Then (F, A) is a soft set as a collection of approximations over v,
where
F(a,) = high rent= {s},s,},
F(ay) = normal rent= {s,,s:},

F(ay) = in good condition= {s,}.
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Definition 1.5.2: For two soft sets (7, 4) and (#,B) over U, (F, A) 1S
called a soft subset of (#,B) if

1. ACB and

2. F(a) C H(a), forall z e A .
This relationship is denoted by (F, 4) c (#,B). Similarly (F, 4) is called a
soft superset of (1, B) if (H,B) is a soft subset of (#, 4) which is denoted
by (F,A4) > (H,B).

Definition 1.5.3: Two soft sets (7, 4) and (#, B) over U are called soft
equal if (F, 4) 1s a soft subset of (#,B) and (#, B) 1s a soft subset of (F, 4).

Definition 1.5.4: Let (7, 4) and (K, B) be two soft sets over a common
universe U such that 4 n B = ¢ . Then their restricted intersection is
denoted by (F,4)n,, (K,B) = (H,C) where (H,0) 1s defined as

H(c) = F(c)nK(c) forall ceC=4AnB.

Definition 1.5.5: The extended intersection of two soft sets (7, 4) and
(K, B) over a common universe U 18 the soft set (#,¢) , where ¢ = AUB,
and for all ¢e C, H(c) 1s defined as
F(c) ifce A— B,
H(c) = G(c) ifce B— A,
F(e)Nn G(e) ifce AN B.

We write (F,A)n. (K,B) = (H,C).

Definition 1.5.6: The restricted union of two soft sets (F, A) and (x, B)
over a common universe U 1s the soft set (#,¢), where ¢ = AuB , and
forall ceC, H(c) 1s defined as H(c) = F(c)uG(c) forall ceC . We
write it as (F,A) U, (K, B) = (H,0).
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Definition 1.5.7: The extended union of two soft sets (7, A) and (K, B)
over a common universe U 1s the soft set (#,¢), where ¢ = Au B, and
forall ceC, H(c) is defined as
F(c) ifce A— B,
H(c) = G(c) ifce B— A,
F(e)U G(e) ifce AN B.
We write (F,A)u_ (K,B) = (H,C).
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Chapter Two

SOFT NEUTROSOPHIC GROUPS AND THEIR
GENERALIZATION

This chapter has three sections. In first section, we introduce the
important notions of soft neutrosophic groups over neutrosophic groups
which is infact a collection of parameterized family of neutrosophic
subgroups and we also give some of their characterization with
sufficient amount of examples in this section. The second section deal
with soft neutrosophic bigroups which are basically defined over
neutrosophic bigroups. We also establish some basic and fundamental
results of soft neutrosophic bigroups. The third section is about the
generalization of soft neutrosophic groups. We defined soft neutrosophic
N-groups over neutrosophic N-groups in this section and some of their
basic properties are also investigated.
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2.1 Soft Neutrosophic Group

In this section we introduced soft neutrosophic group which is a
parameterized family of neutrosophic subgroups of the neutrosophic
group. We also dfined a new notion called soft pseudo neutrosophic
group. We study some of its interesting properties and explained this
notion with many examples.

Definition 2.1.1: Let ~(G) be a neutrosophic group and (F, 4) be soft
set ove r N(G). Then (F, 4) is called soft neutrosophic group over N(G) if
and only if F(a)<N(G), forall a € A.

This situation is explained with the help of following examples.

Example 2.1.1: Let

Nz 0,1,2,3,1,2[,31,1+ 1,1+ 21,1 +3I,
Vo4 1242024313+ 134213+ 3]

be a neutrosophic group under addition modulo 4. and let 4=1{a,,4,,a;,a,}
be a set of parameters. Then (F,A) is soft neutrosophic group over

N(Z,), where
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F(a,) = {0,1,2,3}, F(a,) = {0,1,21,3I},
F(ay) = {0,2,21,2 + 21},
Fla,) = {0,1,21,31,2,2 + 21,2 + 1,2 + 31}

Example 2.1.2: Let
N(G) ={e,a,b,c,1,al,bl,cl}
be a neutrosophic group under multiplication where
d=V=c=ebc=ch=aa=ca=bab=ba=c

Then (F,A) is a soft neutrosophic group over N(G@), where

F(a,) = {e,a,1,al},
F(a,) = {e,b,1,bl},
F(ay) = {e,c,I,cl}.

Example 2.1.3: Let (F,A) be a soft neutrosophic groups over N(Z,)
under addition modulo 2, where

F(a1> = {0,1},[7((12) = {07]}-

Ve _ | 01234512131 4L 51
Example 2.1.4: Let (G) = 1+ 12+ 13+41,..5+5] be a

neutrosophic group under addition modulo 6 . Then (F,A) is soft
neutrosophic group over N(G) , where

F(a,) = {0,3,31,3 + 31},
Flay) = {0,2,4,2 + 21,4 + 41,2,41}.
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Theorem 2.1.1: Let (F,A) and (H,A) be two soft neutrosophic groups
over N(G). Then their intersection (F,A)n(H,A) is again a soft
neutrosophic group over N(G).

Theorem 2.1.2: Let (F,4A) and (H,B) be two soft neutrosophic groups
overN(G). If AnB = ¢, then (F,4)uU(H,B) is a soft neutrosophic group

over N(G)

Proposition 2.1.1: The extended intersection of two soft neutrosophic
groups over N(G) is Soft neutrosophic group over N(G).

Proposition 2.1.2: The restricted intersection of two soft neutrosophic
groups over N(G) is soft neutrosophic group over N(G).

Proposition 2.1.3: The AND operation of two soft neutrosophic groups

over N(G) is soft neutrosophic group over N(G).

Remark 2.1.1: The extended union of two soft neutrosophic groups
(F,A) and (K,B) over a neutrosophic group N(G) is not a soft
neutrosophic group over N(G).

This is proved by the following example.
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Example 2.1.5: Let N(Z,) = {0,1,1,1+ I} be a neutrosophic group under
addition modulo 2. Let A = {a;,a,} and B = {a,,a,} be the set of

parameters. Let (F, 4) and (k, B) be two soft neutrosophic groups over
N(z,) under addition modulo 2, where

F(a;) ={0,1}, F(a,) = {0, I},
and
K(ay,) = {0,1}, K(ay) = {0,1 + I}.
Let
C=ANB={a,}.
Then clearly their extended union is not a soft neutrosophic group as

H(ay) = F(ay) U K(ay) = {0,1,1}
1s not a neutrosophic subgroup of N(Z,).

Reamrk 2.1.2: The restricted union of two soft neutrosophic groups
(F,A) and (K,B) over N(G) is not a soft neutrosophic group over N(G).

To prove the above remark, lets take a look to the following example.

Example 2.1.6: Let N(Z,) = {0,1,1,1 + I} be a neutrosophic group under
addition modulo 2. Let A = {a;,a,} and B = {a,,a,} be the set of

parameters. Let (F, 4) and (k, B) be two soft neutrosophic groups over
N(z,) under addition modulo 2, where

F(al) = {071}7F(a2) = {07[}:
and
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K(a,) = {0,1}, K(a;) = {0,1 + I}.

Let
C=ANB = {a}.

Then clearly their extended union is not a soft neutrosophic group as
H(a,) = F(a,) U K(a,) = {0,1, 1}

1s not a neutrosophic subgroup of N(Z,).

Smilarly the OR operation of two soft neutrosophic groups over N (G)
may not be a soft neutrosophic group.

Definition 2.1.2: A soft neutrosophic group (F,4) over N(G) which
does not contain a proper soft group is called soft pseudo neutrosophic

group.

Equivalently (F, A) over N(G) is a soft pseudo neutrosophic group if and
only if each F(a) is a pseudo neutrosophic group, for all « € 4.

The illustration is given by the following example.
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Example 2.1.7: Let N(Z,) = <Z2 U I> ={0,,[, 1+ 1}
be a neutrosophic group under addition modulo 2. Let A = {a,a,,a;}

be the set of parameters. Then (F,A) is a soft pseudo neutrosophic
group over N(G), where

F(a’l) - {071}7
F(a’2) - {07]}7
F(a,) = {0,1 + I}.

Theorem 2.1.3: Every soft pseudo neutrosophic group is a soft
neutrosophic group.

The proof of this theorem is left as an exercise to the readers.

The converse of the above theorem does not hold. The following
example illustrate this fact.

Example 2.1.8: Let N(Z,) be a neutrosophic group and (F,4) be a soft
neutrosophic group over N(Z,), where

Fla,) = {0,1,2,3}, F(a,) = {0,1,21,31},
Fla,) = {0,2,21,2 + 21}

But (F,4) 1snota soft pseudo neutrosophic group as (#,B) is clearly a
proper soft subgroup of (7, A), where

H(al) - {072}?[{(0’2) ={0,2}.
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Theorem 2.1.4: (F,A)over N(G) is a soft pseudo neutrosophic group if
N(G) is a pseudo neutrosophic group.

Proof: Suppose that N(G) be a pseudo neutrosophic group. Then it does
not contain a proper group and for all z ¢ 4, the soft neutrosophic
group (F,A) over N(G) is such that F(z) < N(G). Since each F(z) is a
pseudo neutrosophic subgroup which does not contain a proper group
and this makes (F, 4) 1s soft pseudo neutrosophic group.

Proposition 2.1.4: The extended intersection of two soft pseudo
neutrosophic groups (F,A) and (K,B) over N(G) is a soft pseudo
neutrosophic group over N(G).

Proposition 2.1.5: The restricted intersection of two soft pseudo
neutrosophic groups (F,A) and (K,B) over N(G) is a soft pseudo

neutrosophic group over N(G).

Proposition 2.1.6: The AND operation of two soft pseudo neutrosophic
groups over N(G) is soft pseudo neutrosophic group over N(G).

Remark 2.1.3: The extended union of two soft pseudo neutrosophic
groups (F,A) and (K,B) over N(G) is not a soft pseudo neutrosophic

group over N(G).

The proof of this remark is shown in the following example.
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Example 2.1.9: Let N(Z,) =(Z,uI)={0,111+1} be aneutrosophic
group under addition modulo 2. Let (F,4) and (k,B) be two soft
pseudo neutrosophic groups over N(G) , where

F(al) = {071}7F(a2) = {07]}7
F(a,) = {0,1 4 1}.
and
K(a;) = {0,1+ I}, K(ay) = {0,1}.

Clearly their restricted union is not a soft pseudo neutrosophic group as
union of two subgroups is not a subgroup.

Remark 2.1.4: The restricted union of two soft pseudo neutrosophic
groups (F,A) and (K,B) over N(G) is not a soft pseudo neutrosophic
group over N(G) .

One can see it easily by checking an example.

Note: Similarly the OR operation of two soft pseudo neutrosophic
groups over N(G) may not be a soft pseudo neutrosophic group.

Definition 2.1.3: Let (F,A) and (H,B) be two soft neutrosophic groups
over N(G). Then (H,B) is a soft neutrosophic subgroup of (F,A),
denoted as (H,B) < (F,A), if

N

l. BC A
2. H(a) < F(a) ,forall ac A.
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Example 2.1.10: Let N(z,)=(Zz,uI) be asoft neutrosophic group
under addition modulo 4 , that is

, 0,1,2,3, 1,21, 31,1+ I,1 + 21,1+ 31,
Vo 12420243134+ 1,3420,3+31|

Let (F,A) bea soft neutrosophic group over n~(z,). Then

Fla,) = {0,1,2,3}, F(ay) = {0,1,21,31},
Flay) = {0,2,21,2 + 21},
Fla,) = {0,1,21,31,2,2 + 21,2 + 1,2 + 3I}.

(H,B) 1is a soft neutrosophic subgroup of (F,4) , where

H(al) = {0,2},[‘](@2) = {072I}a
H(a,) = {0,1,21,3I}.

Theorem 2.1.5: A soft group over G is always a soft neutrosophic
subgroup of a soft neutrosophic group over N(G) if A C B.

Proof: Let (F,A) be a soft neutrosophic group over N(G) and (H,B) be
a soft group over G. As G c N@G) and forall eec BH « <Gc N G .

This implies # « <F o ,forall ac A as Bc A Hence (H,B)< (F,A).
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Example 2.1.11: Let (F,A) be a soft neutrosophic group over N(Z,).

Then
F(a,) = {0,1,2,3}, F(a,) = {0,1,21,3I},
F(a,) = {0,2,21,2 + 2I}.

Let B ={a,a,} Suchthat (H,B)<(F,A), where

H<a1) = {07 2}7H<a3) = {07 2}'

Clearly Bc A and H(a) < F(a) forall ac B.

Theorem 2.1.6: A soft neutrosophic group over N(G) always contains a
soft group over G.

Proof: The proof is left as an exercise for the readers.

Definition 2.1.4: Let (F,A) and (H,B) be two soft pseudo neutrosophic
groups over N(G). Then (H,B) is called soft pseudo neutrosophic
subgroup of (F,A), denoted as (H,B) < (F,A), if

N

1. BC A
2. H(a) < F(a) ,forall ac A.

We explain this situation by the following example.
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Example 2.1.12: Let (F,A) be a soft pseudo neutrosophic group over
N(Z,) , where

Flay) = {0,1,21,31}, F(a,) = {0,21}.

Hence (H,B)<(F,A) where
H(al) — {0’21}

Theorem 2.1.7: Every soft neutrosophic group (F,4) over N(G) has
soft neutrosophic subgroup as well as soft pseudo neutrosophic
subgroup.
Proof: Straightforward.
Definition 2.1.5: Let (F,4) be a soft neutrosophic group over N(G).

Then (F,A) is called the identity soft neutrosophic group over N(G) if
F(a) = {e}, forall ac A ,where e isthe identity element of N(G) .

Definition 2.1.6: Let (#,B) be a soft neutrosophic group over N(G).
Then (F,A) is called an absolute-soft neutrosophic group over N(G)
if F(a) = N(G) , forall ac A.
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Example 14: Let

N(R) =

I is indeterminacy

a+ bl : a,bERand}

is a neutrosophic real group where R is set of real numbers and
I? =1, therefore 1" =1, for n a positive integer. Then (F,A) is a an
absolute-soft neutrosophic real group where

F(a) = N(R), for all a € A.

Theorem 2.1.8: Every absolute-soft neutrosophic group over a
neutrosophic group contain absolute soft group over a group.

Theorem 2.1.9: Every absolute soft group over ¢ isa soft
neutrosophic subgroup of absolute-soft neutrosophic group over N(G) .

Theorem 2.1.10: Let ~N(G) be a neutrosophic group. If order of N(G)
is prime number, then the soft neutrosophic group (F,4) over N(G) is
either identity soft neutrosophic group or absolute-soft neutrosophic

group.
Proof Straightforward.

Definition 2.1.7: Let (F,A) be a soft neutrosophic group over N(G) .
If forall a € A each F(a)is Lagrange neutrosophic subgroup of
N(G), then (F,A) is called soft Lagrange neutrosophic group over N(G)

50



Example 2.1.13: Let N(Z,/ {0})={1,2,1,2I} be a neutrosophic group
under multiplication modulo 3 . Now {1,2} ,{1,I} are subgroups of
N(Z, / {0}) which divides order of N(Z,/{0}) . Then the (F,A) is soft
Lagrange neutrosophic group over N(Z,/ {0}), where

F(al) = {172}7F(a2) = {17]}-

Theorem 2.1.11: If ~N(G) is Lagrange neutrosophic group, then (F,A)
over N(G) is soft Lagrange neutrosophic group but the converse is not
true in general.

The converse is left as an exercise for the readers.

Theorem 2.1.12: Every soft Lagrange neutrosophic group is a soft
neutrosophic group.

Proof Straightforward.

Remark 2 The converse of the above theorem does not hold.
We can shown it in the following example.

Example 2.1.14: Let N(G) = {1,2,3,4,1,21,31,41} be a neutrosophic group
under multiplication modulo 5. Then (F,A) be a soft neutrosophic
group over N(G), where

Flay) = {1,4,1,21,31,41}, F(a,) = {1,2,3,4},
Flay) = {1,1,21,31,41}.
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But clearly it is not soft Lagrange neutrosophic group as F(a,) which
is a subgroup of N(G) does not divide order of N(G) .

Theorem 2.1.13: If N(G) is a neutrosophic group, then the soft
Lagrange neutrosophic group is a soft neutrosophic group.

Proof : Suppose that N(G) be a neutrosophic group and (F,4) be a
soft Lagrange neutrosophic group over N(G) . Then by above theorem
(F,A) 1s also soft neutrosophic group.

Example 2.1.15: Let N(z,) be a neutrosophic group and (F,A) is a
soft Lagrange neutrosophic group over N(Z,) under addition modulo
4 , where

Fla)) = {0,1,2,3}, F(a,) = {0,1,21,31},
Fla,) = {0,2,21,2 + 2I}.
But (F,A) has a proper soft group (H,B) , where

H(%) = {0,2},[{(&3) ={0,2}.

Hence (F,A) is soft neutrosophic group.
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Remark 2.1.5: Let (F,A) and (K,B) be two soft Lagrange
neutrosophic groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) isnot soft
Lagrange neutrosophic group over N(G) .

2. Their extended intersection (F,A4)n, (K,B) over N(G) is not soft
Lagrange neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) isnot soft
Lagrange neutrosophic group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) 1s not soft
Lagrange neutrosophic group over N(G) .

One can easily show 1,2,3 and 4 by the help of example.

Remark 2.1.6: Let (F,4) and (kK,B) be two soft Lagrange
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not soft Lagrange
neutrosophic group over N(G) .

2. Their OR operation (F,A)V (K,B) isnota soft Lagrange
neutrosophic group over N(G) .

Definition 2.1.8: Let (F,4) be a soft neutrosophic group over N(G) .
Then (F,4) is called soft weakly Lagrange neutrosophic group if
atleast one F(a) 1s a Lagrange neutrosophic subgroup of n(G) , for some
a€ A,
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Example 2.1.16: Let N(G) = {1,2,3,4,1,21,31,41} be a neutrosophic group
under multiplication modulo 5. Then (F,A) is a soft weakly Lagrange
neutrosophic group over N(G), where

Fla,) = {1,4,1,21,31,41}, F(a,) = {1,2,3,4},
Flay) = {1,1,21,31,41}.

As F(a)) and F(a,) which are subgroups of N(G) do not divide order
of N@).

Theorem 2.1.14: Every soft weakly Lagrange neutrosophic group
(F,A) 1s soft neutrosophic group.

Remark 2.1.7: The converse of the above theorem does not hold in
general.

This can be shown by the following example.

Example 2.1.17: Let N(Z,) be a neutrosophic group under addition
modulo 4 and A ={a,a,} be a set of parameters. Then (F,A) is a soft
neutrosophic group over N(Z,) , where

Fla,) = {0,1,21,31}, F(a,) = {0,21}.

But not soft weakly Lagrange neutrosophic group over N(Z,)
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Definition 2.1.9: Let (F,A) be a soft neutrosophic group over N(G) .
Then (F,A) i1s called soft Lagrange free neutrosophic group if F(a) 1s
not Lagrangeneutrosophic subgroup of N(G), forall aec 4 .

Example 2.1.18: Let N(G) = {1,2,3,4,1,21,31,41} be a neutrosophic group
under multiplication modulo 5. Then (F,A) be a soft Lagrange free
neutrosophic group over N(G), where

Fla,) = {1,4,1,21, 31,41},
Fla,) = {L,1,21,31,4I}.

As F(a) and F(a,) which are subgroups of N(G) do not divide order
of N(G) .

Theorem 2.1.15: Every soft Lagrange free neutrosophic group (F,A)
over N(G) is a soft neutrosophic group but the converse is not true.

Definition 2.1.10: Let (F,4) be a soft neutrosophic group over N(G) .
If forall «c 4 ,each F(a) 1s apseudo Lagrange neutrosophic subgroup
of N(G) , then (F,A) is called soft pseudo Lagrange neutrosophic group
over N(G) .

Example 2.1.19: Let N(Z,) be a neutrosophic group under addition
modulo 4 and A ={a,a,} be the set of parameters. Tthen (F,A) is a
soft pseudo Lagrange neutrosophic group over N(Z,) where

F(a,) = {0,1,2i,31,41}, F(a,) = {0,21}.
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Theorem 2.1.16: Every soft pseudo Lagrange neutrosophic group is a
soft neutrosophic group but the converse may not be true.

Proof Straightforward.

Reamrk 2.1.8: Let (F A) and (K,B) betwo soft pseudo Lagrange
neutrosophic groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) isnot soft
pseudo Lagrange neutrosophic group over N(G) .

2. Their extended intersection (F,A)n, (K,B) over N(G) is not
soft pseudo Lagrange neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) isnot soft
pseudo Lagrange neutrosophic group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) 1s not
soft pseudo Lagrange neutrosophic group over N(G) .

One can easily establish these remarks.

Remark 2.1.9: Let (F,4) and (k,B) be two soft pseudo Lagrange
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not soft pseudo Lagrange
neutrosophic group over N(G) .

2. Their OR operation (F,A)Vv (K,B) isnota soft pseudo Lagrange
neutrosophic group over N(G) .
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Definition 2.1.11: Let (F,4) be a soft neutrosophic group over N(G) .
Then (F,A) is called soft weakly pseudo Lagrange neutrosophic group
if atleast one F(a) is a pseudo Lagrange neutrosophic subgroup of N(G),
for some ac 4 .

Example 2.1.20: Let N(G) = {1,2,3,4,1,21,31,41} be a neutrosophic group

under multiplication modulo 5 Then (F,A) is a soft weakly pseudo
Lagrange neutrosophic group over N(G), where

Fla) ={1,1,21,31,41},F(a,) = {1, 1}.
As F(a)) which is a subgroup of N(G) does not divide order of N(G) .

Theorem 2.1.17: Every soft weakly pseudo Lagrange neutrosophic
group (F,A4) is soft neutrosophic group.

Remark 2.1.10: The converse of the above theorem is not true in
general.

Example 2.1.21: Let ~N(Z,) be a neutrosophic group under addition
modulo 4 and A = {a,a,} be the set of parameters. Then (F,4) isa
soft neutrosophic group over N(Z,),where

F(a,) = {0,1,21,31}, F(a,) = {0,21}.

But it is not soft weakly pseudo Lagrange neutrosophic group.
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Remark 2.1.11: Let (F,4) and (K,B) be two soft pseudo weakly
Lagrange neutrosophic groups over N(G) . Then

1. Their extended union (F,4)u, (K,B) over N(G) is not soft pseudo
weakly Lagrange neutrosophic group over N(G) .

2. Their extended intersection (F,A)n, (K,B) over N(G) is not soft
pseudo weakly Lagrange neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1snot soft pseudo
weakly Lagrange neutrosophic group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) 1snot soft
pseudo weakly Lagrange neutrosophic group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.

Remark 2.1.12: Let (F,4) and (K,B) be two soft pseudo weakly
Lagrange neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not soft pseudo weakly
Lagrange neutrosophic group over N(G) .

2. Their OR operation (F,A)v (K,B) 1snota soft pseudo weakly
Lagrange neutrosophic group over N(G) .

Definition 2.1.12: Let (F, A) be a soft neutrosophic group over N(G) .
Then (r,4) is called soft pseudo Lagrange free neutrosophic group if

F(a) 1s not pseudo Lagrange neutrosophic subgroup of ~N(G) , for all
ac A .
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Example 2.1.22: Let N(G) = {1,2,3,,1,21,31,41} be a neutrosophic group
under multiplication modulo 5 Then (F,A) is a soft pseudo Lagrange
free neutrosophic group over N(G), where

Fla,) = {1,1,21,31,41}, F(a,) = {1,1,21,31,41}.

As F(a) and F(a,) Which are subgroups of N G do not divide order
of N(G) .

Theorem 2.1.18: Every soft pseudo Lagrange free neutrosophic group
(F,A) over N(G) is a soft neutrosophic group but the converse is not
true.

One can easily see the converse by taking number of examples.

Remark 2.1.13: Let (F,4) and (K,B) be two soft pseudo Lagrange
free neutrosophic groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) is not soft pseudo
Lagrange free neutrosophic group over N(G) .

2. Their extended intersection (F,A4)n, (K,B) over N(G) is not soft
pseudo Lagrange free neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1snot soft pseudo
Lagrange free neutrosophic group over N(G) .

4. Their restricted intersection (F,A4)n, (K,B) over N(G) 1s not soft
pseudo Lagrange free neutrosophic group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.
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Remark 2.1.14: Let (F,A) and (K,B) be two soft pseudo Lagrange
free neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not soft pseudo Lagrange
free neutrosophic group over N(Q) .

2. Their OR operation (F,A)Vv (K,B) 1s nota soft pseudo Lagrange
free neutrosophic group over N(G) .

Definition 2.1.13: A soft neutrosophic group (F,A) over N(G) is
called soft normal neutrosophic group over N(G) if F(a) is a normal
neutrosophic subgroup of N(G), forall ac 4 .

Example 2.1.23: Let N(G) = {e,a,b,c,I,al,bl,cI}y be a neutrosophic group
under multiplication where

2=F==ebc=ch=aa=ca=bhab=ba=c.
Then (F,A) is a soft normal neutrosophic group over N(G) where

F(a)) = {e,a,1,al},
F(a,) = {e,b,1,bI},
F(ay) = {e,c,1,cl}.

Theorem 2.1.19: Every soft normal neutrosophic group (F,A) over
N(G) 1s a soft neutrosophic group but the converse is not true.
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Remark 2.1.15: Let (F,4) and (k,B) be two soft normal
neutrosophic groups over N(G) . Then

1. Their extended union (F,4)u, (K,B) over N(G) is not soft normal
neutrosophic group over N(G) .

2. Their extended intersection (F,A)n, (K,B) over N(G) is not soft
normal neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1s not soft normal
neutrosophic group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) 1snot soft
normal neutrosophic group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.

Remark 2.1.16: Let (#,4) and (k,B) be two soft normal
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) 1snot soft normal
neutrosophic group over N(G) .

2. Their OR operation (F,A)V (K,B) is nota soft normal
neutrosophic group over N(G) .

Definition 2.1.14: Let (F,A4) be a soft neutrosophic group over N(G) .
Then (F,A) is called soft pseudo normal neutrosophic group if F(a) i1s
a pseudo normal neutrosophic subgroup of ~N(G), forall ac 4 .
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Example 2.1.24: Let N(Z,) = {0,1,1,1 + I} be a neutrosophic group under
addition modulo 2 gnd let A ={a,a,} be the set of parameters. Then
(F,A) is soft pseudo normal neutrosophic group over N(G) where

F(al) = {O,l},F(%) ={0,1+1}.

Theorem 2.1.20: Every soft pseudo normal neutrosophic group (F,A)
over N(G) is a soft neutrosophic group but the converse is not true.

Remark 2.1.17: Let (F,4) and (K,B) be two soft pseudo normal
neutrosophic groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) isnot soft pseudo
normal neutrosophic group over N(G) .

2. Their extended intersection (F,A4)n, (K,B) over N(G) is not soft
pseudo normal neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1snot soft pseudo

normal neutrosophic group over N(G) .
4. Their restricted intersection (F,A4)n, (K,B) over N(G) 1s not soft
pseudo normal neutrosophic group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.

62



Remark 2.1.18: Let (F,4) and (K,B) be two soft pseudo normal
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not soft pseudo normal
neutrosophic group over N(G) .

2. Their OR operation (F,A)v (K,B) i1snota soft pseudo normal
neutrosophic group over N(G) .

Definition 2.1.15: Let ~N(G) be a neutrosophic group. Then (F,A) is
called soft conjugate neutrosophic group over N(G) if and only if F(a)
i1s conjugate neutrosophic subgroup of N(G), forall ac 4 .

Example 2.1.25: Let
0,1,2,3,4,5,1,21,31,41,5I,

N G =
1+1,2+1,3+1,..,5+5I

be a neutrosophic group under addition modulo 6 and let

P ={0,3,31,3 + 31} and K = {0,2,4,2 + 21,4 + 41,21,41} are conjugate
neutrosophic subgroups of N(G). Then (F,A) is soft conjugate
neutrosophic group over N(G), where

F(a,) = {0,3,31,3 + 31},
Fla,) = {0,2,4,2 + 21,4 + 41,21, 41}
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Remark 2.1.19: Let (F,4) and (K,B) be two soft conjugate
neutrosophic groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) isnot soft
conjugate neutrosophic group over N(G) .

2. Their extended intersection (F,A)n, (K,B) over N(G) is not soft
conjugate neutrosophic group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1snot soft
conjugate neutrosophic group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) 1snot soft
conjugate neutrosophic group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.

Remark 2.1.20: Let (F,4) and (k,B) be two soft conjugate
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) isnot soft conjugate
neutrosophic group over N(G) .

2. Their OR operation (F,A)V(K,B) is nota soft conjugate
neutrosophic group over N(G) .
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Soft Neutrosophic Strong Group

In this section, we give the important notion soft neutrosophic strong
group which is quite related to the strong part of neutrosophic group. We
also introduce soft neutrosophic strong subgroup and give some of their
basic characterization of this purely neutrosophic notion with many
illustrative examples.

Definition 2.1.16: Let N(G) be a neutrosophic group and (F, 4) be
soft set ove r N(G). Then (F,4) is called soft neutrosophic strong group
over N(G) if and only if F(a) is a neutrosophic strong subgroup of
N(G), forall a € A.

This situation is explained with the help of following examples.

Example 2.1.1: Let

Nz 0,1,2,3,1,2I, 31,1+ I,1 + 21,1 + 31,
)= 24+ 12+212+313+13+20,3+3I

be a neutrosophic group under addition modulo 4. and let 4=1{a,,4,,4;,a,}
be a set of parameters. Then (F,A) is soft neutrosophic strong group

over N(Z,), where

F(a,) = {0,31}, F(a,) = {0,1,21,31}
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Example 2.1.2: Let
N(G) ={e,a,b,c,1,al,bl,cl}

be a neutrosophic group under multiplication where

=V =c=ebc=ch=aac=ca=bab=ba=c

Then (F,A) is a soft neutrosophic group over N(G), where

F(a’1> — {I7a’1}7
F(ay) = 11,01},
F(ay) = {1,cl}.

Example 2.1.3: Let (F,A) be a soft neutrosophic groups over N(Z,)
under addition modulo 2, where

F(al) ={0,1 +]}7F(a’2) ={0.1},

Theorem 2.1.21: Every soft neutrosophic strong group is trivially a soft
neutrosophic group but the converse is not true.

The converse is obvious, so it 1s left for the readers as an exercise.
Theorem 2.1.22: If N(G) is a neutrosophic strong group, then (F, A) over
N(G) is also a soft neutrosophic strong group.

Proof: The proof is left as an exercise for the readers.
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Remark 2.1.21: Let (F,4) and (K,B) be two soft neutrosophic strong
groups over N(G) . Then

1. Their extended union (F,A)u, (K,B) over N(G) isnot soft
neutrosophic strong group over N(G) .

2. Their extended intersection (F,A4)n, (K,B) over N(G) is not soft
neutrosophic strong group over N(G) .

3. Their restricted union (F,A)u, (K,B) over N(G) 1snot soft
neutrosophic strong group over N(G) .

4. Their restricted intersection (F,A)n, (K,B) over N(G) isnot a
soft neutrosophic strong group over N(G) .

Proof: The proof of 1,2,3 and 4 is easy.

Remark 2.1.22: Let (F,A) and (K,B) be two soft conjugate
neutrosophic groups over N(G) .Then

1. Their AND operation (F,A)A(K,B) is not a soft neutrosophic
strong group over N(G) .

2. Their OR operation (F,A)V (K,B) i1snota soft neutrosophic
strong group over N(G) .
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Definition 2.1.17: Let (r,A) and (H,B) be two soft neutrosophic strong
groups over N(G). Then (H,B) is called soft neutrosophic strong
subgroup of (F,A), denoted as (H,B) < (F,A), if

l. BCA
2. H(a) 1s a neutrosophic strong subgroup of F(a) , forall o« c A.

We explain this situation by the following example.

Example 2.1.10: Let (F,A) be a soft neutrosophic strong group over
N(Z,) , where
Flay) = {0,1,21,31}, F(a,) = {0,21}.

Hence (H,B)<(F,A) where

H(a,) = {0,2I}.

Theorem 2.1.23: Every soft neutrosophic strong subgroup of is trivially
a soft neutrosophic subgroup but the converse is not true.
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2.2 Soft Neutrosophic Bigroups and their Properties

Now we proceed onto define the notion of soft neutrosophic bigroups
over neutrosophic bigroups. However soft neutrosophic bigroups are the
parameterized family of the neutrosophic bigroups. We can also give
soft Lagrange neutrosophic bigroup over a neutrosophic bigroup. Some
of the important and interesting properties are also established with
necessary examples to illustrate this theory.

Definition 2.2.1: Let B,(G)={B(G,)UB(G,),*.*| be a neutrosophic
bigroup and let (F,4) be a soft set over B,(G) . Then (F,4) issaid to
be soft neutrosophic bigroup over B,(G) if and only if F(a) 1s a
subbigroup of B, (G) forall ae4.

