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PREFACE

In this book the authors for the first time introduce the notion of
neutrosophic intervals and study the algebraic structures using them.
Concepts like groups and fields using neutrosophic intervals are not
possible. Pure neutrosophic intervals and mixed neutrosophic intervals
are introduced and by the very structure of the interval one can
understand the category to which it belongs.

We in this book introduce the notion of pure (mixed) neutrosophic
interval bisemigroups or neutrosophic biinterval semigroups. We derive
results pertaining to them. The new notion of quasi bisubsemigroups
and ideals are introduced. Smarandache interval neutrosophic
bisemigroups are also introduced and analysed. Also notions like
neutrosophic interval bigroups and their substructures are studied in
section two of this chapter. Neutrosophic interval bigroupoids and the

identities satisfied by them are studied in section three of this chapter.



The final section of chapter one introduces the notion of neutrosophic
interval biloops and studies them. Chapter two of this book introduces
the notion of neutrosophic interval birings and bisemirings. Several
results in this direction are derived and described. Even new bistructures
like neutrosophic interval ring-semiring or neutrosophic interval
semiring-ring are introduced and analyzed. Further in this chapter the
concept of neutrosophic biinterval vector spaces or neutrosophic interval
bivector spaces are introduced and their properties are described.

In the third chapter we introduce the notion of neutrosophic interval
n-structures or neutrosophic interval n-structures. Over 60 examples are
given and various types of n-structures are studied. Possible applications
of these new structures are given in chapter four. The final chapter
suggests over hundred problems some of which are at research level.

We thank Dr. K.Kandasamy for proof reading and being extremely

supportive.

W.B.VASANTHA KANDASAMY
FLORENTIN SMARANDACHE



Chapter One

BAsIC CONCEPTS

In this chapter we first introduce the notion of neutrosophic
intervals and special neutrosophic intervals. We built in this
chapter interval neutrosophic bistructures with single binary
operation; we call them also as biinterval neutrosophic algebraic
structures.

N(R" U{OhD) = R" T U {0} = {[0, al] lae R" U {0}}
denotes the pure neutrosophic intervals of reals.

N@QTu{0}) =N(Q"u{ohD) =Q T U {0} = {[0, al] la e
Q" U {0}} = {[0, aI] | a € Q" U {0}} denotes the pure
neutrosophic intervals of rationals.

N(Z'T u{0}) = {[0, al] la € Z" U {0}} denotes the intervals
of pure neutrosophic integers. N (Z,I) = {[0, al] | a € Z,}
denotes the pure neutrosophic interval of modulo integers, we
can define now neutrosophic interval modulo integers as N ((Z,
u D) ={[0,a+bl]la,be Z,}. N(Q"uUTI))u {0})={[0, a+bI]
la,be Q" U {0}} is the rational neutrosophic interval.

N(R*"UID)uU{0})={[0,a+bl]la,be R" U {0}} is the
neutrosophic interval of reals.

Finally N (Z" U T) u {0}) = {[0, a+bI] la,be Z" U {0}} is
the neutrosophic interval of integers.



Now we will be using these intervals and work with our
results. However by the context the reader can understand
whether we are working with pure neutrosophic intervals or
neutrosophic of rationals or integers or reals or modulo integers.
This chapter has four sections. Section one introduces
neutrosophic interval bisemigroups, neutrosophic interval
bigroups are introduced in section two. Section three defines
biinterval neutrosophic bigroupoids. The final section gives the
notion of neutrosophic interval biloops.

1.1 Neutrosophic Interval Bisemigroups

In this section we define the notion of pure neutrosophic
interval bisemigroup, neutrosophic interval bisemigroup,
neutrosophic - real interval bisemigroup, quasi neutrosophic
interval bisemigroup and quasi neutrosophic - real interval
bisemigroup using Z, or Z" U {0} or Q" U {0} or R* U {0}.
We give some examples and describe their properties.

DEFINITION 1.1.1: Let S = S; US, where S; and S, are interval
pure neutrosophic semigroups such that S; and S, are distinct,
then we define S to be a pure neutrosophic interval bisemigroup
or pure neutrosophic biinterval semigroup.

We will illustrate this situation by some examples.

Example 1.1.1: Let S =S, U S, ={[0, al] la e Z;, +} U
{[0, bI] I b € Z" U {0}, +} be the pure neutrosophic interval
bisemigroup.

Example 1.1.2: LetP=P, UP,={[0,al]laec Z" U {0}, +} U
{[0, al] | a € Zj, X} be a pure neutrosophic interval
bisemigroup.

We see both the bisemigroups given in examples 1.1.1 and
1.1.2 are of infinite order.

Example 1.1.3: Let T=T, U T,={[0, al] la e Zy, +} U {[O0,
al] | a € Zys5, X} be a pure neutrosophic interval bisemigroup of
finite order.



Example 1.1.4: Let W =W, U W, ={[0, al]lae QTu {0},
x} U {[0, bI] Ib e Q" U {0}, +} be a pure neutrosophic interval
bisemigroup of infinite order.

Example 1.1.5: Let M =M, U M, = {[0, al] | a € R'TuU {0},
+} U {[0, bI] I b € QT U {0}, X} be a pure neutrosophic
interval bisemigroup of infinite order.

Example 1.1.6: Let T=T, U T, = {[0, al]lae Zs, +} U {[O0,
bl] | b € Z;, X} be a pure neutrosophic interval bisemigroup of
finite order.

Clearly order of T; 0 (T) =5 .7 =35.

We can define the notion of pure neutrosophic interval
subbisemigroup or pure neutrosophic biinterval subsemigroup
or pure neutrosophic interval bisubsemigroup in the usual way.
This task is left as an exercise to the reader.

We give only examples of them.

Example 1.1.7: LetT=T, U T,={[0,al]lae ZTuU {0}, +}
U {[0, al] la € QT U {0}, X} be a pure neutrosophic interval
bisemigroup. Consider H = H; U H, = {[0, al] | a € 3Z'T U
{0}, 4} U {[0, bI] Ib e ZT U {0}, x} € T, U Ty; His a pure
neutrosophic interval bisubsemigroup of T. Infact T has
infinitely = many  such  pure  neutrosophic  interval
bisubsemigroups.

Example 1.1.8: Let V=V, U V,={[0,al]lae Z;p} U {[0, al]
la e Z" U {0}} be a pure neutrosophic interval bisemigroup.
Consider S=S;, U S, ={[0,al]lae {0,2,4,6,8,10} cZ,} U
{[0, al] la € 5Z" U {0}} € V; U V,. S is a pure neutrosophic
interval bisubsemigroup of V. We see they are pure interval
bisemigroup both under addition and multiplication. Of course
only one operation will be used at a time.

Example 1.1.9: Let P =P, U P, ={[0, al] la € Zs} U {[0, bI] |
b € Zys} be a pure neutrosophic interval bisemigroup. Consider
H=H, UH,={[0, al] la e {0, 10, 20, 30) < Zs} v {[0, bI] |



be {0,2,4,...,26} € Zyx} Py U P, is a pure neutrosophic
interval bisubsemigroup of P.

Example 1.1.10: LetP =P, UP,={[0, al] lae R* U {0}, +}
U {[0, bI] I b € Q" U {0}, X} be a pure neutrosophic interval

bisemigroup. T=T; U T, ={[0,al]la e {é n=0,1,2, ...,

o, +}} U {[0, bI] I b € 13Z" U {0}} < P, U P, is pure
neutrosophic interval bisubsemigroup of P.

We can define ideals in case of these structures also. This is
direct and hence left for the reader as an exercise. However we
give examples of them.

Example 1.1.11: LetM =M, UM, = {[0,al]lae Z" U {0},
x} U {[0, bI] | b € Zj;, X} be a pure neutrosophic interval
bisemigroup.

Take P, U P, =P = {[0, al] lae 3Z" U {0}} U {[0, bI] I b
e {0, 3, 6,9} € Zin} € M; U My; it is easily verified P is a
biideal of M.

It is important to mention here that every pure neutrosophic
interval bisubsemigroup of a pure neutrosophic interval
bisemigroup need not in general be a pure neutrosophic interval
biideal, however every pure neutrosophic interval biideal of a
pure neutrosophic interval bisemigroup is a bisubsemigroup.
We see the bisubsemigroup given in example 1.1.10 is not a
biideal.

Example 1.1.12: Consider H=H; U H, = {[0, al] la € Z3, +}
v {[0, bI] | b € Zy, +} a pure neutrosophic interval
bisemigroup. Clearly H has no pure neutrosophic interval
bisubsemigroups hence H has no pure neutrosophic biideals.

We call a pure neutrosophic interval bisemigroup S to be
bisimple if it has no proper bisubsemigroups. We call S to be
biideally simple if it has no biideals.

We will give examples and prove a few results in this
direction.
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Example 1.1.13: LetP =P, U P, = {[0, al] l a € Z7, X} U {0,
bl] | b € Zy;, X} be a pure neutrosophic interval bisemigroup.
Clearly P has no ideals.

However consider H = H; U H, = {[0, I], [0, 16I], 0} U {][O,
I, 0, [0, 221]} < P, U P, is a pure neutrosophic interval
bisubsemigroup of P and is not a biideal of P.

One can just think of for any pure neutrosophic interval
bisemigroup S =S; U S;; H=S; U {0} = S; U S, is a biideal of
S. Also T ={0} U S, c S;uU S, is again a biideal we choose to
call these biideals as trivial biideals of S.

THEOREM 1.1.1: Let S =S, v S, ={[0, al] | a € Z, +} U
{[0, bI] | b € Z,, +} where p and q are two distinct primes; be a
pure neutrosophic interval bisemigroup. S is simple, hence S is
biidealy simple.

The proof is direct and hence left as a simple exercise.

THEOREM 1.1.2: Let S =S, U S, ={[0, al] | a € Z,, x} U
{[0, bl] | a € Z, X} be a pure neutrosophic interval
bisemigroup p and q primes. S is only a biideally simple
bisemigroup but is not a simple bisemigroup.

Proof: Follows from the fact that H=H; U H, = {[0, al] | a €
{0, p—1}} U {[0, bI] I b e {0, g-1}} € S; U S, is a pure
neutrosophic interval subbisemigroup of S but is not a biideal
of S.

Hence the claim.

However if S =S, U S, = {[0, al] la € Zs, +} U {[0, bI] |
b € Z9, X} be a pure neutrosophic interval bisemigroup still S is
both simple and ideally simple. In view of this we have the
following corollary, the proof of which is direct.

COROLLARY 1.1.1: LetT=T, U T, ={[0,al] lae Z, +} U
{[0, bI] I b € Zy, X}, p and q primes be a pure neutrosophic
interval bisemigroup.

T is simple and ideally simple it has only trivial or interval
quasi bisubsemigroups and ideals. For P = {[0, al] la € Z,, +}
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u{0}=PuP,, V=V, uV,={0} U {[0,bI]Ibe Z, X} are
trivial ideals.

M=M,uM,={0}u{[0, al] lae {0, g-1}, X} be a pure
quasi interval bisubsemigroup of T which is not an ideal.

Now we bring out the fact that Lagrange’s theorem in
general is not true in case of pure neutrosophic interval
bisemigroups.

This is proved by the following examples.

Example 1.1.14: Let S =S, U S, = {[0, al] la € Z;7, X} U {0,
bl] | b € Zy, X} be a pure neutrosophic interval semigroup.
Take T =T, u T, = {[0, 1], [0, 161], [0, O]} W {[O, 1], [O, 28]}
c S; U S, be a pure neutrosophic interval bisemigroup of S.
0(S)=17x29 and o (T) =3 x 2. Clearly o (T) X o (S).
Consider P =P, U P, = {[0, 1], O, [0, 16I]} L {[O0, 1], O, [0, 28]}
= S; U S, is again a pure neutrosophic interval bisubsemigroup
of S which is not a biideal of S. Further o (P) =3 x 3 and 3 x 3
X 17 x 29.

Thus in general the Lagrange theorem is not true in case of
pure neutrosophic interval bisemigroup of finite order.

Example 1.1.15: LetS=S,US,={[0,al]lae Z;»} U {[0, bl]
| b € Zys} be a pure neutrosophic interval bisemigroup of order
12 x 25. Consider M =M, U M, = {[0, al] la€ {0, 2, 4,6, 8,
10} = Zp} U {[0,bI] Ibe {0,5,10, 15,20} cZys} =cS=S, U
S»; M is a pure neutrosophic interval bisubsemigroup of S.
Now o (M) = 6 X 5 and we see o (M) / o (S). Thus Lagrange’s
theorem for finite group is true for this bisubsemigroup M of S.

Now we can define the notion of Smarandache pure
neutrosophic bisemigroup S = S; U S, if S; and S, are
Smarandache bisemigroups if only one of S; or S, is a
Smarandache bisemigroup then we call S to be a quasi
Smarandache pure neutrosophic interval bisemigroup. We give
examples of Smarandache pure neutrosophic interval
bisemigroup.

Example 1.1.16: Let V=V, U V,={[0, al] | a € Zy;, X} U
{[0, bI] I b € Q" U {0}, X} be a pure neutrosophic interval

12



bisemigroup. H = {[0, I, [0, 2211} u {[0, 2"1], [O, 2iml] | m, n

€ Z'} € V, U V, = V; is a interval group which is pure
neutrosophic hence V is a S-pure neutrosophic interval
bisemigroup.

Example 1.1.17: Let V= {[0,al]lae Z" U {0}} U {[0,al]la
€ Z;, +} be a pure neutrosophic interval bisemigroup. Clearly
V is not a Smarandache pure neutrosophic interval bisemigroup.

We have the following interesting theorems the proof of
which is left as an exercise.

THEOREM 1.1.3: Let V=V, uV,={[0,al] |l a € Z, +} U{[O0,
bl] | b € Z, +} (p and q are two distinct primes) be a pure
neutrosophic interval bisemigroup. V is not a S-pure
neutrosophic interval bisemigroup.

THEOREM 1.1.4: Let V=V, uV,={[0,al]la e Z, x} U{[O0,
bl] | b € Z, x} (p and q two distinct primes) be a pure
neutrosophic interval bisemigroup. V is a S-pure neutrosophic
interval bisemigroup.

Proof: Take H=H, UH,={[0,al]lae {1,p-1}, x} U {[0,
bll] I b e {1, q- 1}, X} < V is a pure neutrosophic interval
bigroup of V. AlsoM =M, UM, = {[0, al] lae Z,\ {0}, X} U
{[0, bl] I b e Z,\ {0}, X} < V is a pure neutrosophic interval
bigroup. Thus V is a S-pure neutrosophic biinterval semigroup.

We have a class of S-pure neutrosophic biinterval
semigroup as well as a pure neutrosophic interval bisemigroup
which is not Smarandache.

THEOREM 1.1.5: Let S=S, US,={[0,al] |a € R U{0}, +}
v {[0, al] | a € Z,, +} (p a prime) be a pure neutrosophic
interval bisemigroup. S is not a S-pure neutrosophic interval
bisemigroup.

THEOREM 1.1.6: Let M = M; UM, = {[0, al] | a € Z* U {0},
+} U{[0, bI] | b € Z,, +} (q a prime) be a pure neutrosophic

13



interval bisemigroup. M is not a S-pure neutrosophic interval
bisemigroup.

Now we proceed onto define the concept of
homomorphisms of pure neutrosophic interval bisemigroups
using the pure neutrosophic intervals.

Let V=V, U V,and S = S; U S, be any two pure
neutrosophic interval bisemigroups. A bimap n =m;, U M =
V — S such that n; : Vi —» Sy and np : Vo, — S, are pure
neutrosophic homomorphisms will be known as the pure
neutrosophic interval bisemigroup homomorphisms.

Consider V=V, U V,={[0,al] lae Z" U {0}, +} U {[O0,
al] l a € Zy,, X} be a pure neutrosophic interval bisemigroup. W
=W, UW,={[0,al]lae Q" U {0}, +} U {[0, al] | a € Zy4, X}
be a pure neutrosophic interval bisemigroup. M : V —> W
definedbym=mun,: ViuV,—> W, uUW,givenbyn,:V,
— W, and 1, : Vo, = W, such that n; ([0, al])—~ [0, al] and
M2 ([0, al) = [0, 2al]).

It is easily verified M = m; U 1M is a pure neutrosophic
interval bisemigroup homomorphism. Interested reader can
define bikernel of a pure neutrosophic interval bisemigroup
homomorphism. Now we call S = {([0, a(I], ..., [0, a,I]) where
a, € Z, or Z" U {0} or Q" U {0} or R" U {0}} as a pure
neutrosophic interval row matrix, 1 <i<n. Clearly (S, +)is a
semigroup. (S, X) is also a semigroup.

[0,a,]]

[0,a,]1]

But if we consider H = where a, € Z, or Z" U

[0,a,1I]

{0} or Q" U {0} or R" U {0}; 1 <i<n} then H is only a pure
neutrosophic semigroup under addition as multiplication is not
compatible.

14



[0,a1] .. [0.,a,I]

[0,b1] ... [0,b,I]

Suppose M = a, by,..., mye Z,

[0,m]I] .. [0,m,]]

or Z" U {0} or Q" U {0} or R* U {0}} be a collection of m X n
pure neutrosophic interval matrices m # n then M is only a
interval pure neutrosophic semigroup under addition and under
multiplication M is not compatible. If however m = n, M will
be a semigroup under addition as well as multiplication.

a,€ Zyor Z"U {0} or Q" U {0} or

Let P ={Z[0, al]x’
i=0

R* U {0}}, P is a pure neutrosophic interval polynomial
semigroup under addition as well as multiplication. Take K =

{Zn: [0,al]x’
i=0

{0}; 0 <1 < n}; K is only a pure neutrosophic interval
semigroup under addition. However if we impose the condition
x" =1 then K is closed under multiplication.

We will be using these types of pure neutrosophic interval
semigroups to construct bisemigroups. The definition needs no
modification. We give only examples of them.

n<oo,a€ Z,or QU {0}orZ U {0} orR U

Example 1.1.18: LetP =P, UP,={([0, a|I], ..., [0, agl]) I a; €
[0,a,1]

[0,a,1]

Z U {0}, 1<i<8, x} U a € Zos, 1 <i<10, +)

[0,a,,1]

be the pure neutrosophic interval bisemigroup.

15



Example 1.1.19: Let K=K, UK, =
[0,a,I] [0,a,I] [O,a,I] [0,a,I]
[0,a, ] [0,a]0] [O,aJ] [0,a,I] || aje Zip; 1 <1<12, 4}
[0,a,,I] [0,a,0] [0,a,I] [0,a,]]

[0,a,I] [0,a,]1]
0.a.0] [0,a,1
O.a, - 10al 1 <i<is +)
[0,a,,1] [0,aI]

be a pure neutrosophic interval bisemigroup. Clearly K is
commutative and is of finite order.

Example 1.1.20: Let K=K, UK, =
20
{Z[O,ail]xi ae Q"U{0};0<i<20, +} U

i=0

[0,a,1]

[0,a,1] . .
) ae Z"U {0}, 1<i<25, +)

[0,a,1]
be a pure neutrosophic interval bisemigroup of infinite
order.

Example 1.1.21: LetG=G, UG, =

[0,aI] [0,a,I] [0,a,I]
[0,a,I] [0,aJ0] [O,a/]]|| aie Zs; 1<1<9, +}
[0,a,1] [0,a,I] [0,a,]]

a; € Zg,OSiS7,+}

] {27:[0,21i1]xi

i=0
be a pure neutrosophic interval bisemigroup. P is of finite order
and is commutative.

16



20
Example 1.1.22: Let W =W, U W, = {Z:[O,ail]xi aeZ v

i=0

35
{0}, +, 0<i1<20} L {Z:[O,ail]xi a € Zy;0<1<35,+} bea

i=0

pure neutrosophic interval bisemigroup of infinite order. We
can define substructures. This is a matter of routine and hence
is left as an exercise to the reader. However we give examples.