The following examples will help us in understanding this notion.

Example 2.2.1: Let B,(G)={B(G,)uB(G,).*.%} be a neutrosophic

bigroup, where
B(G,)={0,1,2,3,4,1,21,31,41}

is a neutrosophic group under multiplication modulo 5 .
B(G,)={g:¢" =1} is a cyclic group of order 12.

Let P(G)={P(G)uUP(G,).*.* ]} be aneutrosophic subbigroup where
P(G)={14,1,41} and P(G,)={Lg".g" ¢’ s".¢"} .

69



Also 0(G)={0(G))u0(G,),*.%} be another neutrosophic subbigroup
where 0(G)={1.7} and 0(G,)={Lg.g".¢"} .
Then (F,4) is a soft neutrosophic bigroup over B,(G) , where

F(a)={141,411¢"g* ¢ ¢" . g"}
F(a)={L11¢"g"¢"}.

Theorem 2.2.1: Let (F,4) and (H,4) be two soft neutrosophic
bigroup over B,(G) . Then their intersection (F,4)n(H,4) 1s again a soft
neutrosophic bigroup over B,(G) .

Proof Straight forward.

Theorem 2.2.2: Let (F,4) and (H,B) be two soft neutrosophic
bigroups over B, (G) such that 4nB=¢ , then their union is soft
neutrosophic bigroup over B,(G) .

Proof Straight forward.

Remark 2.2.1: The extended union of two soft neutrosophic bigroups
(F,4) and (k,D) over B,(G) i1s not a soft neutrosophic bigroup over
B, (G).

To prove it, see the following example.
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Example 2.2.2: Let B,(G)={B(G,)UB(G,),*.%} , where
B(G)={1,2,3,41,21,31,41} and B(G,)=S

Let P(G)={P(G)uP(G,).%.»} bean eutrosophlc subbigroup where
P(G)={1,4,1,41} and P(G ) {e.(12)} .

Also 0(G)={0(G))uQ(G,).*.%} be another neutrosophic subbigroup
where 0(G)={11} and Q(G,)={e,(123),(132)} .

Then (F,4) is a soft neutrosophic bigroup over B, (G) , where

F(a)={1,4,1,41,¢,(12)}

F(ay)={1,1,e,(123),(132)}.

Again let R(G)={R(G,)UR(G,),*.*} be another neutrosophic subbigroup
where R(G ):{14141} and R(G,)={e(13)} .
Also 7(G)={r(G))uT(G,).*.*} be aneutrosophic subbigroup where
7(G)={L1} and T(G,)={e(23)}.
Then (k,D) is a soft neutrosophic bigroup over 3, (G) , where
K(a,)={L4,1,41,e,(13)},

K(a;)={11,e,(23)}.

The extended union (7,4)u, (k,D)=(H,C) such that c=40D and for
a,eC ,we have H(a,)=F(a,)UK(a,)={1,4,1,41,¢,(13)(123),(132)} isnota
subbigroup of B, (G).

Proposition 2.2.1: The extended intersection of two soft neutrosophic
bigroups (F,4) and (k,D) over B,(G) is again a soft neutrosophic
bigroup over B,(G).
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Remark 2.2.3: The restricted union of two soft neutrosophic bigroups
(F,4) and (k,D) over B,(G) 1snot a soft neutrosophic bigroup over

B, (G).

Proposition 2.2.2: The restricted intersection of two soft neutrosophic
bigroups (r,4) and (k,D) over B,(G) is a soft neutrosophic bigroup

over B,(G).

Proposition 2.2.3: The 4np operation of two soft neutrosophic
bigroups over B, (G) is again soft neutrosophic bigroup over B3, (G).

Remark 2.2.2: The or operation of two soft neutrosophic bigroups
over B,(G) may not be a soft nuetrosophic bigroup.

Definition 2.2.2: Let (7,4) be a soft neutrosophic bigroup over
B,(G). Then

1) (F,4) is called identity soft neutrosophic bigroup if F(a)={e,e,} for
all ac4,where ¢ and e, are the identities of B(G,) and B(G,)

respectively.
2) (F,4) 1s called an absolute-soft neutrosophic bigroup if F(a)=B,(G)

forall ac4.

Theorem 2.2.3: Let B,(G) be a neutrosophic bigroup of prime order
p. Then (F,4) over B, (G) is either identity soft neutrosophic bigroup
or absolute soft neutrosophic bigroup.
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Definition 2.2.3: Let (F,4) and (#,K) be two soft neutrosophic
bigroups over B, (G). Then (#,k) is soft neutrosophi subbigroup of

(F,A) written as (H,K)<(F,A4), if

l.kc4,
2. H(a) 1s a neutrosophic subigroup of F(a) for all ac4.

Example 2.2.4: Let B(G)={B(G,)uUB(G,),*,*| where

0,1,2,3,4,1,21,31,41,1+1,2+1,3+1,4+1,
B(G,)=41+21,2+21,3+21,4+21,1+31,2+3],
3+31,4+31,1+41,2+41,3+41,4+4]

be a neutrosophic group under multiplication modulo 5 and
B(G,)={g:g" =1} a cyclic group of order 16.
LetP(G)={P(G))uP(G,),*.*} be a neutrosophic subbigroup where

P(G))={0,1,2,3,4,1,21,31,41}

and be another neutrosophic subbigroup where

P(G,)={g".g"¢".¢".g".g".g" 1} . Also Q(G)={0(G,)uQ(G,).*.*},
0(G)=1{0,1,4,1,41} and 0(G,)={g".¢".g".1} .

Again let R(G)={R(G,)UR(G,),%,* | be a neutrosophic subbigroup where

R(G)={0.1.7} and R(G,)={Lg"}.
Let (F,4)be a soft neutrsophic bigroup over B,(G) where

F(a)={0,1,2,3,4,1,21,31,41,¢° "¢’ 2", g".¢".g" 1},
F(a,)={0.1,4,1,41,g",¢",g" 1},
F(a,)={0.1,1.¢",1}.
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Let (H,K) be another soft neutrosophic bigroup over B,(G), where

H(a)={0.12.3,4,¢",¢" ¢".1},
H(a,)={0,1,1,",1}.
Clearly (H,K)=<(F,A).

Definition 2.2.4: Let B,(G) be a neutrosophic bigroup. Then (F, 4)
over B,(G) 1s called commutative soft neutrosophic bigroup if and
only if F(a) 1s a commutative subbigroup of B, (G) forall aec4

Example 2.2.5: Let B(G)={B(G,)uB(G,).,*,* | be a neutrosophic bigroup
where B(G)={g:g" =1} be a cyclic group of order 10 and
B(G,)=1{1,2,3,4,1,21,31,41} be a neutrosophic group under mltiplication

modulo 5.
Let P(G)={P(G)uP(G,),*,*} be a commutative neutrosophic

)-
subbigroup where P( G)={Lg’} and P(G,)={1,4,1,41} . Also
0(G)={0(G,)uQ(G,),*,*,} be another commutative neutrosophic
subbigroup Where Q( )={Lg".g".¢%.¢"} and 0(G,)={11}. Then (F,4) is
commutative soft neutrosophic bigroup over 3, (G) , where

F(a)={1g"1,4,1,41},

F( ):{1 gz g4 g6 ggll}

Theorem 2.2.4: Every commutative soft neutrosophic bigroup (F,A)
over B,(G) 1s a soft neutrosophic bigroup but the converse is not true.
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Theorem 2.2.5: If B,(G) 1s commutative neutrosophic bigroup. Then
(F,4) over B,(G) is commutative soft neutrosophic bigroup but the
converse is not true.

Theorem 2.2.6: If B,(G) is cyclic neutrosophic bigroup. Then (F,4)
over B,(G) 1s commutative soft neutrosophic bigroup.

Proposition 2.2.4: Let (F,4) and (k,D) be two commutative soft
neutrosophic bigroups over B3, (G). Then

1. Their extended union (F,4)u, (k,D) over B, (G) 1s not
commutative soft neutrosophic bigroup over B,(G).
2. Their extended intersection (7, 4)n, (K,D) over B, (G) 1s
commutative soft neutrosophic bigroup over B, (G).
3. Their restricted union (7, 4)u,(K,D) over B, (G) is not
commutative soft neutrosophic bigroup over B, (G).

4. Their restricted intersection (F,4)n,(K,D) over B, (G) 1S
commutative soft neutrosophic bigroup over B,(G).

Proposition 2.2.5: Let (7, 4) and (x,D) be two commutative soft
neutrosophic bigroups over B,(G). Then

1. Their anD operation (F,4)A(K,D) 1S commutative soft
neutrosophic bigroup over B, (G).

2. Their or operation (F,4)v(K,D) 1s not commutative soft
neutrosophic bigroup over B, (G).
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Definition 2.2.5: Let B, (G)be a neutrosophic bigroup. Then (7, 4) over
B, (G) 1is called cyclic soft neutrosophic bigroup if and only if F(a) 1sa
cyclic subbigroup of B, (G) forall ae4.

Example 2.2.6: Let B(G)={B(G,)uB(G,).*,* | be a neutrosophic bigroup
where B(G,)={g:¢" =1} be a cyclic group of order 10 and
B(G,)={0,1,2,1,21,1+1,2+1,1+21,2+2I} be a neutrosophic group under
multiplication modulo 3. Le P(G) ={P(G,)UP(G,).*.*}| be acyclic
neutrosophic subbigroup where P(G,)={L¢’} and {1,1+1}.

Also 0(G)={0(G,)uQ(G,)..%} be another cyclic neutrosophic
subbigroup where 0(G,)={Lg".g*.¢%.¢"} and 0(G,)={1.2+21}.

Then (F, 4) 1s cyclic soft neutrosophic bigroup over B, (G), where

F(a)={Lg" L1+1},
F(az) = {l,gz,g4,g6,g8,l,2 +2I}.
Theorem 2.2.7: If B,(G) is a cyclic neutrosophic soft bigroup, then

(F,A4) over B,(G) 1s also cyclic soft neutrosophic bigroup.

Theorem 2.2.8: Every cyclic soft neutrosophic bigroup (F,4) over
B, (G)is a soft neutrosophic bigroup but the converse is not true.
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Proposition 2.2.6: Let (F,4) and (kx,D) be two cyclic soft neutrosophic
bigroups over B, (G). Then

1. Their extended union (F,4)u, (K,D) over B,(G) 1s not cyclic soft
neutrosophic bigroup over B, (G).

2. Their extended intersection (F,4)N, (K,D) over B, (G) 1is cyclic soft
neutrosophic bigroup over B, (G).

3. Their restricted union (F,4)u,(K,D) over B, (G)1s not cyclic soft
neutrosophic bigroup over B, (G).

4. Their restricted intersection (F,4)n,(K,D) over B, (G) 1s cyclic

soft neutrosophic bigroup over B, (G).

Proposition 2.2.7: Let (7, 4) and (x,D) be two cyclic soft neutrosophic
bigroups over B, (G). Then

1. Their anD operation (F,4)A(K,D) 1s cyclic soft neutrosophic
bigroup over B, (G).

2. Their or operation (F, 4)v(k,D) is not cyclic soft neutrosophic
bigroup over B, (G).

Definition 2.2.6: Let B, (G)be a neutrosophic bigroup. Then (F,4) over
B, (G) 1s called normal soft neutrosophic bigroup if and only if F(a) is
normal subbigroup of B, (G) forall aca.
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Example 2.2.7: Let B(G)={B(G,)uUB(G,).,*,* | be a neutrosophic
bigroup,where

B(G) = e, y,%, X, xy,x°y.,1,
1 Iy, Ix, Ix*, Ixy, Ix"y

is a neutrosophic group under multiplaction and B(G,)={g:g’=1} isa

cyclic group of order 6.
Let P(G)={P(G,)uP(G,),*. | be a normal neutrosophic subbigroup

where P(G)={ey} and P(G,)={Lg".g"} .
Also 0(G)={0(G,)uQ(G,),*.* | be another normal neutrosophic
subbigroup where 0(G,)={e.x.x’} and 0(G,)={Lg"}.
Then (F,4) 1s a normal soft neutrosophic bigroup over 38, (G) where

F(a)={ey.lg 2"},
F(az) = {e,x,xz,l,g3}.

Theorem 2.2.9: Every normal soft neutrosophic bigroup (F,4) over
B, (G) 1s a soft neutrosophic bigroup but the converse is not true.

Theorem 2.2.10: If B, (G)is a normal neutrosophic bigroup. Then (7, 4)
over B, (G) 1s also normal soft neutrosophic bigroup.

Theorem 2.2.11: If B, (G)is a commutative neutrosophic bigroup. Then
(F,A4) over B,(G) 1s normal soft neutrosophic bigroup.
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Theorem 2.2.11: IfB, (G)is a cyclic neutrosophic bigroup. Then (F, 4)
over B,(G) 1s normal soft neutrosophic bigroup.

Proposition 2.2.8: Let (F,4) and (k,D) be two normal soft neutrosophic
bigroups over B, (G). Then

1. Their extended union (F,4)u, (k,D) over B, (G)is not normal soft
neutrosophic bigroup over B, (G).

2. Their extended intersection (7, 4)n, (K,D) over B, (G) 1s normal
soft neutrosophic bigroup over B, (G).

3. Their restricted union (7, 4)u, (K,D) over B, (G) 1s not normal soft
neutrosophic bigroup over B, (G).

4. Their restricted intersection (F,4)n,(K,D) over B, (G) 1s normal
soft neutrosophic bigroup over B, (G).

Proposition 2.2.9: Let (F,4) and (k,D) be two normal soft neutrosophic
bigroups over B, (G). Then

1. Their 4nD operation (F,4)A(K,D) 1s normal soft neutrosophic
bigroup over B, (G).

2. Their or operation (7, 4)v(K,D) is not normal soft neutrosophic
bigroup over B, (G).
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Definition 2.2.7: Let (F,4) be a soft neutrosophic bigroup over B, (G).
If forall ac 4, F(a) 1s a Lagrange subbigroup of 8, (G), then (F,4) is
called Lagrange soft neutosophic bigroup over B, (G).

Example 2.2.8: Let B(G)={B(G,)uB(G,).%,* | be a neutrosophic
bigroup, where

eﬂy,xﬂ‘x27'xy’x2y913
B(Gl):

Iy,lx,]xz,lxy,lx2 y

1s a neutrosophic symmetric group of and B(G,)={0,,7,1+1} be a
neutrosophic group under addition modulo 2. Let
P(G)={P(G,)uP(G,),*.*,} be aneutrosophic subbigroup where

P(G)={e,y} and P(G,)={0,1}.

Also 0(G)={0(G)uQ(G,).*.*} be another neutrosophic subbigroup
where 0(G)={e,y} and 0(G,)={0,1+1}.

Then (F,4) 1s Lagrange soft neutrosophic bigroup over B,(G), where

F(al)z{e,y,O,l},
F(az) :{e,yl,0,1+1}.

as a Lagrange soft neutrosophic bigroup.

Theorem 2.2.12: If B, (G) 1s a Lagrange neutrosophic bigroup, then
(F,4) over B, (G)
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Theorem 2.2.13: Every Lagrange soft neutrosophic bigroup (F,4) over
B, (G) 1s a soft neutrosophic bigroup but the converse is not true.

Proposition 2.2.10: Let (F,4) and (k,D) be two Lagrange soft
neutrosophic bigroups over B3, (G) . Then

1. Their extended union (F,4)u, (k,D) over B, (G)is not Lagrange
soft neutrosophic bigroup over B3, (G).

2. Their extended intersection (7, 4)n, (K,D) over B, (G) 1is not
Lagrange soft neutrosophic bigroup over B, (G).

3. Their restricted union (7, 4)u,(kK,D) over B, (G) 1s not Lagrange
soft neutrosophic bigroup over B, (G).

4. Their restricted intersection (F,4)n,(K,D) over B, (G) 1s not

Lagrange soft neutrosophic bigroup over B, (G).

Proposition 2.2.11: Let (F,4) and (x,D) be two Lagrange soft
neutrosophic bigroups over 3, (G). Then

1. Their 4nD operation (F,4)(K,D) is not Lagrange soft
neutrosophic bigroup over B, (G).

2. Their or operation (F,4)v(k,D) 1s not Lagrange soft neutrosophic
bigroup over B, (G).

81



Definition 2.2.8: Let (F,4) be a soft neutrosophic bigroup over B, (G).
Then (F,4) is called weakly Lagrange soft neutosophic bigroup over
B, (@) 1f atleast one F(a) 1s a Lagrange subbigroup of B,(G), for some
aeA.

Example 2.2.9: LetB(G)={B(G)uB(G,).*.*} be a neutrosophic bigroup,

where
0,1,2,3,4, 1,213,411+ 1,2+ 1,3+ 1,4+1,

B(G,)=41+21,2+21,3+21,4+21,1+31,2+31,
3+31,4+31,1+41,2+41,3+41,4+41

is a neutrosophic group under multiplication modulo 5 and
B(G,)={g:¢" =1} is a cyclic group of order 10. Let
P(G)={P(G,)wP(G,),*,
P(G)={0.1,4,1,41} and P(G,)={g".g".g°.g".1}. Also

0(G)={0(G,)v0(G,).*.* | be another neutrosophic subbigroup where
0(G)={0.1,4,,41} and Q(G,)={g".1}. Then (r,4) is a weakly Lagrange soft

*,} be a neutrosophic subbigroup where

neutrosophic bigroup over B, (G), where

F(a)={0,1,4,1,41.¢°,¢*.g°.g".1},
F(a,)={0,1,4,1,41,g°1}.

Theorem 2.2.14: Every weakly Lagrange soft neutrosophic bigroup
(F,A) over B,(G)is a soft neutrosophic bigroup but the converse is not

true.
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Proposition 2.2.12: Let (r,4) and (k,D) be two weakly Lagrange soft
neutrosophic bigroups over B3, (G). Then

1. Their extended union (F,4)u, (K,D)over B, (G) is not weakly
Lagrange soft neutrosophic bigroup over B, (G).

2. Their extended intersection (F,4)n, (K,D) over B, (G) is not weakly
Lagrange soft neutrosophic bigroup over B,(G).

3. Their restricted union (7, 4)u, (K,D)over B, (G)1s not weakly
Lagrange soft neutrosophic bigroup over B, (G).

4. Their restricted intersection (F, 4)n, (K,D) over B, (G)1s not weakly
Lagrange soft neutrosophic bigroup over 5, (G).

Proposition 2.2.13: Let (7, 4) and (kx,D) be two weakly Lagrange soft
neutrosophic bigroups over 3, (G). Then

1. Their 4nD operation (F,4)(K,D) is not weakly Lagrange soft
neutrosophic bigroup over B, (G).

2. Their oroperation (F,4)v(k,D) 1s not weakly Lagrange soft
neutrosophic bigroup over B, (G).

Definition 2.2.9: Let (F, 4) be a soft neutrosophic bigroup over B, (G).
Then (F, 4) 1s called Lagrange free soft neutrosophic bigroup if each
F(a) 1s not Lagrange subbigroup of 3, (G),for all ae 4.
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Example 2.2.10: Let B(G)={B(G,)UB(G,).*,*} be a neutrosophic
bigroup, where B(G,)={0,1,1,1+1} 1s a neutrosophic group under addition
modulo 2 of order4 and B(G,)={g:g" =1} is a cyclic group of order 12.
Let P(G)={P(G,)uP(G,),*.%} be a neutrosophic subbigroup where
P(G)={0,1} and P(G,)={g".¢".1}. Also Q(G)={0(G)u0O(G,).*.%| be
another neutrosophic subbigroup where ¢(G,)={0,1+17} and
0(G,)={1¢’.¢".¢’}. Then (F,4) is Lagrange free soft neutrosophic bigroup
over B, (G), where

F(al) :{O,I,l,g4,g8},
F(az):{O,l+l,1,g3,g6,g9}.

Theorem 2.2.15: If B,(G)is Lagrange free neutrosophic bigroup, and
then (F,4) over B, (G) 1s Lagrange free soft neutrosophic bigroup.

Proof: This is obvious.

Theorem 2.2.16: Every Lagrange free soft neutrosophic bigroup (F, A)
over B, (G) is a soft neutrosophic bigroup but the converse is not true.

Proof: This is obvious.

84



Proposition 2.2.14: Let (7, 4) and (k,D)be two Lagrange free soft
neutrosophic bigroups over B, (G). Then
1. Their extended union (F,4)u, (K,D)over B,(G) 1s not Lagrange
free soft neutrosophic bigroup over B, (G).
2. Their extended intersection (F,4)n, (K,D) over B, (G) 1s not
Lagrange free soft neutrosophic bigroup over B3, (G).
3. Their restricted union (r,4)u, (K,D)over B, (G)is not Lagrange free
soft neutrosophic bigroup over B, (G).
4. Their restricted intersection (F, 4)n, (K,D) over B, (G)1s not
Lagrange free soft neutrosophic bigroup over 3, (G).

Proposition 2.2.15: Let (F,4) and (x,D) be two Lagrange free soft
neutrosophic bigroups over B, (G). Then

1. Their anD operation (F,4)A(K,D) 1s not Lagrange free soft
neutrosophic bigroup over B, (G).

2. Their or operation (F,4)v(k,D) 1s not Lagrange free soft
neutrosophic bigroup over B, (G).

Definition 2.2.10: Let B, (G)be a neutrosophic bigroup. Then (F, 4) 1s
called conjugate soft neutrosophic bigroup over B, (G)if and only if F(a)
1s neutrosophic conjugate subbigroup of B, (G) forall ac 4.
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Example 2.2.11: LetB(G)={B(G,)UB(G,).*.*} be a soft neutrosophic
bigroup, where B(G)= {e, y,x,x°, xp, X y} is Klien4 -group and

B(G,)= {O’ h2.3 4’5’1’21’31’41’51’} be a neutrosophic group under addition
1+1,2+1,3+1,...,5+51

modulo 6.

Let P(G)={P(G,)uP(G,).*,*} be a neutrosophic subbigroup of B, (G),

where P(G,)=
Again letQ(G)
B,(G), where 0(G)={ex.x’} and 0(G,)={0,2,4.2+21,4+41,21,41}. Then

=
le,y} and P(G,)={0,3,31,3+31I}.
={0(G,)v0(G,).*.* be another neutrosophic subbigroup of

(F, 4)1s conjugate soft neutrosophic bigroup over B, (G), where

F(a,)={e,»,0,3,31,3+31},
F(a))={e.x,x*,0,2,4,2+21,4+41,21,41}.

Theorem 2.2.17: IfB, (G)1s conjugate neutrosophic bigroup, then (7, 4)
over B, (G)1s conjugate soft neutrosophic bigroup.

Proof: This is obvious.

Theorem 2.2.18: Every conjugate soft neutrosophic bigroup (F, ) over
B, (G) 1s a soft neutrosophic bigroup but the converse is not true.

Proof: This is left as an exercise for the readers.
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Proposition 2.2.16: Let(F, 4)and(k,D)be two conjugate soft
neutrosophic bigroups over B3, (G). Then
1. Their extended union (7, 4)u, (K,D) over B, (G)is not conjugate soft
neutrosophic bigroup over B, (G).
2. Their extended intersection (F,4)n, (K,D) over B, (G)1s conjugate
soft neutrosophic bigroup over B3, (G).
3. Their restricted union (F,4)u, (K,D) over B,(G)1s not conjugate
soft neutrosophic bigroup over B, (G).
4. Their restricted intersection (F, 4)n, (K,D)OVer B, (G)1s conjgate soft
neutrosophic bigroup over B, (G).

Proposition 2.2.17: Let (F,4)and (k,D)be two conjugate soft
neutrosophic bigroups over B3, (G). Then

1. Their anD operation (F,4)A(K,D) 1s conjugate soft neutrosophic
bigroup over B, (G).

2. Their or operation (F,4)v(K,D) 1s not conjugate soft neutrosophic
bigroup over B, (G).
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Soft Neutrosophic Strong Bigroup

Here we define soft neutrosophic strong bigroup over a neutrosophic
strong bigroup which is of pure neutrosophic character. We have also
made some fundamental characterization of this purely neutrosophic

notion.

Definition 2.2.11: Let ((GuI),%,*,)be a strong neutrosophic bigroup.
Then (F,4) over ((GuI),x,*,) is called soft strong neutrosophic bigroup
if and only if F(a) 1s a strong neutrosophic subbigroup of ((GuT),x.%,)
forall aec 4.

Example 2.2.12: Let ((GuI),%,%)be a strong neutrosophic bigroup,
where (Gul)=(G uI)u(G,uI) with (G uI)=(zuI) , the neutrosophic
group under addition and (G, u1)={0,1,2,3,4,1,21,31,41} a neutrosophic
group under multiplication modulo 5. Let #=H,uH,be a strong
neutrosophic subbigroup of ((Gu1),.%), where H,={(2ZU1I),+} is a
neutrosophic subgroup and H, ={0,1,4,7,41} 1s a neutrosophic subgroup.
Again let K = K, UK, be another strong neutrosophic subbigroup of
((GuI),*,%,), where K ={(3ZuI),+} 1s a neutrosophic subgroup
and K, ={0,1,7,21,31,41}1s a neutrosophic subgroup. Then clearly (F,4) is a
soft neutrosophic strong bigroup over((Gu1),*,*,), where

F(a)={0,2,%4,..,1,4,1,41},
F(a,)={0,43,46,...,1,1,21,31,41}.
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Theorem 2.2.19: Every soft neutrosophic strong bigroup (F,4) is a
soft neutrosophic bigroup but the converse is not true.

Theorem 2.2.20: If ((GuI)..%) is a strong neutrosophic bigroup, then
(F.A) over ((GulI),x,x,) is soft neutrosophic strong bigroup.

Proposition 2.2.18: Let (7, 4) and (k,D) be two soft neutrosophic
strong bigroups over ((GuI),*,% ). Then

&

1) Their extended union(F, 4)u, (K,D)over ((Gul),*,x) is not soft
neutrosophic strong bigroup over ((GuI),*,%,).

2) Their extended intersection (F,4)n, (K,D) over ((GuI),*,*,)is soft
neutrosophic strong bigroup over ((GuI),x.*,).

3) Their restricted union (F,4)u, (K,D) over ((GuI),*,*,) 1s not soft
neutrosophic strong bigroup over ((GuI),*,*,).

4) Their restricted intersection (F,4)n, (K,D) over ((Gul),* ., )1s soft
neutrosophic strong bigroup over ((GuI),.*,).

Proposition 2.2.19: Let (r,4) and (k,D)be two soft neutrosophic
strong bigroups over ((GuI),*,* ). Then

1) Their anD operation (F,4)A(K,D) 1s soft neutrosophic strong bigroup
over ((Gul),=,x,).

2) Their or operation (7, 4)v(K,D) is not soft neutrosophic strong
bigroup over ((GuI),,*,).
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Definition 2.2.12: Let ((Gu1),%,*,) be a neutrosophic strong bigroup.
Then (F,4) over ((Gul),x,*) is called Lagrange soft neutrosophic
strong bigroup if and only if F(a)is Lagrange subbigroup of ((Gu1),*,*,)
for all aeca

Example 2.2.13: Let ((GuI),%,*,) be a strong neutrosophic bigroup of
order 15, where (Gu1I)=(G uI)u(G,uI) with
(G, uI)={0,1,2,1+1,1,21,2+1,2+21,1+21}, the neutrosophic group under
mltiplication modulo 3 and (G, uI)=(4,UI)={ex,x*.I,.xI.x’I} - Let
H =H, U H, be a strong neutrosophic subbigroup of ((Gu7),*,%,), where
H,={1,2+21} is a neutrosophic subgroup and H, ={e.x,x*| is a
neutrosophic subgroup. Again let K = K, UK, be another strong
neutrosophic subbigroup of ((GuI),%,*,), where & ={L1+I}isa
neutrosophic subgroup and K, ={,x/,x’I}is a neutrosophic subgroup.
Then clearly (F,4)is Lagrange soft strong neutrosophic bigroup over
((GuI),%,%,), where

F(a)={1,2+21,e,x,x°},

F(ay) ={L1+1,1,xI,x}.

Theorem 2.2.21: Every Lagrange soft strong neutrosophic bigroup
(F, 4) 1s a soft neutrosophic bigroup but the converse is not true.

Theorem 2.2.22: Every Lagrange soft strong neutrosophic bigroup
(F, 4) 1s a soft strong neutrosophic bigroup but the converse is not true.
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Theorem 2.2.23: If ((GuI),,*) is a Lagrange strong neutrosophic
bigroup, then (F,4) over ((GuI),x,*,) is a Lagrange soft strong
neutrosophic soft bigroup.

Proposition 2.2.20: Let (7, 4) and (kx,D) be two Lagrange soft
neutrosophic strong bigroups over ((Gul),x.). Then

1) Their extended union (F,4)u, (K,D) over ((GuI),,*) is not
Lagrange soft neutrosophic strong bigroup over ((Gu1I),x.x,).

2) Their extended intersection (F,4)n, (K.D) over ((GuI),%,*,)is not
Lagrange soft neutrosophic strong bigroup over ((GuI),x.%,).

3) Their restricted union (F,4)u, (K,D) over ((GuI),*,*,) 1s not
Lagrange soft neutrosophic strong bigroup over ((Gu1),x,x,).

4) Their restricted intersection (F,4)n,(K,D) over ((GuI),*,*)is not
Lagrange soft neutrosophic strong bigroup over ((GuI),*,x,).

Proposition 2.2.21: Let (7,4) and (kx,D) be two Lagrange soft
neutrosophic strong bigroups over ((Gul),x.*). Then

1) Their 4nD operation (F,4)(K,D) 1s not Lagrange soft neutrosophic
strong bigroup over ((GuUI),,*,).

2) Their or operation (F,4)v(k,D) 1s not Lagrange soft neutrosophic
strong bigroup over ((GuI),x,*,).
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Definition 2.2.13: Let ((Gu1),%,*,)be a neutrosophic strong bigroup.
Then (F,4) over ((Gul),x,%) is called weakly Lagrange soft

neutrosophic strong bigroup if atleast one F(a) is a Lagrange subbigroup
of ((GuI),x,*,) for some ae 4.

Example 2.2.14: Let ((Gur),,%,) be a strong neutrosophic bigroup of
order 15, where (GuI)=(G uI)u(G,uI) with

(G, uI)={0,1,2,1+1,1,21,2+1,2+21,1+21}, the neutrosophic under
mltiplication modulo3and (G,ul)={ex.x’,I.xI,x’I} . Let H=H uH, bea
strong neutrosophic subbigroup of ((Gu1I),%,*,), where m,={1,2,1,21} isa
neutrosophic subgroup and H, ={e,x,x*} is a neutrosophic subgroup.
Again let x =k, UK, be another strong neutrosophic subbigroup of
((GuI),x.%), where Kk, ={1,1+1} is a neutrosophic subgroup and

K, ={e.1.xI,x’I} is a neutrosophic subgroup.

Then clearly (F,4) 1s weakly Lagrange soft strong neutrosophic bigroup
over ((GuI),x,*,), where

F(a)= {1,2,1,2],e,x,x2},
F(a,)={L1+1,e,1,xI,x’}.

Theorem 2.2.24: Every weakly Lagrange soft neutrosophic strong
bigroup (F, 4) 1s a soft neutrosophic bigroup but the converse is not true.

Theorem 2.2.25: Every weakly Lagrange soft neutrosophic strong

bigroup (F, 4) 1s a soft neutrosophic strong bigroup but the converse is
not true.
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Proposition 2.2.22: Let (7, 4) and (k,D) be two weakly Lagrange soft
neutrosophic strong bigroups over ((Gul),x,x). Then

1) Their extended union (F,4)u, (K,D) over ((GuI),x,*) is not weakly
Lagrange soft neutrosophic strong bigroup over ((GuI),x.%,). .

2) Their extended intersection (F,4)n, (K,D) over ((GuI),*,*,)is not
weakly Lagrange soft neutrosophic strong bigroup over ((GuI),%,x,).

3) Their restricted union (F,4)u, (K,D) over ((Gul),x,*) is not weakly
Lagrange soft neutrosophic strong bigroup over ((Gu1I),x.%,). .

4) Their restricted intersection (F,4)n,(K,D) over ((Gul),*,*,)is not

weakly Lagrange soft neutrosophic strong bigroup over ((Gur),x.*,).

Proposition 2.2.23: Let (7, 4) and (k,D) be two weakly Lagrange soft
neutrosophic strong bigroups over ((Gu7),#.,%). Then

1) Their anD operation (F,4)A(K,D) 1s not weakly Lagrange soft
neutrosophic strong bigroup over ((GUI),%,*,). .

2) Their or operation (F, 4)v(k,D)is not weakly Lagrange soft
neutrosophic strong bigroup over ((GuI),x*,*,).

Definition 2.2.14: Let ((GuI),%,*,) be a neutrosophic strong bigroup.
Then (F,4) over ((Gul),x,*) is called Lagrange free soft neutrosophic

strong bigroup if and only if F(a) is not Lagrange subbigroup of
((Gul),x,%) forall ac4
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Example 2.2.14: Let ((GuI),,*) be a strong neutrosophic bigroup of
order 15, where (GuI)=(G uI)u(G,uI) with
(G,uI)={0,1,2,3,4,1,21,31,41}, the neutrosophic under mltiplication modulo
s and (G,ul)={ex.x",1.x,x’I}, a neutrosophic symmetric group- Let
H=H UH, be a strong neutrosophic subbigroup of ((GuI),*,,), where
H,={1,4,1,41} is a neutrosophic subgroup and #, ={e,x,x2} is a
neutrosophic subgroup. Again let K =k, UK, be another strong
neutrosophic subbigroup of ((Gu1I),%,*,), where K, ={1,1,21,31,41}1s a
neutrosophic subgroup and X, ={e.x,x’} is a neutrosophic subgroup.
Then clearly (F,4) 1s Lagrange free soft strong neutrosophic bigroup
over ((Gul),x,x), where

F(a)={1,4,1,41,e,x,x"},
F(a,)={1,1,21,31,41 e, x,x"}.

Theorem 2.2.26: Every Lagrange free soft neutrosophic strong bigroup
(F, 4) 1s a soft neutrosophic bigroup but the converse is not true.

Theorem 2.2.27: Every Lagrange free soft neutrosophic strong bigroup
(F,4) 1s a soft neutrosophic strong bigroup but the converse is not true.

Theorem 2.2.28: If ((GuI),%,*,) is a Lagrange free neutrosophic strong
bigroup, then (F,4) over ((GuI),x,*,) is also Lagrange free soft
neutrosophic strong bigroup.
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Proposition 2.2.24: Let (r,4) and (k,D) be weakly Lagrange free soft
neutrosophic strong bigroups over ((GuI),*,x). Then

1) Their extended union (F,4)u, (K,D) over ((Gul),x,%) is not Lagrange
free soft neutrosophic strong bigroup over ((GuI),*,x,).

2) Their extended intersection (F,4)n, (K,D) over((Gul),*,*,)is not
Lagrange free soft neutrosophic strong bigroup over ((GuI),x,*,).

3) Their restricted union (F,4)u, (K,D) over ((Gul),*,*,) 1s not
Lagrange free soft neutrosophic strong bigroup over ((Gu1l),x.%,).

4) Their restricted intersection (F,4)n, (K,D) over ((GuI),#,*,) 1s not

Lagrange free soft neutrosophic strong bigroup over ((Gul),x.%,).

Proposition 2.2.25: Let (7, 4) and (kx,D) be two Lagrange free soft
neutrosophic strong bigroups over ((Gur),=,*). Then

1) Their anD operation (F,4)A(K,D) 1s not Lagrange free soft
neutrosophic strong bigroup over ((GuI),x.*,).

2) Their or operation (F, 4)v(k,D) is not Lagrange free soft
neutrosophic strong bigroup over ((GuI),.*,).

Definition 2.2.15: Let ((GuI),%,*,) be a neutrosophic strong bigroup.
Then (F,4) over((GuI),%,*,)is called soft normal neutrosophic strong

bigroup if and only if F(a) is normal neutrosophic strong subbigroup of
((Gul),»,x)forall aea.
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Example 2.2.15: Let ((GuI),*,*,) be a neutrosophic strong bigroup of
order 15, where (GulI)=(G uI)u(G,uI) with (G UI)={0,1,2,3,4,1,21,31,41},
the neutrosophic under mltiplication modulo 5 and
(G,uI)={ex,x’,1,xI,x’I|, a neutrosophic symmetric group.

Then clearly (F, 4) 1s soft normal neutrosophic strong bigroup over
((GuI),%,*,), where

F(xl)

F(xz)

{1,4,],41,e,x,x2},

{1,1,21, 31,41, e,x,xz}.

Theorem 2.229: Every soft normal strong neutrosophic bigroup (7, 4)
over ((GuI),x,*,) is a soft neutrosophic bigroup but the converse is not
true.

Proof: This is obvious.

Theorem 2.2.30: Every soft normal strong neutrosophic bigroup (7, 4)
over ((GuI),x,x,)is a soft strong neutrosophic bigroup but the converse

1s not true.

Proof: This is obvious.
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Proposition 2.2.26: Let (7, 4) and (k,D) be two soft normal strong
neutrosophic bigroups over ((GuI),%,%). Then

1) Their extended union (F,4)u, (K,D) over ((Gul),*,%) is not soft
normal strong neutrosophic bigroup over ((Gur),x,x,).

2) Their extended intersection (F,4)n, (K,D) over((Gul),*,*,) s soft
normal strong neutrosophic bigroup over ((Gur),x,*,).

3) Their restricted union (F,4)u, (K,D) over ((Gul),x,*)is not soft
normal strong neutrosophic bigroup over ((Gur),x.*,).

4) Their restricted intersection (F,4)n, (K,D) over ((Gul),x,) is soft
normal strong neutrosophic bigroup over ((GuI),x.*,).

Proposition 2.2.27 Let (F,4) and (k,D) be two soft normal strong
neutrosophic bigroups over ((Gur),=,*). Then

1) Their anp operation (F,4)A(K,D) is soft normal strong neutrosophic
bigroup over ((GuI),x,%,).

2) Their or operation (F, 4)v(K,D) is not soft normal strong
neutrosophic bigroup over ((Gul),x.%,).

Definition 2.2.16: Let ((GuI),%,*,) be a neutrosophic strong bigroup.
Then (F,4) over ((Gul),x,%) is called soft conjugate neutrosophic

strong bigroup if and only if F(a) 1s conjugate neutrosophic subbigroup
of ((Gur),x,x) forall aea4.
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Example 2.2.16: Let ((GuI),*,*,) be a strong neutrosophic bigroup ,
where (GuI)=(G uI)u(G,uI) with

(G uI)={0,1,2,1+1,1,21,2+1,2+21,1+21}, the neutrosophic under
mltiplication modulo3and <G2u1>:{e,x,x2,1,x1,x21 } :

Then clearly (F,4) 1s soft conjugate neutrosophic strong bigroup over
((GuI),%,*,), where

F(x)= {1,2,1,21,e,x,x2},
F(x,)={L1+1e1xI,xI}.

Theorem 2.2.31: Every soft conjugate neutrosophic strong bigroup
(F,A4) over ((GuI),x,) 1is a soft neutrosophic bigroup but the converse

1s not true.
Proof: This is obvious.

Theorem 2.2.32: Every soft conjugate neutrosophic strong bigroup
(F,4) over ((GulI),x,) 1s a soft neutrosophic strong bigroup but the

converse 1s not true.

Proof: This is obvious.
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Proposition 2.2.28: Let(F,4) and (k,D) be two soft conjugate
neutrosophic strong bigroups over ((GuI),*,x). Then

1) Their extended union (F,4)u, (K,D) over ((Gul),x,%) is not soft
conjugate neutrosophic strong bigroup over ((Gu1I),x,x,).

2) Their extended intersection (F,4)n, (K,D) over ((GuI),%,*,) is soft
conjugate neutrosophic strong bigroup over ((GuI),x,x,).

3) Their restricted union (F,4)u, (K,D) over ((Gul),x,*) is not soft
conjugate neutrosophic strong bigroup over ((Gul),x.%,).

4) Their restricted intersection (F,4)n, (K,D) over ((Gul),x,) is soft

conjugate neutrosophic strong bigroup over ((Gul),x.%,).

Proposition 2.2.29: Let (F,4) and (k,D) be two soft conjugate
neutrosophic strong bigroups over ((Gur),=,*). Then

1) Their anD operation (F,4)A(K,D) 1s soft conjugate neutrosophic
strong bigroup over ((GuI),x*,*,).

2) Their oroperation (F,4)v(K,D) is not soft conjgate neutrosophic
strong bigroup over ((GuI),x,*,).
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2.3 Soft Neutrosophic N-Group

In this section, we extend soft sets to neutrosophic N-groups and
introduce soft neutrosophic N-groups. This is the generalization of soft
neutrosophic groups. Some of their impotant facts and figures are also
presented here with illustrative examples. We also initiated the strong
part of neutrosophy in this section. Now we proceed onto define soft
neutrosophic N-groups as follows.

Definition 2.3.1: Let ((Gu1),x,...*,) be a neutrosophic ~ -group and
(F,4) be a soft set over ((GuI),*,...+). Then (F,4) over ((GuI),x,...*,) 1s

called soft neutrosophic n -group if and only if F(a) is a subn -group of
((GuI),x,..x) forall aea

For further understanding, we give the following examples.

Example 2.3.1: Let ((Gul)=(G ul)u(G,UI)U(G,UI)*,*.*%) bea
neutrosophic 3-group, where (G urI)=(0uI) a neutrosophic group under
multiplication. (G, u1)={0,1,2,3,4,1,21,37,41} neutrosophic group under
multiplication modulo 5 and (G,u1)={0,1,2,1+1,2+1,7,21,1+21,2+21} a
neutrosophic group under multiplication modulo 3. Let

! :{{<l2L (21)”,1,l>},(l,4,1,41),(1,2,1,21)}, 7 ={0\{0},{1,2,3,4},{1,2}} and

27 2y

X ={0\{0}.{1,2,1,21}.{1,4,1,41}} are sub 3-groups.
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Then (F, 4) 1s clearly soft neutrosophic 3-group over
(GuI)=(G, u]}u(Gzu]}u(G3u]},*l,*z,*3),whel”e

1, 1 .
F(al)z{{<2—n,z ,W,(ﬂ) ,1,1>},(1,4,1,41),(1,2,1,21)},

F(ay)={0\{0},{1,2,3,4},{1,2}},
F(ay) ={0\{0}.{1,2,1,21},{1,4,1,41}}.

Example 2.3.2: Let ((GuI)=(G UI)UG, UG, *,*,*) be neutrosophic » -
group, where (G uI)={(z,uI)}is a group under addition modulo 6 ,
G, =4, and G,=(g:g"”=1), a cyclic group.

Take P=((RuI)uPUP,*,*,%),a neutrosophic sub

1234 (1234) (1234 (1234
3-group where (7;U1)={0,3,37,3+3/}, B, = : , : :
1234 )\ 2143 )°( 4321 )| 3412

P,={1,g°}. Since Pis a Lagrange neutrosophic sub 3-group.

Letus Take 7=((7,uI)UT, UT,*,%,*), where (T, uI)={0,3,31,3+31},T,=P,
and 7,={g’,g’,¢’.1} is another Lagrange sub3-group.

Let (7, 4) be a soft neutrosophic » -group over

((GuI)=(G UI)UG, UG, *,%,*), Where

o (12341 (1234 (1234 (1234
F(a;)=40,3,31,3+31,1,g", , , , ,
1234 )°( 2143 )\ 4321 ) { 3412

F(a,)=10,3,31,3+31,1,¢°,¢°, &’ 1234 (1234) (1234 (1234
= 9~y 5+ bRt > s [} 5 , , )
; §0808 1234 ) 2143 ) 4321 )" 3412
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Theorem 2.3.1: Let (F,4) and (#, 4) be two soft neutrosophic ~ -groups
over ((Gul),,...x,). Then their intersection (F,4)(H,4) is again a soft
neutrosophic ~-group over ((GuUI),x,...x,).

Proof The proof is straight forward.

Theorem 2.3.2: Let (7, 4) and (H,B) be two soft neutrosophic ~ -groups
over ((Gul),x,...x,) such that 4~ B-=¢, then their union is soft

neutrosophic N -group over ((GUI),x,...%,).

Proof The proof can be easily established .

Proposition 2.3.1: Let (7, 4) and (k,D) be two soft neutrosophic w -
groups over ((Gul),%,...x,). Then

1) Their extended union (F,4)u, (K,D) 1is not soft neutrosophic N -group
over ((GUI),x,...x,).

2) Their extended intersection (F,4)n, (K,D)1s soft neutrosophic v -
group over ((GuI),#,...%).

3) Their restricted union (7, 4)u, (K,D) 1s not soft neutrosophic » -group
over ((GUI),x,...x,).

4) Their restricted intersection (F,4)n,(K,D) is soft neutrosophic » -
group over ((Gul),#,...%,).
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Proposition 2.3.2: Let (F,4) and (k,D) be two soft neutrosophic » -
groups over ((Gul),,..,,). Then

1) Their anp operation (F, 4)A(K,D) 1s soft neutrosophic N -group over
((GUI),%,...%,).

2) Their or operation (F, 4)v(K,D) 1s not soft neutrosophic » -group over
((GUI),*,...%,).

Definition 2.3.2: Let (7,4) be a soft neutrosophic ~ -group
over((Gul),x,...*,). Then

1) (F,4) 1s called identity soft neutrosophic » -group if F(a)={e,....e,} for
all ae 4, where e,....e, are the identities of (G u1),...(G, UT)

respectively.
2) (F.4) is called Full soft neutrosophic N -group if F(a)=((GUI),*,...*,)

forall aeca

Definition 2.3.3: Let (F,4) and (k,D) be two soft neutrosophic v -
groups over ((Gul),x,..,x,).Then (x,D) is soft neutrosophic subn -
group of (F,4) written as (K,D)<(F,4), if

1. Dc4
2. K(a)<F(a)forall ae4
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Example 2.3.3: Let (7, 4) be as in Example 22. Let (kx,D) be another soft

neutrosophic soft ¥ -group over (<GU1>=<G1 uI)u(G,Ul)u(G, Ul>,*1,*2,*3),
where

K(a,) = H<2iz>}{14 L4102, 1,21}},

K(ay)={0\{0},{1,4},{1,2}}.
Clearly (kx,D)<(F,4).

Note: Thus a soft neutrosophic N -group can have two types of soft
neutrosophic sub ~ -groups, which are following.

Definition 2.3.4: A soft neutrosophic subn -group (k,D) of a soft
neutrosophic ~ -group (F,4) is called soft strong neutrosophic sub w -
group if

1. Dc4,

2. K(a) 1s neutrosophic sub ~ -group of F(a) forall ac4.

Definition 2.3.5: A soft neutrosophic sub ~ -group (k,D) of a soft
neutrosophic N -group (F,4) is called soft sub n -group if

l. Dca4,
2. K(a) is only subn -group of F(a) forall ac4.
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Definition 2.3.6: Let ((Gu1),x,...,)be a neutrosophic » -group. Then
(F,4) over ((Gul),x,..,x,) is called soft Lagrange neutrosophic ¥ -group
if and only if F(a) 1s Lagrange sub ~ -group of ((GuI),x,...*,) for all

ac A

Example 2.3.4: Let ((GuI)=(G UI)UG,UG,,*,*,*) be neutrosophic N -
group, where (G, uI)={(z,u1I)}is a group under addition modulo 6 ,

G, =4, and G,=(g:g"” =1), a cyclic group of order 12, o((GuUI))=60.

Take P=((RuI)UP,UP,*,%,%),a neutrosophic sub

1234) (1234 (1234)) (1234
3-group where (7,01)={0,3,31,3+3[}, P, = : ; ; :
1234 )’ 2143 )’ 4321 )| 3412
P, :{1,g6}.

Since Pis a Lagrange neutrosophic sub 3-group where order of pP=10.
Letus Take 7=((T,ul)UT, UT,*,%,*), where (T, ul)={0,3,31,3+3[},T,=P,
and 7,={g".¢"¢’.1} is another Lagrange sub3-group where o(7)=12.

Let (F, 4) is soft Lagrange neutrosophic v -group over
((GuI)=(G UI)UG, UG,,*,%,%), where

o (1234 (1234 (1234 (1234
F(a;)=40,3,31,3+31,1,g", , , , ,
1234 )\ 2143 )\ 4321 ) 3412

F(a,)=10,3,31,3+31,1,¢°, ¢°, &’ 1234 (1234) (1234) (1234
(1 = 979 D) 9y 9 9 ) ) , , )
2 §:828 1234\ 2143\ 4321 )| 3412
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Theorem 2.3.3: Every soft Lagrange neutrosophic ~ -group (F, 4) over
((GuI),x,...*,) 1s a soft neutrosophic v -group but the converse is not
true.

Proof: This is obvious.

Theorem 2.3.4: If ((Gu1),%,...*,) is a Lagrange neutrosophic ~ -group,
then (7,4) over ((GuI),x,..,*,)is also soft Lagrange neutrosophicw -

group.

Proof: The proof is left as an exercise for the interested readers.

Proposition 2.3.3: Let (F,4) and (k,D)be two soft Lagrange
neutrosophic N -groups over ((Gul),x,...x,). Then

1. Their extended union (7, 4)u, (K,D)1s not soft Lagrange
neutrosophic § -group over ((GUI),%,...%,).

2. Their extended intersection (F,4)n (K D)is not soft Lagrange
neutrosophic N -group over ((GUl),x,...%,).

3. Their restricted union (7, 4)u, (K,D)1s not soft Lagrange
neutrosophic § -group over ((GuUI),%,...%,).

4. Their restricted intersection (F,4)n, (K D)1s not soft Lagrange
neutrosophic N -group over ((GUI),*,...%,).
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Proposition 2.3.4: Let (£, 4) and (k,D) be two soft Lagrange
neutrosophic » -groups over ((GuI),*,...%,). Then

1. Their 4nD operation (F,4)A(K,D) 1s not soft Lagrange
neutrosophic N -group over ((GuI),x,...%,).

2. Their oroperation (F,4)v(k,D) 1s not soft Lagrange
neutrosophic N -group over ((GUI),x,...*,).

Definition 2.3.7: Let ((Gu1),x,...,) be a neutrosophic ~ -group. Then
(F,4) over ((Gul),x,..,x,) is called soft weakly Lagrange neutrosophic

N -group if atleast one F(a) is a Lagrange sub ~ -group of
((GuI),x,...*,) for some ae 4.

Examp 2.3.5: Let ((GuI)=(G uI)UG,UG,,*,*,*) be neutrosophic » -
group, where (G uI)={(z,u1I)}is a group under addition modulo 6 ,
G, =4, and G,=(g:¢g" =1), a cyclic group of order 12, o((GuUI))=60.
Take P=((RuI)UP,UP,*,%,%),a neutrosophic sub

1234) (1234 (1234 (1234
3-group where (7,01)={0,3,31,3+3I}, P, = : ; ; :
1234 '\ 2143 )°( 4321 )| 3412

P ={Lg°}.
Since Pis a Lagrange neutrosophic sub 3-group where order of pP=10.
Letus Take 7=((T,ul)UT, UT,*,%,*), where (T, ul)={0,3,31,3+3I},T,=P,

and 7,={g* ¢* 1! is another Lagrange sub3-group.
grang group
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Then (F,4) 1s a soft weakly Lagrange neutrosophic v -group over
((GuI)=(G UI)UG, UG,,*,%,*), where

o (1234 (1234 (1234 (1234
F(a;)=40,3,31,3+31,1,g", , , , ,
1234 )\ 2143 )\ 4321 ) | 3412
. g (1234 (1234 (1234 (1234
F(az): 093)3]73+3]717g ’g 5 5 5 5 *
1234 )°( 2143 ){ 4321 ) | 3412

Theorem 2.3.5: Every soft weakly Lagrange neutrosophic v -group
(F,4) over ((GuI),*,..,*,)is a soft neutrosophic ~ -group but the

converse 1s not tue.
Proof: This is obvious.

Theorem 39 If ((Gu1),x,...*,) is a weakly Lagrange neutrosophi » -
group, then (F,4) over ((Gul),*,...*,) is also soft weakly Lagrange
neutrosophic ~ -group.

Proof: This is obvious.
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Proposition2.3.5: Let (F,4)and (kx,D)be two soft weakly Lagrange
neutrosophic » -groups over ((GulI),,...x,). Then

1. Their extended union (7, 4)u, (K,D)1s not soft weakly Lagrange
neutrosophic § -group over ((GUI),%,...%,).

2. Their extended intersection (F,4)n, (K,D)1s not soft weakly
Lagrange neutrosophic N -group over ((Gul),*,...%,).

3. Their restricted union (7, 4)u, (k,D)1s not soft weakly Lagrange
neutrosophic § -group over ((GuUI),%,...%,).

4. Their restricted intersection (F,4)n, (K,D)1s not soft weakly
Lagrange neutrosophic N -group over ((Gul),*,...%,).

Proposition 2.3.6: Let (7, 4) and (x,D)be two soft weakly Lagrange
neutrosophic ~-groups over ((GuI),x,...x,). Then

1) Their anD operation (F,4)A(K,D) 1s not soft weakly Lagrange
neutrosophic N -group over ((GUI),x,...%,).

2) Their or operation (F, 4)v(k,D) is not soft weakly Lagrange
neutrosophic § -group over ((GUI),%,...%,).

Definition 2.3.8: Let ((Gu1),x,...*,)be a neutrosophic N -group. Then
(F.4) over ((GuI),x,...*,) 1s called soft Lagrange free neutro

neutrosophic ~ -group if F(a) is not Lagrange sub ~ -group of
((GuI),x,...x,) forall aea.
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Example 2.3.6: Let ((GuI)=(G UI)UG, UG,,*.*,%) be neutrosophic 3-
group, where (G uI)={(z,u1I)}is a group under addition modulo 6 ,
G,=4, and G,=(g:¢" =1), a cyclic group of order 12, o((GuUI))=60.
Take P=((RuUI)UP,UP,*, %, *),a neutrosophic sub3-group where

b 1234 (1234 (1234) (1234 b1
B={0.24}, 5= 1234 )’\ 2143 '\ 4321 )\ 3412 ) [’ 3_{’g }

Since Pis a Lagrange neutrosophic sub 3-group where order of p=10.
Letus Take T7=((T,ul)UT, UT,*,%,*), where (1, ul)={0,3,31,3+3[},T,=P,

and 7,={g".¢" 1} is another Lagrange sub3-group.
Then (F, 4) 1s soft Lagrange free neutrosophic 3-group over
((GuI)=(G UI)UG, UG,,*,%,%), Where

o (12341 (1234 (1234 (1234
F(al): 07274317g s s Y ’ s
1234 )( 2143 )\ 4321 ) | 3412
. g (1234 (1234 (1234 (1234
F(a,)=40,3,31,3+31,1,g", g, , , ,
1234 )\ 2143 )\ 4321 ) | 3412
Theorem 2.3.6: Every soft Lagrange free neutrosophic ~ -group (F, 4)

over ((Gul),x,...x,) 1s a soft neutrosophic » -group but the converse is
not true.

Theorem 2.3.7: If ((Gu1),x....*,) is a Lagrange free neutrosophic » -
group, then (F,4) over ((GuI),,...%,) 1s also soft Lagrange free
neutrosophic ~ -group.
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Proposition 2.3.7: Let (F,4) and (k,D)be two soft Lagrange free
neutrosophic N -groups over ((Gul),x,...*,). Then

1) Their extended union (£, 4)u, (k,D)1s not soft Lagrange free

)

neutrosophic  -group over ((GuUI),x,..

2) Their extended intersection (F,4)n, (K D)1s not soft Lagrange free
neutrosophic N -group over ((GUI),x,...%,).

3) Their restricted union (£, 4)u, (k,D)1s not soft Lagrange free
neutrosophic § -group over ((GuUI),%,...%,).

4) Their restricted intersection (F,4)n, (K,D)1s not soft Lagrange free

neutrosophic N -group over ((GUI),*,...%,).

Proposition 2.3.8: Let (F,4) and (k,D) be two soft Lagrange free
neutrosophic v -groups over ((GuI),x,...*,). Then

1) Their anD operation (F,4)A(K,D) 1s not soft Lagrange free
neutrosophic N -group over ((GUI),x,...%,).

2) Their or operation (F, 4)v(K,D) is not soft Lagrange free
neutrosophic § -group over ((GUI),%,...%,).

Definition 2.3.9: Let ((GuI),%,...*,) be a neutrosophic »~ -group. Then
(F,4) over ((Gul),x,..,*,) is called soft normal neutrosophic ~ -group if
F(a) 1s normal sub~ -group of ((GulI),*,...x,) forall ae 4.
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Example 2.3.7: Let ((G uI)=(G UI)UG, U(G,UI),*,*,*)be a soft
neutrosophic N -group, where (G uI)={e,y,x,x*,xp,x’y, 1, yI.xI,x’Ixyl,x*yI |18 &
neutrosophic group under multiplaction, G, ={g:g° =1}, a cyclic group of
order 6 and (G,ul)=(Q,UI)={tLi,tj tk, 1+l +jl,+k} 1S a group under
multiplication. Let P=((RUI)UP, U(PUI),*,*,%), anormal sub3-group
where PR ={e,y,1,yI}, P, ={1,g2,g4} and A ={1,-1}.

Also T=((T,uI)UT, U(T,Ul),*,*,%) be another normal sub 3-group where
(Tul)={e.I.xI,x’I},T,={l.g’} and (7, L 1) ={+1,4i}.

Then (F, 4) 1s a soft normal neutrosophic v -group over

((GuI)=(G UI)UG, U(G,UI),*,*,%), Where

F(a)= {e,y,],y[,l,gz,g4,il},
F(a,)={e.].xI,x"I,1,g" +1,%i}.

Theorem 2.3.8: Every soft normal neutrosophic ~ -group (F,4) over
((GuI),x,...%,) 1s a soft neutrosophic ~ -group but the converse is not
true.

It is left as an exercise for the readers to prove the converse with the help
of examples.
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Proposition 2.3.9: Let (F,4) and (k,D) be two soft normal neutrosophic
N -groups over ((Gul),x,...x, ). Then

1. Their extended union (7, 4)u, (K,D)1s not soft normal neutrosophic
soft ¥ -group over ((GuUI),*,...%,).

2. Their extended intersection (F,4)n, (K,D)1s soft normal
neutrosophic N -group over ((GuUl),*,...%,).

3. Their restricted union (7, 4)u, (K,D) 1s not soft normal
neutrosophic § -group over ((GuUI),%,...%,).

4. Their restricted intersection (F,4)n, (K,D) 1s soft normal
neutrosophic § -group over ((GuUI),%,...%,).

Proposition 2.3.10: Let (F,4) and (x,D) be two soft normal
neutrosophic » -groups over ((GuI),*,...*,). Then

1. Their 4nD operation(F, 4) (K, D) 1s soft normal neutrosophic v -
group over ((GuUI),#,...%,).

2. Their or operation (F, 4)v(k,D) is not soft normal neutrosophic w -
group over ((GuUI),#,...%,).

Definition 2.3.10: Let ((Gu7),*,...*,) be a neutrosophic ~ -group. Then
(F.4) over ((Gul),x,..,*,) 1is called soft conjugate neutrosophic » -group
if F(a) 1s a conjugate sub N -group of ((GuI),,...x,) forall ae 4
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Example 2.3.8: Let ((G,u1)=(G uI)UG,U(G,UI),*,*,*)be a soft
neutrosophic N -group, where (G, ur)={e.y.x.x’,xy.x’y, [ yl,x,x’I,xyl,xX’yI |18 @
neutrosophic group under multiplaction, G, ={g:g°=1}, a cyclic group of
order 6 and (G,ul)=(Q,UI)={tl+itjth,+1,+il,+/,+k} 1S a group under
multiplication.

Then (7, 4) is a soft conjugate neutrosophic N -group over

(G uI)=(G UI)UG, U(G,UI),*,*,%), Where

F(a)=1{I,yI,1,",¢" %1},
F(a,) = {I,x],le,l,g3,i1,ii}.

Theorem 2.3.9: Every soft conjugate neutrosophic » -group (F,4) over
((GuI),%,..,x,) 1s a soft neutrosophic ~ -group but the converse is not
true.

Proposition 2.3.11: Let (F,4) and (x,D) be two soft conjugate
neutrosophic N -groups over ((GuI),*,...*,). Then

1. Their extended union (7, 4)u, (K,D) 1s not soft conjugate
neutrosophic § -group over ((GUI),%,...%,).

2. Their extended intersection (F,4)n (K D) 1s soft conjugate
neutrosophic N -group over ((GUI),x,...%,).

3. Their restricted union (7, 4)u, (K,D) 1s not soft conjugate
neutrosophic § -group over ((GuUI),%,...%,).

4. Their restricted intersection (F,4)n, (K D) 1s soft conjugate
neutrosophic N -group over ((GUI),*,...%,).
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Proposition 2.3.12: Let (7, 4) and (k,D) be two soft conjugate
neutrosophic N -groups over ((Gul),*,...*,). Then

1. Their anD operat1on (F,4)~(K,D) 1s soft conjugate neutrosophic v -
group over ((Gul),#,...%,).

2. Their or operation (F, A)v(K,D) 1s not soft conjugate neutrosophic
N-group over ((Gul),*,..%,).

Soft Neutrosophic Strong N-Group

The notions of soft strong neutrosophic N-groups over neutrosophic N-
groups are introduced here. We give some basic definitions of soft
neutrosophic strong N-groups and illustrated it with the help of
exmaples and give some basic results.

Definition 2.3.11: Let ((Gu/),*,...*,) be a neutrosophic ~ -group. Then
(F.4) over ((Gul),*,..,%,) 1s called soft neutrosophic strong n -group if

and only if F(a) 1s a neutrosophic strong sub ~ -group for all a e 4..
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Example 2.3.9: Let ((Gul)=(G UI)U(G,UI)U(G,Ul),* %, *) bea
neutrosophic 3-group, where (G ur)=(z,ur)={0,1,7,1+1} aneutrosophic
group under multiplication modulo 2. (G,u1)={0,1,2,3,4,1,21,31,41} ,

neutrosophic group under multiplication modulo 5 and
(G,uI)={0,1,2,1,21} ,a neutrosophic group under multiplication modulo 3.

1

n 1 n
Let P{{<?,2 ,(27,(21) ,1,1>},{1,4,1,41},{1,2,1,21}}, and

X ={0\{0},{1,2,7,21},{1,1}} are neutrosophic sub3-groups.
Then (F,4) 1s clearly soft neutrosophic strong 3-group over
((GU[)Z(GI uI)U(G, ul>u<G3ul>,*l,*2,*3), where

F(a)= H<%,2”,ﬁ,(21)" ,1,1>},{1,4, 1,41}, {1,1}},

F(a)={0\{0}.,{1,2,1,21},{1,1}}

Theorem 2.3.10: Every soft strong neutrosophic soft ~ -group (7, 4) 1s a
soft neutrosophic N -group but the converse is not true.

Theorem2.3.11: (rF,4) over ((GuI),x,...*,) is soft neutrosophic strong
N-group if ((GuI),%,...*,) 1s a neutrosophic strong ~ -group.
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Proposition 2.3.13: Let (7, 4) and (k,D) be two soft neutrosophic
strong N -groups over ((Gul),x,...x,) . Then

1. Their extended union (£, 4)u, (k,D) 1s not soft neutrosophic strong
N-group over ((Gul),x,...x,) .

2. Their extended intersection (F,4)n, (K,D) 1s not soft neutrosophic
strong N -group over ((GuUI),,...%,) .

3. Their restricted union (7, 4)u, (k,D) 1s not soft neutrosophic strong
N-group over ((Gul),x,...x,) .

4. Their restricted intersection (F, 4)n, (K,D) 1s not soft neutrosophic
strong N -group over ((GuUI),*,...,).

Proof: These are left as an exercise for the interested readers.

Proposition 2.3.14: Let (F,4) and (k,D) be two soft neutrosophic
strong N -groups over ((Gul),*,...*,) . Then

1. Their anpoperation (F,4)A(K,D)is not soft neutrosophic strong w -
group over ((GUl),*,...*,).

2. Their or operation (F, 4)v(K,D) is not soft neutrosophic strong w -
group over ((GuUl),*,...*,).

Proof: These are left as an exercise for the interested readers.

117



Definition 2.3.12: Let (F,4) and (#,k) be two soft neutrosophic strong
N -groups over ((GuI),,...x,) . Then(#,x) is called soft neutrosophic
strong sub N -group of (7, 4) written as (H,K)<(F,4) , if

l. kc4,
2. H(a) 1s soft neutrosophic strong sub ~ -group of F(a) for all ac4..

Theorem 2.3.12: If ((Gu1),*,...*,) 1s a neutrosophic strong N -group.
Then every soft neutrosophic sub ~ -group of (£, 4) is soft neutosophic
strong sub v -group.

Definition 2.3.13: Let ((Gu/),*....,) be a neutrosophic strong N -
group. Then (F,4) over ((GuI),x,...,x,) is called soft Lagrange

neutrosophic strong ~ -group if F(a) is a Lagrange neutrosophic sub v -
group of ((Gu1),*,...»,) forall ac4.

Theorem 2.3.13: Every soft Lagrange neutrosophic strong ~ -group
(F,A4) over ((GuI),*,...*,) 1s a soft neutrosophic soft ~ -group but the

converse 1s not true.

Theorem 2.3.14: Every soft Lagrange neutrosophic strong ~ -group
(F.4) over ((Gul),x,...x,) 1s a soft neutrosophic strong ~ -group but the

converse 1s not tue.
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Theorem 2.3.15: If ((Gu1),%,...x,) 1s a Lagrange neutrosophic strong
N -group, then (F,4) over((GuI),x,...x,) 1s also soft Lagrange
neutrosophic strong ~ -group.