[0,a,1]

[0,a,1]

Example 1.1.23: Let V = ae QQuU{0},1<i<

[0,a,51]

157 +} U {([07 alI]7 [07 aZI]7 LX) [07 alOI]) | a; € Q+ o {0}7 1 SIS
10, x} be a pure neutrosophic interval bisemigroup.

[10,a,1] ]
0

Take M =M, UM, = ae Q' u{0},1<i<3,

v O O O O O ©oO O

_
=

10,3511
+} U {0, all, [0, adl, [0, a5l , 0 ... 0) 1 € Q" L {0},

17



1 <£1<3, X} < Vis a pure neutrosophic interval bisubsemigroup
of V. Infact M is not a pure neutrosophic interval biideal of V.

P=PUP,=

[0,a,1]

[0,a,1] . .
- ae Z'U {0}, 1<i<15, +} U

[0,a,51]

{([0, a\1], [0, aJl], ..., [0, al]) la; € Z" U {0}, 1 <i< 10, X} <
V is a pure neutrosophic interval bisubsemigroup of V and is
not a biideal of V. Thus we have bisubsemigroups which are
not biideals of V.

Example 1.1.24: LetM =M, UM, =

—

[10,a,1] [0,a,1]
1 [0,a,1] [0,a,1]

0
0

a, € 212,1£i£4,><} U

[10,a,1] [0,a,I] [0,a,I]

[0,a,1] [0,a,I]||a,e Z" U{0},1<i<6,x; be a pure
0 [0,a,]]

neutrosophic interval bisemigroup.
Consider P=P, U P, =

T

[10,a,1]

0

0
0

0
a,€Z,,1<1<2,x; U
[0,a,]1]

[10,a,1] [0,a,I] [0,a,I]

[0,a,1] [0,a,I]||a,e5Z" U{0},1<i<6,xp C
0 [0,a,]]

M, UM, =M, P is not only a pure neutrosophic interval
subsemigroup of M but is also a pure neutrosophic interval
biideal of M.
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Example 1.1.25: Let B=B, UB, =

{Z.O:[O,ail]xi

i=0

a,eZ’ u{O},x} U

[10,a,1] [0,a,I] [0,a,]]]
[0,a,I] [0,a,I] [0,a/I]
[0,a.I] [0,a,I] [0,a,I]
[0,a,,I] [0,a,I] [0,a,]]

| [0,a,1] [0,a,I] [0,a;I]

neutrosophic interval bisemigroup. Take T =T, U T, =

{Z.O:[O,ail]xi

i=0

a,€”Z,,,1<i<15,+; bea pure

a,€SZ" u{O},x} U

[[0,a]] 0  [0,a,]]
0 [0 0
[0,a,I] 0 [0,a,]] | |a, € Z,,,1<1<8,+; cB=
0 [0a0] 0
[0,a1] 0  [0a]

B, U B, is only a pure neutrosophic interval subbisemigroup of
B. Now we can build quasi interval pure neutrosophic
bisemigroup S = S; U S, by taking only one of S; or S, to be
pure neutrosophic interval semigroup and the other to be just a
pure neutrosophic semigroup.

We will give some examples.

Example 1.1.26: LetV=V, UV, =
[0,a,I] [0,a,I]
[0,a,I] [0,a,1]]||a; e 7" u{0},1<i<6,+F U {(ail, a,l, asl,
[0,a.I] [0,a/I]

ad) 1 a; € Z" U {0}, 1 <i <4, X} be a quasi interval pure
neutrosophic bisemigroup.
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Example 1.1.27: Let V =V, U V, = {([0, a/], [0, a)], ...,
[0, agl] | a; € Z4(), 1 S1S90, X} ()

fal a0 al a,]
aJl aJ al al
al a J a I a,l
S T T e e Z,,,1<1<24,+
a13I a14I alSI alGI

a,I a0 a a,l

ayl apl a,l a,l|

be a quasi interval pure neutrosophic bisemigroup.

Example 1.1.28: LetM =M, UM, =
al
a,l . .
S la,e 2 u{0},1<i<12,+ U {([0, a/l], ..., [0, axsI]) | a;

a,l

e Z"u {0}, 1 <i<25, +} be a quasi interval pure neutrosophic
bisemigroup.

Example 1.1.29: Let P = P; U P, = {all n X n pure neutrosophic
matrices with entries from Z;sI under X} U {all n X n pure
neutrosophic interval matrices with entries from Z'T U {0}
under X} be a quasi interval pure neutrosophic bisemigroup.

Example 1.1.30: Let M =M; UM, = {Z,ol, X} U {[0,al]lae
Z4, X} be a quasi interval pure neutrosophic bisemigroup of
finite order.

Example 1.1.31: LetM =M, UM, =

{Zgl[o,ail]xi

i=0

a,eZ’ u{O},+} U
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{Z.O:[O,ail]xi

i=0

a,eZ’ u{O},x}

be a quasi interval pure neutrosophic bisemigroup of infinite
order.

Now having seen examples of quasi interval pure
neutrosophic bisemigroups we can now proceed onto define
substructures in them. This is infact a matter of routine and
hence left for the reader. We give a few examples of them.

Example 1.1.32: LetV=V, UV, =

{[O,all] [0,a,1]

aeZ U0}, 1<i<4,+} U
[0,a,I] [0,a,I]

i=0

25
{Zailxi

a,e Z"u{0},0<i< 25,+}

be a quasi interval pure neutrosophic bisemigroup of infinite
order. Consider

N
0 [0,a,I]

a e3Z' u{O},1£i£3,+}u

10
{Zailxi

i=0

a, € SZ" u{O},OSiS10,+}gV1 uV,=V;

H is a quasi interval pure neutrosophic bisubsemigroup of V and
is not a biideal of V.

Example 1.1.33: LetP=P,UP,=

[0,a,I] [0,a,I] [0,a,]]
[0,a,I1 [0,a0] [0,a/0]||a,€Z" U{0},1<i<9,x} U
[0,a,1] [0,a,I] [0,a,1]

al a, I aJI a,l

al aJd a,I agl

a,€ Z,,,1<i<16,%

240°
al a,J a I ap,l

a I oa,l al agl
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be a quasi interval pure neutrosophic bisemigroup. Consider H
= H1 () H2 =

[0,a,1] 0 0
0 [0,a,1] 0 a, e Z" U{0},1<i<3x U
0 0 [0,a,]

al a, aJl a,l
aJl aJd a,JI a,l
a e {0,2,4,6,8, ..., 236, 238}
al a,J a I ap,l
apl apl agl al

Zoy, 1 <1< 16, x}c Py U P, = P be a quasi interval pure
neutrosophic bisubsemigroup of P. Infact H is also a quasi
interval pure neutrosophic biideal of P.

Now we can define quasi pure neutrosophic interval
bisemigroup, S = S; U S, to be a bisemigroup in which one of
S; or S, is a pure neutrosophic interval semigroup where as the
other is just an interval semigroup.

We will illustrate this situation by an example or two.

Example 1.1.34: LetS=S,US,={[0,al]lae Z" U {0}, x}
U {[0, a] l a € Q" U {0}, +} be a quasi pure neutrosophic
interval bisemigroup of infinite order.

Example 1.1.35: Let N =N; U N, = {([0, a|I], [0, a,I], [0, asI])
[10,a,]]

lay € Zao, 1 <1<30, x} U ae€Z,l1<i<6,+" bea

quasi pure neutrosophic interval bisemigroup of finite order.
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Example 1.1.36: Let V=V, UV, =

{[O,all] [0,a,1] [0,a,1] [0,a,l] [O,asl]}
[0,a,]1] [0,a,1] [0,a,]] [0,a,1] [0,a,,]]

U {5 X 5 interval matrices with intervals of the form [0, a]
where a € Zs under multiplication} be a finite quasi pure
neutrosophic interval bisemigroup which is non commutative.

Substructures can be defined and illustrated by any
interested reader as it is direct and simple. Now if in a
bisemigroup S = S; U S, one of S; or S; is a pure neutrosophic
interval semigroup and the other is just a semigroup then we call
S =S, U S; to be a quasi pure neutrosophic quasi interval
bisemigroup.

We will illustrate this situation by some examples.

a, e 240,131310,+}

Example 1.1.37: Let V=V, U V,={[0,al]lae Q" U {0}, x}
U {Z" U {0}, +} be a quasi pure neutrosophic quasi interval
bisemigroup.

Example 1.1.38: Let M = M; U M, = {([0, al], [0, bI], [0, cI],
a,

a

(S}

[0,dI])la,b,c,de Zy, X} U > | where a; € Zs, 1 <i<6,

+} be a quasi pure neutrosophic quasi interval bisemigroup.

Example 1.1.39: LetT=T, U T,=
[0,a1] .. [O,a/I]

0,aJd] .. [0,a,l _
[ .6] [ .m] a.€Z,,1<i<25x}: U

[0,a,I] ... [0,a,]I]
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{All 8 x 8 matrices with entries from Z,s under multiplication }
be a non commutative finite quasi pure neutrosophic quasi
interval bisemigroup.

Example 1.1.40: LetM =M, UM, =

{Z.":[O,al]xi ae Q' u{O},x} U

i=0

{all 8 x 8 matrices with entries from Q" U {0} under product}
be a quasi pure neutrosophic quasi interval bisemigroup of finite
order which is non commutative.

Let W=W,;UW,=

{i[o, al]x’

i=0

acZ' u{O},x}

U {all 8 x 8 matrices with entries from Z* U {0}, X} € M, U
M, = M be a quasi interval quasi pure neutrosophic
bisubsemigroup of M, this is also non commutative.

Example 1.1.41: LetV=V, UV, =

S

i=0

20 .
{Z[O, al]x'

i=0

a e Q' u{O},OSiS9,+} U

aeZ u{O},0£i£6,+}

be a quasi pure neutrosophic quasi interval bisemigroup.
M=M UM, =

{Zélaixi
i=0
10 .
{Z[O,ail]x‘
i=0

be a quasi pure neutrosophic quasi interval bisubsemigroup of
V. Clearly M is not a quasi pure neutrosophic quasi interval
biideal of V.

aecZ u{O},0£i$6,x} U

ae3Z" u{O},OSiS20}

Example 1.1.42: LetM = {[0, al] lae Q" U {0}, +} U {[0, a] |
a € R" U {0}, +} be a quasi pure neutrosophic interval
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bisemigroup. Clearly M has no biideals but infinitely many
subbisemigroups.

We now proceed onto define the notion of mixed
neutrosophic interval bisemigroup.

Let S =S, U S,if S; and S, are mixed neutrosophic distinct
interval semigroups then we call S to be a mixed neutrosophic
interval bisemigroup. Even if we do not use the term mixed but
say neutrosophic interval bisemigroup still the term will mean
only mixed neutrosophic intervals and not pure neutrosophic
intervals.

We will illustrate this situation by some examples.

Example 1.1.43: Let V=V, UV, ={[0, a+bl] la,be Z" U
{0}, x} U {[0, a+bl] | a, b € Z,,, X} be the neutrosophic interval
bisemigroup. Clearly V is of infinite order and is commutative.

Example 1.1.44: Let M =M, U M, = {([0, a,+b;I], [0, a+b,I],
[0, as+bsI]) la, bje Z" U {0}, 1 <i<3,+} U
[0,a, +b,I]
[0,a, +b,I] . ]
: a,b,e R"U{0},1<i<9,+
[0,a4 +b,I]

be an infinite commutative neutrosophic interval bisemigroup.

Example 1.1.45: LetM =M, UM, =
{Z[O,a +bIx'
i=0

[0,a, +b]I] [0,a,+b,I
[0,a, +b,I] [0,a, +b,I
[0,a; +b,I] [0,a,+ Dbl
[0,a, +b,I] [0,aq+ bl

a,beZ" u{O},x} U
]

] ] :

] ] ai,b16290,1S1S8,+}

]

be a neutrosophic interval bisemigroup.
We can in case of neutrosophic interval bisemigroups have
the concept of 6 types of bisubsemigroups.
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Suppose S = S; U S, is a neutrosophic interval bisemigroup
and if P=P, UP, c S; US, =S where P; and P, are mixed
neutrosophic interval semigroups then P is a neutrosophic
interval bisubsemigroup of S. If M = M; U M, is such that M;
c S; is a pure neutrosophic interval subsemigroup for i=1, 2
then we call M to be a pseudo pure neutrosophic interval
subbisemigroup of S.

Let T=T, uT, cS;uUS, be such that both T, and T, are
just interval semigroups then we define T to be a pseudo
interval subsemigroup of S. Take V=V, U V, € S U S,
where one of V; or V, is a mixed neutrosophic interval
semigroup and other a pure neutrosophic interval semigroup
then we call V to be a mixed pure neutrosophic interval
subbisemigroup.

Consider B = B; U B, © S; U S,; where B; or B, is a mixed
neutrosophic interval semigroup and the other is just a interval
semigroup then we call B to be a mixed interval neutrosophic
and interval bisubsemigroup of S.

Likewise if C = C; U C, where C; is a pure neutrosophic
interval semigroup and C; is just a interval semigroup then we
call C = C, u C, to be a pure neutrosophic interval and interval
subbisemigroup.

We will illustrate these six types of subbisemigroups by
some examples.

Example 1.1.46: Let V =V, U V, = {([0, a;+b(I], [0, ar+b,I],
[0, as+bsl], [0, agt+byl], [0, as+bsl]) [ a;, by € Zip, 1 <1<5, +} U

[0,a,+bI] [0,a,+b,I] [0,a,+b,I]
[0.a, +b,I] [0,a,+bJI] [0,a, +b,I]
[0.a,+b,1] [0,a,+bI] [0,a, +b,I]
[0.a,, +b,I] [0,a,,+b,I] [0,a,, +b,I]

a;, bi € 215, 1<1

<12, +} be a neutrosophic interval bisemigroup.
Consider H = H; U H, = {([0, a;+biI], [0, a)+b,I], [O,
a3+b3I]7 [07 a4+b4I]7 [07 a5+b51]) | a;, bi € {07 27 47 67 8} c Zl()’
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[0,a,+bI] [0,a,+b,I] [0,a,+b.I]
1<i<5, +}u : : :
[0,a,,+b,,I] [0,a,,+b,I] [0,a,+b,I]
a, bje {0,3,6,9,12} cZ5, 1<i<12, +}cViuV,=Visa
neutrosophic interval bisubsemigroup of V.
[0,a,1] [0,a,I] [0,a,I]
[0,a,I] [0,a,I] [0,a,l]
[0,a,I] [0,a,0] [0,a,]]
[0,a,,I] [O,a,I] [O,a,l]
€ Zis, 1 £1<12, 4} <V, U V, =V, T is a mixed pure
neutrosophic interval subbisemigroup of V.

Let W =W; U W, = {([0, a1, [0, aI], [0, asl], [0, a], [0,
asl]) la; € Zy, 1 £1<5,+} T, €V, UV, =V be a pseudo

pure neutrosophic interval subbisemigroup of V.
Consider L = Ly U Ly = {([0, ai], [0, a2], [0, as], [0, as],

Take T=T, uT,=H; U

i

[0,a,] [0,a,] [O,a,]
. [0,a,] [0,a;] [0,a,]

0, laje Zjp, 1 <15,
[0, as]) | a; € Zio 1 +Hu 0,a,] [0,a] [0a,]
[0,a,,] [0,a,,] [0,a;,]

a € Z;5, 1 <1<12,+} € V, U V, = Vis a pseudo neutrosophic
interval bisubsemigroup.

Consider N=N; UN, =L, UT, c V; U V,is a interval
pure neutrosophic interval subbisemigroup of V.

Take R =R UR,=H, UL, cV, UV, R is a mixed
interval neutrosophic interval subbisemigroup of V.

Example 1.1.47: Let V=V, U V,={([0, a+bl] la,be Z" U
{0}, +} U {[0, a+bI] | a, b € Z,4, +} be a mixed neutrosophic
interval bisemigroup.

i) LetM=M,UM,={[0,a+bl]la,be 3Z" U {0}, +} U
{[0, a+bI]la,be {0,2,4,6,8, 10, ...,22} S Zp, +} C
Vi U V, be a mixed neutrosophic interval
bisubsemigroup of V.
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ii)

ii)

1v)

v)

vi)

For

Let T=T,UT,={[0,al]llae Z"U {0}, +} U {[O0, al]
la € Zo; +} < Vi U V; be a pseudo pure neutrosophic
interval bisubsemigroup of V.

Consider S =S; U S, = {[0, a] I Z" U {0}, +} U {[0, b] |
b e Zy +} <€ Vi U V, =V, S is the pseudo
neutrosophic interval bisubsemigroup of S.

Take W = W, U W, = {[0, a+bl] | a, b e 5Z" U {0}, +}
U {[0, al] la € {27y} € Zos, +} € VI U V,, Wiis a
mixed- pure neutrosophic interval bisubsemigroup.

Let N=N; UN, = {[0, a+bl] la, be 5Z" U {0}, +} U
{[0, a] | a € Zy, +} < V; U V,, N is a mixed
neutrosophic interval interval subbisemigroup.
D=D,uD,={[0,a]lae 7Z" U {0}, +} U {[0, al] | a
€ Zy, +} < V1 U V, is a interval neutrosophic pure-
interval bisubsemigroup.

It is pertinent to mention here that all types of
neutrosophic interval bisemigroups cannot be biideals.

instance  consider the following types of

bisubsemigroup of a mixed neutrosophic interval bisemigroup.

ey

2

3)

S = S; U S, be a mixed neutrosophic interval
bisemigroup.

P =P, uP,={[0, a] | ais real} U {any real interval
subsemigroup } of S; U S,. P is only a bisubsemigroup
and never a biideal of S.

IfT=T,UT, = {real interval semigroup} U {pure
neutrosophic interval semigroup} is a bisubsemigroup,
then T is not a biideal.

W =W, uUW, = {real interval semigroup} U {mixed
neutrosophic interval semigroup} < S; U S, is only a
bisubsemigroup and never an ideal.

However the mixed neutrosophic interval bisubsemigroup,

pseudo

pure neutrosophic interval bisubsemigroup and mixed

pure interval neutrosophic interval bisubsemigroup can be
sometimes biideals.

We will give some examples of them before we proceed
onto work with other types of interval bisemigroups.
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Example 1.1.48: Let V=V, U V,={[0, al+b] la,be Z" U
{0}, x} U {[0, a+bl] | a, b € Z4, X} be a mixed neutrosophic
interval bisemigroup. H = H; U H, = {[0, a+bl] la, b € 5Z" U
{0}, x} U {[0, al+b] la,be {0,4,8, ...,36} < Z4, X} VU
V, be a mixed neutrosophic interval bisubsemigroup of V.
Clearly H is a biideal of V.

T=T,uT,={[0,al] lae Z" U {0}, x} U{[0,bI]Ibe
Zy, X} € Vi U V, be a pseudo pure neutrosophic interval
bisubsemigroup of V. T is also a biideal of V. Consider L =L,
UL, ={[0, a+bI] la, b e 3Z" U {0}, x} U {[0, al] | a € Z4, X}
c V, U V, be a mixed pure neutrosophic interval
bisubsemigroup. L is a biideal of V.

NowR=R, UR,={[0,a]lae Z" U {0}, x} U {[0, a] | a
€ Zy, X} < Vi U V, is a bisubsemigroup of V but R is not a
biideal. Likewise D =D, U D, = {[0,a] la e Z' U {0}, x} U
{[0, a+bI] | a, b € 2Z4y, X} is a subbisemigroup which is not a
biideal of V.

AlsoP=P,UP,={[0,a]lae Z" U {0}, x} U {[0,a]lac
Zy, X} < Vi U V, is only a bisubsemigroup of V and is not a
biideal of V.