Proposition 2.3.15: Let (F,4) and (k,D)be two soft Lagrange
neutrosophic strong N -groups over ((Gul),*,...*,). Then

1. Their extended union (£, 4)u, (K,D)1s not soft Lagrange
neutrosophic strong ~ -group over ((GuUI),#,...%,).

2. Their extended intersection (F,4)n, (kK,D)1s not soft Lagrange
neutrosophic strong N -group over ((GuUl),*,...%,).

3. Their restricted union (£, 4)u, (k,D)1s not soft Lagrange
neutrosophic strong N -group over ((GuUI),*,...%,).

4. Their restricted intersection (F,4)n,(K,D)1s not soft Lagrange
neutrosophic strong N -group over ((GuUI),*,...%,).

Proposition 2.3.16: Let (F,4) and (kx,D) be two soft Lagrange
neutrosophic strong N -groups over ((Gul),*,...*,). Then

1. Their 4nD operation (F,4)A(K,D) 1s not soft Lagrange
neutrosophic strong ~ -group over ((GuUI),*,...*y).

2. Their oroperation (F,4)v(k,D) 1s not soft Lagrange neutrosophic
strong N -group over ((Gul),#,...*,).
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Definition 2.3.14: Let ((GuI),*,...*,) be a neutrosophic strong v -
group. Then (F,4) over ((Gul),x,..,x,) is called soft weakly

Lagrange neutrosophic strong ~ -group if atleast one F(q) is a
Lagrange neutrosophic sub ~ -group of ((Gu1),,...x,) for some ae 4.

Theorem 2.3.16: Every soft weakly Lagrange neutrosophic strong n -
group (F,4) over ((GuI),x,...*,) 1s a soft neutrosophic soft » -group but

the converse is not true.

Theorem 2.3.17: Every soft weakly Lagrange neutrosophic strong » -
group (F,A4) over ((Gul),x,...*,) 1s a soft neutrosophic strong N -group

but the converse is not true.

Proposition 2.3.17: Let (F,4) and (k,D)be two soft weakly Lagrange
neutrosophic strong N -groups over ((Gul),*,...*,). Then

1. Their extended union (7, 4)u, (K,D)1s not soft weakly Lagrange
neutrosophic strong ~ -group over ((GuUI),*,...*,).

2. Their extended intersection (7, 4)n, (K,D)1s not soft weakly
Lagrange neutrosophic strong N -group over ((Gul),*,...%,).

3. Their restricted union (7, 4)u, (K,D)1s not soft weakly Lagrange
neutrosophic strong ~ -group over ((GuUI),*,...*,).

4. Their restricted intersection (F,4)n, (K,D)1s not soft weakly

Lagrange neutrosophic strong ~ -group over ((GuI),*,...%,).
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Proposition 2.3.18: Let (7, 4) and (k,D) be two soft weakly Lagrange
neutrosophic strong ~ -groups over ((GuI),#,...%,). Then
1. Their 4nD operation (F,4)A(K,D) 1s not soft weakly Lagrange
neutrosophic strong N -group over ((GuUI),*,...%,).
2. Their oroperation (F, 4)v(k,D) 1s not soft weakly Lagrange
neutrosophic strong N -group over ((GuI),*,...*,).

Definition 2.3.15: Let ((GuI),*....*,)be a strong neutrosophic ¥ -group.
Then(r,4)over ((GuI),%,...,x,) 1s called soft Lagrange free neutrosophic

strong N -group if F(a) 1s not a Lagrange neutrosophic sub ~ -group of
((GuI),x,...x,) forallae 4.

Theorem 2.3.18: Every soft Lagrange free neutrosophic strong n -
group (F,4) over ((GuI),,..,x,) 1s a soft neutrosophic v -group but the

converse 1s not true.

Theorem 2.3.19: Every soft Lagrange free neutrosophic strong -
group(F, 4) over ((Gul),*,..,*,) is a soft neutrosophic strong ~ -group

but the converse is not true.

Theorem 2.3.20: If ((Gu1),*,...*,) 1s a Lagrange free neutrosophic
strong N -group, then (F,4) over ((Gul),x,...x,) 1s also soft Lagrange
free neutrosophic strong ~ -group.
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Proposition 2.3.19: Let (F,4) and (k,D) be two soft Lagrange free
neutrosophic strong ~ -groups over ((GuI),,...*,). Then

1. Their extended union (F,4)u, (k,D) 1s not soft Lagrange free
neutrosophic strong N -group over ((GuUl),*,...%,).

2. Their extended intersection (F,4)n, (k,D)is not soft Lagrange free
neutrosophic strong N -group over ((Gul),*,...*,).

3. Their restricted union (£, 4)u, (k,D)1s not soft Lagrange free
neutrosophic strong N -group over ((GuUl),*,...%,).

4. Their restricted intersection (F,4)n,(K,D)1s not soft Lagrange free
neutrosophic strong N -group over ((GUl),#,...%,).

Proposition 2.3.20: Let (F,4) and (k,D) be two soft Lagrange free
neutrosophic strong ~ -groups over ((GuI),#,...%,). Then

1. Their 4nD operation (F,4) A(K,D) 1s not soft Lagrange free
neutrosophic strong N -group over ((GuUl),*,...%,).

2. Their oroperation (F,4)v(k,D) 1s not soft Lagrange free
neutrosophic strong N -group over ((GuUI),*,...%,).

Definition 2.3.16: Let N be a strong neutrosophic ~ -group. Then(~, 4)
over ((Gul),x,...*,) 1is called sofyt normal neutrosophic strong ~ -group
if F(a) is normal neutrosophic sub ~ -group of ((Gu1),x,...*,) for all

acA.
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Theorem 2.3.21: Every soft normal strong neutrosophic ~ -group(F, 4)
over((Gul),x,...*,) 1s a soft neutrosophic ~ -group but the converse is
not true.

Proof: The proof is left as an exercise for the interested readers.

Theorem 2.3.22: Every soft normal strong neutrosophic ~ -group(~, 4)
over ((Gul),x,...*,) 1s a soft strong neutrosophic ~ -group but the

converse 1s not true.
One can easily see the converse by the help of example.

Proposition 2.3.21: Let (F,4) and (k,D)be two soft normal
neutrosophic strong » -groups over ((GulI),#,...*,). Then

1. Their extended union (F, 4)u, (k,D)1s not soft normal neutrosophic
strong N -group over ((Gul),,...%,).

2. Their extended intersection (F,4)n, (K,D)1s soft normal
neutrosophic strong N -group over ((GuUI),*,...%,).

3. Their restricted union (F, 4)u, (k,D)1s not soft normal neutrosophic
strong N -group over ((Gul),,...%,).

4. Their restricted intersection (7, 4)n,(K,D)1s soft normal
neutrosophic strong N -group over ((GuI),#,...%,).

Proof: These are straightforward.
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Proposition 2.3.22: Let (F,4) and (k,D) be two soft normal
neutrosophic strong ~ -groups over ((GuI),#,...*,). Then

1. Their 4nND operation (F,4)A(K,D) is soft normal neutrosophic
strong N -group over ((Gul),x,...%,).

2. Their oroperation (7, 4)v(k,D) 1s not soft normal neutrosophic
strong N -group over ((GuUI),#,...%,).

Definition 2.3.17: Let ((GuI),*,...*,)be a strong neutrosophic ~ -group.
Then(r,4)over ((GuI),%,...,x,) 1s called soft conjugate neutrosophic

strong N -group if F(a) 1s a conjugate neutrosophic sub ~ -group of
((GuI),x,...x,) forall ae4.

Theorem 2.3.23: Every soft conjugate neutrosophic strong n -
group(F, 4) over ((Gul),x,...*,) 1s a soft neutrosophic v -group.

Proof: The proof is left as an exercise for the interested readers.

Theorem 2.3.24: Every soft conjugate neutrosophic strong ~ -group
(F,4) over ((GuI),*,...*,) 1s a soft neutrosophic strong ~ -group but the

converse 1s not true.

One can see the converse by the help of example.
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Proposition 2.3.23: Let (7, 4) and (kx,D)be two soft conjugate
neutrosophic strong ~ -groups over ((GulI),#,...*,). Then

1. Their extended union (F,4)u, (k,D)1s not soft conjugate
neutrosophic strong ~ -group over ((GuUI),*,...*,).

2. Their extended intersection (F,4)n, (K,D)1s soft conjugate
neutrosophic strong ~ -group over ((GuUI),*,...*,).

3. Their restricted union (£, 4)u, (k,D)1s not soft conjugate
neutrosophic strong ~ -group over ((GuUI),*,...*,).

4. Their restricted intersection (F,4)n, (K,D)1s soft conjugate
neutrosophic strong ~ -group over ((GuUI),*,...*,).

Proposition 2.3.24: Let (F,4) and (kx,D) be two soft conjugate
neutrosophic strong ~ -groups over ((GuI),#,...%,). Then

1. Their 4nD operation (F,4)A(K,D) 1s soft conjugate neutrosophic
strong N -group over ((Gul),*,..%,).

2. Their oroperation (F, 4)v(K,D) 1s not soft conjugate neutrosophic
strong N -group over ((GuUI),,...%,).
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Chapter Three

SOFT NEUTROSOPHIC SEMIGROUPS AND THEIR
GENERALIZATION

In this chapter the notion of soft neutrosophic semigroup with its
generalization are given. This chapter has three sections. In first section,
soft neutrosophic semigroup is introduced over a neutrosophic
semigroup. Actually soft neutrosophic semigroups are parameterized
collection of neutrosophic subsemigroups. We also investigate soft
neutrosophic strong semigroup over a neutrosophic semigroup which is
purely of neutrosophic behaviour. Now we proceed onto define soft
neutrosophic semigroup over a neutrosophic semigroup as follows:

3.1 Soft Neutrosophic Semigroup

In this section, the authors define a soft neutrosophic semigroup over a
neutrosophic semigroup and established some of the fundamental
properties of it. Soft neutrosophic monoids are also introduce over
neutrosophic monoids in the present section of this book. We also
introduce soft neutrosophic strong semigroup over a neutrosophic
semigroup.

Definition 3.1.1: Let ~(S) be a neutrosophic semigroup and (7, 4) be a
soft set over N(S). Then (F, 4) is called soft neutrosophic semigroup if
and only if F(a) is neutrosophic subsemigroup of nN(S), for all ac 4.
Equivalently (F,4) is a soft neutrosophic semigroup over N(S) if

(F, A)o(F, A) < (F, A).
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Example 3.1.1: Let N(S)=(z" u{0}u{/}) be a neutrosophic semigroup
under "+'. Let 4={q,,a,} be a set fo parameters. Then clearly (7,4) is a
soft neutrosophic semigroup over N(S), where

F(a)=(22"UI),F(a,)=(32"U1I).

Theorem 3.1.1: A soft neutrosophic semigroup over N(S) always
contain a soft semigroup over s.

Proof: The proof of this theorem is straightforward.

Theorem 3.1.2: Let (F,4) and (#, 4) be two soft neutrosophic
semigroups over N(S). Then their intersection (F, 4)~(H,4) is again soft
neutrosophic semigroup over N(S).

Proof: The proof is staightforward.

Theorem 3.1.3: Let (F,4) and (#,B) be two soft neutrosophic
semigroups over N(S). If 4nB=¢, then (F,4)u(H,B) is a soft
neutrosophic semigroup over N(S).

Remark 3.1.1: The extended union of two soft neutrosophic semigroups
(F,4) and (K,B) over N(S) is not a soft neutrosophic semigroup over

N(S).

We take the following example for the checking of above remark.
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Example 3.1.2: Let N(S)=(z"uI) be the neutrosophic semigroup under

"+'. Let 4=1{q,,a,} be a set of parameters and let (F, 4)be a soft
neutrosophic semigroup over N(S), where

F(a)=(22"UI),F(a,)=(32"U1I).
Let (k,B) be another soft neutrosophic semigroup over N(S), where
K(a)=(52" UI),K(ay)=(4Z2"UI).

Let ¢=4nB={4}. The extended union (¥, 4)u, (K,B)=(H,C) where
H(a,) = F(a,)=(32"UI), H(a;)=K(a;)=(42" uI) and for 4, C, we have
H(a))=F(a,)) UK(a))=(22"wI)u (52" uI) which is not a neutrosophic

subsemigroup as union of two neutrosophic subsemigroup is not
neutrosophic subsemigroup.

Proposition 3.1.1: The extended intersection of two soft neutrosophic
semigroups over N(S) is a soft neutrosophic semigruop over N(S).

Remark 3.1.2: The restricted union of two soft neutrosophic semigroups
(F,4) and (K,B) over N(S) is not a soft neutrosophic semigroup over
N(S).

One can easily check it in above Example (6).

Proposition 3.1.2: The restricted intersection of two soft neutrosophic
semigroups over N(S) 1s a soft neutrosophic semigroup over N(S).
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Proposition 3.1.3: The 4~np operation of two soft neutrosophic
semigroups over N(S) is a soft neutrosophic semigroup over N(S).

Remark 3.1.3: The or operation of two soft neutosophic semigroups
over N(S) may not be a soft nuetrosophic semigroup over N(S).

Definition 3.1.2: Let N(S) be a neutrosophic monoid and (F, 4) be a soft
set over N(S). Then (F, 4) is called soft neutrosophic monoid if and only
if F(a) 1s neutrosophic submonoid of N(S), forall ae 4.

Example 3.1.3:Let N(S)=(zuI)be a neutrosophic monoid and let
A={a,,a,} be a set of parameters. Then (7, 4) is a soft neutrosophic
monoid over N(S), where

F(a)=(2ZUl),F(a,)=(4ZU1).

Theorem 3.1.4: Every soft neutrosophic monoid over N(S) is a soft
neutrosophic semigroup over N(S) but the converse is not true in
general.

One can easily check the converse of the above theorem (4) with the
help of Example.
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Proposition 3.1.4: Let (F,4) and (k,B) be two soft neutrosophic
monoids over N(S). Then

1. Their extended intersection (F,4)n, (K,B) is a soft neutrosophic
monoid over N(S).

2. Their restricted intersection (F,4)n, (K,B) 1S a soft neutrosophic
monoid over N(S).

3. Their 4nD operation (F,A4)A(K,B) is a soft neutrosophic monoid
over N(S).

Remark 3.1.4: Let @.4¢ and 97B¢ be two soft neutrosophic monoid
over N(S). Then

1. Their extended union (7, 4)u, (K,B) 1s not a soft neutrosophic
monoid over N(S).
2. Their restricted union (F,4)u, (K,B) is not a soft neutrosophic
monoid over N(S).
3. Their or operation (F,A4)v(K,B) 1s not a soft neutrosophic monoid
over N(S).
One can easily verify (1),(2),and (3)by the help of examples.

Definition 3.1.3: Let (F, 4) be a soft neutrosophic semigroup over N(S).
Then (F, 4) 1s called an absolute-soft neutrosophic semigroup over N(S)
if F(a)=N(S), for all ac 4. We denote it by F, .
Theorem 3.1.5: Every absolute-soft neutrosophic semigroup over N(S)
always contain absolute soft semigroup over s.
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Definition 3.1.4: Let (7, 4) and (#H,B) be two soft neutrosophic
semigroups over N(S). Then (H,B) is a soft neutrosophic subsemigroup
of (F,4),1f

1. Bc4,and
2. H(a) i1s neutrosophic subsemigroup of F(a), forall acB.

Example 3.1.4: Let ~n(s)=(zu1) be a neutrosophic semigroup under " +".
A={a,a,,a,}. Then (F,4) is a soft neutrosophic semigroup over N(S),
where

F(a)=(2ZUl),F(a,)=(3ZU1I),
F(ay)=(5ZU1).

Let B={q,a,}c 4. Then (H,B) is soft neutrosophic subsemigroup of
(F,A) over N(S), where

H(a,)=(4ZUI),H(a,)=(6Z UI).

Theorem 3.1.6: A soft neutrosophic semigroup over N(S) have soft
neutrosophic subsemigroups as well as soft subsemigroups over N(S).

Proof. Obvious.

Theorem 3.1.7: Every soft semigroup over s is always soft
neutrosophic subsemigroup of soft neutrosophic semigroup over N(S).

Proof. The proof is obvious.
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Proposition 3.1.5: Let (7, 4) be a soft neutrosophic semigroup over N(S)
and {(H.B):ieJ} 1s a non empty family of soft neutrosophic
subsemigroups of (7, 4). Then

1. N(H,,B) is a soft neutrosophic subsemigroup of (F, 4).
2. A(H,,B) is a soft neutrosophic subsemigroup of A(F,4).
3. U(H,,B) is a soft neutrosophic subsemigroup of (7, 4) if B,nB, =4,

forall i=;.
Proof. Straightforward.

Definition 3.1.5: A soft set (7, 4) over N(S) is called soft neutrosophic
left (right) ideal over N(S) if F, o(F,4)c(F,4), where F, . isan
absolute-soft neutrosophic semigroup over N(S).

A soft set over N(S) is a soft neutrosophic ideal if it is both a soft

neutrosophic left and a soft neutrosophic right ideal over n(S).

()

Example 3.1.5: Let n(s)=(zu1) be the neutrosophic semigroup under
"+'. Let 4={q,,a,} be a set of parameters. Then (F, A)be a soft
neutrosophic ideal over N(S), where

F(a)=(2ZUI),F(a,)=(4ZUI).

Proposition 3.1.6: A soft set ¥.4¢ver N(S) is a soft neutrosophic ideal
if and only if F(a) is a neutrosophic ideal of N(s), forall ac 4.
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Theorem 3.1.8: Every soft neutrosophic ideal (F,4) over N(S) is a soft
neutrosophic semigroup.

Proposition 3.1.7: Let (7, 4) and (K,B) be two soft neutrosophic ideals
over N(S). Then

1. Their extended union (F,4)u, (K,B) over N(S) is soft neutrosophic
1deal over N(S).

2. Their extended intersection (F,4), (K,B) over N(S) 1s soft
neutrosophic ideal over N(S).

3. Their restricted union (F, 4)u, (K,B) over N(S) is soft neutrosophic
1deal over N(S).

4. Their restricted intersection (F,4)n, (K,B) over N(S) is soft
neutrosophic ideal over N(S).

Proof. One can easily prove (1),(2),(3) and (4).

Proposition 3.1.8: Let (F,4) and (#,B) be two soft neutrosophic ideal
over N(S). Then

1. Their 4nDp operation (F, A) A(K,B) is a soft neutrosophic ideal over
N(S).

2. Their or operation (F,A)v(K,B) is a soft neutrosophic ideal over
N(S).

Theorem 3.1.9: Let (F,4) and (X, B) be two soft neutrosophic

semigroups (ideals) over N(S) and N(T) respectively. Then (F, 4)x(K,B)
is also a soft neutrosophic semigroup (ideal) over N(S)xN(T).
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Proof. The proof is straight forward.

Theorem 3.1.10: Let (F, 4) be a soft neutrosophic semigroup over N(S)
and {(H,,B):ieJ} 1s a non empty family of soft neutrosophic ideals of
(F,A). Then

1. N(H,,B) is a soft neutrosophic ideal of (7, 4).
2. A(H,,B) is a soft neutrosophic ideal of A(F,4).
3. U(H,,B) 1s a soft neutrosophic ideal of (7, 4).
4. V(H,.B,) is a soft neutrosophic ideal of V(F,4).

Proof. We can easily prove (1),(2),(3), and (4).

Definition 3.1.6: A soft set (7,4) over N(S) is called soft neutrosophic
principal ideal or soft neutrosophic cyclic ideal if and only if F(a) is a
principal or cyclic neutrosophic ideal of N(S), forall ae 4.

Proposition 3.1.9: Let (F,4) and (k,B) be two soft neutrosophic
principal ideals over ~(S). Then

1. Their extended intersection (F, 4)n, (K,B) over N(S) is soft
neutrosophic principal ideal over N(S).

2. Their restricted intersection (£, 4)n, (K,B) over N(S) 1S soft
neutrosophic principal ideal over N(S).

3. Their 4nD operation (F,A) A(K,B) is soft neutrosophic principal
1deal over N(S).
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Remark 3.1.5: Let (F,4) and (#,B) be two soft neutrosophic principal
1deals over N(S). Then

1. Their restricted union (F,4)u, (K,B) over N(S) 1s not soft
neutrosophic principal ideal over N(S).

2. Their extended union (F,4)u, (K,B) over N(S) is not soft
neutrosophic principal ideal over N(S).

3. Their or operation (F,4)v(K,B) is not soft neutrosophic principal
1deal over N(S).

One can easily prove it by the help of examples.

Soft Neutrosophic Strong Semigroup

The notion of soft neutrosophic strong semigroup over a neutrosophic
semigroup is introduced here. We give the definition of soft
neutrosophic strong semigroup and investigate some related properties
with sufficient amount of illustrative examples.

Definition 3.1.7: Let N(S) be a neutrosophic semigroup and let (7, 4) be
a soft set over N(S). Then (#,A) is said to be soft neutrosophic strong
semigroup over N(S) if and only if F(a) is neutrosophic strong
subsemigroup of n(S) for all ae 4.
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Example 3.1.6: Let N(S)=1{0,1,2,1,21,%,} be a neutosophic semigroup . Let
A={a,,a,} be a set of parameters.Then (F, 4) is clearly soft neutrosophic
strong semigroup over N(S), where

F(a)={0.121},F(a,) = 0,1}

Proposition 13.1.10: Let (F,4) and (X,B) be two soft neutrosophic stron
semigroups over N(S). Then

1. Their extended intersection (7, 4) N, (K,B) 1s soft neutrosophic
strong semigroup over N(S).

2. Their restricted intersection (£, 4)n, (K,B) 1s soft neutrosophic
strong semigroup over N(S).

3. Their 4nD operation (F, A) A(K,B) is soft neutrosophic strong
semigroup over N(S).

Remark 3.1.6: Let (F,4) and (K,B) be two soft neutrosophic strong
semigroups over N(S). Then

1. Their extended union (F,4)u, (K,B) is not soft neutrosophic strong
semigroup over N(S).
2. Their restricted union (F, 4)u, (K,B) is not soft neutrosophic strong
semigroup over N(S).
3. Their or operation (F,4)v(K,B) is not soft neutrosophic strong
semigroup over N(S).
One can easily verified (1),(2), and 3) with the help of examples.

137



Definition 3.1.8: Let (7, 4) and (#,B) be two soft neutrosophic strong
semigroups over BN(S). Then (H,B) 1s a soft neutrosophic strong
subsemigroup of (F,4), if

1. Bc4,and
2. H(a) 1s a neutrosophic strong subsemigroup of F(a) for all aec 4.

Example 3.1.7: Let N(S)={0,1,2,1,21} be a neutosophic strong semigroup
under multiplication modulo 3 . Let 4=1{4,,4,.a,} be a set of
parameters. Then (7, 4) 1s clearly soft neutrosophic strong semigroup
over N(S), where

F(al) = {091921}9F(a2) = {091}9
F(a,)={0,1,21}.
Then (AH,B) is a soft neutrosophic subbisemigroup of (F,4), where

H(al) - {091}9 H(Cl3) — {091}

We now give some characterization of soft neutrosophic strong groups.
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Proposition 3.1.11: Let (F, 4) be a soft neutrosophic strong semigroup
over BN(S) and {(H,.B):ieJ} 1S a non-empty family of soft neutrosophic
strong subsemigroups of (7, 4). Then

1. N(H,,B) is a soft neutrosophic strong subsemigroup of (F, 4).
2. A(H,B) 1s a soft neutrosophic strong subsemigroup of A(F,4).
3. u(H,B) 1s a soft neutrosophic strong subsemigroup of (r,4) if

BB =¢,forall i=;.
Proof: Straightforward.

Definition 3.1.9: (F, 4) is called soft neutrosophic strong ideal over
N(S) if F(a) 1s a neutrosophic strong ideal of N(s), forall aec4.

Example 3.1.8: Let N(S)=1{0,1,2,1,21} be a neutosophic strong semigroup
under multiplication modulo 3 . Let 4={q,,a,} be a set of
parameters. Then (7, 4) 1s clearly soft neutrosophic strong ideal over
N(S), where

F(a)={0,121},F(a,) = 0.1,

Theorem 3.1.11: Every soft neutrosophic strong ideal (7, 4) over N(S) is
trivially a soft neutrosophic strong semigroup.

Proof. Straightforward.
Theorem 3.1.12: Every soft neutrosophic strong ideal (7, 4) over N(S) i1s

trivially a soft neutrosophic strong ideal.
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Proposition 3.1.12: Let (F,4) and (X, B) be two soft neutrosophic strong
1deals over N(S). Then

1) Their extended intersection (7, 4) N, (K,B) 1s soft neutrosophic strong
1deal over N(S).

2) Their restricted intersection (F,4), (K,B) 1s soft neutrosophic strong
1deal over N(S).

3) Their 4np operation (F, A) A(K,B) is soft neutrosophic strong ideal
over N(S).

Remark 3.1.7: Let (F,4) and (X,B) be two soft neutrosophic strong ideal
over N(S). Then

1) Their extended union (F, 4)u, (K,B) is not soft neutrosophic strong
1deal over N(S).

2) Their restricted union (£, 4)u, (K,B) is not soft neutrosophic strong
1deal over N(S).

3) Their or operation (F,4)v(K,B) is not soft neutrosophic strong ideal
over N(S).

One can easily proved (1),(2), and (3) by the help of examples.
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3.2 Soft Neutrosophic Bisemigroup

In this section, the definition of soft neutrosophic bisemigroup is given
over a neutrosophic bisemigroup. Then soft neutrosophic biideals are
defined over a neutrosophic bisemigroup. Some of their fundamental
properties are also given in this section.

We now move on to define soft neutrosophic bisemigroups.

Definition 3.2.1: Let (F, 4) be a soft set over a neutrosophic bisemigroup
BN(S). Then (F,4) is said to be soft neutrosophic bisemigroup over
BN(S) if and only if F(a) is a neutrosophic subbisemigroup of BN(S) for
all ae4.

Example 3.2.1: Let BN(S)={(ZuI)u(z,uI)}, where(zur) isa
neutrosophic semigroup with respect to + and (z,ur) 1s a neutrosophic
semigroup under multiplication modulo 3. BN®O Let 4={q,,a,} be a set

of parameters. Then (F, 4) 1s soft neutrosophic bisemigroup over BN(S),
where

F(a)={(2ZuI),0,1,1}
F(a,)={(8Z2U1),0,2,21}.

141



Proposition 3.2.1: Let (F,4) and (k,B) be two soft neutrosophic
bisemigroup over BN(S). Then

1. Their extended intersection (F,4)n, (K,B) 1s soft neutrosophic
bisemigroup over BN(S).

2. Their restricted intersection (F,4)n, (K,B) 1s soft neutrosophic
bisemigroup over BN(S).

3. Their 4nD operation (F, ) A(K,B) is soft neutrosophic bisemigroup
over BN(S).

Remark 3.2.1: Let (F,4) and (X,B) be two soft neutrosophic
bisemigroups over BN(S). Then

1. Their extended union (7, 4)u, (K,B) 1s not soft neutrosophic
bisemigroup over BN(S).

2. Their restricted union (F, 4)u, (K,B) 1s not soft neutrosophic
bisemigroup over BN(S).

3. Their or operation (F,A4)v(K,B) is not soft neutrosophic
bisemigroup over BN(S).

One can easily proved (1),(2), and (3) by the help of examples.

Definition 3.2.2: Let (F,4) and (#,B) be two soft neutrosophic
bisemigroups over BN(S). Then (#,B) is a soft neutrosophic
subbisemigroup of (7, 4), if

1. Bc4,and
2. H(a) 1s a neutrosophic subbisemigroup of F(a) forall ac 4.
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This situation can be explained in the following example.

Example 3.2.2: Let BN(S)={(zuTl)u(z,uI)}, where(zu1T) is a
neutrosophic semigroup with respect to + and (z,u 1) 1s a neutrosophic
semigroup under multiplication modulo 3. BN®¥O Let 4={4,,q,} be a set

of parameters. Then (F, 4) 1s soft neutrosophic bisemigroup over BN(S),

where
F(a)={(2Zu1I),0,1}

F(a,)={(8Zu1),0,1,1}
Then (H,B) 1s a soft neutrosophic subbisemigroup of (F, 4), where
H(a,)={(4ZU1I),0,1}.
Proposition 3.2.2: Let (F, 4) be a soft neutrosophic bisemigroup over
BN(S) and {(H,B):ieJ} 1s a non-empty family of soft neutrosophic

subbisemigroups of (F,4). Then

1. N(H,,B) 1s a soft neutrosophic subbisemigroup of (F, 4).
2. A(H,B) 1s a soft neutrosophic subbisemigroup of A(F.4).
3. u(H,,B) is a soft neutrosophic subbisemigroup of (£,4) if

BB =¢,forall i=;.
Proof. Straightforward.

Definition 3.2.3: (F,4) is called soft neutrosophic biideal over Bn(S) if
F(a) 1s @ neutrosophic biideal of BN(S), for all ac 4.
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Example 3.2.3: Let BN(S)={(zuI)u(z,uI)}, where(zur) is a
neutrosophic semigroup with respect to + and (z,u 1) is a neutrosophic

semigroup under multiplication modulo 3. BN®O Let 4={4,,q,} be a set
of parameters. Then (F, 4) 1s soft neutrosophic biideal over BN(S), where

F(a)={(2Zzv1I),0,1}
F(a,)={(8Zu1I),0,1,1}

Theorem 3.2.1: Every soft neutrosophic biideal (F,4) over BN(S) is
trivially a soft neutrosophic bisemigroup.

Proof: This is obvious.

Proposition 3.2.3: Let (F,4) and (k,B) be two soft neutrosophic biideals
over BN(S). Then

1. Their extended intersection (7, 4) N, (K, B) 1s soft neutrosophic
biideal over BN(S).

2. Their restricted intersection (F,4)n, (K,B) 1s soft neutrosophic
biideal over BN(S).

3. Their 4nD operation (F,A) ~(K,B) is soft neutrosophic biideal over
BN(S).
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Remark 3.2.2: Let (F,4) and (K,B) be two soft neutrosophic biideals
over BN(S). Then

1. Their extended union (F,4)u, (K,B) is not soft neutrosophic biideals
over BN(S).

2. Their restricted union (F, 4) U, (K,B) is not soft neutrosophic
biidleals over BN(S).

3. Their or operation (F,4)v(K,B) is not soft neutrosophic biideals
over BN(S).

One can easily proved (1),(2), and (3) by the help of examples
Theorem 3.2.2: Let (F, 4) be a soft neutrosophic biideal over BN (S) and
{(H,B):iel} 1s a non-empty family of soft neutrosophic biideals of (F, 4).

Then

1. N(H,.B) is a soft neutrosophic biideal of (7, 4).

2. A(H,,B) 1s a soft neutrosophic biideal of A(F,A).

Soft Neutrosophic Strong Bisemigroup

As usual, the theory of purely neutrosophics is alos exist in soft
neutrosophic bisemigroup and so we define soft neutrosophic strong
bisemigroup over a neutrosophic semigroup here and establish their
related properties and characteristics.
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Definition 3.2.4: Let (F, 4) be a soft set over a neutrosophic bisemigroup
BN(S). Then (F,4) is said to be soft neutrosophic strong bisemigroup
over BN(S) if and only if F(a) 1s a neutrosophic strong subbisemigroup
of BN(S) forall ac4.

Example 3.2.4: Let BN(S)={(zuTl)u(z,uI)}, where(zu1r) is a
neutrosophic semigroup with respect to + and (z,u7) is a neutrosophic
semigroup under multiplication modulo 3. BN®O Let 4={4,,q,} be a set
of parameters. Then (F, 4) 1s soft neutrosophic strong bisemigroup over
BN(S), Where

F(a)={(2ZuI),0,1}

F(ay)={(8ZuI),0,11}

Theorem 3.2.3: Every soft neutrosophic strong bisemigroup is a soft
neutrosophic bisemigroup .

Proposition 3.2.4: Let (F,4) and (X,B) be two soft neutrosophic strong
bisemigroups over BN(S). Then

1. Their extended intersection (7, 4) N, (K, B) 1s soft neutrosophic
strong bisemigroup over BN(S).

2. Their restricted intersection (F,4)n, (K,B) 1s soft neutrosophic
strong bisemigroup over BN(S).

3. Their 4nD operation (F,A) A(K,B) is soft neutrosophic strong
bisemigroup over BN(S).
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Remark 3.2.3: Let (F,4) and (K,B) be two soft neutrosophic strong
bisemigroups over BN(S). Then

1. Their extended union (F, 4)u, (K,B) is not soft neutrosophic strong
bisemigroup over BN(S).

2. Their restricted union (F,4)u, (K,B) 1s not soft neutrosophic strong
bisemigroup over BN(S).

3. Their or operation (F,A4)v(K,B) 1s not soft neutrosophic strong
bisemigroup over BN(S).

One can easily proved (1),(2), and (3) by the help of examples.

Definition 3.2.5: Let (7, 4) and (#,B) be two soft neutrosophic strong
bisemigroups over BN(S). Then (H,B) is a soft neutrosophic strong
subbisemigroup of (F,4), if

1. Bc4,and
2. H(a) 1s a neutrosophic strong subbisemigroup of 7(a) forall ac 4.

Example 3.2.5: Let BN(S)={(ZuI)u(z,uI)}, where(zur) isa
neutrosophic semigroup with respect to + and (z,ur) 1s a neutrosophic
semigroup under multiplication modulo 3. BN®O Let 4={q,,a,} be a set
of parameters. Then (F, 4) 1s soft neutrosophic strong bisemigroup over
BN(S), Where

F(a)={(22U1),0,1}

F(a,)={(8ZL1),0,1,1}
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Then (#,B) is a soft neutrosophic strong subbisemigroup of (F, 4),
where
H(a,)={(4ZUI),0,1}.

Proposition 3.2.5: Let (F, 4) be a soft neutrosophic strong bisemigroup
over BN(S) and {(H,,B):ieJ} 1S a non-empty family of soft neutrosophic
strong subbisemigroups of (7, 4). Then

1. n(#,,B) 18 a soft neutrosophic strong subbisemigroup of (£, 4).
2. A(H,,B) 18 a soft neutrosophic strong subbisemigroup of A(F,4).
3. u(H,,B)) 1s a soft neutrosophic strong subbisemigroup of (£, 4) if

BnB,=¢,forall i=;.
Proof. Straightforward.

Definition 3.2.6: (F,4) is called soft neutrosophic strong biideal over
BN(S) if F(a) is a neutrosophic strong biideal of Bn(S), forall ac 4.

Example 3.2.6: Let BN(S)={(Zul)u(z,uI)}, where(zur) is a
neutrosophic semigrouop with respect to + and (z, u1) is a neutrosophic
semigroup under multiplication modulo 3. BN®O Let 4={q,,q,} be a set

of parameters. Then (7, 4) 1s soft neutrosophic strong biideal over
BN(S), where

F(a)={(2Zu1I),0,1}
F(a,)={(82u1),0,1,1}
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Theorem 3.2.4: Every soft neutrosophic strong biideal (F,4) over BN(S)
is a soft neutrosophic bisemigroup.

Theorem 3.2.5: Every soft neutrosophic strong biideal (F,4) over BN(S)

is
a soft neutrosophic strong bisemigroup but the converse is not true.

Proposition 3.2.6: Let (F,4) and (k,B) be two soft neutrosophic strong
biideals over BN(S). Then

1. Their extended intersection (7, 4) N, (K,B) 1s soft neutrosophic
strong biideal over BN(S).

2. Their restricted intersection (F,4)n, (K,B) is soft neutrosophic
strong biideal over BN(S).

3. Their 4nD operation (F, A) A(K,B) is soft neutrosophic strong
biideal over BN(S).

Remark 3.2.4: Let (F,4) and (K,B) be two soft neutrosophic strong
biideals over BN(S). Then

1. Their extended union (F, 4)u, (K, B) is not soft neutrosophic strong
biideals over BN(S).

2. Their restricted union (£, 4)u, (K,B) is not soft neutrosophic strong
biidleals over BN(S).

3. Their or operation (F,4)v(K,B) 1s not soft neutrosophic strong
biideals over BN(S).

One can easily proved (1),(2), and (3) by the help of examples
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Theorem 3.2.6: Let (F, 4) be a soft neutrosophic strong biideal over
BN(S) and {(H,B):ieJ} is a non empty family of soft neutrosophic
strong biideals of (F,4). Then

1. N(#H,,B) is a soft neutrosophic strong biideal of (£, 4).
2. A(H,B) is a soft neutrosophic strong biideal of A(F,A).

Proof: The proofis left as an exercise for the readers.

3.3 Soft Neutrosophic N-semigroup

In this section, we extend soft sets to neutrosophic N-semigroups and
introduce soft neutrosophic N-semigroups. This is the generalization of
soft neutrosophic semigroups. Some of their impotant facts and figures
are also presented here with illustrative examples. We also initiated the
strong part of neutrosophy in this section. Now we proceed on to define
soft neutrosophic N-semigroup as follows.

Definition 3.3.1: Let {S(N),,....x,} be a neutrosophic ~ -semigroup and
(F,A4) be a soft set over {S(N),x,....x,}. Then (F,4) is termed as soft
neutrosophic » -semigroup if and only if F(a) is a neutrosophic sub » -
semigroup, for all ac 4.
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We give further expaination in the following example.

Example 3.3.1: Let S(V)={S,US, US,US,,*,%,*,*} be a neutrosophic 4 -
semigroup where
S, ={z,,,semigroup under multiplication modulo 12},

S, =1{0,1,2,3,1,21,31,41 , semigroup under multiplication modulo 4}, a
neutrosophic semigroup.

b . . :
s, =1 ra,b,c,d e (RUT)}, neutrosophic semigroup under matrix
’ c d

multiplication and
S, =(zuI), neutrosophic semigroup under multiplication.

Let 4={a,,a,} be a set of parameters. Then (7, 4) 1s soft neutrosophic 4 -
semigroup over S(4), where

a b
F(al):{0,2,4,6,8,10}u{0,1,21,3l}u{[c dj:a,b,c,de(Qul)}u(SZu[)
a b
F(al):{0,6,}u{0,1,l}u{(c d]:a,b,c,de(ZuI}}u@Zu])

Theorem 3.3.1: Let (F,4) and (#, 4) be two soft neutrosophic » -
semigroup over S(N). Then their intersection (F, 4)~(H,4) is again a soft
neutrosophic ~ -semigroup over S(N).

Proof. Straightforward.

Theorem 3.3.2: Let (F,4) and (H,B) be two soft neutrosophic » -
semigroups over S(N) such that 4nB=¢. Then their union is soft
neutrosophic » -semigroup over S(N).

Proof. Straightforward.
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Proposition 3.3.1: Let (7, 4) and (X,B) be two soft neutrosophic » -
semigroup over S(N).Then
1. Their extended intersection (7, 4)n, (K, B) 1s soft neutrosophic » -
semigroup over S(N).
2. Their restricted intersection (£, 4)n, (K,B) is soft neutrosophic » -
semigroup over S(N).
3. Their 4np operation (F, A) A(K,B) is soft neutrosophic N -semigroup
over S(N).

Proof: These can be seen easily.

Remark 3.3.1: Let (F,4) and (X, B) be two soft neutrosophic » -
semigroup over S(N). Then
1. Their extended union (F,4)u, (K,B) 1s not soft neutrosophic » -
semigroup over S(N).
2. Their restricted union (F, 4)u, (K, B) 1s not soft neutrosophic w -
semigroup over S(N).
3. Their or operation (F, 4)v(K,B) 1s not soft neutrosophic » -
semigroup over S(N).

One can easily verified (1),(2), and (3).
Definition 3.3.2: Let (F, 4) be a soft neutrosophic N -semigroup over

S(N). Then (F, 4) is called absolute-soft neutrosophic ~ -semigroup over
S(N) if F(a)=S(N), for all ae 4. We denote it by F;,, .
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Definition 3.3.3: Let (F,4) and (#,B) be two soft neutrosophic » -
semigroup over S(N). Then (#,B) is a soft neutrosophic sub » -
semigroup of (F,4), if

1) BcA.

2) H(a) 1s a neutrosophic sub ~ -semigroup of F(a) for all ae 4.

Example 3.3.2: Let S(V)={S,US,US, US,,*,%,%,%} be a neutrosophic 4 -
semigroup where
S, = {Z,,,semigroup under multiplication modulo 12},

S, =1{0,1,2,3,1,21,31,41 , semigroup under multiplication modulo 4}, a
neutrosophic semigroup.

a b . . .
S, = ra,b,c,d e (RUT)}, neutrosophic semigroup under matrix
’ c d

multiplication and
S, =(zuI), neutrosophic semigroup under multiplication.

Let 4={a,,a,,a,} be a set of parameters. Then (F, 4) is soft neutrosophic
4 -semigroup over S(4), where

b
F(a,) = {0,2,4,6,8,10}u{0,1,21,3]}U{a dj:a,b,c,d e(QuI)}U(SZUI},
C

F(az):{0,6}u{0,1,1}u{(a sza,b,c,de(Zu])}u(ZZu]),
C

F(ay) =1{0,3,6,9} L {0,1,21} u{(a 2) ca,b,c,d € (22u1>}u(3Z ul).
C

Clearly (#,B) is a soft neutrosophic sub 4 -semigroup of (F,A), where
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H(a,) = {0,4,8) U {0,1,21} U {[a

2j:a,b,c,d e(Zu])}u(lOZuI),
c

b

H(a3):{0,6}u{0,1}u{[a dj:a,b,c,de<4Zu1>}u<6Zu1>.
Cc

Proposition 3.3.2: Let (F, 4) be a soft neutrosophic » -semigroup over
S(N) and {(H#,B):ieJ} is a non empty family of soft neutrosophic » -
semigroups of (F,4). Then

1. N(H,.B) is a soft neutrosophic ~ -semigroup of (7, 4).
2. A(H,B) 1s a soft neutrosophic N -semigroup of A(F,4).
3. u(H,B) 1s a soft neutrosophic ~ -semigroup of (£, 4) if BB, =9,

forall i=;.
Proof. Straightforward.

Definition 3.3.4: (F,4) is called soft neutrosophic n -ideal over s(v) if
F(a) 1s a neutrosophic N -ideal of S(N), for all aec 4.

Theorem 3.3.3: Every soft neutrosophic n -ideal (7, 4) over S(v) is a
soft neutrosophic - ¥ semigroup.

Theorem 3.3.4: Every soft neutrosophic n -ideal (F,4) over S(N) is a
soft neutrosophic » -semigroup but the converse is not true.
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Proposition 3.3.3: Let (7, 4) and (X,B) be two soft neutrosophic » -
1deals over S(N). Then

1. Their extended intersection (7, 4), (K,B) is soft neutrosophic » -
1deal over S(N).

2. Their restricted intersection (F,4)n, (K,B) 1s soft neutrosophic
biideal over S(n).

3. Their 4nD operation (F,A) A(K,B) is soft neutrosophic ~ -ideal over
S(N).

Remark 3.3.2: Let (F,4) and (K,B) be two soft neutrosophic ~ -ideals
over S(N). Then

1. Their extended union (F, 4)u, (K,B) 1s not soft neutrosophic » -ideal
over S(N).

2. Their restricted union (F, 4)u, (K, B) 1s not soft neutrosophic w -
1deal over S(N).

3. Their or operation (F,4)v(K,B) is not soft neutrosophic » -ideals

over S(N).
One can easily proved (1),(2), and (3) by the help of examples
Theorem 3.3.5: Let (F, 4) be a soft neutrosophic ~ -ideal over s(~) and
{(H,B):ieJ} 1s a non-empty family of soft neutrosophic ~ -ideals of

(F,4). Then

1. N(H,,B) is a soft neutrosophic ~ -ideal of (7, 4).
2. A(H,,B) is a soft neutrosophic ~ -ideal of A(F,A).
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Soft Neutrosophic Strong N-semigroup

The notions of soft neutrosophic strong N-semigroups over
neutrosophic N-semiggroups are introduced here. We give some basic
definitions of soft neutrosophic strong N-semigroups and illustrated it
with the help of exmaples and give some basic results.

Definition 3.3.5: Let {S(V),,....*,} be a neutrosophic ~ -semigroup and
(F,4) be a soft set over {S(N),x,...x,}. Then (F,4) is called soft
neutrosophic strong ~ -semigroup if and only if F(a) is a neutrosophic
strong sub N -semigroup, for all ae 4.

Example 3.3.3: Let S(V)={5,uS, US,US,.*.,%,%,*} be a neutrosophic 4 -
semigroup where
S, = {z,,,semigroup under multiplication modulo 12},

S, =1{0,1,2,3,1,21,31,41 , semigroup under multiplication modulo 4}, a
neutrosophic semigroup.

a b . . .
S, = ra,b,c,d e (RUT)}, neutrosophic semigroup under matrix
} c d

multiplication and
S, =(zuI), neutrosophic semigroup under multiplication.

Let 4={a,a,} be a set of parameters. Then (F, 4) is soft neutrosophic
strong 4 -semigroup over S(4), where
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F(al):{0,3,31}u{0,1,21,31}u{£“ SJ:a,b,c,de@uI}}u(SZuI)
c

F(al):{0,21,4I}U{O,I,I}u{(a Zj:a,b,c,de(ZuI}}u@Zu])
C

Theorem 3.3.6: Every soft neutrosophic strong ~ -semigroup is trivially
a soft neutrosophic

N -semigroup but the converse is not true.

Proof: It is left as an exercise for the readers.

Proposition 3.3.4: Let (F,4) and (k,B) be two soft neutrosophic strong
N -semigroups over S(N).Then

1. Their extended intersection (F,4)n, (K,B) is soft neutrosophic
strong N -semigroup over S(N).

2. Their restricted intersection (F, 4)n, (K, B) 1s soft neutrosophic
strong N -semigroup over S(N).

3. Their 4nDp operation (F,A) A(K,B) is soft neutrosophic strong » -
semigroup over S(N).

Proof: These can be established easily.
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Remark 3.3.3: Let (7, 4) and (X,B) be two soft neutrosophic strong » -
semigroup over S(N). Then
1. Their extended union (F,4)u, (K,B) 1s not soft neutrosophic strong
N -semigroup over S(N).
2. Their restricted union (F,4)u, (K, B) 1s not soft neutrosophic strong
N -semigroup over S(N).
3. Their or operation (F,4)v(K,B) 1s not soft neutrosophic strong n -
semigroup over S(N).
One can easily verified (1),(2), and (3).

Definition 3.3.6: Let (F,4) and (#,B) be two soft neutrosophic strong N -
semigroup over S(N). Then (#,B) is a soft neutrosophic strong sub » -
semigroup of (F,4), if

3) Bc A.

4) H(a) 1s a neutrosophic strong sub N -semigroup of F(a) for all ae 4.

Proposition 3.3.5: Let (F, 4) be a soft neutrosophic strong » -semigroup
over S(N) and {(H,B):ieJ} 1s a non-empty family of soft neutrosophic
strong N -semigroups of (F,4). Then

1. n(#,B) 1s a soft neutrosophic strong » -semigroup of (¥, 4).
2. A(H,B) 1s a soft neutrosophic strong ~ -semigroup of A(F,4).
3. u(H,B) 1s a soft neutrosophic strong ~ -semigroup of (,4) if

BB =¢,forall i=;.

Proof. Straightforward.
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Definition 3.3.7: (F,4) is called soft neutrosophic strong ~ -ideal over
S(N) if F(a) 1s a neutrosophic strong ~ -ideal of sS(N), forall ae4.

Theorem 3.3.7: Every soft neutrosophic strong ~ -ideal (F, 4) over S(N)
is a soft neutrosophic - N semigroup.

Theorem 3.3.8: Every soft neutrosophic strong n -ideal (F, 4) over S(v)
is a soft neutrosophic strong ~ -semigroup but the converse is not true.

Proposition 3.3.6: Let (F,4) and (k,B) be two soft neutrosophic strong
N -ideals over S(N). Then

1. Their extended intersection (7, 4) N, (K,B) 1s soft neutrosophic
strong N -ideal over S(N).

2. Their restricted intersection (F,4)n, (K, B) is soft neutrosophic
strong N -ideal over S(n).

3. Their 4np operation (F, A) (K, B) is soft neutrosophic strong » -
1deal over S(n).

Remark 3.3.4: Let (F,4) and (K,B) be two soft neutrosophic strong » -
1deals over S(~). Then

1. Their extended union (F, 4)u, (K, B) is not soft neutrosophic strong
N -1deal over S(n).

2. Their restricted union (F, 4)u, (K, B) 1s not soft neutrosophic strong
N -1deal over S(N).

3. Their or operation (F,4)v(K,B) is not soft neutrosophic strong n -
1deals over S(n).
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One can easily proved (1),(2), and (3) by the help of examples.
Theorem 3.3.9: Let (F, 4) be a soft neutrosophic strong ~ -ideal over
S(N) and {(H,B):iel} is a non-empty family of soft neutrosophic strong

N -ideals of (F,4). Then

1. N(H,,B) is a soft neutrosophic strong n -ideal of (F, 4).

A(H,,B) 1s a soft neutrosophic strong ~ -ideal of A(F,4).
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Chapter four

SOFT NEUTROSOPHIC LOOPS AND THEIR
GENERALIZATION

In this chapter the notion of soft neutrosophic loop with its
generalization are given. This chapter has also three sections. In first
section, soft neutrosophic loop is introduced over a neutrosophic loop.
Actually soft neutrosophic loops are parameterized family of
neutrosophic subloops. We also investigate soft neutrosophic strong loop
over a neutrosophic loop which is purely of neutrosophic character. Now
we proceed on to define soft neutrosophic loop over a neutrosophic loop.

4.1 Soft Neutrosophic Loop

In this section, we defined a soft neutrosophic loop over a neutrosophic
loop and established some of the fundamental properties of it. We also
introduce soft neutrosophic strong loop over a neutrosophic semigroup.

Definition 4.1.1: Let (£ u7) be a neutrosophic loop and (7, 4) be a soft
set over (Lur). Then (F,4) is called soft neutrosophic loop if and only if
F(a) 1s neutrosophic subloop of (Lur) forall ae 4.
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Example 4.1.1: Let (Lu71)=(L,(4)u1) be a neutrosophic loop where L,(4)
1s a loop. Then (F,4) 1s a soft neutrosophic loop over (Lu 1), where

F(a)= {<e, e[,2,2]>},F(a2) = {<e,3>},
F(a,) = {<e, el >}

Theorem 4.1.1: Every soft neutrosophic loop over (£ u7) contains a soft
loop over L.

Proof. The proof is straightforward.

Theorem 4.1.2: Let (7, 4) and (H, 4) be two soft neutrosophic loops over
(LuT). Then their intersection (F,4)(H,A) 1s again soft neutrosophic

loop over (Lu1).

Proof. The proof is staightforward.

Theorem 4.1.3: Let (7, 4) and (#,C) be two soft neutrosophic loops over
(Lul). If 4nC=¢,then (F,4)u(H,C) 1s a soft neutrosophic loop over

(LUI).

Remark 4.1.1: The extended union of two soft neutrosophic loops (7, 4)
and (K,C) over (Lu1I) is not a soft neutrosophic loop over (Lu1).

With the help of example we can easily check the above remark.
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Proposition 4.1.1: The extended intersection of two soft neutrosophic
loopps over (Lu1) 1s a soft neutrosophic loop over (Lu1).

Remark 4.1.2: The restricted union of two soft neutrosophic loops (7, 4)
and (k,C) over (LuI) 1s not a soft neutrosophic loop over (Lu7).

One can easily check it by the help of example.

Proposition 4.1.2: The restricted intersection of two soft neutrosophic
loops over (L u1) 1s a soft neutrosophic loop over (Lu1).

Proposition 4.1.3: The 4np operation of two soft neutrosophic loops
over (Lu1) is a soft neutrosophic loop over (Lu1).

Remark 4.1.3: The or operation of two soft neutosophic loops over
(Lu 1) may not be a soft nuetrosophic loop over (Lu 7).

One can easily check it by the help of example.

Definition 4.1.2: Let (L, (m)u1)={e,1,2,..,n,el,11,21,..,nl} be a new class of
neutrosophic loop and (F,4) be a soft neutrosophic loop over (L, (m)yu1).

Then (F, 4) 1s called soft new class neutrosophic loop if F(a) is a
neutrosophic subloop of (z,(m)u1) forall ae 4.

Example 4.1.2: Let (L,3)u71)={e,1,2,3,4,5¢l,11,21,31,41,5I} be a new class of

neutrosophic loop. Let 4={a4,,a,,a,,a,,a;} be a set of parameters. Then (F, 4)
1s soft new class neutrosophic loop over (L,(3)u1), where
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F(a)={eel,1,11},F(a,)={e,el,2,21},
F(ay)={e,el,3,31},F(a,) =1{e,el 4,41},
F(as)={e,el,5,51}.

Theorem 4.1.4: Every soft new class neutrosophic loop over (L, (m)u 1)
1s a soft neutrosophic loop over (z,(m)u1) but the converse is not true.

Proposition 4.1.4: Let (F,4) and (X,C) be two soft new class
neutrosophic loops over (z,(m)u 7). Then

1. Their extended intersection (F,4)n, (K,C) 1s a soft new class
neutrosophic loop over (L, (m)yu1).

2. Their restricted intersection (F,4)n, (K,C) 1s a soft new classes
neutrosophic loop over (L, (m)yu1).

3. Their 4nD operation (F,A)A(K,C) is a soft new class neutrosophic
loop over (L,(m)u1).

Remark 4.1.4: Let (F, 4 and (K,C) be two soft new class neutrosophic
loops over (r,(m)yu1). Then

1. Their extended union (F,4)u, (K,C) is not a soft new class
neutrosophic loop over (r,(m)ur).

2. Their restricted union (F,4)u, (K,C) 1s not a soft new class
neutrosophic loop over (L,(m)u1).

3. Their or operation (F,4)v(K,C) 1s not a soft new class
neutrosophic loop over (r,(m)ur).
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One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.1.3: Let (7, 4) be a soft neutrosophic loop over (Lu 7). Then
(F,4) 1s called the identity soft neutrosophic loop over (LU 1) if F(a)={e}
for all a e 4, where e 1s the identity element of (LU 7).

Definition 4.1.4: Let (7, 4) be a soft neutrosophic loop over (zu71). Then
(F,4) 1s called an absolute soft neutrosophic loop over (Lu7) if
F(a)=(LuI) forall ae 4.

Definition 4.1.5: Let (F,4) and (#,C) be two soft neutrosophic loops
over (Lur). Then (H,0) 1s callsed soft neutrosophic subloop of (r,4), if
1. cc 4.
2. H(a) 1s a neutrosophic subloop of F(a) forall ac 4.

Example 4.1.3: Consider the neutrosophic loop

(Ly(2)ul)={e1,2,3,4,..,15,el,11,21,..,141,15]}
of order 32. Let 4={4,,a,,a,} be a set of parameters. Then (F,4) is a soft
neutrosophic loop over (L,(2)ur1), where

F(a,)=1{e,2,5,8,11,14,el,21,51,81,111,141},

F(a,)={e,2,5,8,11,14},
F(a,) =1{e,3,el,31}.
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Thus (#,C) 1s a soft neutrosophic subloop of (7, 4) over (L,2)u1), where

H(a)=1{e,el,21,51,81,111,141},
H(a,) ={e,3}.

Theorem 4.1.5: Every soft loop over L is a soft neutrosophic subloop
over (Lul).

Proof: It is left an exercise for the interested readers.

Definition 4.1.6: Let (U 1) be a neutrosophic loop and (F, 4) be a soft
set over (Lu7). Then (F,4) is called soft normal neutrosophic loop if
and only if F(a) 1s normal neutrosophic subloop of (zur) forall ae 4.

Example 4.1.4: Let (£,(3)U1)={e,1,2,3,4,5,¢l,11,21,31,41,5I} be a
neutrosophic loop. Let 4={a,,qa,,a,} be a set of parameters. Then clearly
(F, A4) 1s soft normal neutrosophic loop over (L,3)ur1), where

F(a,)={eel,11I},F(a,) ={e,e,2,21},
F(ay)={e,el,3,31}.

Theorem 4.1.6: Every soft normal neutrosophic loop over (Lu1) is a
soft neutrosophic loop over (Lur) but the converse 1s not true.

One can easily check it by the help of example.
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Proposition 4.1.5: Let (F,4) and (k,C) be two soft normal neutrosophic
loops over (Lu1). Then

1. Their extended intersection (7, 4)n, (K,C) 1s a soft normal
neutrosophic loop over (Lu 7).

2. Their restricted intersection (F,4)n, (K,C) 1s a soft normal
neutrosophic loop over (Lu 7).

3. Their 4nD operation (F,A4)A(K,C) is a soft normal neutrosophic
loop over (LuT).

Remark 4.1.5: Let (F,4)and (K,C) be two soft normal neutrosophic
loops over (Lu1r). Then

1. Their extended union (F, 4)u, (K,C) 1s not a soft normal
neutrosophic loop over (Lu1r).

2. Their restricted union (F,4)u, (K,C) 1s not a soft normal
neutrosophic loop over (Lu1).

3. Their or operation (F,4)v(K,C) is not a soft normal neutrosophic
loop over (Lu1).

One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.1.7: Let (£ u7) be a neutrosophic loop and (7, 4) be a soft
neutrosophic loop over (Lur). Then (F,4) 1s called soft Lagrange
neutrosophic loop if F(a) is a Lagrange neutrosophic subloop of (zu 1)
forall aec4.
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Example 4.1.5: In Example 4.1.1, (F,A) is a soft Lagrange neutrosophic
loop over (Lu1).

Theorem 4.1.7: Every soft Lagrange neutrosophic loop over (Lu1) is a

soft neutrosophic loop over (Lur) but the converse 1s not true.

Theorem 4.1.8: If (£ u1) 1s a Lagrange neutrosophic loop, then (7, 4)

over (Lu1) is a soft Lagrange neutrosophic loop but the converse is not

true.

Remark 4.1.6: Let (7,4) and (k,C) be two soft Lagrange neutrosophic
loops over (Lu1). Then

1.

Their extended intersection (F, 4)n, (K,C) is not a soft Lagrange
neutrosophic loop over (Lu1r).

. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange

neutrosophic loop over (Lu17).

. Their 4anD operation (F,A4)A(K,C) is not a soft Lagrange

neutrosophic loop over (Lu7).

. Their extended union (7, 4)u, (k,C) 1s not a soft Lagrnage

neutrosophic loop over (Lu1).

. Their restricted union (F,4)u, (K,C) 1s not a soft Lagrange

neutrosophic loop over (Lu1).

. Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic

loop over (Lu1r).

One can easily verify (1),(2),(3),(4),(5) and (6) by the help of examples.
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Definition 4.1.8: Let (U 71) be a neutrosophic loop and (F, 4) be a soft
neutrosophic loop over (Lur). Then (F,4) 1s called soft weak Lagrange

neutrosophic loop if atleast one F(a) 1s not a Lagrange neutrosophic
subloop of (zur1) for some ae4.

Example 4.1.6: Consider the neutrosophic loop

(Ly2)ul)=1e1,2,3,4,..,15,el,11,21,..,141,15]}
of order 32. Let 4={a,,a,,a,} be a set of parameters. Then (F,4) is a soft
weakly Lagrange neutrosophic loop over (L,(2)u1), where

F(a))={e,2,5,8,11,14,el,21,51,81,111,141},
F(a))=1e,2,5,8,11,14},
F(a,)=1{e,3,el,31}.

Theorem 4.1.9: Every soft weak Lagrange neutrosophic loop over
(LuT) 1s a soft neutrosophic loop over (Lu1) but the converse is not

true.
One can easily check it by the help of example.

Theorem 4.1.10: If (zu1) 1s weak Lagrange neutrosophic loop, then
(F,4) over (Lu1T) 1s also soft weak Lagrange neutrosophic loop but the
converse is not true.

One can easily check it by the help of example.

170



Remark 4.1.7: Let (F,4) and (K,C) be two soft weak Lagrange
neutrosophic loops over (Lu1). Then

1.

Their extended intersection (F,4), (K,C) 1s not a soft weak
Lagrange neutrosophic loop over (Lu17).

Their restricted intersection (F,4)n, (K,C) 1s not a soft weak
Lagrange neutrosophic loop over (Lu1).

. Their 4nD operation (F,A4)A(K,C) 1s not a soft weak Lagrange

neutrosophic loop over (Lu1).

. Their extended union (7, 4)u, (k,C) 1s not a soft weak Lagrnage

neutrosophic loop over (Lu1r).

. Their restricted union (F,4)u, (K,C) is not a soft weak Lagrange

neutrosophic loop over (Lu1).

Their or operation (F,4)v(K,C) is not a soft weak Lagrange
neutrosophic loop over (Lu1r).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Definition 4.1.9: Let (Lu7) be a neutrosophic loop and (£, 4) be a soft

neutrosophic loop over (Lur). Then (F,A) is called soft Lagrange free

neutrosophic loop if F(e) 1s not a lagrange neutrosophic subloop of
(Lur) forall ac4.

Theorem 4.1.11: Every soft Lagrange free neutrosophic loop over
(LuI) 1s a soft neutrosophic loop over (L u71) but the converse is not

true.
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Theorem 4.1.12: If (zu1) 1s a Lagrange free neutrosophic loop, then
(F,4) over (Lu1T) 1s also a soft Lagrange free neutrosophic loop but the
converse 1s not true.

Remark 4.1.8: Let (F,4) and (K,C) be two soft Lagrange free
neutrosophic loops over (zur). Then

1. Their extended intersection (F,4)~, (K,C) 1s not a soft Lagrange
soft neutrosophic loop over (Lu 7).

2. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange
soft neutrosophic loop over (Lu 7).

3. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange free
neutrosophic loop over (Lu 7).

4. Their extended union (F, 4)u, (K,C) 1s not a soft Lagrnage soft
neutrosophic loop over (Lu1).

5. Their restricted union (F, 4)u, (K,C) 1s not a soft Lagrange free
neutrosophic loop over (Lu1r).

6. Their or operation (F,4)v(K,C) 1s not a soft Lagrange free
neutrosophic loop over (Lu1).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Soft Neutrosophic Strong Loop

The notion of soft neutrosophic strong loop over a neutrosophic loop is
introduced here. We gave the definition of soft neutrosophic strong loop
and investigated some related properties with sufficient amount of
illustrative examples.
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Definition 4.1.10: Let (2u17) be a neutrosophic loop and (7, 4) be a soft
set over (Lu7). Then (F,4) is called soft neutrosophic strong loop if and
only if F(a) 1s a strong neutrosophic subloop of (zur) forall ac4.

Example 4.1.7: Consider the neutrosophic loop

(Ls2)ul)={e1,2,3,4,..,15el,11,21,..,141,151} .

Let 4=1{q,,a,} be a set of parameters. Then (F,4) is a soft neutrosophic
strong loop over (L(2)uT1), where

F(a,)={e,el,21,51,81,111,141},
F(a,)={e,3,el,31}.

Proposition 4.1.6: Let (F,4) and (k,C) be two soft neutrosophic strong
loops over (Lur). Then

1. Their extended intersection (7, 4)n, (K,C) 1s a soft neutrosophic
strong loop over (Lu1).

2. Their restricted intersection (F,4)n, (K,C) is a soft neutrosophic
strong loop over (Lu1).

3. Their 4nD operation (F,A)A(K,C) is a soft neutrosophic strong
loop over (Lu1T).

Proof: These are left to the readers as exercises.
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Remark 4.1.9: Let (7, 4)and (K,C) be two soft neutrosophic strong loops
over (LuI). Then

1. Their extended union (7, 4)u, (K,C) is not a soft neutrosophic
strong loop over (Lu1).

2. Their restricted union (F,4)u, (K,C) is not a soft neutrosophic
strong loop over (Lu1).

3. Their or operation (F,4)v(K,C) is not a soft neutrosophic strong
loop over (Lu7r).

One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.1.11: Let (7,4) and (#,C) be two soft neutrosophic strong
loops over (Lu1). Then (#,C) is called soft neutrosophic strong subloop

of (F,4),1f

1. ccA.
2. H(a) 1s a neutrosophic strong subloop of F(a) forall ac 4.

Definition 4.1.12: Let (2u /) be a neutrosophic strong loop and (r,4) be
a soft neutrosophic loop over (Lur). Then (F,4) is called soft Lagrange

neutrosophic strong loop if F(a) is a Lagrange neutrosophic strong
subloop of (Lur) forall ae4.

Theorem 4.1.13: Every soft Lagrange neutrosophic strong loop over

(LuI) 1s a soft neutrosophic loop over (Lur) but the converse 1s not
true.
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Theorem 4.1.14: If (zu1) 1s a Lagrange neutrosophic strong loop, then

(F,4) over (Lu1T) is a soft Lagrange neutrosophic loop but the converse

1s not true.

Remark 4.1.10: Let (7, 4) and (k,C) be two soft Lagrange neutrosophic
strong loops over (Lu1). Then

l.

Their extended intersection (7, 4)n, (K,C) is not a soft Lagrange
neutrosophic strong loop over (Lu1).

. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange

strong neutrosophic loop over (Lu 7).

. Their 4np operation (F,A4)A(K,C) is not a soft Lagrange

neutrosophic strong loop over (Lu1).

. Their extended union (F,4)u, (K,C) is not a soft Lagrnage

neutrosophic strong loop over (Lu1r).

. Their restricted union (F,4)u, (K,C) is not a soft Lagrange

neutrosophic strong loop over (Lu1).

Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic
strong loop over (Lu1I).

One can easily verify (1),(2),(3).(4),(5)and (6) by the help of examples.

Definition 4.1.13: Let (L u1) be a neutrosophic strong loop and (r,4) be

a soft neutrosophic loop over (Lur1). Then (F,4) is called soft weak

Lagrange neutrosophic strong loop if atleast one F(a) is not a Lagrange
neutrosophic strong subloop of (£zur) for some ae 4.
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Theorem 4.1.15: Every soft weak Lagrange neutrosophic strong loop
over (Lu1) 1s a soft neutrosophic loop over (L 1) but the converse is

not true.