Now we can develop all other properties in case of mixed
neutrosophic interval bisemigroup as in case of pure
neutrosophic interval bisemigroup.

However we can define mixed - neutrosophic interval - pure
neutrosophic interval bisemigroup or mixed - pure neutrosophic
interval bisemigroup.

Example 1.1.49: LetV=V, UV, =

[0,al] [O,bI]
{[O,CI] [0, dI]J
..., [0, ag+bgl]) where a;, b; € Z" U {0}, X, 1 <i< 8} be the pure
- mixed neutrosophic interval bisemigroup.

Real interval mixed neutrosophic interval bisemigroup is
illustrated by the following example.

a,b,c,de Zzo,x} V{([0, a;+byI], [0, ar+bol],
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Example 1.1.50: LetM =M, UM, =

{[O,a] [0,b] [0,c] [O,d]}
[0,e] [0,f] [0,g] [O,h]

a,b,c,d,e,f,g,he Z’ u{O},+}

[0,a, +bI]

[0,a, +b,I]

U a.b.e Q" U{0},+1<i<9

[0,a4 + b,I]

be the real interval mixed neutrosophic bisemigroup.

We can still have mixed neutrosophic interval pure
neutrosophic bisemigroup or quasi interval mixed pure
neutrosophic bisemigroup. We have illustrated them by the
following examples.

Example 1.1.51: LetV=V,UV,=

al a, I aJI a,l
al aJd a,I agl )

a,€”Z,,1<i<16,+, U
al a,J a I ap,l

aj I oa,l al agl

[0,a,+b,I]

[0,a, +b,I] )
) a,+b,eZ,,1<i<12,+

[0,a,, +b,,]]

be a quasi interval mixed pure neutrosophic bisemigroup.
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Example 1.1.52: LetM =M, UM, =

[a,+bI a,+b,I a,+b,]I]
a,+b,I a,+bJl a,+b.l
a,+b,I a;+bJI a,+b,l
T s * 7 lla,b,e QT U{0},+1<i<18
a,+b, a,+b,1 a,+b,l
a,+b,l a,+b,I a;+b.l
KT +bI a,+b,I a; +b181_
U {[Z[o,auxi} ae Q' u{O},x}
i=0
be a quasi interval mixed - pure neutrosophic interval

bisemigroup.

Example 1.1.53: LetL=L, UL, =

{{2[0@ ]Xi}

a,eZ’ u{O},x} U

_a1+b11 a2+b21_
a; +b3I a4+b4I
as +b51 a6+b61 N .
a,,b,e Q"' U0}, +,1<i<12,+
a,+b, I a;+Db,l
a,+b,l a,+b,l
la, +b,I a,+bp,I|

be a quasi interval real - mixed neutrosophic bisemigroup.

Example 1.1.54: Let M =M, U M, = {8 x 8 matrix with
entries from R* U {0}, X} U

[ a,+bI
a,+b,l
as+b,l
a,+b,l
a, +byl

_a11+b“I

a,+b,I ]
a,+b,1
a, +b,l
ag + byl
al() +bIOI

a, +b121_

a,b e Q" U0}, +1<i<12,++ be

quasi interval real - mixed neutrosophic bisemigroup.
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Having seen examples of mixed neutrosophic interval
bisemigroup and their generalization we proceed onto discuss
and define neutrosophic interval bigroups.

1.2 Neutrosophic Interval Bigroups

In this section we proceed onto define the notion of pure
neutrosophic interval bigroups and mixed neutrosophic interval
bigroups and describe and define their related properties. It is
important to mention neutrosophic groups in general need not
have a group structure.

DEFINITION 1.2.1: Let G = G; U G, where both G; and G, are
pure neutrosophic interval groups and G; # G, or G; & G, or
G, & G;. Then we define G to be pure neutrosophic interval
bigroup.

We will illustrate this situation by some examples.

Example 1.2.1: Let G=G, U G, = {[0, al] la e Zy, +} U {0,
bl] | b € Q, x} be a pure neutrosophic interval bigroup of
infinite order and is abelian.

Example 1.2.2: LetG=G, UG, ={[0,al]lae Z;\ {0}, X} U
{[0, aI] I a € R*, X} be the pure neutrosophic interval bigroup of
infinite order.

Example 1.2.3: LetS=S, U S,= {[0, al]la e Zy, +} U {[O0,
al] 'a € Z;; \ {0}, x} be the pure neutrosophic interval bigroup
of finite order.

Example 1.2.4: Let M = M; U M, = {([0, a|I], [0, aJ], ...,
[0, apl]) | a € Zyp 1 < 1 < 12, +} U

[0,a,1]

[0,a,1] : :
: a,€”Z,,l<i<15,+: be a pure neutrosophic

[0,a,I]

interval bisemigroup of finite order.
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Example 1.2.5: LetV=V,UV,=

[0,a 1] [0,a,I]
{[O,aﬂ] [0,a41]}
a € R, x} be a pure neutrosophic interval bigroup which is non
commutative.

LA#OJHGZW\HHJSiS¢x}LJﬂQaHI

Example 1.2.6: Let T =T, u T, = {([0, a/], [0, a], ..., [0,
axl]) laje Z; \ {0}, X, 1<i<25, +} U

[[0,a,1]1 [0,a,I] [0,a,]] [0,a,]] [0,a,] ]
[0,a,]] [0,a,1] [0,a,0] [0,a,0] [0,a,]I]
[0,a, 1] [0,a,I] [0,a;I] [0O,a 0] [O,a,I] a € Zoo,
[0,a,I] [0,a,,1] [0,a,0] [0,a,I] [0,a,,]]
1[0,a,1] [0,a,1] [0,a,I] [0,a,,I] [0,a,l]]

1 £1< 25, +} be a pure neutrosophic interval bigroup of finite
order and is commutative.

We can define subbigroups, this is direct and hence left as
an exercise to the reader.

We will give examples of them.

Example 1.2.7: Let G =G, U G, ={[0, al] |l a € Zy, +} U
{[0, bI] I b € Z4y3 \ {0}, X} be a pure neutrosophic interval
bigroup. Take P =P, U P, = {[0, al] | a € 274, +} L {[0, bI] |
b e {1, 42}, X} € G; U G, = G, P is a pure neutrosophic
interval subbigroup of G.

Example 1.2.8: Let M =M, U M, = {[0, al] | a € Q", x}
[10,a,1] ]
[0,a,I
U4l [0,a,1
[0,a,1
_[O,aSI ]

a,€ Z,;,1<i<5,+; be a pure neutrosophic

]
]
]
]

interval bigroup. Take P =P; U P, = {[0, al]la e {2, 2% In=
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[10,a,1] |
0

0, 1,2, ..., 0} Q) x} U 1|[0,a,1]||a, € Z,,1<i<3,+
0

| [0,a,1] |

IN

M, UM, =M, P is a pure neutrosophic interval subbigroup
of M.

Example 1.2.9: Let M = M; U M, = {([0, a|I], [0, aJ], ...,
[0,a,1] [0,a,I]

[0,a,I] [0,a,I]

[0, axl]) | a; € R*, x} U where a; € Zus,

[0,a51] [0,a5I]

1 £1< 30, +} be a pure neutrosophic interval bigroup. We take
S =381 US; = {([0, all, [0, a], ..., [0, azl]) | & € Q", x}

[[0,a,1] 0
0 [0,a,1]
[0,a,1I] 0
0 [0,a,1] .
() aieZ45;1S1S15,+}gM1uM2=
[0,a.I] 0
0 [0,a,,1]
| [0,a,51] 0 |

M; S is a pure neutrosophic interval bisubgroup of S.

Example 1.2.10: Let V =V, U V, ={([0, a|I], [0, ayI], [0, a3I]) |
a e Zp, 1 <153, +}u {([0, a/I], [0, axI], [0, a3I]) | a; € Zi3\
{0}; 1 <1< 3, x} be a pure neutrosophic interval bigroup.
Consider M = M; U M, = {([0, a|I], [0, a.1], [0, asI]) | a; € 2Z,,;
1<1<3, 4} U {([0, aI], [0, axI], [0, asI]) 1 a; € {1, 12} < Z3;
1 £1<3, %} €V, UV, Mis a pure neutrosophic interval
bisubgroup of V.
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Now we can define normal bisubgroups as in case of usual
bigroup. Let us define the order of a pure neutrosophic interval
bigroup G = G; U G; to be of finite order if both G, and G, are
finite; even if one of G; or G, are of infinite order then we
define G to be of infinite order.

If both G; and G, are of finite order we denote the biorder
of G by IG4l . IG,l or 0 (Gy) X 0 (Gy).

It can be easily proved that if H=H, UH, c G U G, =G
where G is of finite biorder then o(H) / o(G). We can define
homomorphism and isomorphism of pure neutrosophic interval
bigroups as in case of pure neutrosophic interval bisemigroups.

However in case of pure neutrosophic interval bigroups G
we see bikernel of a homomorphism is a pure neutrosophic
interval normal subbigroup of G. All these are direct and hence
is left as an exercise to the reader. However we see we can
define the notion of quasi interval pure neutrosophic bigroup.
Suppose G = G; U G, where only one of G; or G, is pure
neutrosophic interval group and the other is just a pure
neutrosophic group then we define G to be a quasi interval pure
neutrosophic bigroup. We will give some examples of them.

Example 1.2.11: Let G=G, U Gy = {Zyl, +} U {[0,al]la e
Q", x} be a quasi interval pure neutrosophic bigroup of infinite
order.

Example 1.2.12: Let M =M; UM, = {[0, al] la € Zy, +} U
{Q', x} be a quasi interval pure neutrosophic bigroup of
infinite order.

We can replace in the definition the pure neutrosophic
intervals by mixed neutrosophic intervals and study these
structures. We will illustrate this situation by some examples.

Example 1.2.13: Let V = {0, a+bl] | a, b € Zg, +} U {[O,
a+bl] | a, b € Z4s5, +} be a mixed neutrosophic interval bigroup.

Example 1.2.14: Let M = M; UM, = {[0, a+bl] | a, b € Zy,, +}
v {[0, a+bl] | a, b € Z;5, +} be a mixed neutrosophic interval
bigroup of finite order.

We can find substructures.
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Example 1.2.15: Let M = M; U M, = {[0, a+bl] | a, b € Zy,
+} U {[0, a+bl] | a, b € Z4s5, +} be a mixed neutrosophic
interval bigroup of finite order. Consider H = H; U H, =
{[0, a+bI] la, b e {0, 10, 20, ..., 110} < Ziz, +} U {[0, a+bI] |
a,be {0,5,10, 15,20, ...,40} € Zss, +} c M, UM,, His a
mixed neutrosophic interval subbigroup of finite order.

We cannot construct mixed neutrosophic interval bigroups
using R* or Q" for finding inverse of a + bl is not a easy task.

Now we can define different types of interval bigroups.
The following examples express their properties.

Example 1.2.16: Let V=V, UV, ={[0,a]lae R, x} U
{[0, al] | a € Zy, +} be a real-pure neutrosophic interval
bigroup of infinite order.

Example 1.2.17: Let M = M; U M, = {([0, a]], [0, a,],
[0, a;I]) | a; € Zgo, 1 <i<3,+} U {[0,a]lae QF, X} be apure
neutrosophic - real interval bigroup of infinite order.

Example 1.2.18: Let P=P, UP, =S5 U {[0, a] | a € Zy, +} be
a quasi interval quasi pure neutrosophic bigroup of finite order
which is non commutative.

al a2 a3
Example 1.2.19: LetM =M, UM, ={A=|a, a, a,||lAl
A a; a4

# 0 with a; € Zps5, 11 <9, X} U{[0, al] | a € Zys, +} be a quasi
interval pure neutrosophic bigroup of finite order.

Example 1.2.20: Let M =M, U M, = {Spp} U {[0, a+bI] I a, b
€ Zy, +} be a quasi interval mixed neutrosophic bigroup of
finite order.

Example 1.2.21: LetS =S, 0 S, ={ZI, +} U {[0, a+bl] I a, b

€ Zu, +} be a quasi interval neutrosophic bigroup of infinite
order.
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Example 1.2.22: Let M =M, U M, = {Q"], x} U {0, a+bl] |
a, b € Zy, +} be the quasi interval neutrosophic bigroup of
infinite order.

Example 1.2.23: Let P=P, U P, ={[0,a] la e Q, x} U
{[0, aI]  a € Q, X} be the quasi neutrosophic interval bigroup
of infinite order.

Now we can define pure neutrosophic interval group -
semigroup, mixed neutrosophic interval group - semigroup,
quasi interval neutrosophic group - semigroup and so on.

From the very structure one can easily understand the
algebraic structure, so we would give only examples of them.

Example 1.2.24: Let V=V, U V,={[0,a]lae Z" U{0}, x}
U {[0, al] | a € Zy, +} be a pure neutrosophic interval
semigroup - group of infinite order.

Example 1.2.25: Let M =M, UM, = {[0, al] | a € Zy, X} U
{([0, aI], [0, axI], [0, as1], [0, ad], [0, asl]) | aj € Zs, 1 <1< 5}
be a pure neutrosophic interval semigroup - group of finite order
which is commutative.

Example 1.2.26: LetT =T, UT,={[0,al]lae Z" U {0}, x}
U {[0, al] | a € Q, x} be a pure neutrosophic interval
semigroup - group of infinite order.

Example 1.2.27: Let P =P, U P, = {[0, al] | a € Zys5, X} U
{[0, aI] | a € R", X} be a pure neutrosophic interval semigroup -
group of infinite order.

Example 1.2.28: Let M =M, UM, = {ZT U {0}, x} U {[0, al]
la e Q" U {0}, X} be a quasi interval neutrosophic semigroup
group of infinite order.

Example 1.2.29: Let V=V, UV, = {QTu {0}, +} U {[0, aI] |

a € Zys, +} be a quasi interval pure neutrosophic semigroup -
group of infinite order.
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Example 1.2.30: Let V=V, U V,={Zxsl, +} U {[0,al]lae
Z15, X} be a quasi interval pure neutrosophic group - semigroup
of finite order.

Example 1.2.31: LetM =M, UM, = {Z;,], x} U {[0,al]lae
Q", x} be a quasi interval pure neutrosophic semigroup - group
of infinite order.

We can define substructure, if it has no subsemigroup -
subgroup we call it simple if it has one of subsemigroup or
subgroup (or in the mutually exclusive sense) we call it a quasi
simple. We will give examples of these concepts.

Example 1.2.32: Let V=V, U V,={Zpl, x} U {[0,al]lace
Zs, +} be a quasi interval pure neutrosophic semigroup - group
of finite order.

Consider M =M, UM, = {2Z,, X} U {[0, al] la € {0, 3,
6, ..., 27} € Z3, + } < Vi U V,, M is a quasi interval pure
neutrosophic subsemigroup - subgroup of V.

Example 1.2.33: LetM =M, UM, = {[0,al]laec Z" U {0},
x} U {Q"1, X} be a quasi interval pure neutrosophic semigroup
- group. Consider S=S, U S, ={[0,al]lae 527U {0}, x} u

1
{_ ’ 2“
2“

interval pure neutrosophic subsemigroup - subgroup of M.

n=0,1,2,...,<>0,><} cM=M uM, M is a quasi

Example 1.2.34: Let V=V, U V,={[0,al]lae Z;, +} U
{3Z¢] = {0, 31}, x} be a quasi interval pure neutrosophic group -
semigroup. Clearly V is simple.

Example 1.2.35: Let V=V, U V,={[0,al] |l a € Zy, +} U
{Zyl, X} be a quasi interval pure neutrosophic group -
semigroup.

Clearly V is a quasi interval pure neutrosophic quasi
subgroup - subsemigroup as V has W = {V;} U {2 Zyl, X}
VU V, is a quasi group - semigroup.
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Example 1.2.36: Let M= M; U M, = {Zyl, +} U {[0, al] la
{0, 5} < Zyo, X} be a quasi interval pure neutrosophic group -
semigroup. M is only a quasi group-semigroup, for M; has
subgroups but M, has no subsemigroups.

Inview of these results we have the following theorems the
proof of them are direct.

THEOREM 1.2.1: Let V = {Z,1, +} U {[0, al] | a € Z,, x} be a

quasi interval pure neutrosophic group - semigroup. V is a

quasi interval pure neutrosophic quasi group - semigroup.
Hint: (Z,1, +) has no subgroups.

THEOREM 1.2.2: Let V={[0,al] | a € Z,I, +} U{Z,I, x} be a
interval pure neutrosophic group - semigroup. V is quasi
interval pure neutrosophic quasi group - semigroup.

THEOREM 1.2.3: Let V = {Z'] {0}, x} U {[0, al] | a € Z,, +)
be a quasi interval pure neutrosophic semigroup-group. V is
not simple or quasi simple.

Now we will give examples of quasi neutrosophic interval

group.

Example 1.2.37: Let V=V, U V,={[0,a]lae Zy, +} U {[0,
al] la € QF, X} be a quasi neutrosophic interval bigroup.

Example 1.2.38: Let M =M, UM, = {[0, al] la e QF, x} U
{[0, aI] | a € Z49, +} be a quasi neutrosophic interval bigroup.

Example 1.2.39: LetL=L, UL, ={[0,al]lae Zx;\ {0}, x}
v {[0, al] | a € Z4 \ {0}, X} be a quasi neutrosophic interval
bigroup.

Example 1.2.40: Let V=V, UV, ={Ss} U {[0, al]lae Q,
X} be a quasi neutrosophic quasi interval bigroup.

Example 1.2.41: LetS=S, 0 S, ={Z,+} U {[0,al]lae Z;\
{0}, x} be a quasi neutrosophic quasi interval group-semigroup.
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Example 1.2.42: 1LetS=S,US,={ZI, +} U {[0,a]lae Q,
X} be a quasi interval quasi neutrosophic bigroup.

Example 1.2.43: LetP =P, UP,={Q'L, x} U {[0, a] | a € Zs,
+} be a quasi interval quasi neutrosophic bigroup.

Example 1.2.44: Let W =W; U W,={S (20)} U {[0, al] lal €
Q", x} be a quasi interval quasi neutrosophic semigroup - group.

Example 1.2.45: Let V=V, U V,={Z, +} U {[0, al] la €
3Z120, X} < V1 U V, =V be a quasi interval quasi neutrosophic
group - semigroup.

Example 1.2.46: Let T=T, U T,={Zs7\ {0}, x} U {[0, al] | a
€ Zso, X} be a quasi interval quasi pure neutrosophic group -
semigroup of finite order.

o (T) =46 x 50.

Consider W = W, U W, = {{1, 46} < Zs \ {0}, x} U {[O,
al] la e {0, 5, 10, 15, 20, ..., 45}, x} c T, uT,=T; Wis a
quasi interval quasi neutrosophic subgroup - subsemigroup of
finite order.

o(W)=2x10and o (W) /o (T).

Now having seen examples of a quasi interval quasi pure
neutrosophic group - semigroups we proceed onto give
examples of quasi interval mixed neutrosophic group -
semigroups and so on.

Example 1.2.47: Let M =M; UM, = {[0, a+bl] la, b € Zys, +}
U {[0, a+bl] I a, b € Z" U {0}, X} be a neutrosophic interval
group - semigroup.

Example 1.2.48: Let T =T, U T, ={[0, a+bl] la,b € Zso, X} U
{[0, a+bl] | a, b € Zy9, +} be a neutrosophic interval semigroup -
group.

Example 1.2.49: 1Let F=F, UF, ={[0, a+bl] la,be Q" U
{0}, +} U {[0, a+bI] | a, b € Z;5, +} be a neutrosophic interval
semigroup - group. Consider H = H, U H, = {[0, a+bl] la, b e
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Z"u {0}, +} U {[0, a+bI] la,be {0,3,6,9,12},+} cF,UF,
=F, H is a neutrosophic interval subsemigroup - subgroup of F.