Theorem 4.1.16: If (zu 1) is weak Lagrange neutrosophic strong loop,

then (F,4) over (Lu1r) is also soft weak Lagrange neutrosophic strong

loop but the converse is not true.

Remark 4.1.11: Let (7, 4) and (k,C) be two soft weak Lagrange
neutrosophic strong loops over (Lur1). Then

l.

Their extended intersection (F,4), (K,C) 1s not a soft weak
Lagrange neutrosophic strong loop over (Lur).

. Their restricted intersection (F,4)n, (K,C) 1s not a soft weak

Lagrange neutrosophic strong loop over (Lu7).

. Their 4nND operation (F,4)A(K,C) is not a soft weak Lagrange

neutrosophic strong loop over (Lu1).

. Their extended union (7, 4)u, (k,C) 1s not a soft weak Lagrnage

neutrosophic strong loop over (Lu1r).

. Their restricted union (7, 4)u, (K,C) 1s not a soft weak Lagrange

neutrosophic strong loop over (Lu1).

Their or operation (F,4)v(K,C) is not a soft weak Lagrange
neutrosophic strong loop over (Lu1r).

One can easily verify (1),(2),(3),(4),(5) and (6) by the help of examples.
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Definition 4.1.14: Let (2u1) be a neutrosophic strong loop and (£, 4) be
a soft neutrosophic loop over (Lu1). Then (F,A) is called soft Lagrange

free neutrosophic strong loop if F(a) 1s not a lagrange neutrosophic
strong subloop of (zu7) forall ae 4.

Theorem 4.1.17: Every soft Lagrange free neutrosophic strong loop
over (Lu1) is a soft neutrosophic loop over (Lu 1) but the converse 1s

not true.

Theorem 4.1.18: If (zu1) 1s a Lagrange free neutrosophic strong loop,
then (7, 4) over (Lu1) 1s also a soft Lagrange free neutrosophic strong
loop but the converse is not true.

Remark 4.1.12: Let (7, 4) and (k,C) be two soft Lagrange free
neutrosophic strong loops over (Lu 7). Then

1. Their extended intersection (F,4)n, (K,C) is not a soft Lagrange
free neutrosophic strong loop over (Lu 7).

2. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange
free neutrosophic strong loop over (Lu 7).

3. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange free
neutrosophic strong loop over (Lu17).

4. Their extended union (F, 4)u, (K,C) 1s not a soft Lagrnage free
strong neutrosophic strong loop over (Lu1).

5. Their restricted union (F,4)u, (K,C) is not a soft Lagrange free
neutrosophic loop over (Lu1r).

6. Their or operation (F,4)v(K,C) 1s not a soft Lagrange free
neutrosophic strong loop over (Lu7).
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One can easily verify (1),(2),(3),(4),(5) and (6) by the help of examples.

4.2 Soft Neutrosophic Biloop

In this section, the definition of soft neutrosophic biloop is given over a
neutrosophic biloop. Some of their fundamental properties are also given
in this section.

Definition 4.2.1: Let ((Bu1),,*,) be a neutrosophic biloop and (r,4) be
a soft set over ((BuI),x,%,). Then (r,4) is called soft neutrosophic
biloop if and only if F(a) 1s a neutrosophic subbiloop of (BUI),%,*,) for
all ae4.

Example 4.2.1: Let (BUI),%,%,)=({e,1,2,3,4,5el,11,21,31,41,5} U{g: g’ =¢} be
a neutrosophic biloop. Let 4={4,,a,} be a set of parameters. Then (F, 4)
is clearly soft neutrosophic biloop over (Bu1),%,%,), where

F(a)={e,2,el,21}uig’, g" e},

F(a,))={e,3,el, 31} U{g’,e}.

Theorem 4.2.1: Let (F,4) and (#, 4) be two soft neutrosophic biloops
over ((BuI),#,x). Then their intersection (F,4)n(#,4) 1s again a soft
neutrosophic biloop over (Bu1),,%,).

Proof. Straightforward.
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Theorem 4.2.2: Let (F,4) and (H,C) be two soft neutrosophic biloops
over ((Bul),,x) such that 4nC=¢. Then their union is soft

neutrosophic biloop over (BuI),%,%,).

Proof. Straightforward.

Proposition 4.2.1: Let (F,4) and (K,C) be two soft neutrosophic biloops
over ((Bul),x,x). Then

1. Their extended intersection (7, 4)n, (K,C) 1S a soft neutrosophic
biloop over (Bu1),%,x,).

2. Their restricted intersection (F,4)n, (K,C) is a soft neutrosophic
biloop over (BuI),%,%,).

3. Their 4nDp operation (F,A4)A(K,C) is a soft neutrosophic biloop
OVer ((BUI),x,%*,).

Remark 4.2.1: Let (F,4)and (K,C) be two soft neutrosophic biloops over
(BUI),%,%,). Then

1. Their extended union (F,4)u, (K,C) is not a soft neutrosophic
biloop over (BuI),,%,).

2. Their restricted union (F, 4)u, (K,C) is not a soft neutrosophic
biloop over (BuI),%,%,).

3. Their or operation (F,4)v(K,C) is not a soft neutrosophic biloop
over ((BuUl),*,x,).

One can easily verify (1),(2),and (3)by the help of examples.
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Definition 4.2.2: Let B=((L,(m)uI)UB,,*,*,) be a new class neutrosophic
biloop and (F, 4) be a soft set over B=((L,(m)uI)UB,,*,%). Then
B=((L,(m)uI)UB,,x,x) 1s called soft new class neutrosophic subbiloop if
and only if F(a) 1s a neutrosophic subbiloop of B=((L,m)u1)UB,,*,%,)
forall ae4.

Example 4.2.2: Let B=(B UB,,%,*,) be a new class neutrosophic biloop,
where B =(L(3)Ul)=1{e1,2,3,4,5,el,21,31,41,51} be a new class of
neutrosophic loop and B, ={g:g" =¢} is a group. el 1,11N# M,
R,el,2,2I1N% N, g%, g%, g% g% g%\ el 3,31N% M, g%, 8% ¢\ M, el, 4,414 1, g% g®N
are neutrosophic subloops of B . Let 4={a,a,,4,,a,} be a set of
parameters. Then (7, 4) 1s soft new class neutrosophic biloop over B,
where

F(a,)={eel,1,1I}U{e, g,
F(ay)={e,el.2,2T}U{e,g",g".¢" g, g"},
F(a,)={e,el,3,3I}Ule,g’, g% g"},
F(a,)={eel, 4,41} Ule, g, g"}.

Theorem 4.2.3: Every soft new class neutrosophic biloop over
B=((L,(m)yuI)UB,,x*,*) Is trivially a soft neutrosophic biloop over but the

converse 1s not true.

One can easily check it by the help of example.
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Proposition 4.2.2: Let (F,4) and (X,C) be two soft new class
neutrosophic biloops over B=((L,(m)uI)UB,,*,*,). Then

1. Their extended intersection (F,4)n, (K,C) 1s a soft new class
neutrosophic biloop over B=((L,(m)UI)UB,,*,*,).

2. Their restricted intersection (F,4)n, (K,C) 1S a soft new class
neutrosophic biloop over B=((L,(m)UI)UB,,*,%,).

3. Their 4nD operation (F,A)A(K,C) is a soft new class neutrosophic
biloop over B=((L,(m)uI)UB,,*,%,).

Remark 4.2.2: Let (F,4)and (K,C) be two soft new class neutrosophic
biloops over B=((L,(m)uI)UB,,*,*,). Then

1. Their extended union (F,4)u, (K,C) 1s not a soft new class
neutrosophic biloop over B=((L,(m)UI)UB,,*,%,).

2. Their restricted union (F,4)u, (K,C) 1s not a soft new class
neutrosophic biloop over B=((L,m)UI)UB,,*,*,).

3. Their or operation (F,4)v(K,C) 1s not a soft new class
neutrosophic biloop over B=((L,(m)UI)UB,,*,%,).

One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.2.3: Let (F, 4) be a soft neutrosophic biloop over
B=((B,UI)UB,,*,). Then (F,4) is called the identity soft neutrosophic
biloop over B=((B UI)UB, *,%,) Il F(a)={e.e} forall ac4, where ¢ ,e,
are the identities of B=((B,uI)UB,,%,%,) respectively.
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Definition 4.2.4: Let (F, 4) be a soft neutrosophic biloop over
B=((B,UI)UB,,*,%). Then (F,4) is called an absolute-soft neutrosophic

biloop over B=((B, UI)UB, *.,%) If F(a)=(B UI)UB,,*,x) forall ae4.

Definition 4.2.5: Let (F,4) and (#,C) be two soft neutrosophic biloops
over B=((B,ul)uUB,,*,%). Then (#,C) 1s called soft neutrosophic
subbiloop of (F,4), if

1. ccA.
2. H(a) 1s a neutrosophic subbiloop of F(a) forall aec 4.

Example 4.2.3: Let B=(B, UB,,*,*,) be a neutrosophic biloop, where

B ={L3)Ul)={e1,2,3,4,5¢l,21,31,41,5T} be a new class of neutrosophic loop
and B,={g:g"”=e} 1s a group. Let 4={q,,a,,a,,a,} be a set of parameters.
Then (F, 4) 1s soft neutrosophic biloop over B, where

F(a))={eel, 1,11} {e,g"},
F(a,)={eel,2,2} Uieg’,g", g% g% ¢"},
F(a,)={e,el,3,31} U {e,g’,g° g°},
F(a,)={e,el, 4,41} Ule,g*, g".

Then (H,C) 1s soft neutrosophic subbiloop of (F, 4), where

H(a)={e,2)U{e,g"},
H(a,)={e,el,3,31} U{e,g"}.
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Definition 4.2.6: Let (Bu1),%,%,) be a neutrosophic biloop and (7, 4) be
a soft set over ((BuI),x,*,). Then (F,4) is called soft Lagrange

neutrosophic biloop if and only if F(a) 1s Lagrange neutrosophic
subbiloop of (BuTI),#,%,) forall ac4.

We furthere explain this fact in the following example.

Example 4.2.4: Let B=(B,uB,,*,*,) be a neutrosophic biloop of order 20,
where B =(L,3)ur) and B, ={g:g*=¢}. Then clearly (r,4) is a soft
Lagrange soft neutrosophic biloop over (Bu1),*,*,), where

F(a)={e,el,2,21} U{e},
F(a,)={e,el,3,31} U {e}.
Theorem 4.2.4: Every soft Lagrange neutrosophic biloop over

B=((B,ul)uUB,,*,*) 1s a soft neutrosophic biloop but the converse is not
true.

One can easily check it by the help of example.
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Remark 4.2.3: Let (F,4) and (K,C) be two soft Lagrange neutrosophic
biloops over B=((B,uI)uUB,,*,*). Then

1.

Their extended intersection (F,4)n, (K,C) is not a soft Lagrange
neutrosophic biloop over B=((B, UI)UB,,*,%,).

. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange

neutrosophic biloop over B=((B,ul)UB,,*,*,).

. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange

neutrosophic biloop over B=((B, UI)UB,,*,%,).

. Their extended union (7, 4)u, (K,C) 1s not a soft Lagrnage

neutrosophic biloop over B=((B UI)UB,,*,*,).

. Their restricted union (F,4)u, (K,C) is not a soft Lagrange

neutrosophic biloop over B=((B, UI)UB,,*,%,).

. Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic

biloop over B=((B UI)UB,,*,*,).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Definition 4.2.6: Let ((Bu1),%,+,) be a neutrosophic biloop and (r,4) be

a soft set over ((BuI),x,%,). Then (r,4) is called soft weakly Lagrange

neutrosophic biloop if atleast one F(a) i1s not a Lagrange neutrosophic
subbiloop of (BuI),%,*,) for some ae 4.

Example 4.2.5: Let B=(B,uB,,*,*,) be a neutrosophic biloop of order 20,
where B =(L(3)ul) and B, ={g:g*=¢}. Then clearly (r,4) is a soft

weakly Lagrange neutrosophic biloop over (Bu1),%,%,), where
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F(a))={e,el,2,21} U {e},
F(a,) = {e,el,3,31} U{e,g"}.

Theorem 4.2.5: Every soft weakly Lagrange neutrosophic biloop over
B=((B,uI)UB,,*,*,) 1s a soft neutrosophic biloop but the converse is not

true.

Theorem 4.2.6: If B=((B,UI)UB,,*,*,) 1s a weakly Lagrange

neutrosophic biloop, then (F,4) over B is also soft weakly Lagrange
neutrosophic biloop but the converse is not holds.

Remark 4.2.4: Let (F,4) and (K,C) be two soft weakly Lagrange
neutrosophic biloops over B=((B,uI)UB,,,*,). Then

1.

Their extended intersection (F,4) N, (K,C) is not a soft weakly
Lagrange neutrosophic biloop over B=((B uI)UB,,*,*,).

Their restricted intersection (F, 4)n, (K,C) 1s not a soft weakly
Lagrange neutrosophic biloop over B=((B uI)UB,,*,*,).

. Their 4nD operation (F,A4)A(K,C) 1s not a soft weakly Lagrange

neutrosophic biloop over B=((B, UI)UB,,*,%,).

. Their extended union (£, 4)u, (K,C) is not a soft weakly Lagrnage

neutrosophic biloop over B=((B UI)UB,,*,*,).

. Their restricted union (F,4)u, (K,C) 1s not a soft weakly Lagrange

neutrosophic biloop over B=((B,uI)UB,,*,*,).

. Their or operation (F,4)v(K,C) is not a soft weakly Lagrange

neutrosophic biloop over B=((B UI)UB,,*,*,).
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One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Definition 4.2.7: Let ((Bu1),%,%,) be a neutrosophic biloop and (r,4) be
a soft set over ((BuI),x,%,). Then (F,4) is called soft Lagrange free

neutrosophic biloop if and only if F(e) 1s not a Lagrange neutrosophic
subbiloop of (BuI),%,%,) forall ac 4.

Example 4.2.6: Let B=(B,uB,,*,*,) be a neutrosophic biloop of order 20,
where B =(L,3)ur) and B,={g:g*=¢}. Then clearly (F,4) is a soft
Lagrange free neutrosophic biloop over (Bu1),%,*,), where

F(a)={eel2,2T}U{e,g’,g", 2",
F(a,) = {e,el, 3,31} U{e,g"}.

Theorem 4.2.7: Every soft Lagrange free neutrosophic biloop over
B=((B,uI)UB,,*,*,) 1s a soft neutrosophic biloop but the converse is not

true.

One can easily check it by the help of example.

Theorem 4.2.8: If B=((B LI)UB,.*,*,) 1s a Lagrange free neutrosophic

biloop, then (F,4) over B is also soft Lagrange free neutrosophic biloop
but the converse does not holds.

One can easily check it by the help of example.
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Remark 4.2.5: Let (F,4) and (K,C) be two soft Lagrange free
neutrosophic biloops over B=((B,uI)uUB,,*,*). Then

1. Their extended intersection (F,4)n, (K,C) 1s not a soft Lagrange
free neutrosophic biloop over B=((B UI)UB,,*,*,).

2. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange
free neutrosophic biloop over B=((B UI)UB,,*,%,).

3. Their 4nDp operation (F,A4)A(K,C) is not a soft Lagrange free
neutrosophic biloop over B=((B, UI)UB,,*,%,).

4. Their extended union (F,4)u, (K,C) is not a soft Lagrnage free
neutrosophic biloop over B=((B UI)UB,,*,*,).

5. Their restricted union (F,4)u, (K,C) is not a soft Lagrange free
neutrosophic biloop over B=((B, UI)UB,,*,%,).

6. Their or operation (F,4)v(K,C) 1s not a soft Lagrange free
neutrosophic biloop over B=((B UI)UB,,*,*,).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

We now proceed to define the strong part of soft neutrosophic biloops
over a neutosophic biloop.

Soft Neutrosophic Strong Biloop

As usual, the theory of purely neutrosophics is alos exist in soft
neutrosophic biloops and so we defined soft neutrosophic strong biloop
over a neutrosophic biloop here and establish their related properties and
characteristics.
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Definition 4.2.8: Let B=(B, UB,,x,*,) be a neutrosophic biloop where 5
1s a neutrosopphic biloop and B, is a neutrosophic group and @.4¢ be
soft set over B. Then (F,4) over B is called soft neutrosophic strong
biloop if and only if F(a) is a neutrosopchic strong subbiloop of 5 for all
acA.

Example 4.2.7: Let 3=(B,uB,,*,*,) where B =(L(2)uI) 1s a neutrosophic
loop and B, =1{0,1,2,3,4,,11,21,31,41} under multiplication modulo 5 is a
neutrosophic group. Let 4={a,q,}be a set of parameters. Then (F, 4) is
soft neutrosophic strong biloop over B, where

F(a))=1e2,el, 21} U{l,1,41},
F(a,)=1{e,3,el,31} U{l,1,41}.

Theorem 4.2.9: Every soft neutrosophic strong biloop over
B=(B,uUB,,*,*) 1s a soft neutrosophic biloop but the converse is not true.

One can easily check it by the help of example.

Theorem 4.2.10: If B=(B, U B,,%,*,) 1s a neutrosophic strong biloop, then
(F,A4) over B 1s also soft neutrosophic strong biloop but the converse is
not holds.

One can easily check it by the help of example.
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Proposition 4..2.3: Let (F,4) and (k,C) be two soft neutrosophic strong
biloops over B=(B,UB,,*,x,). Then

1. Their extended intersection (7, 4)n, (K,C) 1s a soft neutrosophic
strong biloop over B=(B,UB,,*,*,).

2. Their restricted intersection (F,4)n, (K,C) is a soft neutrosophic
strong biloop over B=(B, UB,,*,*,).

3. Their 4nD operation (F,A)A(K,C) is a soft neutrosophic strong
biloop over B=(B, UB,.*,*,).

Remark 4.2.6: Let (F,4)and (K,B) be two soft neutrosophic strong
biloops over B=(B,UB,,*,x). Then

1. Their extended union (F,4)u, (K,C) is not a soft neutrosophic
strong biloop over B=(B UB,.%,%,).

2. Their restricted union (F,4)u, (K,C) 1s not a soft neutrosophic
strong biloop over B=(B,UB,,*,*,).

3. Their or operation (F,4)v(K,C) is not a soft neutrosophic strong
biloop over B=(B UB,,*.,x,).

One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.2.9: Let (F,4) and (#,C) be two soft neutrosophic strong
biloops over B=(B, UB,.*,*,). Then (#,C) is called soft neutrosophic
strong subbiloop of (F, 4), if

1. Cc 4.
2. H(a) 1s a neutrosophic strong subbiloop of F(a) forall ac 4.
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Definition 4.2.10: Let 8=(B uUB,,*,*,) be a neutrosophic biloop and
(F,4) be a soft set over B=(B,UB,,*,*,). Then (F,4) is called soft
Lagrange neutrosophic strong biloop if and only if F(a) is a Lagrange
neutrosophic strong subbiloop of B=(B UB,,.,*,) forall ae 4.

Theorem 4.2.11: Every soft Lagrange neutrosophic strong biloop over
B=(B,UB,.*,*,) 1s a soft neutrosophic biloop but the converse is not true.

One can easily check it by the help of example.

Remark 4.2.7: Let (F,4) and (K,C) be two soft Lagrange neutrosophic
strong biloops over B=(B, UB,,*,*). Then

1.

Their extended intersection (F, 4)~, (K,C) is not a soft Lagrange
neutrosophic strong biloop over B=(B,uUB,,*,*,).
Their restricted intersection (F,4)n, (K,C) 1s not a soft Lagrange
neutrosophic strong biloop over B=(B,UB,,*,*,).

. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange

neutrosophic strong biloop over B=(B,uUB,,*,*,).

. Their extended union (7, 4)u, (k,C) 1s not a soft Lagrnage

neutrosophic strong biloop over B=(B,UB,,*,*,).

. Their restricted union (7, 4)u, (K,C) 1s not a soft Lagrange

neutrosophic strong biloop over B=(B,uUB,,*,*,).
Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic
strong biloop over B=(B UB,,*,x,).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.
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Definition 4.2.11: Let B=(B UB,,*.*,) be a neutrosophic biloop and
(F,4) be a soft set over B=(B,UB,,*.,x). Then (F, ) is called soft weakly
Lagrange neutrosophic strong biloop if atleast one F(a) is not a
Lagrange neutrosophic strong subbiloop of B=(B, uUB,,*,*,) for some

acA.

Theorem 4.2.12: Every soft weakly Lagrange neutrosophic strong
biloop over B=(B, UB,.*,*,) 1S a soft neutrosophic biloop but the converse

1s not true.

Theorem 4.2.13: If B=(B,uB,,%,*,) 1s a weakly Lagrange neutrosophic
strong biloop, then (F,4) over B is also soft weakly Lagrange
neutrosophic strong biloop but the converse does not holds.

Remark 4.2.8: Let (F,4) and (X,C) be two soft weakly Lagrange
neutrosophic strong biloops over B=(B, UB,.%,*,). Then

1. Their extended intersection (7, 4)n, (K,C) is not a soft weakly
Lagrange neutrosophic strong biloop over B=(B UB,,%,*,).

2. Their restricted intersection (F,4)n, (K,C) 1s not a soft weakly
Lagrange neutrosophic strong biloop over B=(B,UB,.%,%,).

3. Their 4nD operation (F,A)A(K,C) is not a soft weakly Lagrange
neutrosophic strong biloop over B=(B,UB,,*,*,).

4. Their extended union (F,4)u, (K,C) is not a soft weakly Lagrange
neutrosophic strong biloop over B=(B,UB,,*,*,).

5. Their restricted union (F,4)u, (K,C) 1s not a soft weakly Lagrange
neutrosophic strong biloop over B=(B,UB,,*,*,).

6. Their or operation (F,4)v(K,C) 1s not a soft weakly Lagrange
neutrosophic strong biloop over B=(B,UB,,*,*,).
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One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Definition 4.2.12: Let B=(B uUB,,*,*,) be a neutrosophic biloop and
(F,4) be a soft set over B=(B,UB,,*,x). Then (F, ) is called soft
Lagrange free neutrosophic strong biloop if and only if F(a) is not a
Lagrange neutrosophic subbiloop of B=(B uUB,,.*,) forall ae 4.

Theorem 4.2.13: Every soft Lagrange free neutrosophic strong biloop
over B=(B,UB,,*,*) 1s a soft neutrosophic biloop but the converse is not

true.

Theorem 4.2.14: If B=(B,UB,,%,*,) 1s a Lagrange free neutrosophic
strong biloop, then (F,4) over B is also soft strong lagrange free
neutrosophic strong biloop but the converse is not true.

Remark 4.2.9: Let (F,4) and (K,C) be two soft Lagrange free
neutrosophic strong biloops over B=(B,UB,,,*,). Then

1. Their extended intersection (F, 4)n, (K,C) 1s not a soft Lagrange
free neutrosophic strong biloop over B=(B, UB,,%,*,).

2. Their restricted intersection (F,4)n, (K,C) 1s not a soft Lagrange
free neutrosophic strong biloop over B=(B, UB,,*.*,).

3. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange free
neutrosophic strong biloop over B=(B,UB,,*,*,).

4. Their extended union (F,4)u, (K,C) is not a soft Lagrnage free
neutrosophic strong biloop over B=(B,UB,,*,*,).

5. Their restricted union (F, 4)u, (K,C) 1s not a soft Lagrange free
neutrosophic strong biloop over B=(B,UB,,*,*,).

6. Their or operation (F,4)v(K,C) 1s not a soft Lagrange free
neutrosophic strong biloop over B=(B,uUB,,*,*,).
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One can easily verify (1),(2).(3),(4),(5) and (6) by the help of examples.

4.3 Soft Neutrosophic N-loop

In this section, we extend soft sets to neutrosophic N-loops and
introduce soft neutrosophic N-loops. This is the generalization of soft
neutrosophic loops. Some of their impotant facts and figures are also
presented here with illustrative examples. We also initiated the strong
part of neutrosophy in this section. Now we proceed onto define soft
neutrosophic N-loop as follows.

Definition 4.3.1: Let S(B)={S(B,)US(B,)U...US(B,),*,*,,....*,} be a
neutrosophic ~ -loop and (7, 4) be a soft set over S(B). Then (F, 4) is
called soft neutrosophic ~ -loop if and only if F(a) is a neutrosopchic
sub N -loop of s(B) forall ac4.

Example 4.3.1: Let S(B)={S(B)US(B,)US(B,),*,%,*} be a neutrosophic
3-loop, where S(B)=(L,(3)u1I), S(B,)={g:g”=¢} and S(B,)=5,. Then
(F,4) 1s sof neutrosophic N -loop over S(B), where

F(a,)={e,el,2,21} U{e,g’} U{e,(12)},

F(a,) ={e,el,3,31} U {e,g, g" U e, (13)}.

Theorem 4.3.1: Let (F,4) and (#, 4) be two soft neutrosophic N -loops
OVer S(B)={S(B,)US(B,)U...uS(B,),*,*,....,*,}. Then their intersection
(F,A)N(H,A) 1s again a soft neutrosophic ~ -loop over S(B).
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Theorem 4.3.2: Let (F,4) and (H#,C) be two soft neutrosophic ~ -loops
OVer S(B)={S(B,)US(B,)U..US(B,).*,*,,...+,} such that 4nC=¢. Then their
union is soft neutrosophic ~ -loop over S(B).

Proof. Straightforward.

Proposition 4.3.1: Let (7, 4) and (k,C) be two soft neutrosophic » -
loops over S(B)={S(B,)US(B,)U...uUS(B,),*,*,,...*,}. Then

1. Their extended intersection (7, 4) N, (K,C) is a soft neutrosophic w -
loop over S(B).

2. Their restricted intersection (F,4)n, (K,C) is a soft neutrosophic N -
loop over S(B).

3. Their 4nD operation (F,A4)A(K,C) is a soft neutrosophic ~ -loop
over S(B).

Remark 4.3.1: Let (F,4)and (#,C) be two soft neutrosophic ~ -loops
OVer S(B)={S(B,)US(B,)U...US(B,),*.*,...+,}. Then

1. Their extended union (F,4)u, (K,C) is not a soft neutrosophic » -
loop over S(B).

2. Their restricted union (F,4)u, (K,C) is not a soft neutrosophic » -
loop over S(B).

3. Their or operation (F,4)v(K,C) is not a soft neutrosophic ~ -loop
over S(B).

One can easily verify (1),(2),and (3)by the help of examples.
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Definition 4.3.2: Let (F, 4) be a soft neutrosophic ~ -loop over
S(B)={S(B)US(B,)U...US(B,),*,%,....*,} . Then (F, 4) 1s called the identity
soft neutrosophic ~ -loop over S(B) if F(a)={e,e,,....e,} forall ae4,
where e,e,,....e, are the identities element of S(B),S(B,).....S(B,)
respectively.

Definition 4.3.3: Let (F, 4) be a soft neutrosophic ~ -loop over
S(B) ={S(B,)US(B,)U...US(B,),*,*,...*,}. Then (F,4) 1s called an absolute-
soft neutrosophic ~ -loop over S(B) if F(a)=5(B) for all ae 4.

Definition 4.3.4: Let (F,4) and (#,C) be two soft neutrosophic ~ -loops
OVer S(B)={S(B,)US(B,)U..US(B,).*,*,...x . Then (H,C) 1is called soft
neutrosophic sub ~ -loop of (7, 4), if

1. cc4.
2. H(a) 1s a neutrosophic sub ~ -loop of F(a) forall ac 4.

Definition 4.3.5: Let S(B)={S(B,)US(B,)U...US(B,),*,*,,....*,} be a
neutrosophic ~ -loop and (F, 4) be a soft set over S(B). Then (F, 4) is
called soft Lagrange neutrosophic » -loop if and only if F(a) is
Lagrange neutrosophic sub N -loop of s(B) for all ae 4.

Theorem 4.3.3: Every soft Lagrange neutrosophic N -loop over
S(B)={S(B)US(B,)U...US(B,),%,%,....*,} 1S a soft neutrosophic N -loop but

the converse is not true.

One can easily check it by the help of example.
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Remark 4.3.2: Let (F,4) and (K,C) be two soft Lagrange neutrosophic
N -loops over S(B)={S(B)US(B,)U...uUS(By),*,%,,...*,}. Then

1. Their extended intersection (F,4)n, (K,C) 1s not a soft Lagrange
neutrosophic ~ -loop over S(B).

2. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange
neutrosophic ~ -loop over S(B).

3. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange
neutrosophic ~ -loop over (B).

4. Their extended union (F,4)u, (K,C) is not a soft Lagrnage
neutrosophic ~ -loop over S(B).

5. Their restricted union (F, 4)u, (K,C) is not a soft Lagrange
neutrosophic ~ -loop over S(B).

6. Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic
N -loop over S(B).

One can easily verify (1),(2),(3),(4),(5) and (6) by the help of examples.

Definition 4.3.6: Let S(B)={S(B,)US(B,)U...US(B,),*,*,,...*,} be a
neutrosophic ~ -loop and (F, 4) be a soft set over S(B). Then (F, 4) is
called soft weakly Lagrange neutrosophic biloop if atleast one F(a) is
not a Lagrange neutrosophic sub N -loop of S(B) for some a e 4.

Theorem 4.3.4: Every soft weakly Lagrange neutrosophic ~ -loop over
S(B) = {S(B)US(B,)U...uUS(B,).%,*%,....%,} 18 a soft neutrosophic » -loop but
the converse 1s not true.
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Theorem 4.3.5: If S(B)={S(B)US(B,)U...US(B,).*,%,...%} 1s a weakly
Lagrange neutrosophic ~ -loop, then (F,4) over S(B) is also soft weakly
Lagrange neutrosophic n -loop but the converse is not holds.

Remark 4.3.3: Let (F,4) and (X,C) be two soft weakly Lagrange
neutrosophic ~ -loops over S(B)={S(B,)US(B,)U..US(B,).*,*,,...*,}. Then

1. Their extended intersection (F,4)n, (K,C) is not a soft weakly
Lagrange neutrosophic N -loop over S(B).

2. Their restricted intersection (F,4)n, (K,C) 1s not a soft weakly
Lagrange neutrosophic ~ -loop over S(B).

3. Their 4nD operation (F,A)A(K,C) is not a soft weakly Lagrange
neutrosophic ~ -loop over S(B).

4. Their extended union (F,4)u, (K,C) 1s not a soft weakly Lagrnage
neutrosophic ~ -loop over S(B).

5. Their restricted union (F,4)u, (K,C) is not a soft weakly Lagrange
neutrosophic ~ -loop overs(B).

6. Their or operation (F,4)v(K,C) is not a soft weakly Lagrange
neutrosophic ~ -loop over S(B).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.

Definition 4.3.7: Let S(B)={S(B,)US(B,)U...US(B,),*,*,,...*,} be a
neutrosophic ~ -loop and (7, 4) be a soft set over S(B). Then (F, 4) is
called soft Lagrange free neutrosophic ~ -loop if and only if F(a) is not
a Lagrange neutrosophic sub N -loop of s(B) for all ac 4.
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Theorem 4.3.6: Every soft Lagrange free neutrosophic ~ -loop over

S(B) =

{S(B)US(B,)U...US(B,),*,%,...*,} 18 a soft neutrosophic biloop but

the converse is not true.

Theorem 4.3.7: If S(B)={S(B)US(B,)U...US(B,),*.*,...*,} 1s a Lagrange
free neutrosophic ~ -loop, then (F,4) over S(B) is also soft lagrange free
neutrosophic ~ -loop but the converse is not hold.

Remark 4.3.4: Let (F,4) and (K,C) be two soft Lagrange free
neutrosophic ~ -loops over S(B)={S(B,)US(B,)U...US(B,),*,*,,...*,}. Then

1.

Their extended intersection (F, 4)n, (K,C) is not a soft Lagrange
free neutrosophic N -loop over B=((B,UI)UB,,*,%,).

. Their restricted intersection (F,4)n, (K,C) is not a soft Lagrange

free neutrosophic N -loop over S(B).

. Their 4nD operation (F,A4)A(K,C) 1s not a soft Lagrange free

neutrosophic ~ -loop over S(B).
Their extended union (F,4)u, (K,C) is not a soft Lagrnage free
neutrosophic ~ -loop over S(B).

. Their restricted union (F, 4)u, (K,C) 1s not a soft Lagrange free

neutrosophic ~ -loop over S(B).
Their or operation (F,4)v(K,C) is not a soft Lagrange free
neutrosophic ~ -loop over S(B).

One can easily verify (1),(2),(3),(4),(5) and (6) by the help of examples.
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Soft Neutrosophic Strong N-loop

The notions of soft neutrosophic strong N-loops over neutrosophic N-
loops are introduced here. We give some basic definitions of soft
neutrosophic strong N-loops and illustrated it with the help of exmaples
and give some basic results.