Example 1.2.50: Let M =M, UM, ={[0, a] lae Zy, +} U
{[0, a+bI] | a, b € Z" U {0}, X} be a quasi neutrosophic interval
group - semigroup.

Example 1.2.51: Let T=T,; U T, ={[0, at+bl] la,be Zj, +} U
{Z, x} be a quasi neutrosophic quasi interval group - semigroup.

Example 1.2.52: Let B =B, U B, = {[0, al+b] | a, b Q" U
{0}, +} U {Zxs], +} be a quasi interval neutrosophic semigroup
- group.

Example 1.2.53: Let V=V, U V, = {Sy} U [0, a+bl] la, b €
R* U {0}, +} be a quasi neutrosophic quasi interval group -
semigroup.

Example 1.2.54: Let M =M, U M, = {Zysl, x} U [0,a]lae
Zy, +} be a quasi interval quasi neutrosophic semigroup group.

Now having seen examples of neutrosophic interval
bistructures using groups, semigroups and group-semigroup, we
proceed onto define the notion of biinterval neutrosophic
groupoids or neutrosophic interval bigroupoids.

1.3 Neutrosophic Biinterval Groupoids

In this section we introduce the notions of neutrosophic
biinterval groupoids or neutrosophic interval bigroupoids and
discuss some of their important properties.

DEFINITION 1.3.1: Let G = G; U G, where both G; and G, are
pure neutrosophic interval bigroupoids such that G; # Gy, G; &
G; and G, g G;. G will also be known as pure neutrosophic
biinterval groupoids.

We will illustrate this situation by some examples.
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Example 1.3.1: Let G=G, U G, ={[0, al] lal € ZgI; *, (t,u) =
3, 2),t,ue Zg} U {[0, bI] | b e Zy, * (8 19)} be a pure
neutrosophic interval bigroupoid of finite order.

Example 1.3.2: Let M =M, UM, = {[0, al] lal € Z" U {0}, *,
@8, 17)} U {[0, al] | a € Z4, *, (0, 3)} be a pure neutrosophic
biinterval groupoid of infinite order.

Example 1.3.3: Let G=G, UG, ={[0,al]lae Z;s, (3,7), *}
U {[0, al] l a € Z7, (2, 3), *} be a pure neutrosophic interval
bigroupoid of finite order.

Example 1.3.4: Let G=G, U G, = {[0, al] | a € R* U {0},

(3/4, \/5), *1 U {[0, al] la € Q" U {0}, (27,4/11), *} be a pure
neutrosophic interval bigroupoid of infinite order. Clearly G is
non commutative.

Example 1.3.5: Let T=T, UT,={[0,al]lae Q" U {0}, *
5, 8} u {[0, al] | a € Zyg, (5, 8), *} be a pure neutrosophic
interval bigroupoid of infinite order.

Example 1.3.6: Let M = M; U M, = {[0, al] | a € Zs,, *, (3,
1D} u {[0, al] | a € Zys, *, (11, 3)} be a pure neutrosophic
interval bigroupoid of finite order.

o(M) =52 x25.

Example 1.3.7: Let T =T, U T, = {[0, al] | a € Zys, (8, 9), *}

U {[0, al] | a € Zss, (9, 8)*} be a pure neutrosophic interval
bigroupoid of order 45 x 45.

Example 1.3.8: Let G=G, U G, = {[0, al] la € Z;, (3, 3), *}
v {[0, al] | a € Z1, (5, 5), *} be a pure neutrosophic interval
bigroupoid of biorder 7 x 11 =77.

We can define substructures on them.
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DEFINITION 1.3.2: Let G = G; U G, be a pure neutrosophic
interval bigroupoid and H = H;, U H, < G; U G, be a proper
bisubset of G. If H itself is a pure neutrosophic interval
bigroupoid under the operations of G then we define H to be a
pure neutrosophic interval subbigroupoid of G.

We will illustrate this situation by an example.

Example 1.3.9: Let V=V, U V,=/{[0,al]lae Zy, * (5, 3)}
v {[0, al] | a € Zg, (2, 4), *} be a pure neutrosophic interval
bigroupoid. Take M =M, UM, = {[0,al]lae {1,2,4,5,7, 8}
CZo, * (5,3} w{l0,al]lae {0,3} cZe, * (2, D} ViU
V, is a pure neutrosophic interval subbigroupoid of V.

Interested reader can give more examples of them.

We can define Smarandache pure neutrosophic interval
bigroupoid as a pure neutrosophic interval bigroupoid as a pure
neutrosophic interval bigroupoid G = G; U G,, were both G,
and G, are Smarandache pure neutrosophic interval groupoids.

We will illustrate this situation by some examples.

Example 1.3.10: Let G=G; U G, ={[0, al] la € Z, (5, 6), *}
U {[0, al] | a € Z5, (3, 9), *} be a pure neutrosophic interval
bigroupoid, clearly G is a S-pure neutrosophic interval
bigroupoid.

Example 1.3.11: Let M = M, U M, = {[0, al] | a € Zg, *,
3,5} U {l0,al] la e Z4, (2, 3), *}; M is a Smarandache pure
neutrosophic interval bigroupoid.

We can define special identities on pure neutrosophic
interval bigroupoids.

Example 1.3.12: Let V=V, U V,={[0, al]la e Z, (1, 2), *}
v {[0, al] | a € Zg, (1, 6), *} be a pure neutrosophic interval
bigroupoid. V is a S-pure neutrosophic interval bigroupoid.

We can define pure neutrosophic interval biideal of a
bigroupoid. We give an example of it. The biideal can be a left
- right ideal of a right - left ideal or just a biideal.
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Example 1.3.13: Let V=V, U V,={[0, al] | a € Z4, *, (2, 3)}
v {[0, al] l a € Z¢, *, (4, 5)} be a pure neutrosophic interval
bigroupoid. Consider =1, UL, = {[0, al] la € {1,3} € Z4, *,
2,3)}u{l0,alllae {1,3,5} cZs * (4,5} = ViU Vy, 1is
a pure neutrosophic interval left biideal of V.

We will give examples and results of pure neutrosophic
interval bigroupoids which satisfy different identities.

Example 1.3.14: Let G=G, UG, ={[0, al]lae Zy, (5, 8), *}
U {[0, al] | a € Zss, (20, 26), *} be a pure neutrosophic interval
bigroupoid. G is an idempotent bigroupoid.

Example 1.3.15: Let W =W, U W, ={[0, al] la € Z;s, (6, 10),
*1 U{I0, al] | a € Zy, (15, 7), *} be a pure neutrosophic
interval bigroupoid. W is a idempotent bigroupoid as both W,
and W, are idempotent groupoids.

In view of this we have the following theorem.

THEOREM 1.3.1: Let V=V, UV, ={[0,al] | a € Z, (t u);, *}
U {[0,bl] | b € Z, (r, s); *} be a pure neutrosophic interval
bigroupoid. 'V is a pure neutrosophic interval idempotent
bigroupoid if and only if t + u =1 (mod n) and r + s =1 (mod
m).

Proof is simple and is left as an exercise to the reader [11].

Example 1.3.16: Let V=V, U V,={[0, al] | a € Z, (4, 3), *}
v {[0, al] | a € Zo, (5, 6), *} be a pure neutrosophic interval
bigroupoid. Infact V is a pure neutrosophic interval
bisemigroup.

Example 1.3.17: Let V=V, U V,={[0,al]lae Zy, (8,7), *}
U {[0, al] | a € Zy,, (11,12), *} be a pure neutrosophic interval
bigroupoid which is a pure neutrosophic interval bisemigroup.

Inview of this we have the following theorem the proof of
which is direct [ ].

THEOREM 1.3.2: Let V=V, UV, ={[0,al]la € Z, (t u), *}
U ll0, al] | a € Z,, (v, s), ¥} be a pure neutrosophic interval

44



bigroupoid. 'V is a pure neutrosophic interval bisemigroup if
and only ift2 =t (mod n), u’ =u (mod n) fort, u € Z,\ {0} with
(t, u) = 1 and r =r (mod m), s’ =s (modm) (r,s) =1andr, s €
Z.\{0).

Now we will give examples of pure neutrosophic interval
bigroupoids which are bisimple.

Example 1.3.18: Let V=V, U V,={[0, al] | a € Z,, (19, 2),
*1 U {[0, al] | a € Zys, (23, 2), *} be a pure neutrosophic
interval bigroupoid, V is bisimple.

Example 1.3.19: Let V=V, U V,={[0, al] | a € Zy9, (17, 2),
*1 U {[0, al] | a € Zy, * (22, 7)} be a pure neutrosophic
interval bigroupoid which is bisimple.

THEOREM 1.3.3: Let V=V, UV, ={[0,al]|a € Z, (1, u), *}
U ll0, al] | a € Z,, (v, s), ¥} be a pure neutrosophic interval
bigroupoid. If n = t+u and m=r+s with t, u, r and s primes then
Vis bisimple.

The proof is direct and uses simple number theoretic
techniques only.

THEOREM 1.3.4: Let V=V, UV, ={[0,al] | a € Z, (1, u), *}
U0, al] | a € Z, (r,s), *} where p and q are primes be a pure
neutrosophic interval bigroupoid. Ift + u =p, (t, u) =1 andr
+ s =gqand (s, r) =1 then V is bisimple.

For proof is simple and direct and hence left as an exercise
to the reader.

Example 1.3.20: Let V=V, U V,={[0, al] | a € Zy, (13, 7),
*1 U {[0, bI] | a € Zg, (23, 20), *} be a pure neutrosophic
interval bigroupoid {0} U {0} is not a biideal of V.

Thus we can say if V = V; U V, is a pure neutrosophic
interval bigroupoid with V; = {[0, al] la € Z,, (t, u) =1, *} and
Vo, ={[0,bl] | b e Zy,, (r, s) =1, *} then {0} U {0} is not a
biideal of V.
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We can define notion of normal bigroupoid as follows. If V
=V, U V, is a pure neutrosophic interval bigroupoid, we say G
= G; U G, € V; U V; to be a pure neutrosophic interval normal
subbigroupoid if

(@) (a1Va) (GuGy=aG uUuaG
(®) (G1U Gy (X1 U X)) (Y1 VU Y2)
=(G1UG) [(x1 UK (Y1 U Y]
That is Gy (x; y1) U G2 (X2 ¥2)
= (G x1) y1 U (G2 Xp)y2
©) (X1 Ux2) (y1UY2)) (G UGy
= (X1 U X)) (y1Uy2) G).
That is (x; y1) G U (X2 y2) G2 = x5 (y1 Gy) U
X; (y2 ) for all x4, y1, a1 € Gy and Xy, ¥2, a2 € Go.

If V=V, U V, the pure neutrosophic interval bigroupoid
satisfies (a), (b) and (c) that is if G is replaced by V) then we
say the bigroupoid to be binormal.

We give an example of normal bigroupoids.

Example 1.3.21: Let V=V, U V,={[0, al]lae Z,;, (3, 3), *}
U {[0, bI] la € Zyq, (11, 11), *} be a pure neutrosophic interval
bigroupoid. V is a normal bigroupoid.

In view of this example we have the following theorem.

THEOREM 1.3.5: Let V=V, uV,={[0,al] la € Z, (t, t), * t
<p} Ul[0,bI]|beZ, (s s) * s<gq}, pand q primes be a
pure neutrosophic interval bigroupoid. V is a normal interval
bigroupoid.

Proof is direct and simple [11]. We can define P-
bigroupoids as in case of pure neutrosophic interval bigroupoid
if both the interval groupoids are P-groupoids. We will provide
some examples.

Example 1.3.22: Let G=G, UG, ={[0,al]lae Zyp, (7,7), *}

v {[0, al] | a € Zs, (5, 5), *} be a pure neutrosophic interval
bigroupoid. G is a P-bigroupoid.

46



Example 1.3.23: Let S =S, U S, = {[0, al] l a € Zo, * (10,
10)} U {[0, al] | a € Z43, *, (8, 8)} be a pure neutrosophic
interval bigroupoid. S is a P-bigroupoid of finite order.

In view of this we have the following theorem the proof of
which is direct and hence left as an exercise to the reader.

THEOREM 1.3.6: Let P =P, UP, = {[0,al] | a € Z,, (1, t);
O<t<n ¥ Ufl0 al]laeZ, (s, s) 0<s<m *} beapure
neutrosophic interval bigroupoid. P is a pure neutrosophic
interval P-bigroupoid of order mn.

Note n can be prime or composite still the conclusions of
the theorem is true.

We will now provide examples of alternative bigroupoids
and bigroupoids which are not alternative.

Example 1.3.24: Let S =S, U S, = {[0, al] l a € Zy, * (14,
14)} U{[0, al] | a € Z4, * (24, 24)} be a pure neutrosophic
interval bigroupoid. S is a pure neutrosophic interval alternative
bigroupoid.

Example 1.3.25: LetP =P, U P, ={[0, al] | a € Zp, *, (12,
12)} U {[0, al] | a € Z3, * (10, 10)} be a pure neutrosophic
interval bigroupoid. It is easily verified P is a pure neutrosophic
interval alternative bigroupoid.

In view of this we have the following theorem.

THEOREM 1.3.7: Let V=V, UV, ={[0,al] | a € Z, (t 1), *}
U ll0, al] | a € Z,, (s, s), ¥} be a pure neutrosophic interval
bigroupoid where m and n are primes. V is a pure neutrosophic
interval alternative bigroupoid if and only if £ =t (mod n) and
s’ =g (mod m).

Proof is direct however the interested reader can refer [11].
We give now examples of pure neutrosophic interval
bigroupoids which are not alternative.

Example 1.3.26: Let M =M, U M, = {[0, al] | a € Zs3, *, (8,

8)} u {[0, al] | a € Zs3, *, (12, 12)} be a pure neutrosophic
interval bigroupoid. M is not an alternative bigroupoid.
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Example 1.3.27: Let P=P, UP,={[0,al]lae Z;, *, (5,5)}
U {[0, al] | a € Zy, *, (8, 8)} be a pure neutrosophic interval
bigroupoid. P is not an alternative bigroupoid.

Inview of this we have the following theorem which
guarantees a non empty class of bigroupoids which are not
alternative.

THEOREM 1.3.8: Let P =P, UP, ={[0,al] | a € Z,, * (1, 1)}
U0, al]laeZ, * (s, s)} (I <t<p, 1 <s<qwherepandq
are primes) be a pure neutrosophic interval bigroupoid. P is
not a pure neutrosophic interval alternative bigroupoid.

We just give an hint to the proof of the theorem.

Given 1 <t<p, 1 <s < q. Consider the alternative identity
(x*y)*y = x* (y*y), for X, y € P. We see equality can never be
achieved.

Let x = [0, a,1] U [0, a,I] and
y = [0, byI] U [0, b,I] be in P.

It is simple to show x* (y*y) # (x*y)*y
(For refer [11]).

Example 1.3.28: Let G = G, U G, = {[0, al] | a € Zyg, *,
0, 24)} U {[0, bI] | a € Zs, * (0, 3)} be a pure neutrosophic
interval bigroupoid. G is both an alternative bigroupoid and P-
bigroupoid.

Example 1.3.29: Let S =S, U S, ={[0, al] | a € Zy, *, (0, 6)}
U {[0, al] | a € Z3, *, (0, 10)} be a pure neutrosophic interval
bigroupoid. Clearly S is both an alternative bigroupoid and P-
bigroupoid.

In view of these examples we have the following theorem
the proof of which is left as an exercise to the reader.

THEOREM 1.3.9: Let P = P, UP, = {[0,al] | a € Z,, (0, 1), *}
U [0, al] l a € Z,, (0, s), *} be a pure neutrosophic interval
bigroupoid. P is an alternative bigroupoid and a P-bigroupoid
if and only ift2 =t (mod n) and s* =s (mod m).

48



We still have an interesting theorem which states as
follows:

THEOREM 1.3.10: Every interval subbigroupod of a
Smarandache pure neutrosophic interval bigroupoid S need not
in general be a Smarandache pure neutrosophic interval
subbigroupoid of S.

The proof is by counter example.

Example 1.3.30: Let G=G, UG, ={[0,al]lae Z¢, * 4,5)}
v {[0, al] | a € Zg, *, (2, 4)} be a pure neutrosophic interval
bigroupoid. Consider H = H; U H, = {[0, al] la € {0, 2,4} c
Zs, ¥, (4,5} U {[0,al]lae {0, 2,4} cZ, *} c G, UG =G;
H is a pure neutrosophic interval subbigroupoid of G but is not a
Smarandache pure neutrosophic interval subbigroupoid of G.

The notion of Smarandache conjugate subbigroupoid in
case of pure neutrosophic interval bigroupoids can be defined as
a matter of routine [11].

We define a pure neutrosophic interval bigroupoid G, U G,
= G to be a Smarandache Moufang bigroupoid if there exists
Smarandache subbigroupiod H = H; U H, in G; U G, which
satisfies the Moufang identity.

If every Smarandache pure neutrosophic interval
subbigroupoid satisfies the Moufang identity then we define G
to be a Smarandache strong Moufang bigroupoid.

We will illustrate this by some examples.

Example 1.3.31: Let G=G, UG, ={[0,al]lae Z, * (5, 6)}
U {[0, al]  a € Zy, *, (3, 9)} be a pure neutrosophic interval
bigroupoid. G is a Smarandache pure neutrosophic interval
Moufang bigroupoid.

On similar lines we can define the notion of Smarandache
pure neutrosophic interval Bol bigroupoid, Smarandache strong
pure neutrosophic interval Bol bigroupoid, Smarandache pure
neutrosophic interval P-bigroupoid and Smarandache strong
pure neutrosophic interval P-bigroupoid.

Example 1.3.32: Let P=P, UP,={[0,al]lae Zj, * (3,4)}
v {[0, al] | a € Z4, *, (2, 3)} be a pure neutrosophic interval
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bigroupoid. P is a Smarandache pure neutrosophic interval Bol
bigroupoid.

Example 1.3.33: Let G=G, U G, = {[0, al] | a € Z¢, (4, 3), *}
v {[0, al] | a € Z4, (2, 3), *} be a pure neutrosophic interval
bigroupoid. G is a Smarandache pure neutrosophic interval
strong P-bigroupoid of order 6 x 4.

Example 1.3.34: Let G=G, UG, ={[0,al]lae Zy, (7, 8), *}
v {[0, al] | a € Z5, (1, 6), *} be a pure neutrosophic interval
bigroupoid. G is a Smarandache pure neutrosophic interval
strong alternative bigroupoid.

We define a map m from two Smarandache pure
neutrosophic interval bigroupoids V =V, U V, and G = G, U
G, if m is a bisemigroup homomorphism or semigroup
bihomomorphism from A = A; U A, to B = B; U B, where A
V and B < G are pure neutrosophic interval bisemigroup of V
and G respectively.

Thatism : V — G such that n ((a; U ap) * (X1 U X3))

=1 (a; U ay) *n (X1 U X,) where a;, x; € A;; i=1,2.

Clearly a;, x; are neutrosophic intervals of the form [0, tI]
and [0, p], i=1,2.

Interested reader can construct such interval; bigroupoid
bihomomorphism.

Example 1.3.35: Let G=G, U G, = {[0, al] |l a € Zs, (1, 3), *}
v {[0, al] | a € Zs, (2, 1), *} be a pure neutrosophic interval
bigroupoid. Clearly G is not a Smarandache pure neutrosophic
interval bigroupoid.

Example 1.3.36: Let P=P, UP,={[0, al]la e Z, (5, 3), *}
v {[0, al] | a € Z4, (3, 2), *} be a pure neutrosophic interval
bigroupoid. Clearly P is a Smarandache pure neutrosophic
interval bigroupoid.