Definition 4.3.8: Let (Lu1)={L, UL, U..UL,,*,%,..*,} be a neutrosophic
N-loop and (F,4) be a soft set over (Lul)={L, UL, U..UL,,*,%,...%} .
Then (F,4) is called soft neutrosophic strong ~ -loop if and only if F(a)
1s a neutrosopchic strong sub ~N-loop of (LUI)={L, UL U..UL,,*,%,...%}
forall ae4.

Example 4.3.2: Let (Lul)={L, UL, UL, *,%,%} where
L=(L3)I),L =(L,3)uIi) and L, ={,2,17,21}. Then (F,4) is a soft
neutrosophic strong ~ -loop over (Lu1), where

F(a)={e,2,el,21} U{e,2,el,21} U{L1},
F(a,) ={e,3,eL,31} U {e,3,el, 31} U{1,2,21}.
Theorem 4.3.8: All soft neutrosophic strong N -loops are soft

neutrosophic ~ -loops but the converse is not true.

One can easily see the converse with the help of example.

200



Proposition 4.3.2: Let (F,4) and (k,C) be two soft neutrosophic strong
N-loops over (Lul)={L UL U..UL,*,%,..,%,}. Then

1. Their extended intersection (7, 4)n, (K,C) 1s a soft neutrosophic
strong N -loop over (Lu1).

2. Their restricted intersection (F,4)n, (K,C) is a soft neutrosophic
strong N -loop over (LuUT).

3. Their 4nD operation (F,A4)A(K,C) is a soft neutrosophic strong » -
loop over (LuT).

Remark 4.3.5: Let (F,4)and (K,C) be two soft neutrosophic strong » -
loops over (LuT)={L, UL, U..0UL,*,%,..,%,}. Then

N> 12

1. Their extended union (F,4)u, (K,C) is not a soft neutrosophic
strong N -loop over (Lu1).

2. Their restricted union (F,4)u, (K,C) 1s not a soft neutrosophic
strong N -loop over (Lu1).

3. Their or operation (F,4)v(K,C) is not a soft neutrosophic strong
N -loop over (Lu1T).

One can easily verify (1),(2),and (3)by the help of examples.

Definition 4.39: Let (F,4) and (#,C) be two soft neutrosophic strong » -
loops over (LUI)={L, UL, U..UL,*,%,..%,}. Then (#,C) is called soft
neutrosophic strong sub ~ -loop of (F,4), if

1. cc 4.
2. H(a) 1s a neutrosophic strong sub ~ -loop of F(a) for all ac 4.
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Definition 4.3.10: Let (Lu1)=1{1, UL, L..UL,,*,%,..%, be a neutrosophic

strong N -loop and (F,4) be a soft set over (Lur1). Then (F,4) is called

soft Lagrange neutrosophic strong ~ -loop if and only if F(a) is a
Lagrange neutrosophic strong sub ~ -loop of (zu 1) forall ae 4.

Theorem 4.3.9: Every soft Lagrange neutrosophic strong ~ -loop over
(LOTY={L, UL, U..UL,*%,%,..,%,} 1S a soft neutrosophic n -loop but the

converse 1s not true.

Remark 4.3.6: Let (F,4) and (K,C) be two soft Lagrange neutrosophic
strong N -loops over (Lul)={L UL, U..UL,*,%,..%,}. Then

1.

Their extended intersection (F, 4)n, (K,C) 1s not a soft Lagrange
neutrosophic strong ~ -loop over (Lu1).

. Their restricted intersection (F,4)n, (K,C) 1s not a soft Lagrange

neutrosophic strong ~ -loop over (Lu1).

. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange

neutrosophic strong ~ -loop over (Lu1).
Their extended union (F, 4)u, (K,C) 1s not a soft Lagrnage
neutrosophic strong ~ -loop over (Lu7).

. Their restricted union (F,4)u, (K,C) 1s not a soft Lagrange

neutrosophic strong N -loop over (Lu1).

Their or operation (F,4)v(K,C) is not a soft Lagrange neutrosophic
strong N -loop over (Lu1).

One can easily verify (1),(2),(3),(4),(5)and (6) by the help of examples.
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Definition 4.3.11: Let (Lu1)={, UL, U..UL,*,%,..,%,} be a neutrosophic
strong N -loop and (F, 4) be a soft set over (Lu1). Then (7, 4) is called

soft weakly Lagrange neutrosophic strong ~ -loop if atleast one F(a) is
not a Lagrange neutrosophic strong sub ~ -loop of (zu 1) for some ae 4.

Theorem 4.3.10: Every soft weakly Lagrange neutrosophic strong » -
loop over (Lul)={L, UL U..UL,,*%,%,..,%,} 15 a soft neutrosophic » -loop

but the converse is not true.

Theorem 4.3.11: If (LU1)={L, UL, U...UL, *,%,..,x,} 1s a weakly
Lagrange neutrosophic strong n -loop, then (F,4) over (Lu17) is also a

soft weakly Lagrange neutrosophic strong ~ -loop but the converse is
not true.

Remark 4.3.7: Let (F,4) and (X,C) be two soft weakly Lagrange
neutrosophic strong n -loops over (Lu1)={L, UL, U..UL,,*,%,..,%,}. Then

1. Their extended intersection (7, 4)n, (K,C) is not a soft weakly
Lagrange neutrosophic strong v -loop over (Lu 7).

2. Their restricted intersection (F,4)n, (K,C) 1s not a soft weakly
Lagrange neutrosophic strong v -loop over (Lu17).

3. Their 4nD operation (F,A)A(K,C) is not a soft weakly Lagrange
neutrosophic strong ~ -loop over (Lu1).

4. Their extended union (F,4)u, (K,C) is not a soft weakly Lagrnage
neutrosophic strong N -loop over (Lu1).

5. Their restricted union (F, 4)u, (K,C) is not a soft weakly Lagrange
neutrosophic strong n -loop over(Lur).

6. Their or operation (F,4)v(K,C) 1s not a soft weakly Lagrange
neutrosophic strong N -loop over (Lu1).
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Definition 4.3.12: Let (Lu/)=1{L, UL, U..UL,,*,%,..,*,} be aneutrosophic

N -loop and (7, 4) be a soft set over (Lu1). Then (F,4) 1s called soft

Lagrange free neutrosophic strong ~ -loop if and only if F(a) is not a
Lagrange neutrosophic strong sub ~ -loop of (zu1) forall ae 4.

Theorem 4.3.12: Every soft Lagrange free neutrosophic strong ~ -loop
OVer (LUl)={L UL, U..ULy,%,%,..%} 1S a soft neutrosophic ~ -loop but

the converse is not true.

Theorem 4.3.12: If (Lu1)={, UL, U..UL, *.,%,..%,} 1s a Lagrange free
neutrosophic strong N -loop, then (F,4) over (Lu1) is also a soft
Lagrange free neutrosophic strong ~ -loop but the converse is not true.

Remark 4.3.8: Let (F,4) and (K,C) be two soft Lagrange free
neutrosophic strong n -loops over (Lu1)={L, UL, U..UL,*,%,..,%,}. Then

1. Their extended intersection (F, 4)n, (K,C) 1s not a soft Lagrange
free neutrosophic strong ~ -loop over (Lu17).

2. Their restricted intersection (F,4)n, (K,C) 1s not a soft Lagrange
free neutrosophic strong ~ -loop over (Lu 7).

3. Their 4nD operation (F,A4)A(K,C) is not a soft Lagrange free
neutrosophic strong ~ -loop over (Lu1).

4. Their extended union (F,4)u, (K,C) is not a soft Lagrnage free
neutrosophic strong N -loop over (Lu1r).

5. Their restricted union (F, 4)u, (K,C) 1s not a soft Lagrange free
neutrosophic strong ~ -loop over (Lu1).

6. Their or operation (F,4)v(K,C) is not a soft Lagrange free
neutrosophic strong N -loop over (Lu1).
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Chapter Five

SOFT NEUTROSOSPHIC LA-SEMIGROUP AND THEIR
GENERALIZATION

This chapter has three sections. In first section, we introduce the
important notions of soft neutrosophic LA-semigroups over
neutrosophic LA-semi groups which is infact a collection of
parameterized family of neutrosophic sub LA-semigroups and we also
examin some of their characterization with sufficient amount of
examples in this section. The second section deal with soft neutrosophic
bi-LA-semigroups which are basically defined over neutrosophic bi-LA-
semigroups. We also establish some basic and fundamental results of
soft neutrosophic bi-LA-semigroups. The third section is about the
generalization of soft neutrosophic LA-semigroups. We defined soft
neutrosophic N-LA-semigroups over neutrosophic N-LA-semigroups in
this section and some of their basic properties are also investigated.

5.1 Soft Neutrosophic LA-semigroups

The definition of soft neutrosophic LA-semigroup is introduced in this
section and we also examine some of their properties. Throughout this
section N(s)will dnote a neutrosophic LA-semigroup unless stated
otherwise.
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Definition 5.1.1: Let (F, 4) be a soft set over ~(S). Then (F, 4) over
(F,A).

Proposition 5.1.1: A soft set (F,4) over ~N(s) is a soft neutrosophic LA-

N(s) 1s called soft neutrosophic LA-semigroup if (F,4)0 (F,4)c

semigroup if and only if ¢= F(a) 1s a neutrosophic sub LA-semigroup of
N(s) forall ae4.

Proof: Let (F,4) be a soft neutrosophic LA-semigroup over nN(s). By
definition (F,4)0 (F,4)c(F,4), and SO F(a)F(a)c F(a) for all a e 4. This
means ¢ = F(a) 1S a neutrosophic sub LA-semigroup of n(s).

Conversely suppose that (F, ) is a soft set over ~(s)and for all ae 4,
F(a) 1s a neutrosophic sub LA-semigruop of ~(s)whenever F(a)=¢.
Since F(a) is a neutrosophic sub LA-semigroup of ~(S), therefore
F(a)F(a)cF(a) for all ae 4and consequently (F,4)0 (F,4)c(F,4) which
completes the proof.

Example 5.1.1:Let ~(S)={1,2,3,4,17,21,31,41} be a neutrosophic LA-
semigroup with the following table.

IT 121 |31 [41
Ir (41 [ 21 |31
31 121 [41 |11
41 [ IT |31 |21
21 [ 31 [ 11 [41

_— W BN N U
N N O H B

21 [ 31 [ 21 [41 [ IT |31 [ 21 [41 |11
31 (460 | IT |31 (21 [41 |11 |31 [Z1
41 |21 |31 [ I1 |41 |21 |31 |11 [41
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Let (F,4) be a soft set over N (S). Then clearly (F, 4) 1s a soft
neutrosophic LA-semigroup over N (S),where

Theorem 5.1.1: A soft LA-semigroup over an LA-semigroup s is
contained in a soft neutrosophic LA-semigroup over N ().

Proof: Snice an LA-semigroup s is always contained in the
corresponding neutrosophic LA-semigroup and henc it follows that soft
LA-semigroup over s is contained in soft neutrosophic LA-semigroup
over N(S).

Proposition 5.1.2: Let (7, 4) and (#,B8) be two soft neutronsophic LA-
semigroup over N(S). Then

1) Their extended intersection (7, 4)n, (H#,B)1s a soft neutrosophic LA-
semigroup over N (S).
2) Their restricted intersection (F,4)n, (H,B) 1s also soft neutrosophic

LA-semigroup over N(S).

Proof: These are straightforward.
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Remark 5.1.1: Let (£, 4) and (#,B) be two soft neutrosophic LA-
semigroup over N(s). Then

1) Their extended union (7, 4)u, (H#,B) 1s not soft neutrosophic LA-
semigroup over N(S).

2) Their restricted union (F,4)u, (H,B) 1s not a soft neutrosophic LA-
semigroup over N(S).

Let us take the following example to prove the remark.

Example 5.1.2: Let ~(5)={1,2,3,4,17,21,31,41} be a neutrosophic LA-
semigroup with the following table.

=11 2 [3 [4 |11 |21 [31 |41
I |1 (4 |2 |3 |11 |41 |21 |31
2 |13 2 |4 |1 [31]21 |41 |11
3 (4 |1 [3 [2Z2 [4l [II [31 [ZI
4 12 |3 |1 [4 [21 31 |11 [41

IT [ IT [ 41 |21 |31 |11 |41 |21 |31

31 141 [ 11 |31 |21 {41 |11 [31 |21

41 |21 [ 31 |11 (41 |21 |31 [ 11 |41

209



Let (7, 4) be a soft set over ~(s). Let (F,4) and (#,B)be two soft
neutosophic LA-semigroups over n(s),where

Fla)={11}. F(a)={2.21}

F(a3)={3,31}, F(a4)={4,41},
and
H(a1)={3,31},

H (a) = {L11}.

Then clearly their extended union (F,4)u, (7, B8) and restricted union
(F,4)u, (H,B) 1s not soft neutrosophic LA-semigroup because union of
two neutrosophic sub LA-semigroup may not be again a neutrosophic
sub LA-semigroup.

Proposition 5.1.3: Let (F,4) and (G,B) be two soft neutrosophic LA-
semigroup over N(S). Then (7, 4)A(#H,B) 1s also soft neutrosophic LA-
semigroup if it is non-empty.

Proof: Straightforward.
Proposition 5.1.4: Let (7, 4) and (G,B) be two soft neutrosophic LA-
semigroup over the neutosophic LA-semigroup ~(S).If 4nB=¢ Then

their extended union (7, 4)u, (G,B) 1s a soft neutrosophic LA-semigroup
over N(S).

Proof: Straightforward.
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Definition 5.1.2: A soft neutrosophic LA-semigroup (F,4) over N(S) 1s
said to be a soft neutosophic LA-semigroup with left identity eif for all
a € 4, the parameterized set F(«) is a neutrosophic sub LA-semigroup
with left identity e where e 1s the left identity of n(s).

Lemma 5.1.1: Let (F, 4) be a soft neutrosophic LA-semigroup with left
identity eover ~N(s). Then

(F,A)0 (F,4)=(F,4).
Proof: By definition (7, 4)0 (F,4)=(H,C), where C=4n4=4 and so
H(a)=F(a)F(a) forall acc. Since each F(a) 1s a neutrosophic sub LA-
semigroup with left identity e which follows that F(a)F(a)=F(a). Hence
H(a)=F(a) and thus (#,C)=(F,4).

Proposition 5.1.5: Let (7, 4) and (G,B) be two soft neutronsophic LA-
semigroups over N(S). Then thecartesian product of (£, 4) and (G,B) 1s
also soft neutrosophic LA-semigroup over n(s).

Proof: Since (F,4)*(G,B)=(H,4xB) and defined as H(a,b)=F(a)G(b) for
acd and peB. Let x,yeH(a,b) such that x=a5b and y=a,,, where
a,,a, € F(a) and b,b, € G(b). Since
xy =(ab)(a,b,) and by using medial law .
xy =(aa,)(bb,)
Hence #(a,b) 1s neutrosophic sub LA-semigroup and consequently
(H,AxB) 1s a soft neutrosophic LA-semigroup.
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Definition 5.1.3: Let (7, 4) be a soft neutrosophic LA-semigroup over
N(S). Then (F, 4) 1s called an absolute soft neutrosophic LA-semigroup
if F(a)=nN(s) forall ac 4. We denote it by Axs).

Definition 5.1.4: Let (7, 4) and (G, B) be two soft neutrosophic LA-
semigroup over N(S). Then (G,B) is soft sub neutrosophic LA-
semigroup of (F,4), if

1) Bc4,and

2) H(b) 1s a neutrosophic sub LA-semigroup of F(»), forall »eB .

Example 5.1.3: Let (£, 4) be a soft neutrosophic LA-semigroup over
N(s) in Example (1). Let (G,B) be another soft neutrosophic LA-
semigroup over N(S), where

G(b)={1},G(b,)={21}

Then clearly (G, B) is a soft sub neutosophic LA-semigroup of (7, 4)
over N(S).

Theorem 5.1.2: Every soft LA-semigroup over s is a soft sub
neutrosophic LA-semigroup of a soft neutrosophic LA-semigroup over
N(S).

Proof: The proof is obvious.
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Definition 5.4.5: A soft set (7, 4) over a neutrosophic LA-semigroup
N(s) 1s called a soft neutrosophic left (right) ideal over ~(s) if

Axis)U) (F,A) = (F,4),((F,4)0 Avs) < (F,4)) where Ay is the absolute soft
neutrosophic LA-semigroup over N (S).

A soft set (F,4) over N(S) 1s a soft neutrosophic ideal if it is soft
neutrosophic left ideal as well as soft neutrosophic right ideal over n(s).

Proposition 5.1.6: Let (£, 4) be a soft set over ~(s). Then (F,4) 1s a soft
neutrosophic ideal over ~(s) if and only if 7(a)= ¢ 1s a neutrosophic
ideal of ~(s), forall ac4.

Proof: Suppose that (7, 4) be a soft neutrosophic ideal over ~(s). Then
by definition
Avs) D (F,A)=(F,4) and (F,4)0 Avs) < (F,A)

This implies that N (S)F(a)c F(a) and F(a)N(S)c F(a) forall ac4.
Thus 7(a) 1s a neutrosophic ideal of ~(s)forall ae4.

Conversely, suppose that (F, 4) 1s a soft set over ~n(s) such that each
F(a) 1s a neutrosophic ideal of ~(s) forall ac4. So
N(S)F(a)cF(a) and F(a)N(S)c F(a) forall ae4 .
Therefore 4w (F,4)c(F.,4) and (F,4)0 Avs =(F.,4) Hence (F,4) 1s a
soft neutrosophic ideal of N(s).
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Example 5.1.4: Let ~(5)={1,2,3,17,21,37} be a neutrosophic LA-semigroup
with the following table.

1r 31 |31 |31 |3I |31 |[3I

21 (31 |31 |31 |3I |31 |[3I

31 (11 |31 |31 |II |31 |[3I

Then clearly (r,4) is a soft neutrosophic ideal over N (S), where

F(a)=1{2,3,31}, F(a,)=1{1,3,11,31}.
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Proposition 5.1.7: Let (7, 4) and (G,B) be two soft neutrosophic ideals
overN(s). Then

1) Their restricted union (7, 4)u, (G,B) 1s a soft neutrosophic ideal over
N(S).

2) Their restricted intersection (F,4)n,(G,B) 1s a soft neutrosophic ideal
over N(S).

3) Their extended union (F, 4)u, (G,B) is also a soft neutrosophic ideal
over N(S).

4) Their extended intersection (7, 4)n, (G,B) is a soft neutrosophic ideal
over N(S).

Proposition 5.1.8: Let (7, 4) and (G,B) be two soft neutrosophic ideals
over N(S). Then
1. Their or operation (F,4)v(G,B) 1s a soft neutrosophic ideal over
N(S).
2. Their 4nD operation (7, 4)A(G,B) 1s a soft neutrosophic ideal over

N(S).

Proposition 5.1.9: Let (F,4) and (G,B) be two soft neutrosophic ideals
over N(S), where N(S)is a neutrosophic LA-semigroup with left
identitye. Then (F,4)+(G,B)=(H,4xB) is also a soft neutrosophic 1deal
over N(S).
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Proof: As (F,4)*(G,B)=(H,AxB), where H(a,b)=F(a)G(b). Let xe H(a,b),
then x=yz where yeF(a) and zeG(b). Let sen(s). Then
sxzs(yz)

(es)(3z)

(v
ey)(sz), by medial law

y(sz) e F(a)G(b) = H (a,b)

Similarly xseF(a)G(b)=H(a,b). Thus H(a,b) is a neutrosophic ideal of
N(s) and hence(F, 4)*(G,B)1s a soft neutrosophic ideal over ~(s).

Proposition 5.1.10: Let (7, 4) and (G, B) be two soft neutrosophic ideals
over N(s) and ~(7).Then the cartesian product (7, 4)x(G,B) 1s a soft
neutrosophic ideal over N (S)xN(T).

Proof: Straightforward.

Definition 5.1.6: Let (7,4) and (G,B) be a soft neutrosophic LA-
semigroups over N(S). Then (G,B) is soft neutrosophic ideal of (F,4), if

1) Bc4,and

2) H(b) 1s a neutrosophic ideal of F(»), forall »eB.
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Example 5.1.5: Let ~(5)={1,2,3,7,27,3/} be a neutrosophic LA-semigroup
with the following table.

21 21 21 21 21 21 21

31 21 21 21 21 21 21

Then (£, 4) is a soft LA-semigroup over ~N(S), where

F(a,)={2,21},F(a,)={2,3,21,31},
F(ay)={1,2,3}.

Let (G,B) be a soft subset of (F,4) over N(S), where
G(a,)=(2.21}.G(a) = (2.3}

Then clearly (G, B) is a soft neutrosophic ideal of (F,4).
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Proposition 5.1.11: If (F,4) and (G.B) are soft neutrosophic ideals of
soft neutrosophic LA-semigroup (#,4) and (G,B) over neutrosophic
LA-semigroups ~(s) and ~(7) respectively. Then (F',4)x(G,B) is a soft
neutrosophic ideal of soft neutrosophic LA-semigroup (#,4)x(G,B) over
N(S)xN(T).

Proof: As (F.4) and (G.B) are soft neutrosophic ideals of soft
neutrosophic LA-semigroups of (7, 4) and (G,B). Then clearly 4 c4
and B cB andso 4 xB c4xB. Therefore F'(a) is a neutrosophic ideal
of F(d) forall '« 4 and also G'(b) is a neutrosophic ideal of G(#') for
all »<p.Consequently F'(a)xG (b) is a neutrosophic ideal of
F(a)xG(b). Hence (F,4)x(G,B) is a soft neutrosophic ideal of soft
neutrosophic LA-semigroup (F,4)x(G,B) over N(S)xN(T).

Theorem 5.1.3: Let (F, 4) be a soft neutrosophic LA-semigroup over
N(s) and {(#,,B,): jeJ} be anon-empty family of soft neutrosophic sub
LA-semigroups of (F,4). Then

1) My (H,.8,) is a soft neutrosophic sub LA-semigroup of (F,4).

jeJ

2) Agp(H,.B,) is a soft neutrosophic sub LA-semigroup of (F,4).

3) U, (H,B,) is a soft neutrosophic sub LA-semigroup of (,4) if

jeJ

B,nB =¢ forall jkeJ .
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Theorem 5.1.4: Let (F,4) be a soft neutrosophic LA-semigroup over
N(s) and {(#,,B,):jeJ} be anon-empty family of soft neutrosophic
ideals of (F,4). Then

1) My (#,.8,) is a soft neutrosophic ideal of (7, 4).

jeJ

2) Al(H,.B,) is asoft neutrosophic ideal of (¥, 4).

3) U, (#,B,) is a soft neutrosophic ideal of (F,4).
4) \/(H,.B;) is a soft neutrosophic ideal of (£, 4).

jeJ

Proof: Straightforward.

Proposition 5.1.12: Let (F, 4) be a soft neutrosophic LAsemigroup with
left identity e over N(S) and (G,B) be a soft neutrosophic right ideal of
(F,4). Then (G,B) is also soft neutrosophic left ideal of (F,4).

Proof: Straightforward.

Lemma 5.1.2: Let (7, 4) be a soft neutrosophic LA-semigroup with left
identity e over N(S) and (G,B) be a soft neutrosophic right ideal of
(F,4). Then (G,B)0 (G,B)1s a soft neutrosophic ideal of (F,4).
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Proof : The proof is followed by above proposition.
Soft Neutrosophic Strong LA-semigroup

The notion of soft neutrosophic strong LA-semigroup over a
neutrosophic LA-semigroup is introduced here. We give the definition
of soft neutrosophic strong LA-semigroup and investigate some related
properties with sufficient amount of illustrative examples.

Definition 5.1.7: Let N(s) be a neutrosophic LA-smigroup and (F, 4) be
a soft set over N(S). Then (F,4) is called soft neutrosophic strong LA-
semigroup if and only if F(a) is a neutrosophic strong su LA-semigroup
of n(s) forall ae4.

Example. 5.1.6: Let ~N(5)={1,2,3,4,17,27,31,41} be a neutrosophic LA-
semigroup with the following table.

IT 121 |31 [41
IT (41 |21 |31
31 121 [41 |11
41 [ 11 [ 31 [Z1
21 [ 31 | 11 [ 41
IT |11 {46 [21 [ 31 |11 [41 |21 |31
21 [ 31 [ 21 [41 [ IT |31 [ 21 [41 |11
31 (41 [ IT |31 [Z21 {41 [ I1 |31 [Z1
41 [ 21 [ 31 [ IT [ 41 |21 |31 |11 [41

— N N U
AN OH W B

Let (7, 4) be a soft set over N(S). Then (F,4) is soft neutrosophic strong
LA-semigroup over N(S) in the following manner,
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F(a)={11}. Fla)={21),

F(a3):{3l}, F(a4):{4[}.

Theorem 5.1.5: All soft strong neutrosophic LA-semigroups or pure
neutrosophic LA-semigroups are trivially soft neutrosophic LA-

semigroups but the converse is not true in general.

Proof: The proof of this theorem is obvious.

Definition 5.1.8: Let (G,B) be a soft sub-neutrosophic LA-smigroup of a
soft neutrosophic LA-semigroup (F,4) over N(S). Then (G,B) is said to
be soft strong or pure sub-neutrosophic LA-semigroup of (F,4) if each
G(b)1s strong or pure neutrosophic sub LA-semigroup of F(»), for
allbeB.

Example 5.1.7: Let (£, 4) be a soft neutrosophic LA-semigroup over
N(S) in example 5.1.1 and let (G,B) be a soft sub-neutrosophic LA-
semigroup of (7, 4) over N(S), where

G(b)={11},G(b,)={21},

G(b,)=141}.

Then clearly (G, B) is a soft strong or pure sub-neutosophic LA-
semigroup of (£, 4) over N(S).
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Theorem 5.1.6: A soft neutrosophic LA-semigroup (F,4) over N(S)

can have soft sub LA-semigroups, soft sub-neutrosophic LA-semigroups
and soft strong or pure sub-neutrosophic LA-semigroups.

Proof: It is obvious.

Theorem 5.1.7: If (7, 4) over N(S)is a soft strong or pure neutrosophic
LA-semigroup, then every soft sub-neutrosophic LA-semigroup of

(F,A) 1s a soft strong or pure sub-neutrosophic LA-semigroup.

Proof: The proof is straight forward.

Definition 5.1.9: A soft neutrosophic ideal (7,4) over ~(S) 1s called
soft strong or pure neutrosophic ideal over N(S) if F(a) 1s a strong or
pure neutrosophic ideal of ~(s), forall ae4.

Example 5.1.8: Let ~N(5)={1,2,3,1,27,3I} be as in example 5.1.6. Then
(F,A) be a soft strong or pure neutrosophic ideal over ~(s), where
F(a,)={21,31},F(a,)={11,31}.

Theorem 5.1.8: All soft strong or pure neutrosophic ideals over n(s)
are trivially soft neutrosophic ideals but the converse is not true.

To see the converse, lets take a look to the following example.
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Example 5.1.9: Let (7, 4) be a soft neutrosophic ideal over ~(s) in
example 5.1.6. It is clear that (7, 4) is not a strong or pure neutrosophic
ideal over N(s).

Proposition 5.1.13: Let (7, 4) and (G,B) be two soft strong or pure
neutrosophic ideals over ~(s). Then

1) Their restricted union (F,4)u, (G,B) 1is a soft strong or pure
neutrosophic ideal over N(s).

2) Their restricted intersection (7, 4)n,(G,B) 1s a soft strong or pure
neutrosophic ideal over ~(s).

3) Their extended union (7, 4)u, (G,B) 1s also a soft strong or pure
neutrosophic ideal over nN(s).

4) Their extended intersection (F,4)n, (G,B) 1s a soft strong or pure
neutrosophic ideal over ~N(s).

Proposition 5.1.14: Let (7, 4) and (G,B) be two soft strong or pure
neutrosophic ideals over ~(s). Then

1) Their or operation (F, 4)v(G,B) 1s a soft strong or pure neutrosophic
ideal over N(s).

2) Their 4nD operation (F,4)~(G,B) 1s a soft strong or pure neutrosophic
ideal over N(s).
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Proposition 5.1.15: Let (F,4) and (G,B) be two soft strong or pure
neutrosophic ideals over ~(s), where n(s) is a neutrosophic LA-
semigroup with left identity e. Then (F,4)#(G,B)=(H,4xB) 1s also a soft
strong or pure neutrosophic ideal over n(s).

Proposition 5.1.16: Let (7, 4) and (G,B) be two soft strong or pure
neutrosophic ideals over ~(s) and ~(7T) respectively. Then the
cartesian product (7, 4)=(G,B) 1s a soft strong or pure neutrosophic ideal
over N(S)xN(T).

Definition 37 A soft neutrosophic ideal (G, B) of a soft neutrosophic LA-
semigroup (F,4) 1s called soft strong or pure neutrosophic ideal if G(»)
1s a strong or pure neutrosophic ideal of 7 (») for all »e 5.

Example 5.1.10: Let (7, 4) be a soft neutrosophic LA-semigroup over
N(s) in Example (9) and (G,B) be a soft neutrosophic ideal of (F, 1),

where
G(b)={21}.G(b,) = 121,31},

Then clearly (G,B) is a soft strong or pure neutrosophic ideal of (F, 4)
over N(S).

Theorem 5.1.9: Every soft strong or pure neutrosophic ideal of a soft
neutrosophic LA-semigroup is trivially a soft neutrosophic ideal but the
converse 1s not true.
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5.2 Soft Neutrosophic Bi-LA-semigroup

In this section, the definition of soft neutrosophic bi-LA-semigroup is
given over a neutrosophic bi-LA-semigroup. Some of their fundamental
properties are also given in this section.

Definition 5.2.1: Let BN(S) be a neutrosophic bi-LA-semigroup and
(F,4) be a soft set over BN(S). Then (F, 4) is called soft neutrosophic bi-
LA-semigroup if and only if F(a) 1s a neutrosophic sub bi-LA-
semigroup of BN(S) forall ae 4.

Example 5.2.1: Let 8N§(S)={(s,u1)u(S,uI)} be a neutrosophic bi-LA-
semigroup where (S, u7I)={1,2,3,4,11,21,31,41} 1s a neutrosophic LA-
semigroup with the following table.

=11 [2 |3 [4 |11 |21 |31 [4]
I |1 14 |2 [3 |11 [4] |21 |31
2 |3 [Z2 [4 |1 |31 21 [4] |11
3 14 |1 |3 [2 (41 |11 |31 |21
4 12 |3 [ |4 [21 |31 |11 |41

IT 11 (41 |21 |31 |11 [41 |21 |31

21 131 |21 (41 |11 |31 |21 |41 |11

31 (41 [11 |31 |21 [41 |11 |31 [Z1

41 [21 |31 [ 11 |41 [Z21 |31 | I1 |41
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(s,01)={1,2,3,11,21,31} be another neutrosophic bi-LA-semigroup with the

following table.
* 1 2 3 1T |21 |3I
1 3 3 3 31 |31 |31
2 3 3 3 31 |31 |31
3 1 3 3 1T |31 |3I

1Ir (31 |31 |3 |3I |31 |31

21 |31 |31 |3I |3I |31 |3I

31 (11 31 |3I |I1I |3I |3I

Let 4={q,,a,,a,} be a set of parameters. Then clearly (F, 4) 1s a soft
neutrosophic bi-LA-semigroup over BN(S), where

F(a)=1{L,17}U{2,3,31},
F(a,) ={2,21} U{1,3,11,31},

F(a,) = 4,41 O{11,31}.
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Proposition 5.2.1: Let (,4) and (kx,D) be two soft neutrosophic bi-LA-
semigroups over BN(S). Then

1. Their extended intersection (F,4), (K,D) is soft neutrosophic bi-
LA-semigroup over BN(S).

2. Their restricted intersection (F,4)n, (K,D) is soft neutrosophic bi-
LA-semigroup over BN(S).

3. Their AND operation (F,4) A(K,D) is soft neutrosophic bi-LA-
semigroup over BN(S).

Remark 5.2.1: Let (7, 4) and (kx,D) be two soft neutrosophic bi-LA-
semigroups over BN(S). Then

1. Their extended union (7, 4)u, (K,D) 1s not soft neutrosophic bi-LA-
semigroup over BN(S).

2. Their restricted union (F, 4)u, (K,D) 1s not soft neutrosophic bi-LA-
semigroup over BN(S).

3. Their or operation (F,4)v(K,D) is not soft neutrosophic bi-LA-
semigroup over BN(S).

One can easily proved (1),(2), and (3) by the help of examples.

Definition 5.2.2: Let (7, 4) and (K,D) be two soft neutrosophic bi-LA-
semigroups over BN(S). Then (K,D) is called soft neutrosophic sub bi-
LA-semigroup of (F,4), if

1. D cA.
2. K(a) i1s a neutrosophic sub bi-LA-semigroup of F(a) for all ac 4.
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Example 5.2.2: Let (7, 4) be a soft neutrosophic bi-LA-semigroup over

BN(S) in Example 5.1.1. Then clearly (x,D) is a soft neutrosophic sub bi-
LA-semigroup of (F,4) over BN(S), where

K(a) = {111} U {3,3I},
K(a,)={2,2Iy U{L113}.