In view of the above examples we have the following
theorem.
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THEOREM 1.3.11: Let G = G; oG, = {[0,al] | a € Z,, (t, u),
*1 ([0, al] l a € Z,, (r, s), *} be a pure neutrosophic interval
bigroupoid. G is a Smarandache pure neutrosophic interval
bigroupoid if (t, u) =1, t #u, t+u =1 (mod n) and (r, s) = 1, s #
r, r+s =1 (mod m).

The proof is direct uses only simple number theoretic
techniques.

THEOREM 1.3.12: Let G = G, UG, ={[0, al] | a € Z,,, (1, 2),
* ([0, bI] | b € Zy,, (1, 2), *} where p and q two distinct odd
primes. G is a pure neutrosophic interval bigroupoid which is a
Smarandache bigroupoid.

We just give an hint for the proof. Consider S = {[0, plI]} LU
{[0, qIl} < G; U Gy; G is a pure neutrosophic interval
bisemigroup in G. Hence the claim.

COROLLARY 1.3.1: Let G = G, UG, = {[0, al] | a € Z3, %
(1, 3)} v {[0, bI] | b € Z3, (1,3), *} (Where p and q are odd
primes) be a pure neutrosophic interval bigroupoid. Clearly G
is a Smarandache bigroupoid.

COROLLARY 1.3.2: Let G=G; UG, ={[0,al] la € Z, * (I,
p); p a prime and p/n} U {[0, bI] | b € Z,, * (1,q), q a prime
and g/m} be a pure neutrosophic interval bigroupoid. Then G is
a Smarandache pure neutrosophic interval bigroupoid.

THEOREM 1.3.13: Let G =G; UG, ={[0,al]la € Z,, (t, u),
*1 ([0, bI] | b € Z,, (s, r), *} be a pure neutrosophic interval
bigroupoid. If t+u =1 (mod n) and r+s =1 (mod m) then G is a
Smarandache  pure  neutrosophic interval  idempotent
bigroupoid.

THEOREM 1.3.14: Let G = G; v G, = [0, al] |l a € Z,, (t, u),
*1 {0, bI] | b € Z,, (1, s), ¥} witht + u =1 (mod n) and r+s
=1 (mod m) be a Smarandache neutrosophic interval P -
bigroupoid if and only ift2 =t (mod n), P =r (mod m) W =u
(mod n), s’ =g (mod m).
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Simple number theoretic methods yield the proof of the
theorem.

THEOREM 1.3.15: Let G =G, v G, =[0,al] la € Z,, (1, u),
*1 {0, bI] | b € Z,, (1, s), ¥} with t+u =1 (mod n) and r+s =
1 (mod m). G is a Smarandache strong pure neutrosophic Bol
bigroupoid if and only if £ =t (mod n), W =u (mod n), r=r
(mod m) and s° =s (mod m).

This proof also is direct and the reader is expected to prove
the theorem.

Similarly it is easily verified that pure neutrosophic interval
bigroupoid satisfying condition of theorem 1.3.14 is
Smarandache strong Moufang interval bigroupoid.

THEOREM 1.3.16: Let G =G, vG,=[0,al] la € Z,, (m, m),
*1 {0, al] | b € Z, (u, u), *} withm+m =1 (mod n) and u+u
=1 (mod t) with m* =m (mod n) and W’ = u (mod t) be a
Smarandache pure neutrosophic interval bigroupoid. Then

G is a Smarandache idempotent bigroupoid.

G is a Smarandache strong P-bigroupoid.

G is a Smarandache strong Bol bigroupoid.

G is a Smarandache strong Moufang bigroupoid.
G is a Smarandache strong alternative bigroupoid.

LA BN~

The proof is left as an exercise to the reader.

Interested reader can derive more properties in this
direction. We can define pure neutrosophic interval groupoid -
semigroup which is illustrated by some examples.

Example 1.3.37: Let G = G, U G, = {[0, al] | a € Zy4, X} U
{[0, bI] I b € Z1y, (3, 8), *} be a pure neutrosophic interval
semigroup - groupoid.

Example 1.3.38: LetG=G, UG, ={[0,al]lae Z"U {0}, x}

U [0, bI] | b e Z" U {0}, (3, 8), *} be a pure neutrosophic
interval semigroup - groupoid.
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Example 1.3.39: Let M =M; UM, ={[0, al] la € Z»s, X} U
{[0, al] | a € Zss, (3, 7), *} be a pure neutrosophic interval
semigroup - groupoid.

We can define substructures in them which is a matter of
routine.

We can also define Smarandache pure neutrosophic interval
groupoid - semigroup G = G; U G, as one in which both the
groupoid and the semigroup are Smarandache. If only one of
them (semigroup or groupoid) is Smarandache then we define
that G to be a quasi Smarandache pure neutrosophic interval
groupoid - semigroup.

We will now illustrate both the situations by some
examples.

Example 1.3.40: Let G = G, U G, = {[0, al] | a € Zy4, X} U
{[0, al] | a € Zg, (45, 45), *} be a Smarandache pure
neutrosophic interval semigroup - groupoid.

Example 1.3.41: Let G=G, U G, = {[0, al] | a € Zg, (3, 4), *}
U {[0, al] | a € Zss, X} be a Smarandache pure neutrosophic
interval groupoid - semigroup.

Example 1.3.42: Let P=P, UP,={[0, al]la e Z;, (5, 3), *}
U {[0, al] | a € Z;z, X} be a Smarandache pure neutrosophic
interval groupoid - semigroup.

Example 1.3.43: Let G = G, U G, = {[0, al] | a € Zy3, X} U
{[0, al] I a € Zy, (5,3), *}. G is only a quasi Smarandache pure
neutrosophic interval groupoid - semigroup. The groupoid is
not a Smarandache pure neutrosophic interval groupoid.

Example 1.3.44: Let G=G, UG, ={[0,al]lae Z" U {0}, +}
v {[0, al] | a € Zg, (1, 6), *} be a pure neutrosophic interval
semigroup - groupoid. G is only a quasi Smarandache pure
neutrosophic interval semigroup - groupoid as the semigroup is
not a Smarandache semigroup.

In general all pure neutrosophic interval groupoid -
semigroup need not be Smarandache pure neutrosophic interval
groupoid - semigroup.
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This is established by the following examples.

Example 1.3.45: Let G=G, UG, ={[0,al]lae Z" U {0}, +}
v {[0, al] | a € Zo, (5, 3), *} be a pure neutrosophic interval
semigroup - groupoid. G is not a Smarandache pure
neutrosophic interval semigroup - groupoid.

Example 1.3.46: Let M =M; UM, = {[0, al] la e R" U {0},
+} U {[0, al] l a € Zs, (2, 1), *} be a pure neutrosophic interval
semigroup - groupoid. Clearly M is not Smarandache.

Now we can also define pure neutrosophic quasi interval
bigroupoid G = G; U G, where only one of G, or G; is a pure
neutrosophic interval groupoid.

We will illustrate this situation by some examples.

Example 1.3.47: Let G =G, U G, = {[0, al] | a € Zo, (5, 3), *}
v {Zpl, (1, 2), *} be a pure neutrosophic quasi interval
bigroupoid.

Example 1.3.48: LetF=F, UF,={[0,al]lae Z" U {0}, (9,
4), *} U {Zsl, * (7, 11)} be a pure neutrosophic quasi interval
bigroupoid of infinite order.

Example 1.3.49: Let V=V, U V,={Zpsl, ¥, (43, 17)} U {[0,
al] | a € Z»s5, X} be a pure neutrosophic quasi interval groupoid
- semigroup.

We now also define the notion of quasi pure neutrosophic
interval bigroupoids etc.

Example 1.3.50: Let G=G, U G, ={[0,a]lae Z, (1,5), *}
U {[0, al] | a € Z4s, (3, 17), *} be a quasi pure neutrosophic
interval bigroupoid.

Example 1.3.51: Let M =M; U M, = {[0, a] | a € Zyo, *, (O,

7} u {l0, al] l a € Zi27, (3, 0), *} be a quasi pure neutrosophic
interval bigroupoid.
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Example 1.3.52: Let T=T, UT,={[0,a]lae Z" U {0}, *
6, 13)} U {[0, al] | a € Zy, (3, 19), *} be a quasi pure
neutrosophic interval bigroupoid of infinite order.

Example 1.3.53: LetR=R; UR,={[0,al]lae Z, * (3, 3)}
U {[0, a] | a € Zyy, (2, 13), *} be a quasi pure neutrosophic
interval bigroupoid.

We can define quasi pure neutrosophic quasi interval
bigroupoid also. We will give examples of them.

Example 1.3.54: Let V=V, U V,={Zy, (3, 11), *} U {[0, al]
la e Zys, * (8, 23)} be a quasi pure neutrosophic quasi interval
bigroupoid of finite order.

Example 1.3.55: Let M =M, UM, = {Z], * (11,13)} U {[0,
al] l a € Zg, * (8, 11)} be a quasi pure neutrosophic quasi
interval bigroupoid.

These combined quasi structures can be Smarandache
strong Bol bigroupoid, Smarandache strong Moufang
bigroupoid, Smarandache strong P-bigroupoid and so on. All
properties can be derived with appropriate modifications.

Now we proceed onto give examples of quasi pure
neutrosophic quasi interval groupoid - semigroup.

Example 1.3.56: Let S =S; U S, ={[0, al] | a € Zy, X} U
{Zl, (8, 11), *} be a quasi pure neutrosophic quasi interval
semigroup - groupoid.

Example 1.3.57: Let P =P, UP,={[0, al]la € Zyy, X} U {Zs3,
(3, 17), *} be a quasi pure neutrosophic quasi interval
semigroup - groupoid.

Example 1.3.58: Let M =M; U M, ={[0, al] |l a € Zg3, (8, 12),
*} U {Z, X} be a quasi pure neutrosophic quasi interval
groupoid - semigroup.

We also state here that we can replace pure neutrosophic
intervals [0, al] in all these algebraic structures by the mixed
neutrosophic algebraic structures [0, a+bl] and get all related
results with simple, appropriate modifications.
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Now we can also define the notion of pure neutrosophic
interval group - groupoid and their quasi analogue. We only
give illustrative examples and leave the work of defining this
structure to the reader.

Example 1.3.59: Let P =P, UP,={[0, al]la e Zy, +} U {[O0,
al] | a € Zy, * (3, 7)} be a pure neutrosophic interval group -
groupoid.

Thus by defining this mixed neutrosophic bistructure we get
an associative and non associative neutrosophic algebraic
structure.

Example 1.3.60: Let M =M, UM, = {[0, al] la € R*, x} U
{[0, al] | a € Z43, *, (7, 11)} be a pure neutrosophic interval
group - groupoid of infinite order.

Example 1.3.61: Let V=V, U V,={[0, atbl] la, b € Zys, +}
v {[0, a+bl] | a, b € Zys, (3, 7), *} be a neutrosophic interval
group-groupoid.

This contains H =H; U H, = {[0, al] | a € Zys, +} U {][0,
al] la e Zy, (3, 7), +} < V, U V, =V the pure neutrosophic
interval group - groupoid as well as S =S, U S, = {[0, a] la e
Zys, +} U{[0, al] la € Zys, *, (3, 7)} < V, U Vo, =V whichis a
interval group - groupoid as its substructure. Thus one of the
advantages of studying these mixed neutrosophic interval
bistructures is that they contain both pure neutrosophic interval
bistructure as well as interval bistructure as its subbistructure.

Example 1.3.62: Let T=T; UT,={[0, al]lae Zy, +} U {[O0,
a+bl] | a, b € Z4, (8, 5), *} be a neutrosophic interval group-
groupoid. T has pure neutrosophic interval subgroup -
subgroupoid given by S =S, U S, = {[0, al] | a € {274}, +} U
{[0, bI] | a € Zy4, (8, 5), *} < Ty U T, however T has no
interval subgroup - subgroupoid.

Interested reader can derive related results in this direction.
We also can have mixed quasi neutrosophic quasi interval
groupoid - groups which is illustrated by the following example.
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Example 1.3.63: Let V=V, UV, ={[0, al+b] | a, b € Zy;3,
(7, 11), *} U {S;} be a quasi mixed neutrosophic quasi interval
groupoid - group.

Example 1.3.64: Let S =S, U S, = {[0, atbl] | a, b € Zjp, +}
v {Z» (3, 8), *} be a quasi mixed neutrosophic quasi interval
group - groupoid.

Example 1.3.65: Let M =M; U M, = {[0, al+b] | a, b € Zy7, (8,
14), *} U {Zi4, +} be a quasi mixed neutrosophic quasi
interval groupoid - group.

1.4 Neutrosophic Interval Biloops

In this section we proceed onto define the notion of
neutrosophic interval biloops and their generalization. For loops
please refer [9, 13].

DEFINITION 1.4.1: Let L = {[0, a] | a € Z, or R* {0} or OF
U {0} or Z" U {0}} be the collection of intervals. If a binary
operation * on L be defined so that L is a loop; that is * satisfies
the following condition.
(a) Forevery [0, a], [0, b] in L
[0, a] *[0, b] € L.
(D) [0, a] *([0, b] *[0, c]) #([0, a] * [0, b]) * [0, c] for
atleast some [0, a], [0, b] and [0, c] in L.
(c¢) There exists an element [0, e] in L such that
[0, a] *[0,e] =[0, e] *[0,a] =[0, a] forall [0, a] in
L called the identity element of L.
(d) For every pair ([0, a], [0, b]) in L X L there exists a
unique pair ([0, x], [0, y]) in L x L such that
[0, a] *[0, x] = [0, b] and
[0, y] *[0, a] = [0, D].

We will illustrate this situation by some examples.

Example 1.4.1: Let L = {[0, a] | a € Ls (2), *} be an interval
loop of order five given by the following table.
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* [0.e] | [0,1] | [0,2] | [0,3] | [0.4] | [0,5]
[0.e] | [0.e] | [0.,1] |[0,2]|[0,3]| [0,4] | [0,5]
[0,1] | [0,1] | [O.e] | [0,3] | [0,5] | [0,2] | [0,4]
[0,2] | [0,2] | [0,5] | [O.,e] | [0,4] | [0,1] | [0,3]
[0,3] | [0,3] | [0,4] | [0,1] | [O,e] | [O,5] | [0,2]
[0.4] | [0.4] | [0,3] | [0,5] | [0,2] | [O.e] | [O,1]
[0,51 | [0,5] | [0,2] | [0,4] | [0,1] | [0,3] | [O.e]

For more about loop L, (m) refer [9, 13].

Example 1.4.2: LetL ={[0,a]lae {e 1,2,...,15},7, *} be
an interval loop of order 16.

DEFINITION 1.4.2: Let L = {[0, al] | a € Z,or Z" U {0} or OF
U {0} or R* U {0}, *} be a loop. We define L to be a pure
neutrosophic interval loop. If we replace [0, al] by [0, x+yI] x
andyin Z, or Z* U [0} or Q* U {0} or R* U {0} then we call L
to be a mixed neutrosophic interval loop.

We will give examples of them.

DEFINITION 1.4.3: Let L = L; U L, where L; and L, are
neutrosophic interval loops such that L; #L;, L; gL, and L, &
L;. Then we define L to be a neutrosophic interval biloop.

We will for sake of completeness recall the definition of
interval loop and neutrosophic interval loop.

Example 1.4.3: Let V= {[0,a+tbl]la,be {e, 1,2,...,17},5,
*} be a mixed neutrosophic interval loop of order 18,

Example 1.4.4: Let M = {[0, at+bl]la,be {e, 1, 2, ..., 13}, 8,
*} be a mixed neutrosophic interval loop of order 147,

Now we can define the notion of neutrosophic interval
biloop, which is a matter of routine [9, 13]. Just like a
neutrosophic group does not satisfy all group axioms so also a
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neutrosophic loop may not in general satisfy all axioms of a
loop.
We will illustrate this situation by some examples.

Example 1.4.5: Let L=L,ulL,={[0,al]lae {e 1,2, ...,
23}, % 8} u {[0,bl] Ibe {e 1,2, ..., 19}, 8, *} be a pure
neutrosophic interval biloop of order 24 x 20.

Example 1.4.6: Let L=L,uUlL,={[0,al]lae {e 1,2, ...,
45}, *, 16} u {[0,al] la e {e, 1, 2, ..., 27}, * 10} be a pure
neutrosophic interval biloop of order 46 x 28.

Example 1.4.7: Let L=L,ulL,={[0,al]lae {e 1,2, ...,
11}, 8, *} u {[0, al] la e {e, 1, 2, ..., 13}, 8, *} be a pure
neutrosophic interval biloop of order 12 x 14.

Inview of this we have the following theorem.

THEOREM 1.4.1: Let L =L, UL, ={[0,al]la€le 1,2, ...,
nj,noddn>3and * m, (m, n) =1 (m-I,n) =1m<n} U
[[0,al] la e fe 1,2, ..., s};* s>3 soddt, (t,s)=1, (t-1,5) =
1, t < s). L is a pure neutrosophic interval biloop of order
(n+1) (s+1).

Proof is direct, if need be refer [9, 13]. We call a pure
neutrosophic interval biloop to be a Smarandache pure
neutrosophic interval biloop if each of the pure neutrosophic
interval loop is Smarandache.

We will give examples of them.

Example 1.4.8: Let L=L,ulL,={[0,al]lae {e 1,2, ...,
13}, 8, *} u {[0, al] la € {e, 1, 2, ..., 17}, 12, *} be a pure
neutrosophic interval biloop of order 14 x 18.

THEOREM 1.4.2: Let L =L; UL, ={[0,al]la€le 1,2, ..,
n} noddn > 3, m, m<n with (m, n) = 1 = (m-1, n), ¥} U{[0,
al]laefe 1,2, ...,s},s>3 sodd; t<s, (t,s) =(t-1, s) = 1,
*1 be a pure neutrosophic interval biloop. Then the following
are true.

1. L is of even biorder.
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2. ILl=2°N (N a positive number =9).

3. L is a Smarandache pure neutrosophic interval biloop.

This proof involves only simple number theoretic
techniques [9, 13]. We say a pure neutrosophic interval biloop
is commutative if both the pure neutrosophic interval loops are
commutative. If only one of them is commutative we say the
interval biloop is quasi commutative. We will give examples of
them.

Example 1.4.9: Let L=L,ulL,={[0,al]lae {e 1,2, ...,
17}, %, 9} u {[0,al] Ibe {e 1, 2, ..., 25}, * 13} be a pure
neutrosophic interval biloop. L is a commutative biloop.

Example 1.4.10: LetL=L,Ul,={[0,al]lae {e 1,2, ...,
17}, *, 7} 0 {[0, al] I b e {e, 1, 2, ..., 25}, 8, *} be a pure
neutrosophic interval biloop. L is a non commutative biloop.

Example 1.4.11: 1LetL=L,Ul,={[0,al]lae {e 1,2, ...,
23}, %, 8t u {[0,al] Ibe {e 1,2, ..., 15}, * 14} be a pure
neutrosophic interval biloop. L is a quasi commutative pure
neutrosophic interval biloop.

THEOREM 1.4.3: Let L =L, UL, ={[0,al]la€le 1,2, ...,

nph " O oo b b e fe, 12, m), ’";1, %) be a
pure neutrosophic interval biloop. L is a commutative.

This proof also requires only simple number theoretic
techniques.

We can define several identities in case of pure
neutrosophic interval biloops as in case of usual biloops.

LI ={[0,a]lae {e, 1,2,..,n}n>3, nodd; m<n
(m-1,n)=(m,n)=1€ {[0,bI]| be {e, 1,2,...,8},s>3,s
odd, t <'s, (t, s) = (t=1, s) = 1} denote the class of pure
neutrosophic interval biloops each of order (n+1) X (s+1).

Further if n= p®..p®* ands = q”..q/" then the number of
pure neutrosophic interval biloops in L (I) is

(H(pi - 2>p?”] X[H«h - 2>q;‘j ‘
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Thus we will denote the class of pure neutrosophic biloop
by L, (I); n and s odd greater than three.

Example 1.4.12: 1LetL=L,uUl,={[0,al]lae {e 1,2, ...,
19}, 2, *} U {[0, bI] I b € {e, 1, 2, ..., 23}, 2, *} be a pure
neutrosophic interval biloop. L is a pure neutrosophic interval
right alternative biloop.

Example 1.4.13: LetL=L,uUl,={[0,al]lae {e 1,2, ...,
47}, *, 46} u {[0, al] la € {e, 1, 2, ..., 53}, * 52} be a pure
neutrosophic interval biloop. L is a left alternative interval
biloop which is not right alternative.

Inview of this we have the following theorem.

THEOREM 14.4: Let L =L, UL, ={[0,al]la€le 1,2, ...,
n}, 2, ¥} {[0, bI] | b e {e, 1, 2, ..., s}, * 2} wheren > 3, s >
3, n and s odd be a pure neutrosophic interval biloop. L is a
right alternative pure neutrosophic interval biloop.

The proof is got by using simple number theoretic
techniques.

THEOREM 1.4.5: Let L =L, UL, ={[0,al]la€le 1,2, ...,
n}), n>3n-odd * n-1} U{[0, bl]|belfe 1, 2, ..., m}, m>3,
m odd; m—1} be a pure neutrosophic interval biloop. L is a left
alternative pure neutrosophic interval biloop.

This proof is left as an exercise to the reader .

COROLLARY 1.4.1: Let L, (1) be the class of pure neutrosophic
interval biloops n>3 and s>3, n and s odd. L,{(I) has exactly
one left alternative interval biloop and only one right
alternative interval biloop and no alternative interval biloop.

Infact the class of pure neutrosophic interval biloops L, (I)
does not contain (i) any moufang interval biloop (ii) any Bol
interval biloop or Burck biloop.

We can define pure neutrosophic interval bisubloop
(subbiloop) H; U H, Further if this pure neutrosophic interval
subbiloop H; U H, contains a proper subset T=T; U T, such that
T is a pure neutrosophic interval bigroup then we define H;, U
H, to be a Samarandache pure neutrosophic interval subbiloop.
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We have following theorem the proof of which is direct.

THEOREM 1.4.6: Let L= L; U L, be a pure neutrosophic
interval biloop. If L has H= H; U H; to be a pure neutrosophic
interval subbiloop which is Smarandache then L itself is a
Smarandache pure neutrosophic interval biloop.

If a pure neutrosophic interval biloop L = L; U L, has only
pure neutrosophic interval bisubgroups then we define L to be a
Smarandache pure neutrosophic interval subbigroup biloop.

Example 1.4.14: LetL=L, uUl,={[0,al]lae {e 1,2, ...,
7}, 4, *} U {[0,bI] Ibe {e 1,2, ..., 17}, 9, *} be a pure
neutrosophic interval biloop. L is a Smarandache pure
neutrosophic interval subbigroup biloop.

In view of this we have the following theorem.

THEOREM 1.4.7: Let L,,(I) be the class of pure neutrosophic
interval biloops p and q primes greater than three. The class of
biloops Ly,(1) is a Smarandache pure neutrosophic interval
subbigroup biloop.

Proof follows by using simple number theoretic techniques.
We can define the notion of Smarandache pure neutrosophic
interval normal subbiloop if the subbiloop is normal. If the pure
neutrosophic interval biloop has no normal subbiloop we define
them to be Smarandache simple pure neutrosophic interval
biloop.

Example 1.4.15: Let L = L; U L= {[0, al] | a € {e,1,2,...,
19},9, *} u {[0,bI] | b € {e,1,2, ..., 19},12,*} be a pure
neutrosophic interval biloop. L is S-simple.

Inview of this we have the following theorem which shows
the existence of a class of S-simple pure neutrosophic interval
biloops.

THEOREM 1.4.8: Let L,..(I) be the class of pure neutrosophic
interval biloops; Ly.(I) is Smarandache simple.

The proof is direct hence left as an exercise to the reader.

Let L =L, UL, be a S-pure neutrosophic interval biloop.
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Let A= A; U A, < LU L, be a pure neutrosophic interval
subbigroup of L . a = ajua,e A =A; U A, is said to be a
Smarandache Cauchy bielement of L. ([0, a;I] U [0, a])" =
([0, aI]" U [0, a,I]") =[O0, eI] U [0, eI]; otherwise a in A is not a
S-Cauchy bielement of L.

Example 1.4.16: Let V=V, U V, = {[0, al] | a €{e,1,2,...,
11},* 8tu {[0, bI] I b e{e,1,2,..., 15}, 8, * } be a S- pure
neutrosophic interval biloop. Consider x = [0, 3I] U [0, 101]
V; we see x” = ([0, 3I] U [0, 101])* = [0, el] U [0, el].

Thus x is a S- Cauchy bielement of V.

Note: 1If in a S- pure neutrosophic interval biloop every
bielement is a S-Cauchy bielement then we define the biloop to
be a S-pure neutrosophic Cauchy interval biloop or S-Cauchy
pure neutrosophic interval biloop or pure neutrosophic interval
S- Cauchy biloop.

We will give an example of a S-pure neutrosophic interval
Cauchy biloop.

Example 1.4.17: Let L =L, U L,= {[0,al] la € {e,1,2,..., 27},
11, *} v {[0,al] | a e{el1,2,..., 47}, 12, *} be a pure
neutrosophic interval biloop. L is a S-Cauchy pure neutrosophic
interval biloop.

Example 1.4.18: Let L =L; U L, = {[0, al] | a €{e,1,2,...,
291,12, *} U {[0, al] | a € {e,1,2,..., 33}, * 17} be a pure
neutrosophic interval biloop which is S-Cauchy biloop.

We in the following theorem show there exists a class of
pure neutrosophic interval biloops of even order which are S-
Cauchy.

THEOREM.1.4.9: Let L, (I)= {[0,al] | a €fe,1,2,..., m}, t < m,
m odd and m < 3; [tm] = [t-1, m] = 1, ¥} U{[0, al] | a
efel, 2,...,n}; s<n, noddandn < 3; [s, n]=[s—1,n] = 1, *}
be the class of pure neutrosophic interval biloops . L,,(I) is a
class of S-Cauchy pure neutrosophic interval biloops.
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This proof is also simple directly follows from the
definition of loops [9, 13].

We can as in case of biloops define the notion of
Smarandache Lagrange interval biloop and Smarandache
weakly Lagrange interval biloop which is direct and hence is
left as an exercise to the reader [9, 13].

We provide examples of them.

Example 1.4.19: LetL =L, U L,={[0,al] |a e{e,1,2,..., 19},
8, *} u {[0,al] | a €{e,1,2,..., 53}, 9, *} be a pure neutrosophic
interval biloop. L is a Smarandache pure neutrosophic interval
Lagrange biloop or pure neutrosophic interval Smarandache
Lagrange biloop.

Example 1.4.20: LetL =L, UL, = {[0,al] lae {e,1,2,..., 45},
14, *} {0, al] l a € {e,1,2,..., 25}, *,7} be a pure neutrosophic
interval biloop. L is a Smarandache weakly Lagrange pure
neutrosophic interval biloop.

We have a class of pure neutrosophic interval biloops which
are Smarandache Lagrange and a class of pure neutrosophic
interval biloop which is Smarandache weakly Lagrange.

These situations are given by the following theorems.

THEOREM 1.4.10: Let L,,(I)= {[0,al] | a €{e,1,2,..., p}, s <p, s;
* p an odd prime greater than 3} U {[0,al] | a €fe,1,2,..., g},
r<p, r,*; q an odd prime greater than three} be a class of pure
neutrosophic interval biloops. Every biloop in this class of
interval biloops L,,(I) is a Smarandache Lagrange pure
neutrosophic interval biloop.

The proof follows from the fact the order of every biloop is
(p+1) (g+1)=2 m (m<q). Hence these biloops have only
subbigroups of order 2.2.

THEOREM 1.4.11: Let L,,(I)= {[0,al] | a € {e,1,2,..., n}, * n
odd n > 3,t; t<n, (t-1,n)= (t,n)=1, *} U {[0,al] | a €fe,1,2,...,
mhL* m odd, m > 3, s s<m; (s—1, m)= (s,m)= 1,*} be the class
of pure neutrosophic interval biloops. Every interval biloop in
this class is a Smarandache weakly Lagrange interval biloop.
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Proof follows from the fact every {[0,al] U [0, bI], [0, el] U
[0,el]l} cL=L; ulLl, e L) is a subbigroup of order four
ando (L)=2%m (m>9).

Now we can define the notion of Smarandache (pi, p.)
Sylow interval subbiloops of a pure neutrosophic interval
biloop.

Suppose L = L; U L, is a pure neutrosophic interval biloop
of finite order. Let p,, p» be two primes (distinct or otherwise)
such that p; p./ o (L). Suppose A=A, UA cLiul,bea
Smarandache pure neutrosophic subbiloop of L of order mm,
and if B = B; U B, € A U A, = A is a pure neutrosophic
interval subbigroup of A of biorder p;p, and if p;p, / m;my,, then
we say L is a Smarandache (pi, p2)- Sylow pure neutrosophic
interval bisubgroup.

Example 1.4.21: Let L=L,uL,={[0,al]la €{e,1,2,..., 23},8,
*1 v {[0al] | a €{e,1,2,..., 43}, 8, *} be a pure neutrosophic
interval biloop, L is a Smarandache (2,2)- Sylow biloop.

We say a finite biorder Smarandache strong (p;, p2)- Sylow
biloop if every subbigroup is of a prime power biorder and
divides biorder of L. We will give example of it.

Example 1.4.22: let L =L, U L, = {[0,al] | a €{e,1,2,...,
11}1* 9} u {[0,al] | a €{e,1,2,..., 11}, *10} be a pure
neutrosophic interval biloop. L is a Smarandache strong (2, 2)
Sylow interval biloop.

In view of this we have the following theorem.

THEOREM 1.4.12: Let L,,(I) = {[0,al] | a €fe,1,2,....p}, p an
odd prime greater than 3,t, t < p; (t,p) = (t=1, p) = 1, *} U
{[0,al] | a €fe 1,2,..., q}, q an odd prime greater than 3,s, s<q,
(s,q)= (s—1,q)= 1,%} be the class of pure neutrosophic interval
biloops. Every biloop in Ly, (1) is a Smarandache strong (2,2)
Sylow interval biloop.

We can define as in case of biloops in case of pure
neutrosophic interval biloops also the notion biassociator,
Smarandache bicyclic and Smarandache strong bicyclic biloops.
We call a pure neutrosophic interval biloop to be a
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Smarandache cyclic biloop if L = L; U L, contains a bisubset A
= A, U A, such that A is a cyclic bigroup. If every proper
bisubset A of L which is a subbigroup is bicyclic then we say
the interval biloop is a Smarandache strong pure neutrosophic
interval bicyclic loop. We will first provide examples of this
concept.

Example 1.4.23: Let L=L,uLl,={[0,al] lae{el,2,..,27},
* 8} u {[0,al] | a e{e,1,2,..., 30}, *, 14} be a pure neutrosophic
interval biloop. L is a Smarandache cyclic pure neutrosophic
interval biloop.

Example 1.4.24: Let P=P, U P, = {[0,al] | a €{e,1,2,..., 47},
*9} U {[0,al] | a € {e,1,2,..., 53}, *, 9} be a pure neutrosophic
interval biloop. P is a Smarandache strong cyclic interval
biloop.

In view of this we have the following theorem.

THEOREM 1.4.13: Let L,,(I)= {[0,al] | a €le1,2,..., p}; p a
prime greater than 3 and n < p ; n, ¥} U{[0,al] | a €fe,1,2,...,
q), q a prime, q>3; m; m<q, *} be a class of pure
neutrosophic interval biloops. Every pure neutrosophic interval
biloop in Ly,(1) is a Smarandache strongly cyclic biloop.

The proof is direct follows from the fact that every distinct
bipair generates a bisubloop or the whole biloop. We can define
for a pure neutrosophic interval biloop L= L, U L, the notion of
biassociator of L. denoted by A(L) = A(L;) UA(L,).

Example 1.4.25: Let L =L, u L, ={[0,al] | a € {e,1,2,..., 27},
20, *} U {[0,al] | a e{e, 1, 2, ..., 23}, * 20} be a pure
neutrosophic interval biloop. The associator of L is A(L) =
AL)UAlLy) =L, uL,=L.

In view of this we have the following theorem.

THEOREM 1.4.14: Let L,,.(I)= {[0,al] | a € {e, 1,2, ..., m}, s, s
<m, ¥} U{[0,al] | a €fe1,2,..., n}, t, t <n, ¥} mand n odd
greater than three be the class of pure neutrosophic interval
biloops. Every pure neutrosophic interval biloop L= L; U L, in
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Ly(1) is such that A(L)=A(L; U L;) = A(L;) VA (Ly)=L; UL,
=L

The proof is direct based on the definition of associator
[9, 13]. We can define for these biloops the notion of first and
second binormalizers.

In particular the first binormalizer in general is not equal to
the second binormalizer. Interested reader can supply with
examples. Several interesting properties derived for biloops can
also be derived for pure neutrosophic interval biloops with
appropriate modifications. Further these properties can be easily
extended in case of mixed neutrosophic interval biloops. We
will only give examples of them.

Example 1.4.26: Let L =L, UlL,={[0,a+bl]la,be Z; 3, *}
U {[0, a+ bl] | a, b e Zy, * 8} be a mixed neutrosophic
interval biloop of finite order.

Clearly this biloop contains as a subbiloop both pure
neutrosopbic interval biloop as well as just interval biloop. We
now proceed on to define quasi neutrosophic interval biloop.
We call L= L, U L, to be a quasi neutrosophic interval biloop if
one of L; or L, is a pure neutrosophic or a mixed neutrosophic
interval loop and the other is just an interval loop. We will
illustrate this situation by some examples.

Example 1.4.27: Let V=V, U V, = {[0,a] la € Z;s, * 8} U
{[0,al] | a € Z43,*%,8} be a quasi neutrosophic interval biloop of
finite order.

Example 1.4.28: LetL =L, UL, = {[0,al+b] | a,b € Z4,*, 9}
U {[0,a] | a € Zy9, *,9} be a quasi neutrosophic interval biloop
of finite order.

Example 1.4.29: let L=L, U L, = {[0,a] | a € Z;3,*, 8} U
{[0,al] | a € Z;7, 12} be a quasi neutrosophic interval biloop of
finite order.

Example 1.4.30: letL =L, Ul,={[0,a]lae Zy, *7} U

{[0,a+bI] | a, b € Zy, *21} be a quasi neutrosophic interval
biloop of finite order.
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For these class of biloops also. We define pure neutrosophic
or mixed neutrosophic quasi interval biloops as follows. Let L=
L, u L, if only one of L; or L, is a neutrosophic interval loop
and the other is just a neutrosophic loop.

We will give examples of this structure .

Example 1.4.31: Let L = L; U L= {LI»s9)} v {[0,al] | a
e{e,1,2,..., 29,%9} be a neutrosophic quasi interval biloop of
finite order where L, ={al | a € {e,1,2,..., 25}, 9, *}.

Example 1.4.32: Let L=L,uUlL,={[0,al]lae{e,l,2,.., 23},
*19} U {al | a €{e,1,2,..., 23}, * 22} be a neutrosophic quasi
interval biloop of order 24 x 24.

Example 1.4.33: Let L=L,UL,={[0,a+bl]la,be {e1,2, ...,
26, 27},11,*%} v {al | ae {e,1,2,..., 47}, 11,*} be a neutrosophic
quasi interval biloop of finite order 28 x 48.

Example 1.4.34: letL =L, ul,={allace{el,2, .., 13},
9,*} U {[0,a+bl] | a,b €{e,1,2,..., 13}, 9, * } be a neutrosophic
quasi interval biloop of order 14* =196.

We can derive almost all the results discussed in this section
about pure neutrosophic interval biloops to the class of quasi
neutrosophic interval biloops to the class of quasi neutrosophic
interval biloops with simple modifications. We can still define
another type of biloop which we choose to call as quasi
neutrosophic quasi interval biloop if only one of L, or L, is a
interval loop other just a loop and only one of them is
neutrosophic other just not neutrosophic then we call L= L, U
L, to be a quasi neutrosophic quasi interval biloop. We will now
proceed on to give examples of them.

Example 1.4.35: LetL=L, UL, ={Le(8)} U{[0, al] | a €{e,
1,2, ...,47}, 8, *} be a quasi neutrosophic quasi interval biloop.

Example 1.4.36: Let L=L, ul,={[0,a]llae {e 1, 2, ..,

43}, 10, *} v {al la € {e, 1, 2, ..., 23}, * 10} be a quasi
neutrosophic quasi interval biloop of finite order.
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Example 1.4.37: Let V=V, U V,={[0,a+bl] la,b € {e,1,2,...,
11},8,*} U {a l a e{e,1,2,..., 13}, 8,*} be a quasi neutrosophic
quasi interval biloop.

Consider M=M, U M, = {[0,a+bl] I a, b € {e,1,2,..., 5},%3}
U {alae{l2,.., 5}, * 3} is not a quasi neutrosophic quasi
interval biloop as M, € M.

However if P = P; U P,= {[0, a+bI] | a,b €{e,1,2, ..., 5},%,
3} u{alae{ely2,.., S5}, * 4} is a quasi neutrosophic quasi
interval biloop. Now one can define neutrosophic interval loop-
group, quasi neutrosophic interval loop-group and quasi
neutrosophic quasi interval loop-group.

We only give examples of them.

Example 1.4.38: Let L=L, u L, = {[0,al] | a € {e,1,2,...,
25}1,% 12} U {[0,a+bI] | a,b € Z,s, +} be a neutrosophic interval
loop-group of finite order.

Example 1.4.39: Let P=P,UP,={[0,al+b]labe{e,1,2,..
.29}, *, 12} u {[0,al] | a € Zy4s, + } be a neutrosophic interval
loop-group of finite order.

Example 1.4.40: Let M =M, U M, = {[0,a+bl] | a,b € Zng,
+} U {[0,a+bI] | a, b € {e,1,2,..., 13}, 12, *} be a neutrosophic
interval group-loop.

Example 1.4.41: Let M=M, U M, = {[0,a] | a €Z4s, +}
U{[0,a+bI] | a,b € {e,1,2,..., 43},8,*} be a quasi neutrosophic
interval group-loop of finite order.

Example 1.4.42: Let R=R; U R, ={[0,a+bl] | a,b € Z,s5,+} U
{[0,a] | a e{e,1,2,..., 47}, 19,*} be a quasi neutrosophic interval
group-loop.

Example 1.4.43: Let T=T, U T,={[0,al]lae ZsI\ {0}, x}
v {[0,a] | a € {e1,2,...,43}, 19,*} be a quasi neutrosophic
interval group-loop.

Example 1.4.44: Let T=T, U T,={[0,a]lae Z;s\ {0}, X} U
{[0,a+bI] I a,b e{e,1,2,..., 33}, 14, *} be a quasi neutrosophic
interval group-loop of finite order.
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Example 1.4.45: Let V=V, U V, = {[0,a+bl] la, b € Zy,+} U
{al 1 a € {e,1,2,..., 43},*% 8} be a neutrosophic quasi interval
group- loop.

Example 1.4.46: Let M=M; U M,={[0,a+bl] la, b € {e,1,2,...,
431,29,%} u {al | a € Z;3 \ {0}, X} be a neutrosophic quasi
interval loop-group of finite order.

Example 1.4.47: let B = B; U B, = {[0,a+bl] | a, b €
Zyps,+io{[al | a € {e1,2,..., 47}, 9,*} be a neutrosophic quasi
interval group-loop of finite order.

Example 1.4.48: Let V=V, U V, = {[0,al] | a € {e,1,2,..., 15},
8, *} U {Zis,+} be a quasi neutrosophic quasi interval loop-
group.