Theorem 5.2.1: Let (F,4) be a soft neutrosophic bi-LA-semigroup over

BN(S) and {(H B):jed } be a non-empty family of soft neutrosophic
sub bi-LA-semigroups of (,4). Then

1. My (H,,B,) 1s a soft neutrosophic sub bi-LA-semigroup of (F,4).

jeJ

2. Ag(H,,B;) is a soft neutrosophic sub bi-LA-semigroup of (F,4).

jeJ

3. U, (H,.B,) is a soft neutrosophic sub bi-LA-semigroup of (7, 4) if

jeJ

B,nB =¢ forall jkes .

Definition 5.2.3: Let (7, 4) be a soft set over a neutrosophic bi-LA-
semigroup BN(S). Then (F,4) is called soft neutrosophic biideal over

BN(S) if and only if F(a) is a neutrosophic biideal of Bn(s), for all
acA.
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Example 5.2.3: Let 8n(S)={(S, u1)u(s,uI)} be a neutrosophic bi-LA-
semigroup, where (S, u7)={1,2,3,17,21,37} be a neutrosophic bi-LA-
semigroup with the following table.

* 1 2 |3 I |21 |31
1 3 |3 |3 |31 |31 |3I
2 (3 |3 (3 |3 |31 |31
3 1 3 13 1T |31 |3I

11 |31 (31 |31 |3I |31 |3I

2 |31 |3I (31 |3I |31 |31

31 |11 |31 |31 |I1I |3I |3I

And (s,u1)={1,2,3,1,21,31} be another neutrosophic LA-semigroup with
the following table.

| 2 3 1 21 31
| 3 3 2 31 31 21
2 2 2 2 21 21 21
3 2 2 2 21 21 21

21 21 21 21 21 21 21

31 21 21 21 21 21 21
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Let 4=1{a,a,} be a set of parameters. Then (F, 4) is a soft neutrosophic

biideal over BN(S), where
F(a)={111,3,31}U 2,21},

F(a,)={1,3,11,31}U{2,3,21,31}.

Proposition 5.2.2: Every soft neutrosophic biideal over a neutrosophic
bi-LA-semigroup is trivially a soft neutrosophic bi-LA-semigroup but
the conver is not true in general.

One can easily see the converse by the help of example.

Proposition 5.2.3: Let (£, 4) and (kx,D) be two soft neutrosophic biideals
over BN(S). Then

1. Their restricted union (F, 4)u, (K,D) 1s a soft neutrosophic biideal
over BN(S).

2. Their restricted intersection (7, 4)n,(K,D) 1s a soft neutrosophic
biideal over BN(S).

3. Their extended union (7, 4)u, (K,D) 1s also a soft neutrosophic
biideal over BN(S).

4. Their extended intersection (F,4)n, (K,D) 1is a soft neutrosophic
biideal over BN(S).

5. Their or operation (F,4)v(k,D) 1s a soft neutrosophic biideal over
BN(S).

6. Their AND operation (F,4)~(K,D) is a soft neutrosophic biideal
over BN(S).
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Definition 5.2.4: Let (7,4) and (K,D) be two soft neutrosophic bi- LA-

semigroups over BN(S). Then (k,D) is called soft neutrosophic biideal of
(F,A), 1f
1. Bc4,and

2. K(a) 1s a neutrosophic biideal of F(a), forall ac4.

Example 5.2.4: Let (£, 4) be a soft neutrosophic bi-LA-semigroup over

BN(S) in Example 5.2.2. Then (k,D) 1s a soft neutrosophic biideal of
(F,A4) over BN(S), where

K(a))={11,31} 02,21},

K(a,)={1,3,11,31} U{2L31}.

Theorem 5.2.2: A soft neutrosophic biideal of a soft neutrosophic bi-
LA-semigroup over a neutrosophic bi-LA_semigroup is trivially a soft
neutosophic sub bi-LA-semigroup but the converse is not true in general.

Proposition 5.2.4: If (F.4) and (G.B) are soft neutrosophic biideals of
soft neutrosophic bi-LA-semigroups (7,4) and (G,B) over neutrosophic
bi-LA-semigroups N(s) and ~(7) respectively. Then (F.4)x(G.B) is a
soft neutrosophic biideal of soft neutrosophic bi-LA-semigroup
(F,A)x(G,B) OVer N(S)xN(T).
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Theorem 5.2.3: Let (F,4) be a soft neutrosophic bi-LA-semigroup over

BN(S) and {(H,B,): jeJ} be anon-empty family of soft neutrosophic
biideals of (F,4). Then

1.

Mg (H,,B,) is a soft neutrosophicbi ideal of (7, 4).

jeJ

A(H,.B,) is a soft neutrosophic biideal of (£, 4).

jeJ

(H,.8)) 1s a soft neutrosophic biideal of (F,4).

&
jeJ

v (H,.B;) is a soft neutrosophic biideal of (7, 4).

jeJ

Soft Neutrosophic Storng Bi-LA-semigroup

The notion of soft neutrosophic strong bi-LA-semigroup over a
neutrosophic bi-LA-semigroup is introduced here. We gave the
definition of soft neutrosophic strong bi-LA-semigroup and investigated
some related properties with sufficient amount of illustrative examples.

Definition 5.2.5: Let BN(S) be a neutrosophic bi-LA-semigroup and

(F,4) be a soft set over BN(S). Then (rF,4) is called soft neutrosophic

strong bi-LA-semigroup if and only if F(a) is a neutrosophic strong sub

bi-LA-semigroup for all ae 4.
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Example 5.2.5: Let BN(S) be a neutrosophic bi-LA-semigroup in
Example 5.1.1. Let 4={q,,a,} be a set of parameters. Then (F, 4) is a soft

neutrosophic strong bi-LA-semigroup over BN(S),where

F(a,)={11,21,31,41} U{21 31},
F(a,)={11,21,31,41} U{11,31} .

Proposition 5.2.5: Let (F,4) and (x,D) be two soft neutrosophic strong
bi-LA-semigroups over BN(S). Then

1. Their extended intersection (F,4)n, (K,D) is soft neutrosophic
strong bi-LA-semigroup over BN(S).

2. Their restricted intersection (F,4)n, (K,D) 1s soft neutrosophic
strong bi-LA-semigroup over BN(S).

3. Their AND operation (F, 4)A(K,D) is soft neutrosophic strong bi-
LA-semigroup over BN(S).

Remark 5.2.2: Let (F,4) and (k,D) be two soft neutrosophic strong bi-
LA-semigroups over BN(S). Then

1. Their extended union (F, 4)u, (K,D) is not soft neutrosophic strong
bi-LA-semigroup over BN(S).

2. Their restricted union (F,4)u, (K,D) is not soft neutrosophic strong
bi-LA-semigroup over BN(S).

3. Their or operation (F,4)v(K,D) is not soft neutrosophic strong bi-
LA-semigroup over BN(S).

One can easily proved (1),(2), and (3) by the help of examples.
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Definition 5.2.6: Let (F,4) and (K,D) be two soft neutrosophic strong bi-
LA-semigroups over BN(S). Then (K,D) is called soft neutrosophic
strong sub bi-LA-semigroup of (F,4), if

l. Bc 4.
2. K(a) 1s a neutrosophic strong sub bi-LA-semigroup of F(a) for all

ac4.

Theorem 5.2.4: Let (7, 4) be a soft neutrosophic strong bi-LA-
semigroup over BN(S) and {(H_].,Bj) cjed } be a non-empty family of soft
neutrosophic strong sub bi-LA-semigroups of (7, 4). Then

1. M, (#,,8,) 1s a soft neutrosophic strong sub bi-LA-semigroup of

jel

(F,A).

2. Ap(H;B;) 1s asoft neutrosophic strong sub bi-LA-semigroup of

jeJ

(F,A).

3. Ug(H,.B,) 1s a soft neutrosophic strong sub bi-LA-semigroup of

jel

(F,4) if B,nB =¢ forall jkeJ .

Definition 5.2.7: Let (F, 4) be a soft set over a neutrosophic bi-LA-
semigroup BN(S). Then (F, 4) is called soft neutrosophic strong biideal
over BN(S) if and only if F(a) 1s a neutrosophic strong biideal of BN(S),
forall ac4.
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Example 5.2.6: Let BN(S) be a neutrosophic bi-LA-semigroup in
Example 52.2. Let 4=1{q,,a,} be a set of parameters. Then clearly (F,A) is
a soft neutrosophic strong biideal over BN(S), where

F(a))={1131}U{1L,21,31},

F(a,)={11,31}U{21,31}.

Theorem 5.2.5: Every soft neutrosophic strong biideal over Bn(S) is a
soft neutrosophic biideal but the converse is not true.

We can easily see the converse by the help of example.

Proposition 5.2.6: Every soft neutrosophic strong biideal over a
neutrosophic bi-LA-semigroup is trivially a soft neutrosophic strong bi-
LA-semigroup but the converse 1s not true in general.

Proposition 5.2.7: Every soft neutrosophic strong biideal over a
neutrosophic bi-LA-semigroup is trivially a soft neutrosophic bi-LA-
semigroup but the converse is not true in general.

One can easily see the converse by the help of example.
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Proposition 5.2.8: Let (F,4) and (k,D) be two soft neutrosophic strong
biideals over BN(S). Then

1. Their restricted union (F, 4)u, (K,D) is a soft neutrosophic strong
biideal over BN(S).

2. Their restricted intersection (F,4)n,(K,D) is a soft neutrosophic
strong biideal over BN(S).

3. Their extended union (F, 4)u, (K,D) is also a soft neutrosophic
strong biideal over BN(S).

4. Their extended intersection (F,4)n, (K,D) 1s a soft neutrosophic
strong biideal over BN(S).

5. Their or operation (F,4)v(K,D) 1s a soft neutrosophic biideal over
BN(S).

6. Their 4ND operation (F,4)(K,D) is a soft neutrosophic biideal
over BN(S).

Definition 5.2.8: Let (#,4) and (K,D) be two soft neutrosophic strong

bi- LA-semigroups over BN(S). Then (k,D) is called soft neutrosophic
strong biideal of (F,4), if

1. bc4,and

2. K(a) 1s a neutrosophic strong biideal of F(a), forall ac 4.
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Theorem 5.2.7: A soft neutrosophic strong biideal of a soft
neutrosophic strong bi-LA-semigroup over a neutrosophic bi-
LA semigroup is trivially a soft neutosophic strong sub bi-LA-
semigroup but the converse is not true in general.

Proposition 5.2.9: If (¥, 4) and (G,B8') are soft neutrosophic strong
biideals of soft neutrosophic bi-LA-semigroups (F,4) and (G,B) over
neutrosophic bi-LA-semigroups ~(s) and ~(T) respectively. Then
(F,4)x(G,B) is a soft neutrosophic strong biideal of soft neutrosophic
bi-LA-semigroup (F,4)x(G,B) over N(S)xN(T).

Theorem 5.2.8: Let (£, 4) be a soft neutrosophic strong bi-LA-
semigroup over BN(S) and {(H,.,Bj) jed } be a non-empty family of soft

neutrosophic strong biideals of (F,4). Then

1. M, (H,.B,) 1s asoft neutrosophic strong bi ideal of (r,4).

jeJ

2. A(H,.B,) is a soft neutrosophic strong biideal of (F, ).

J
jeJ

3. U, (H}.,Bj) 1s a soft neutrosophic strong biideal of (F,4).

4. v(H.,B.

J J

) is a soft neutrosophic strong biideal of (F,4).

jeJ
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5.3 Soft Neutrosophic N-LA-semigroup

In this section, we extend soft sets to neutrosophic N-LA-semigroups
and introduce soft neutrosophic N-LA-semigroups. This is the
generalization of soft neutrosophic LA-semigroups. Some of their
impotant facts and figures are also presented here with illustrative
examples. We also initiated the strong part of neutrosophy in this
section. Now we proceed onto define soft neutrosophic N-LA-semigroup
as follows.

Definition 5.3.1: Let {S(V),*,*,....*,} be a neutrosophic N-LA-semigroup
and (F,4) be a soft set over s(~). Then (F,4) is called soft neutrosophic
N-LA-semigroup if and only if F(e) 1s a neutrosophic sub N-LA-
semigroup of s(v) forall ac4.

Example 5.3.1: Let S(N) = {S,US,US,,*.,*,,%} be a neutrosophic 3-LA-
semigroup where S, ={1,2,3,4,17,21,31,41} 1s a neutrosophic LA-semigroup
with the following table.

=1L 12 13 14 [11]21]31 41
L |1 (4 [2 |3 111412131
2 13 12 (4 |1 [31]21 4111
314 |1 |3 |2 (41 |11 |31 21
4 12 3 |1 [4 [21 3111 [41

20 13121 (41 [ 11 |31 |21 |41 | I1
L[4 [IT |31 |21 |41l [ I1 [3I |21
41 121 |31 [ 11 |41 |21 |31 | I1 [41
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S, ={1,2,3,17,21,31} be another neutrosophic bi-LA-semigroup with the
following table.

* 11 |2 |3 |11 |21 |3I

1 |3 3 |3 |31 |31 |31

2 |3 |3 |3 |[3I |31 |31

3 |1 (3 |3 |II |3 |3I

1T |31 |31 |3I |31 |31 |3I

21 |31 |31 |31 | 3@ |31 |3I

30 | 1T (3@ |31 |II |31 |3I

And s,={1,2,3,1,21,31} 1s another neutrosophic LA-semigroup with the

following table.
1 2 3 1 21 31
I 3 3 2 31 | 31 | 21
2 2 2 2 21 | 21 | 21
3 2 2 2 21 | 21 | 21

21 | 21 | 21 | 21 | 21 | 21 | 21

3L [ 21 | 21 | 21 | 21 | 21 | 21
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Let 4={a,,a,,a,} be a set of parameters. Then clearly (F, 4) 1s a soft
neutrosophic 3-LA-semigroup over S(N), where

F(a)={L,11}U{2,3,31}U{2,21},
F(a,)=1{2,2I}U{1,3,11,31} U {2,3,21,31},

F(ay) = {4,41} U{11,31} U {21,31}.

Proposition 5.3.1: Let (F,4) and (kx,D) be two soft neutrosophic N-LA-
semigroups over S(N). Then

1. Their extended intersection (F, 4)n, (K,D) is soft neutrosophic N-
LA-semigroup over S(N).

2. Their restricted intersection (F,4)n, (K,D) is soft neutrosophic N-
LA-semigroup over S(N).

3. Their AND operation (F,4)A(K,D) is soft neutrosophic N-LA-
semigroup over S(N).

Remark 5.3.1: Let (7, 4) and (k,D) be two soft neutrosophic N-LA-
semigroups over S(N). Then

1. Their extended union (7, 4)u, (K,D) 1s not soft neutrosophic N-LA-
semigroup over S(N).

2. Their restricted union (F, 4)u, (K,D) is not soft neutrosophic N-LA-
semigroup over S(N).

3. Their or operation (F,4)v(K,D) is not soft neutrosophic N-LA-
semigroup over S(N).

240



One can easily proved (1),(2), and (3) by the help of examples.

Definition 5.3.2: Let (F,4) and (K,D) be two soft neutrosophic N-LA-
semigroups over S(N). Then (K,D) is called soft neutrosophic sub N-LA-
semigroup of (F, 4), if

1. D cA.
2. K(a) 1s a neutrosophic sub N-LA-semigroup of F(a) forall ac 4.

Theorem 5.3.1: Let (7, 4) be a soft neutrosophic N-LA-semigroup over
s(vy and {(#,,B,): jeJ} be a non-empty family of soft neutrosophic sub
N-LA-semigroups of (#,4). Then

1. M, (#,,8,) 1s a soft neutrosophic sub N-LA-semigroup of (F,4).

jeJ

2. Ag(H,,B,;) 1s a soft neutrosophic sub N-LA-semigroup of (F,4).

jeJ

3. U, (#,.8,) 1s a soft neutrosophic sub N-LA-semigroup of (r,4) if

jeJ

B,nB =¢ forall jkes .

Definition 5.3.2: Let (F,4) be a soft set over a neutrosophic N-LA-
semigroup S(N). Then (F,4) is called soft neutrosophic N-ideal over
S(N) if and only if F(a) is a neutrosophic N-ideal of s(v) forall ac4.
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Example 5.3.2: Consider Example 5.3.1. Let 4={a,,q,} be a set of
parameters. Then (£, 4) is a soft neutrosophic 3-ideal over s(v), where

F(a)={L1I} U331} U221},

F(a,) = {2,213 U{11,31}U{2,3,31}.

Proposition 5.3.2: Every soft neutrosophic N-ideal over a neutrosophic
N-LA-semigroup is trivially a soft neutrosophic N-LA-semigroup but
the converse is not true in general.

One can easily see the converse by the help of example.

Proposition 5.3.3: Let (7, 4) and (k,D) be two soft neutrosophic N-

1deals over s(~). Then

1. Their restricted union (F, 4)u, (K,D) 1s a soft neutrosophic N-ideal
over S(N).

2. Their restricted intersection (7, 4)n, (K,D) is a soft neutrosophic N-
1deal over S(n).

3. Their extended union (F,4)u, (K,D) is also a soft neutrosophic N-
1deal over S(n).

4. Their extended intersection (7,4)n,(K,D) 1s a soft neutrosophic N-
1deal over S(N).
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Proposition 5.3.4: Let (F,4) and (x,D) be two soft neutrosophic N-
1deals over S(~). Then

1. Their or operation (7, 4)v(k,D) 1s a soft neutrosophic N-ideal over
S(N).

2. Their 4nD operation (F,4)A(K,D) 1s a soft neutrosophic N-ideal
over S(N).

Definition 5.3.3: Let (7,4) and (K,D) be two soft neutrosophic N- LA-

semigroups over S(N). Then (k,D) is called soft neutrosophic N-ideal of
(F,4),1f

1. Bc4,and

2. K(a) 1s a neutrosophic N-ideal of F(a) forall ac4.

Theorem 5.3.2: A soft neutrosophic N-ideal of a soft neutrosophic N-
LA-semigroup over a neutrosophic N-LA-semigroup is trivially a soft
neutosophic sub N-LA-semigroup but the converse is not true in general.

Proposition 5.3.5: If (F,4) and (G.B') are soft neutrosophic N-ideals of
soft neutrosophic N-LA-semigroups (F,4) and (G,B) over neutrosophic
N-LA-semigroups N(s) and ~(7) respectively. Then (F,4)x(G.B) is a
soft neutrosophic N-ideal of soft neutrosophic N-LA-semigroup
(F,A)x(G,B) over N(S)xN(T).
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Theorem 5.3.3: Let (F,4) be a soft neutrosophic N-LA-semigroup over
s(vy and {(#,,B,): jeJ} be a non-empty family of soft neutrosophic N-
ideals of (7, 4). Then

1. Mp(H,B,) 1s a soft neutrosophic N-ideal of (F,4).

jeJ

2. /\(H ,»B,) is a soft neutrosophic N-ideal of (7, 4).

jeJ

3. (#,.B,) 1s a soft neutrosophic N-ideal of (F,4).

&
jeJ

4. \/(H,.B,) is a soft neutrosophic N-ideal of (£, 4).

jeJ

Soft Neutrosophic Strong N-LA-semigroup

The notions of soft neutrosophic strong N-LA-semigroups over
neutrosophic N-LA-semigroups are introduced here. We give some basic
definitions of soft neutrosophic strong N-LA-semigroups and illustrated
it with the help of exmaples and give some basic results.

Definition 5.3.4: Let {S(N),*,*,,..,*,} be a neutrosophic N-LA-semigroup
and (F,A) be a soft set over S(~). Then (F,4) is called soft neutrosophic
strong N-LA-semigroup if and only if F(a) is a neutrosophic strong sub
N-LA-semigroup of s(~) forall ac 4.
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Example 5.3.3: Let S(N)={S,US,US,,%,*,,*} be a neutrosophic 3-LA-
semigroup in Example (***).Let 4={a,.qa,,a,} be a set of parameters.
Then clearly (F, 4) is a soft neutrosophic strong 3-LA-semigroup over
S(N), where

F(a,) = {11} U131} {21},

F(a,) = {21} U131} U 21,31},

Theorem 5.3.4: If S(»v) is a neutrosophic strong N-LA-semigroup, then
(F,4) 1s also a soft neutrosophic strong N-LA-semigroup over S(N).

Proof: The proof is trivial.

Proposition 5.3.6: Let (F,4) and (k,D) be two soft neutrosophic strong
N-LA-semigroups over S(N). Then

1. Their extended intersection (F, 4)n, (K,D) is soft neutrosophic
strong N-LA-semigroup over S(V).

2. Their restricted intersection (F, 4)n, (K,D) is soft neutrosophic
strong N-LA-semigroup over S(N).

3. Their 4nND operation (F, 4) A(K,D) is soft neutrosophic strong N-
LA-semigroup over S(N).
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Remark 5.3.2: Let (F,4) and (k,D) be two soft neutrosophic strong N-
LA-semigroups over S(N). Then

1. Their extended union (7, 4)u, (K,D) 1s not soft neutrosophic strong
N-LA-semigroup over S(N).

2. Their restricted union (£, 4)u, (K,D) is not soft neutrosophic strong
N-LA-semigroup over S(N).

3. Their or operation (F,4)v(K,D) is not soft neutrosophic strong N-
LA-semigroup over S(N).

One can easily proved (1),(2), and (3) by the help of examples.

Definition 5.3.5: Let (7, 4) and (K,D) be two soft neutrosophic strong N-
LA-semigroups over S(N). Then (K,D) is called soft neutrosophic strong
sub N-LA-semigroup of (F,4), if

1. bc 4.

2. K(a) 1s a neutrosophic strong sub N-LA-semigroup of F(a) for all

acA.
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Theorem 5.3.5: Let (£, 4) be a soft neutrosophic strong N-LA-
semigroup over S(N) and {(H,,B,): j eJ} be a non-empty family of soft

neutrosophic strong sub N-LA-semigroups of (F,4). Then

1. M, (#H,,8,) 1s a soft neutrosophic strong sub N-LA-semigroup of

jeJ

(F,4).

2. Ap(H,.B,) 1s a soft neutrosophic strong sub N-LA-semigroup of

jeJ

(F,A).

3. U, (H,,B,) 1s a soft neutrosophic strong sub N-LA-semigroup of

jeJ

(F,4) if B,nB =¢ forall jkeJ .

Definition 5.3.5: Let (7, 4) be a soft set over a neutrosophic N-LA-
semigroup S(N). Then (F,4) is called soft neutrosophic strong N-ideal
over S(N) if and only if F(a) is a neutrosophic strong N-ideal of S()
forall ac4.

Proposition 5.3.7: Every soft neutrosophic strong N-ideal over a
neutrosophic N-LA-semigroup is trivially a soft neutrosophic strong N-
LA-semigroup but the converse is not true in general.

One can easily see the converse by the help of example.
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Proposition 5.2.8: Let (F,4) and (k,D) be two soft neutrosophic strong
N-ideals over S(~). Then

1. Their restricted union (F, 4)u, (K,D) 1s a soft neutrosophic strong
N-ideal over s(v).

2. Their restricted intersection (F,4)n,(K,D) 1s a soft neutrosophic N-
1deal over S(N).

3. Their extended union (7, 4)u, (K,D) is also a soft neutrosophic
strong N-ideal over S(N).

4. Their extended intersection (7, 4)n, (K,D) is a soft neutrosophic
strong N-ideal over S(N).

5. Their or operation (F,4)v(K,D) 1s a soft neutrosophic strong N-
1deal over S(N).

6. Their 4nD operation (F,4) A(K,D) is a soft neutrosophic strong N-
1deal over S(n).

Definition 5.3.6: Let (F,4) and (K,D) be two soft neutrosophic strong

N- LA-semigroups over S(N). Then (k,D) is called soft neutrosophic
strong N-ideal of (F,4), if

1. Bc4,and

2. K(a) 1s a neutrosophic strong N-ideal of F(a) forall ac4.
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Theorem 5.3.6: A soft neutrosophic strong N-ideal of a soft
neutrosophic strong N-LA-semigroup over a neutrosophic N-LA-
semigroup is trivially a soft neutosophic strong sub N-LA-semigroup but
the converse is not true in general.

Theorem 5.3.7: A soft neutrosophic strong N-ideal of a soft
neutrosophic strong N-LA-semigroup over a neutrosophic N-LA-
semigroup is trivially a soft neutosophic strong N-ideal but the converse
is not true in general.

Proposition 5.3.9: If (F.4) and (G.8) are soft neutrosophic strong N-
ideals of soft neutrosophic strong N-LA-semigroups (F,4) and (G,B)
over neutrosophic N-LA-semigroups ~(s) and ~(7T) respectively. Then
(F,4)x(G.B) is a soft neutrosophic strong N-ideal of soft neutrosophic
strong N-LA-semigroup (F,4)x(G,B) Over N(S)xN(T).

Theorem 5.3.8: Let (£, 4) be a soft neutrosophic strong N-LA-
semigroup over S(N) and {(H.8,):jeJ} be anon-empty family of soft

neutrosophic strong N-ideals of (F,4). Then

1. M, (#H,.8,) isa soft neutrosophic strong N-ideal of (r,4).

jeJ

2. aA(H,.B,) is a soft neutrosophic strong N-ideal of (£, 4).

jeJ

3. (H,.8,) is a soft neutrosophic strong N-ideal of (F,4).

&
jeJ

4. \/(H,.B,) is a soft neutrosophic strong N-ideal of (F, ).

jeJ
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Chapter Six

SUGGESTED PROBLEMS

In this chapter some problems about the soft neutrosophic structures and
soft neutrosophic N-structures are given.

These problems are as follows:

1.  Can one define soft P-sylow neutrosophic group over a
neutrosophic group?

2. How one can define soft weak sylow neutrosphic group and soft
sylow free neutrosophic group over a neutrosophic group?

3. Define soft sylow neutrosophic subgroup of a soft sylow
neutrosophic group over a neutrosophic group?

4.  What are soft sylow pseudo neutosophic group, weak sylow
pseudo neutrosophic group and free sylow pseudo neutrosophic
group over a neutrosophic group?
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5. How one can define soft neutrosophic cosets of a soft
neutrosophic group over a neutrosophic group?

6. What is the soft centre of a soft neutrosophic group over a
neutrosophic group?

7. Define soft neutrosophic normalizer of a soft neutrosophic group
over a neutrosophic group?

8. Can one define soft Cauchy neutrosophic group and soft semi
Cauchy neutrosophic group over a neutrosophic group?

9.  Define soft strong Cauchy neutrosophic group over a
neutrosophic group?
10. Define all the properties and results in above problems in

case of soft neutrosophic group over a neutrosophic bigroup?

11. Also define these notions for soft neutrosophic N-groups
over neutrosophic N-groups?

12. Give some examples of soft neutrosophic semigroups over
neutrosophic semigroups?
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13. Write a soft neutrosophic semigroup over a neutrosophic
semigroup which has soft neutrosophic subsemigroups, soft
neutrosophic strong subsemigroups and soft subsemigroups?

14. Also do these calculations for a soft neutrosophic
bisemigroup over a neutrosophic bisemigroup and for a soft
neutrosophic N-semigroup over a neutrosophic N-semigroup
respectively?

15. Can one define a soft neutrosophic cyclic semigroup over a
neutrosophic semigroup?

16. What are soft neutrosophic idempotent semigroups over a
neutrosophic semigroups? Give some of their examples?

17. What is a soft weakly neutrosophic idempotent semigroup
over a neutrosophic semigroup?

18. Give examples of soft neutrosophic bisemigroups over
neutrosophic bisemigroups?

19. Also give examples of soft neutrosophic N-semigroups over
neutrosophic N-semigroups?

253



20. Can one define a soft neutosophic maximal and a soft
neutrosophic minimal ideal over a neutrosophic semigroup?

21. How can one define a soft neutrosophic bimonoid over a
neutrosophic bimonoid? Also give some examples of soft
neutrosophic bimonoid over neutrosophic bimonoid?

22. Give some examples of soft Lagrange neutrosophic
semigroups, soft weakly Lagrange neutrosophic semigroup and
soft Lagrange free neutrosophic semigroups over neutrosophic
semigroups?

23. Also repeat the above exercise 22, for soft Lagrange
neutrosophic 5-semigroup, soft weakly Lagrange neutrosophic 5-
semigroup and soft Lagrange free neutrosophic 5-semigroup over a
neutrosophic 5-semigroup?

24. Give diffrerent examples of soft neutrosophic 3-semigroup,
soft neutrosophic 4-semigroup and soft neutrosophic 5-semigroup
over a neutrosophic 3-semigroup, a neutrosophic 4-semigroup and
a neutrosophic 5-semigroup respectively?

25. When a soft neutrosophic semigroup will be a soft Lagrange
free neutrosophic semigroup over a neutrosophic semigroup?

254



26. Can one define soft Cauchy neutrosophic semigroup over a
neutrosophic semigroup? Also goive some examples of soft
Cauchy neutrosophic semigroups?

27. Also define soft Cauchy neutrosophic bisemigroups and soft
Cauchy neutrosophic N-semigroups over neutrosophic
bisemigroups and neutrosophic N-semigroups respectively?

28. What is a soft Cauchy free neutrosophic semigroup over a
neutrosophic semigroup? Also give some examples?

29. Define soft weakly Cauchy neutrosophic semigroup over a
neutrosophic semigroup? Also give some examples?

30. Can ove define soft p-sylow neutrosophic semigroup over a
neutrosophic semigroup?

31. What are soft weak sylow neutrosophic semigroups over
neutrosophic semigroups? Also give some examples?

32. What are soft sylow free neutrosophic semigroups over
neutrosophic semigroups? Also give some examples?
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33. Give some examples of soft neutrosophic loops, soft
neutrosophic biloops and soft neutrosophic N-loops over
neutrosophic loops, neutrosophic biloops and neutrosophic N-
loops respectively?

34, What are soft Cauchy neutrosophic loops, soft Cauchy
neutrosophic biloops and soft Cauchy neutrosophic N-loops over
neutrosophic loops, neutrosophic biloops and neutrosophic N-
loops respectively?

35. What are soft p-sylow neutrosophic loops, soft p-sylow
neutrosophic biloops and soft p-sylow neutrosophic N-loops over
neutrosophic loops, neutrosophic biloops and neutrosophic N-
loops respectively?

36. Can one dfine soft neutrosophic Moufang loop over a
neutrosophic loop? Give some exmples?

37. What is a soft neutrosophic Bruck loop over a neutrosophic
loop?

38. What is a soft neutrosophic Bol loop over a neutrosophic
loop?
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39. Give two examples of soft neutrosophic Moufang loop, three
examples of soft neutrosophic Bruck loop and also 2 examples of
soft neutrosophic Bol loop?

40. Define soft neutrosophic right LA-semigroup, soft
neutrosophic right Bi-LA-semigroup and soft neutrosophic right
N-LA-semigroup over a right neutrosophic LA-semigroup, a right
neutrosophic Bi-LA-semigroup and a right neutrosophic N-LA-
semigroup respectively?

41. Also give 2 examples in each case of above exercise 40?

42. Under what condition a soft neutrosophic LA-semiggroup
will be a soft neutrosophic semigroup?

43. Give some examples of soft neutosophic LA-semigroups
over neutrosophic LA-semigroups?

44. Can one define soft Lagrange neutrosophic LA-semigroup
over a neutrosophic LA-semigroup?

45. What are soft weak Lagrange neutrosophic LA-semigroups
over beutrosophic LA-semigroups? Give examples?

46. How one can define a soft Lagrange free neutrosophic LA-
semigroup over a neutrosophic LA-semigroup?
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47. Give some examples of soft Lagrnage neutrosophic Bi-LA-
semigroups, soft weak Lagrange Bi-LA-semigroups and soft
Lagrange free neutrosophic Bi-LA-semigroups over neutrosophic
Bi-LA-semigroups?

48. Give some examples of soft Lagrnage neutrosophic N-LA-
semigroups, soft weak Lagrange N-LA-semigroups and soft
Lagrange free neutrosophic N-LA-semigroups over neutrosophic
N-LA-semigroups?

49. Can one define soft Cauchy neutrosophic LA-semigroup over
a neutrosophic LA-semigroup?

50. Can one define soft weak Cauchy neutrosophic LA-
semigroup over a neutrosophic LA-semigroup?

51. Can one define soft Cauchy free neutrosophic LA-semigroup
over a neutrosophic LA-semigroup?

52. Give examples soft Cauchy neutrosophic LA-semigroups,
soft weak Cauchy neutrosophic LA-semigroups and soft Cauchy
free neutrosophic La-semigroups over neutrosophic LA-
semigroups?
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Study of soft sets was first proposed by Molodtsov in
1999 to deal with uncertainty in a non-parametric

manner. The researchers did not pay attention to soft
set theory at that time but now the soft set theory has
been developed in many areas of mathematics.
Algebraic structures using soft set theory are very
rapidly developed. In this book we developed soft
neutrosophic algebraic structures by using soft sets
and neutrosophic algebraic structures. In this book we
study soft neutrosophic groups, soft neutrosophic
semigroups, soft neutrosophic loops, soft
neutrosophic LA-semigroups, and their generalizati
respectively.