Example 1.4.49: Let M =M, UM,={[0,al]lae Zys, +} U
{L29(8), *} be a quasi neutrosophic quasi interval group-loop.

Example 1.4.50: Let P =P, U P,={[0, a+bl] la,b e {e, 1, 2,
.y 291,19, *} U {Zy9 \ {0}, X} be a quasi neutrosophic quasi
interval loop-group.

Now the notion of substructures can be easily derived and
described by any interested reader.

We can define the new notions of neutrosophic interval loop
- semigroup, quasi neutrosophic interval loop - semigroup,
neutrosophic quasi interval loop - semigroup and quasi
neutrosophic quasi interval loop - semigroup, it is left to the
reader, however we give examples of them.

Example 1.4.51: Let V=V, U V,={[0,al]lae {e, 1, 2, ...,
23}, 10, *} w {[0, a+bl] | a, b € Z4, X} be a neutrosophic
interval loop - semigroup.

Example 1.4.52: Let M =M, UM, = {[0, a+bl] la,be Z" U
{0}, x} U {[0, a+bI] I a, b € {e, 1, 2, ..., 41}, 8, *} be a
neutrosophic interval loop-semigroup.

Example 1.4.53: Let M = M; U M, = {([0, aI], [0, a,], [0,
asl], [0, ad]) laje Z" U {0}, x; 1 <i<4} U {[0, a+bl] la, b e
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{e, 1, 2, ..., 13}, 8, *} be a neutrosophic interval semigroup -
loop.

Example 1.4.54: LetP =P, UP,={[0,a]lae {e 1,2, ...,
19}, 8, *} U {[0, a+bl] | a, b € Z,4, X} be a quasi neutrosophic
interval loop - semigroup.

Example 1.4.55: Let S =S, U S, ={[0,a]lae Zs, X} U
{[0, a+bl] | a, b € {e, 1, 2, ..., 23}, 18, *} be a quasi
neutrosophic interval semigroup - loop.

Example 1.4.56: Let P =P, U P,={[0, a+bl]la,be {e, 1, 2,
..., 43}, 10, *} U {[0, a] | a € Z4, X} be a quasi neutrosophic
interval loop - semigroup.

Example 1.4.57: Let M =M; UM, = {[0, al] | a € Z4, X} U
{[0, a+bI] 1 a, b € {e, 1, 2, ..., 29}, 20, *} be a neutrosophic
interval semigroup - loop.

Example 1.4.58: Let M =M; U M, = {Zys], x} U {[0, a+bl] | a,
be {e 1,2, ..., 23}, * 8} be a neutrosophic quasi interval
semigroup - loop.

Example 1.4.59: Let G=G, UG, ={[al]lae {e 1,2, ...,
23}, 12, *} U {[0, a+bl] | a, b € Z4, X} be a neutrosophic quasi
interval loop - semigroup.

Example 1.4.60: Let P =P, U P, = {Zyl, x} U {[0, al]la e {e,
1,2, ...,41}, 9, *} be a neutrosophic quasi interval semigroup -
loop.

Example 1.4.61: Let B =B, U B, ={Z4y, X} U {[0, al+b] la, b
e {e, 1,2, ...,47}, * 12} be a quasi neutrosophic quasi interval
semigroup - loop.

Example 1.4.62: Let C=C, U C,={[0,a+bl]la,be Z"U
{0}, x} U {L,7 (8)} be a quasi interval semigroup - loop.

Now having seen quasi non associative bistructure we now
proceed onto give examples of the non associative bistructures
viz. loop - groupoids of various types.
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Example 1.4.63: Let M =M, U M, = {[0, al] | a € Zys, (3, 8),
*1 U {[0, atbl] la,be {e 1,2, ...,45}, 8, *} be a neutrosophic
interval groupoid - loop of finite order.
Example 1.4.64: Let M =M, U M, = {[0, a+bl] | a, b € Zi4, ¥,
@, 17} u {[0, atbl] l a, b e {e, 1, 2, ..., 15}, 8, *} be a
neutrosophic interval groupoid - loop.

Example 1.4.65: Let S=S,uU S, ={[0,al]lae {e, 1,2, ...,
19}, 18, *} U {[0, al] | a € Zagy, (17, 11), *} be a neutrosophic
interval loop - groupoid.

Example 1.4.66: Let S =S, U S, ={[0, al]lae Zyp, * (11,
19)} u {[0, a] | a € {e, 1, 2, ..., 23}, * 18} be a quasi
neutrosophic interval groupoid - loop.

Example 1.4.67: Let T =T, uT,= {[0, al] la e Zsg, * (12,
1)} U {[0, a+bl] 1 a, b e {e, 1, 2, ..., 43}, * 15} be a quasi
neutrosophic interval groupoid - loop.

Example 1.4.68: LetC=C,uUC,={[0,al]lae {e 1,2, ...,
23}, % 8} U {[0, al] la € Z4, * (3, 8)} be a neutrosophic quasi
interval loop - groupoid.

Example 1.4.69: LetR=R; UR,={[0,al]lae Z4s, * (8,1) }
U {[al] la e {e 1,2, ..., 49}, 9, *} be a neutrosophic quasi
interval groupoid - loop.

Example 1.4.70: Let N=N; U N, = {[0, a] | a € Zyo, *, (23,
140} U {[al] | a € {e, 1, 2, ..., 29}, 9, *} be a quasi
neutrosophic quasi interval groupoid - loop.

Example 1.4.71: Let V=V, U V,={[al]lae Z4o, *, (19, 29}
U {[0, a]l lae {e, 1, 2, ..., 53}, 8, *} be a quasi neutrosophic
quasi interval groupoid - loop.

Since groupoid - loop is a non associative structure all
identities and all properties associated with these structures can
be studied with appropriate modifications. We now proceed of
to define interval bistructures using matrices and polynomials.
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Recall 2[0, al]x' is a neutrosophic interval polynomial in
i=0

the variable x where a; € Z, or Z" U {0} or R" U {0} or Q" U
{0}. We can give on the collection of neutrosophic intervals
polynomials semigroup structures or group structure or
groupoid structure or loop structure when Z, is used only for
semigroup - groupoid structure Z; U{0} or R; U{0} or
Q; U{0} coefficients are used as the interval coefficients. We
will only give examples [9, 13].

Example 1.4.72: Let V=V, UV, =

[0,a,I]

0,a,1

[ ,2] a,€”lyy,+p U

[0,a41]
al a2 a3
a, a; a,|l|a, =[0,x1] wherex; e {e, 1,2, ...,43}, 8, *}
a; ag 4y

be a neutrosophic interval semigroup - groupoid.

Example 1.4.73: LetM =M, UM, =

{i[o, al]x’

i=0

ae {e,1,2,...,19}*,8}

a, a, a,
Uslas a, a, ag||a=[0,xll;xie Zp, +}
a4 3 A 3Ap

be a neutrosophic interval groupoid - semigroup.

73



Example 1.4.74: LetS=S,0U S, =

{Z.O:[O,ail]xi

i=0

a,eZ’ u{O},x} U

4,  a;

a a

> % la =[0,x.I] wherex; € Zo, (8, 2), *}
1 1

a3 a7

a, ag

be a neutrosophic interval semigroup - groupoid.

Example 1.4.75: Let X = X, U X, = {[0,al]lae {e, 1,2, ...,

31}, 9, %} U {Z[O,ail]xi

i=0

a e ZZO,*,(3,IO)} be a neutrosophic

interval loop - groupoid.
We can build several types of them like quasi neutrosophic
or quasi neutrosophic quasi interval bistructures.

Example 1.4.76: letL =L, ul,={[0,a]lae {e 1,2, ...,

a2 a3

37}, 9, *} U a, a; a,|la, =[0,x,]] where x; € Zi,
a; ag a4

(3, 17), *} be a quasi neutrosophic interval loop - groupoid.

Example 1.4.77: Let S=S,u S, ={[0,al]lae {e, 1,2, ...,

al a2 a3
a, a, a,
a7 a8 a9
37}, 28, *} v a, =[0,x,I] where x; € Zs,
alO all a12

a3 Ay A

16 a17 a18

(2, 18), *} is a neutrosophic interval loop-groupoid.
We can build bistructures in them and work as in case of
other interval bistructures.

74



Chapter Two

NEUTROSOPHIC INTERVAL BIRINGS AND
NEUTROSOPHIC INTERVAL BISEMIRINGS

In this chapter we for the first time introduce the notion of
neutrosophic interval birings, neutrosophic interval bisemirings,
neutrosophic interval bivector spaces and neutrosophic interval
bisemivector spaces study and describe their properties. This
chapter has three sections. In section one the notion of
neutrosophic interval birings are introduced.

Neutrosophic interval bisemirings are introduced in section
two. In section three neutrosophic interval bivector spaces and
neutrosophic interval bisemivector spaces are introduced and
studied.

2.1 Neutrosophic Interval Birings

In this section we introduce the notion of neutrosophic
interval birings and study their properties.

DEFINITION 2.1.1: Let R = R; U R, where R; and R, are
distinct with R; a collection of neutrosophic intervals of the
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special form [0, al] with a € Zn, n; < cowhich is a ring for i=1,

2. We define R = R; U R, to be a pure neutrosophic interval
biring.

If instead of [0, al] we use [0, a+bl]; a, b € Z, we call R to
be a mixed neutrosophic interval biring or just neutrosophic
interval biring. Clearly using Z* U {0} or R" U {0} or Q" U
{0} in the place of Z, will not give R a ring structure.

We will illustrate this situation by some examples.

Example 2.1.1: Let R =R, UR,={[0, al] la € Zy, +, X} U
{[0, bI] I b € Z4,, +, X} be a pure neutrosophic interval biring of
order 20 x 42.

Clearly R is commutative with [0, 1] u [0, I] as its
multiplicative identity.

Example 2.1.2: Let R=R, UR,={[0,al]lae Z, +, X} U
{[0, bI] I b € Z3, +, X} be a pure neutrosophic interval biring of
finite order.

Clearly R has no zero divisors. Infact R has no

idempotents. R is a neutrosophic interval bifield of order 19 X
13.

Example 2.1.3: Let B=B; U B, ={[0, al] | a € Zy, +, X} U
{[0, bI] I b € Zy5, +, X} be a neutrosophic interval biring. B has
bizero divisors. For take

x =[0, 101] u [0, 3I]
and y =[0, 4] u [0, 41] in B.

Clearly x.y = [0] U [0]. B has biunits. For take x = [0, 391]
v [0, 11I] in B; we get x* = [0, I U [0, I]. B has
biidempotents. Consider x = [0, 161] U [0, 4I] in B, we see x*
= X hence the claim.

Thus these rings have bizero divisors, biunits and
biidempotents.

Example 2.1.4: Let M =M, UM, = {[0, al] | a € Z4, +, X} U
{[0, al] | a € Zy4, +, X} be a neutrosophic interval biring. M has
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no biidempotents but has biidempotents of the form x = [0, 16I]
U [0, I] in M, as x> = x. We call this type of biidempotents as
quasi biidempotents.

M has also quasi binilpotents, for take y = [0, 201] L [0, 0]
we see y* = [0, 0] U [0, 0].

We call a neutrosophic interval biring S = S; U S, in which
one of S; or S, is a neutrosophic interval field as a quasi
neutrosophic interval bifield.

Example 2.1.5: Let V=V, U V,={[0,al]lae Zy, +, X} U
{[0, al] | a € Z;, +, X} be a quasi pure neutrosophic interval
bifield.

Inview of this we have the following theorem.

THEOREM 2.1.1: LetR=R; UR, ={[0, al] | a € Z,; n a non
prime, +, x} U ([0, al] | a € Z,, p a prime, +, x} be a pure
neutrosophic interval biring. R is a pure neutrosophic quasi
interval bifield.

The proof is direct from the very definition.

We can define pure neutrosophic interval subbiring and
biideal which is simple hence left as an exercise to the reader.

We give examples of them.

Example 2.1.6: Let R=R, UR,={[0,al]lae Zp, +, X} U
{[0, al] | a € Z,o, +, X} be a pure neutrosophic interval biring.
Consider P=P, UP,={[0,al]lae {0,2,4,6,8, 10} c Z, X,
+} U {[0,al]lae {0,5} € Zi, X,+} Ry UR,. Clearly Pis a
pure neutrosophic interval biring and is nothing but P is a pure

neutrosophic interval bisubring of R. We can easily verify that
P is infact a biideal of R.

Example 2.1.7: Let R=R; UR,= {[0, al]la € Zy, +, X} U
{[0, al] | a € Z3, +, X} be a pure neutrosophic interval biring. It
is a bifield and hence has no ideals.

We can study the notion of quotient birings in case of
neutrosophic interval birings.
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Let R = R; U R; be a pure neutrosophic interval biring. J =
I, U I, be a pure neutrosophic interval biideal of R. R/J =R/ I,
U Ry/1 is the pure neutrosophic interval quotient biring.

We will illustrate this situation by some examples.

Example 2.1.8: Let R=R, UR,= {[0,al]lae Zp, +, X} U
{[0, al] | a € Z;5, +, X} be a pure neutrosophic interval biring.
LetJ=L,uL= {[0,al]lae {0, 2, ...,10} c Zp, +, X} U {[O,
al] la e {0, 3, 6,9, 12} < Z;5, +, X} be a pure neutrosophic
interval biideal of R.

Consider R/J =R/ I; URY/I, .

= {1, [0,]] + I} U {I,, [0,]] + L5, [0, 2I], I,}. WeseeR/lisa
pure neutrosophic interval bifield isomorphic with {[0, al] | a €
Zo, +, X} U {[0, al] | a € Zs, +, X}. We can also have the
quotient rings as pure neutrosophic interval birings.

Consider J =1, u L = {[0, al] la € {0, 4, 8, 12, 16, 20}, X,
+} U {[0, aI] I a € {0, 10, 20}, +, X} <€ Ry U Ry, be a pure
neutrosophic biideal of R.

Take R/J =R/ 1, U R/, = {1, [0, I] + I, [O, 2I] + I, [O, 3I]
+ L} u {1 [0, 1] + L, [0, 2I] + L, ...., [0, al] + L,} to be the
quotient interval biring.

Clearly R/J = Z4 U Z,y and is not a pure neutrosophic
interval bifield only a pure neutrosophic interval biring. We
cannot define biring structures using R* U {0} or Q" U {0} or
7" U {0}.

We define S = S; U S, to be a quasi neutrosophic interval
biring if S; is a pure neutrosophic interval ring and S, is just an
interval ring. We will give examples of them.

Example 2.1.9: LetM =M, UM, = {[0, al] la € Zy3, +, X} U
{[0, a] | a € Zy,, +, X} be a quasi neutrosophic interval biring.

Example 2.1.10: LetP =P, U P,={[0,al]lae Zj, +, X} U
{[0, a] | a € Z7, +, X} be a quasi neutrosophic interval bifield.

Example 2.1.11: Let T=T, U T,={[0,a]lae Zsy, +, X} U

{[0, al] | a € Zy4, +, X} be a quasi neutrosophic interval quasi
bifield.
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Example 2.1.12: Let V=V, U V,={[0, a] la € Zy, +, X} U
{[0, al] | a € Z,3, +, X} be a quasi neutrosophic interval quasi
bifield.

Quasi neutrosophic interval birings also contain bizero
divisors, biunits biidempotents and quotient birings can be
constructed using biideals. This is a matter of routine and hence
is left as an exercise to the reader.

We see however we can construct neutrosophic quasi
interval birings. We call R = R, U R; to be a neutrosophic quasi
interval biring if R; is just a neutrosophic ring and R, is a
neutrosophic interval ring.

We will give examples of such birings.

Example 2.1.13: Let V=V, U V,={[0,al]lae€ Zy, +, X} U
{[Zssl, +, X} be a neutrosophic quasi interval biring. V has
bizero divisors and biunits. We see biunit element of V is [0, I]
U L. Consider x = [0, 411] U 14l in V, x> = [0,]JUI Takex =
[0, 21T uSTandy = [0, 2[] U 3Iin Vxy=0U 0.

fP=P,UP,={[0, al]la € 2Z4, +, X} U {3Zs], +, X} <
Vi, u V, =V; P is a neutrosophic quasi interval bisubring of V
as well as neutrosophic quasi interval biideal of V.

Example 2.1.14: LetM =M, UM, ={[0,al]lae Z;, +, X} U
{Z51, +, X} be a pure neutrosophic quasi interval bifield.
M has no biideals or subbirings or bizero divisors.

Example 2.1.15: Let V=V; U V, = {Zyl, +, x} U {[0, al] |
a € Zy, +, X} be a neutrosophic quasi interval quasi bifield.
This V has only neutrosophic quasi interval quasi biideals, quasi
biunits and quasi bizero divisors.

Example 2.1.16: Let M = M; U M, = {Zs], +, X} U {[0, al] |
a € Zy, +, X} be a neutrosophic quasi interval quasi bifield. M
has only quasi biideals given by I =1, U 1, = {5Zy], +, X} U
{0}. Now we say a biring S = S; U S, is a quasi neutrosophic
quasi interval biring if one of S; or S, is just a interval ring.

We will give examples of them.
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Example 2.1.17: Let V=V, U V,={Zy, +, X} U {[0,al]la e
Zy, +, X} be the quasi neutrosophic quasi interval biring.
This biring has biideals, bizero divisors, bisubrings etc.

Example 2.1.18: Let V=V, U V,={Zl, X, +} U {[0, a] la
€ Zx, +, X} be a quasi neutrosophic quasi interval biring.

Example 2.1.19: Let M =M, UM, = {Z]], +, x} U {[0, a] | a
€ Zu, +, X} be a quasi neutrosophic quasi interval bifield.

Example 2.1.20: Let V=V, U V,={[0,al]lae Z, +, X} U
{Z23, +, X} be a quasi neutrosophic quasi interval bifield.

Example 2.1.21: LetM =M, UM, ={[0,al]lae Zs, +, X} U
{Z4s, +, X} be a quasi neutrosophic quasi interval quasi bifield.
This M has only quasi biideals, quasi biidempotents and quasi
biunits.

Example 2.1.22: LetT=T,UT,={Zy7, +,x} U {[0,al]la€e
Z5, +, X} be a quasi neutrosophic quasi interval quasi bifield.

Example 2.1.23: LetP =P, UP,={Zxyl, +,x} U {[0,a]lace
Z0, +, X} be a quasi neutrosophic quasi interval bifield.

Example 2.1.24: Let R =R, U R, ={[0, al] | a € Zs3, +, X} U
{Zsl, +, X} be a quasi neutrosophic quasi interval quasi bifield.
Now we can study the notions by replacing the pure
neutrosophic intervals [0, al] by [0, a+bI] and derive interesting
results.
We give examples and indicate how it differ from pure
neutrosophic bistructures.

Example 2.1.25: Let R = Ry U R, = {[0, a+bl] | a, b € Zy, X,
+} U {[0, a+bl] | a, b € Z5, X, +} be a neutrosophic interval
biring. Clearly R is not a pure neutrosophic interval biring but
R has pure neutrosophic interval subbiring and just interval
biring, given by P =P, U P, = {[0, bI] | b € Z4, +, X} U {][O0, bI]
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| b e Zp, +, X} < R is a pure neutrosophic interval subbiring
which is also a pure neutrosophic interval biideal.

Take S =S, U S, ={[0,a]lae Zy, +, x} U {[0,a]lae
Z1, +, X} < R, S is a interval subbiring which is not an interval
biideal.

Apart from this if we take W = W; U W, = {[0, a+bl] la, b
€ 274, +, X} U {[0, a+bl] la,b € 2Z5, +, X} c R UR, =R, W
is a neutrosophic interval subbiring which is a biideal of R.

Example 2.1.26: Let S =S; U S, = {[0, a+bl] | a, b € Zy4, X,
+} U {[0, a+bI] | a, b € Zy, X, +} be a neutrosophic interval
biring.  This has bisubrings which are not biideals and
bisubrings which are biideals.

Inview of this we have the following theorem.

THEOREM 2.1.2: Let M = M; UM, = {[0, a+bl] | a, b € Z,, X,
+} U {[0, a+bl] | a, b € Z,, X, +} m and n are distinct non
prime numbers. M has P=P; P, ={[0,al]la e Z, x +} U
{[0, bl] | b € Z,, x, +} < M, P is a subbiring as well as
subbiideal.

ButT=Ti,uT,={[0,a]lae Z,, X, +} U {[0,b] Ibe Z,,
X, +} € M is only a subbiring and is not a biideal of M.

Proof is straight forward hence left as an exercise to the
reader.

Example 2.1.27: Let P=P; U P, ={[0, a+bl] | a, b € Z, +, X}
8uU {[0, a+bl] | a, b € Zjp, +, X} be a neutrosophic interval
biring.

This has biideals and bisubrings. Take S = S; U S, = {[0,
a+bl] la, b e {0, 3, 6} < Zo, X, +} U {[0, a+bI] [ a, b € {0, 4,
8}, +, x} <Py UP, Sisa biideal of P.

Take W =W, U W, ={[0,a]la,be {0, 3, 6} =Zo, X, +}
v {[0, a] la € {0, 4, 8}, +, x} c P, U P, =P; Wis only a
bisubring of P and is not a biideal of P. Thus P has subbirings
which are not biideals.

Consider P/S = Py/S; U P»/S, = {Sy, [0, a+bl] + S; la, b e
{0, 1, 2}, +, X} U {S,, [0, a+bI] + S, la, b e {0, 1, 2, 3}, +, X}
is a biring. The order of P/S denoted by IP/SI =9 U 16.
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Now B=B, UB,={[0,al]lae Zy, +, x} U {[0,bI] I b e
Z, +, X} < Py U P, is a biideal of P.

Consider P/B = P,/B, U P»/B, = {B,, [0,1] + By, ..., [0, 8] +
B} U {By, [0,1] + By, [0,2] + By, ..., [0, 11] + By} is the
quotient neutrosophic interval biring or neutrosophic interval
quotient biring.

These neutrosophic interval birings also contain
zerobidivisors, biunits etc.

Example 2.1.28: Let M =M; U M, = {[0, a+bl]la,b e Z;, +,
x} U {[0, a+bl] | a, b € Z;3, +, X} be a neutrosophic interval
biring. This has biideals. For take P = P, U P, = {[0, al] | a
Zi, +, X} U {[0, al] la € Z;, +, X} < M; UM, =M is
neutrosophic interval biideal. The quotient biring M/P = M,/P,
U My/P, = {Py, [0,1] + Py, ..., [0, 10] + Py, +, X} U {P, [0,1] +
Py, ..., [0, 12] + Py, +, X} =7y U Zy5.

Studies in this direction can be carried out by the interested
reader.

Example 2.1.29: LetM =M, UM, = {[0, a+bl]la, be Z, +,
x} U {[0, a+bl] | a, b € Zyy, +, X} be a neutrosophic interval
biring. M has biideals, bisubrings, which are not biideals,
biunits, bizero divisors and biidempotents.

We can also define S = S; U S, where S, is pure
neutrosophic and S, mixed neutrosophic still we call interval
biring.

We will give some examples of them.

Example 2.1.30: Let V=V, U V,= {[0,al]lae€ Z5, +, X} U
{[0, a+bI] | a, b € Z;,, +, X} be the neutrosophic interval biring.

Consider S =S, U S, = {[0, al]lae Z4, +, X} U {[0, a+bl]
la, be Z +, X}, S is not a neutrosophic interval biring of S; <
So.

Example 2.1.31: Let M =M, UM, = {[0, al] | a € Zy4, +, X}

U {[0, a+bl] | a, b € Zyy, +, X} be the neutrosophic interval
biring.

82



This biring has biideals, bisubrings, bizero divisors and so
on.

Example 2.1.32: Let P =P, U P, = {Zs], +, X} U {[0, a+bl] | a,
b € Z;, +, X} be a neutrosophic quasi interval biring.

Example 2.1.33: LetP =P, UP,={[0, a+bl] | a,b € Zy4, +, X}
U {Zs, +, X} be a quasi neutrosophic quasi interval biring.
We can define special type of neutrosophic interval birings.

Example 2.1.34: Let

oo

T=T,uT,= {Z[o, al]x'

i=0

ae Z7,+,><} U

i=0

{i[o,a +bI]x'

a,be Zm,+,><}
be a neutrosophic interval polynomial biring.
Example 2.1.35: Let

S=S,US;= {Z[O,a]xi

i=0

ae Z4O,+,x} U

{i[o,a +bI]x'

i=0

a,be ZZO,+,><}

be a quasi neutrosophic interval polynomial biring.

Example 2.1.36: Let

S=S1US;= {ialxi

i=0

{i[o,a +bI]x'

i=0

ae ZZG,+,><} U

a,be Z4O,+,x}

be a neutrosophic quasi interval polynomial biring.
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Example 2.1.37: Let

A=A UA= {Z[O,a+bl]xi

i=0

a,be ZZS,+,><} ]

{i[o,a +bI]x'

i=0

a,be Z4S,+,x}

be a quasi neutrosophic quasi interval polynomial biring.
Now likewise we can define neutrosophic interval matrix
birings.

Example 2.1.38: Let

[0,a,I] [0,a,I]
[0,a,I] [0,a,I]

M=M UM, = { ae ZG,+,><} U
{P = (pij)sxs where p;j = [0, a;l] with aj; € Zi, 1 <1,j <5, X, +}
be a neutrosophic interval matrix biring.

Example 2.1.39: Let P = P, U P, = {all 3 X 3 neutrosophic
interval matrices with intervals of the form [0, a+bl] where a, b
€ Zi, +, X} U {all 8 x 8 neutrosophic interval matrices with
intervals of the form [0, al] with a € Zs, +, X} be a
neutrosophic interval matrix biring.

Example 2.1.40: Let M =M, U M, = {all 10 x 10 neutrosophic
interval matrices with intervals of the form [0, a+bl] where a, b
€ Zy, +, X} U {all 6x6 neutrosophic interval matrices with
intervals of the form [0, a] with a € Z, +, X} be a quasi
neutrosophic interval matrix biring.

Example 2.1.41: Let P = P, U P, = {all 3 x 3 interval matrices
with intervals of the form [0, a] where a € Zy, +, X} U {all
10x10 neutrosophic interval matrices with intervals of the form
[0, al] with a € Z;,, +, X} be a quasi neutrosophic interval
matrix biring.

Example 2.1.42: Let T = T; U T, = {All 5x5 matrices with
pure neutrosophic entries from Zxl} U {all 20x20 neutrosophic
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interval matrices with intervals of the form [0, a+bl], a, b € Z,,
+, X} be the neutrosophic quasi interval matrix biring.

Example 2.1.43: Let P = P, U P, = {All 3x3 matrices with
entries form Zy,, +, X} U {all 2x2 neutrosophic interval matrices
with intervals of the form [0, a+bI] where a, b € Zy, +, X} be a
quasi neutrosophic quasi interval matrix biring.

For these special type of birings also bisubstructures, bizero
divisors, biunits etc can be defined and studied as a matter of
routine.

2.2 Neutrosophic Interval Bisemirings

In this section we define the notion of neutrosophic interval
bisemirings. It is important to note that in case of neutrosophic
interval birings we could not use Z* U {0} or R* U {0} or Q" U
{0} as they are not rings but in case of neutrosophic interval
bisemirings we can make use of these positive reals, positive
rationals and positive integers apart from the modulo integers
Z.

DEFINITION 2.2.1: Let P =P, UP,={[0,al] la € Z,or Z* U
{0} or R* U{0} or O U{0}} U[[0, al] | a € Z,orZ" U [0} or
Q" U0} or R* U{0}} (or used in the mutually exclusive sense).

P; and P, are closed with respect + and x. So P; and P,
are interval semirings. If P; #P, or P; & P, or P, & P; then we
define P to be a neutrosophic interval bisemiring.

In other words P = P; P, where P; and P, are two
distinct neutrosophic interval semirings, then P is defined as the
neutrosophic interval bisemiring.

We give examples of them.

Example 2.2.1: Let V=V, UV,={[0,al]lae Z" U {0}, +,
x} U {[0, al] | a € Zo, +, X} be a pure neutrosophic interval
bisemiring.

Example 2.2.2: LetT=T,uUT,= {[0,al]lae R" U {0}, +,
x} U {[0, al] | a € Zy, +, X} be a pure neutrosophic interval
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bisemiring. Elements in T will be of the form [0, al] U [0, bI]
wherea e R* U {0} and b € Zy,.

Note: When we use {[0, al] | a € Zo, +, X} as a semiring ‘+’
denotes max and ‘X’ denotes min operation.

Example 2.2.3: Let M =M, UM, = {[0, al] la € Zy, +, X} U
{[0, bI] | b € Zy;, +, X} be the pure neutrosophic interval
bisemiring.

Example 2.2.4: Let T=T, U T,={[0,al]lae 3Z" U {0}, +,
x} U {[0, al] la € 5Z" U {0}, +, X} be the pure neutrosophic
interval bisemiring.

Example 2.2.5: Let V=V, U V,={[0,al]lac 9Z" U {0}, +,
x} U {[0, al] | a € 8Z" U {0}, +, X} be the neutrosophic interval
bisemiring of infinite order.

Now having seen neutrosophic interval bisemiring we can
define bisubstructures in them [8].

We see in general the interval bisemirings are interval
bisemifields. This is due to the fact that Z* < Q" < R* so we
cannot define bisemifields which are distinct. Further if the
entries are from Z, we see they are not strict interval
bisemirings hence cannot be bisemifields.

We can of course define mixed neutrosophic interval
bisemirings.

We will give only examples of this structure.

Example 2.2.6: Let M = M; U M, = {[0, a+bl] | a, b € Zy, +,
x} U {[0, a+bl] | a, b € Z4, +, X} be a neutrosophic interval
bisemiring.

Example 2.2.7: LetP =P, UP,={[0, a+bl]la,be Z" U {0},

+, X} U {[0, a+bl] | a, b € Zys, +, X} be the neutrosophic
interval bisemiring.
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Example 2.2.8: Let V=V, UV, ={[0, a+bl] | a,be 3Z" U
{0}, +, x} U {[0, al]  a € R" U {0}, +, X} be a neutrosophic
interval bisemiring. V is not a bisemifield.

M =M, UM, = {[0, a+bI] I a, b € 9Z" U {0}, +, x} U {[O0,
al] la e Q" U {0}, +, X} € V, U V, is a neutrosophic interval
bisubsemiring.

Take T =T, U T, = {[0,a] lae 3Z" U {0}, +, x} U {[0, al] |
ae Q" u {0}, +, Xx}c V, U Vy; T is a quasi neutrosophic
interval bisubsemiring of V. 'V is not a Smarandache
neutrosophic interval bisemiring.

Example 2.2.9: LetP=P, UP,={[0,al]lae Z" U {0}, X, +}
U {[0, al] l a € Zys, +, X} be a neutrosophic interval bisemiring.

Example 2.2.10: Let B=B, UB,={[0,al]lae Z;, +, X} U
{[0, al] | a € Zs, +, X} be a neutrosophic interval bisemiring of
finite order which is not a bisemifield.

We can as in case of brings define the notion of quasi
neutrosophic interval bisemirings and neutrosophic quasi
interval bisemirings.

We give only examples of them.

Example 2.2.11: 1LetC=C,uC,={[0,al]lae Z" U {0}} U
{[0, a] | a € R" U {0}} be a quasi neutrosophic interval
bisemiring. Clearly C 1is a quasi neutrosophic interval
bisemifield. [0, I] w [0, 1] is the biidentity element of C with
respect of multiplication.

Example 2.2.12: LetC=C,uC,={[0,a+bl]la,be Z"U
{0}, + x} U {[0, a] lae Q" U {0}, X, +} be a quasi
neutrosophic interval bisemiring. C is a quasi neutrosophic
interval bisemifield.

Example 2.2.13: LetM =M, U M, = {[0, a+bl] | a, b € Z,s, +,
x} U {[0, a] | a € Z" U {0}, +, X} be a quasi neutrosophic
interval bisemiring but is not a bisemifield. Infact M is a quasi
neutrosophic interval quasi bifield.
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Example 2.2.14: Let M =M; U M, = {[0, al] | a € Zy, +, X}
U {[0, al] | a € Z" U {0}, +, X} be a neutrosophic interval
bisemiring of finite order. M is a neutrosophic interval quasi
bifield.

Example 2.2.15: Let M =M, U M, = {Z+ U {0}, +, x} U {[0,
al] | a € Zss, +, X} be a quasi neutrosophic quasi interval quasi
bifield.

Example 2.2.16: LetM =M, UM, = {Z'T U {0}, +, x} U {[0,
al] l a € Zy, +, X} be a neutrosophic quasi interval quasi bifield.

Example 2.2.17: Let V=V, UV, ={ZT U {0}, +, X} U
{[0, a] | a € Zy, +, X} be a quasi neutrosophic quasi interval
bisemiring. Clearly V is a quasi neutrosophic quasi interval
quasi field.

Example 2.2.18: Let V=V, U V,={[0, al]ll a € Zy, +, X} U
{Z" U {0}, x, +}, V is also quasi neutrosophic quasi interval
quasi bifield.

Now having seen examples of interval bisemirings and their
generalization, we leave it for the reader to prove related results
and properties associated with bisemirings [8].

Example 2.2.19: LetL=L,uUL,={Q"uU {0}, x, +} U {[0, a]
l a € R" U {0}, +, X} be a quasi neutrosophic quasi interval
biring. Infact L is a quasi neutrosophic quasi interval bifield
which has subbifields.

Example 2.2.20: LetM =M, UM, = {Z" U {0}, +, x} U {[0,
al] | a € Z,s, +, X} be a quasi interval quasi neutrosophic quasi
bifield.

Now we can construct bistructures using neutrosophic
interval rings and semirings.

Let L =L; U L, where L, is a neutrosophic interval ring and
L, is a neutrosophic interval semiring. We define L =L, U L,
to be a neutrosophic interval ring-semiring.
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We will give some examples of them.

Example 2.2.21: Let W=W, U W, ={[0,al]lae Z" U {0},
X, +} U {[0, al] | a € Zy, +, X} be a neutrosophic interval
semiring - ring of infinite order. (Here Zyy, +, X is modulo
addition and multiplication)

Example 2.2.22: Let M =M; U M, = {[0, al+b] [ a, b € Zy4, +,
x} U {[0, a+bI] | a, b € R" U {0}, +, X} be a neutrosophic
interval ring - semiring.

Example 2.2.23: Let W=W, UW,={[0,al]lae Zs, +, X} U
{[0, a+bI] I a, b € Z" U {0}, +, X} be the neutrosophic interval
ring - semiring.

We can use distributive lattices for semirings as all
distributive lattices are semirings.

Example 2.2.24: Let L =L, u L, = {[0, al], al in chain lattice
C,= {O<al <al ...< al}} U{[0, al]la e Zy, +, X} bea
neutrosophic interval semiring - ring.

Example 2.2.25: Let

B
[0,a,I] [O,a,l

a e Z4z,+,x;1SiS4} )

{([0, a/1], ..., [0, ajl]) la; € Z" U {0}, 1 i< 10, +, X} be a
neutrosophic interval semiring - ring.

Example 2.2.26: Let

L=LHJM={ZIQaki

i=0
a, e Z”}

be a neutrosophic interval semiring - ring.

aeRWﬂm}u

i=0

{i[o, a, Ix!
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Example 2.2.27: Let M = M; U M, = {all 10 x 10 interval
matrices with intervals of the form {[0, al] where a € Z* U

{0}} U {i[o,al]xi

i=0

IS ZZS} be the neutrosophic interval

semiring - ring.

Substructures can be defined in these cases which is a
matter of routine. We will give one or two examples before we
proceed onto give generalized forms of neutrosophic interval
ring - semiring.

Example 2.2.28: Let

oo

V=V,uV,= {2[0, al]x'

i=0

a,eR” u{O},+,><} U

{([0, al], [0, bI], [0, cI], [0, dI]) I a, b, ¢, d € Zps, +, X} bea
neutrosophic interval semiring - ring. Consider

W=W UW,= {2[0, al]x'

i=0

a,eQ’ u{O},+,x} U

{([0, aI], 0, O, [0, bI]) | a, b € Zpsp, +, X} € V; U V. Wisa
neutrosophic interval subsemiring - subring of V.

Example 2.2.29: Let M =M, U M, = {([0, a[I], ..., [0, a;oI]) | a;
e R"U{0},1<i<12,+,x } U {([0, aI], [0, bI]) | a, b € Zs5, +,
X} be a neutrosophic interval semiring - ring. Consider S = S,
v S; = {([0, a,I], 0, 0, 0, 0, 0, 0, [0, asl], 0, 0, O, [0, a;,I], where
ae R"U{0},i=1,8, 12} U {([0, al), [0, bI] I a, b € {0, 5, 10,
15, 20} € Zx} <€ M; U M, is a neutrosophic interval
subsemiring - subring of M, which is also a biideal of M. In
general all subsemiring-subring of M need not be biideals of M.

For take T =T, U T, = {([0, a/I], ..., [0, a;xI]) | a;, ..., ajp €
Z" U {0}} U {([0, al], 0) la € Zys} € M; UM, =Mis only a
neutrosophic interval subsemiring - subring and not a biideal of
M.

We can define bizero divisor, biidempotents etc in case of
neutrosophic interval semiring - ring. We can also define the
notion of Smarandache concepts of these bistructures. All of
them are direct and hence left as an exercise to the reader. We

90



now proceed give examples of quasi bistructure which can be
easily understood by the reader.

Example 2.2.30: Let V=V, UV,={[0,a]llae Z" U {0}} U
{[0, al] | a € Z4} be the quasi neutrosophic interval semiring -
ring.

Example 2.2.31: LetR =R; U R, ={([0, a;], [0, a3], ..., [0, a9])

| a; € Zy, 1 <1< 9} () {Zaixi
i=0

a,eQ’ U{O}} be a quasi
neutrosophic quasi interval ring - semiring.

Example 2.2.32: Let

ac?Z' u{O}} U

i=0

M=M, UM, = {2[0, al]x'

{[0, a] | a € Zyy} be a quasi neutrosophic interval semiring -
ring.

Example 2.2.33: Let

T=T/uT,= {Z:aixi S 230} U
i=0
{Z[O,al]xi acZ' u{O}}
i=0

be a quasi neutrosophic quasi interval ring - semiring.

Example 2.2.34: Let

i=0

W=W UW,= {Z[O,ail]xi

aeZ" v {0}} )
{All 10 x 10 neutrosophic interval matrices with intervals of the

form [0, al] with a € Z;p0} be a neutrosophic quasi interval
semiring - ring.
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Example 2.2.35: Let
T=T,UT,= {2[0, al]x'
i=0

{ialxi

i=0

aeQ’ U{O}} U

ae ZZS}

be a neutrosophic quasi interval semiring - ring.

Now having seen examples of these we can define
subbistructure, Smarandache notions on them and study them:;
which can be thought as a matter of routine. We can also define
all properties related with rings and semirings on these
bistructures with appropriate modifications. We leave all these
task to the reader. We will be using these bistructures to build
bivector spaces, bisemivector spaces and vector space -
semivector space.

Example 2.2.36: Let

V=V,uV,= {Z[o,ai]xi
i=0

a e Q" u{O}} U

{[0, al] | a € Z,4} be a quasi neutrosophic interval semiring —
ring. This has no bizero divisors but has quasi bizero divisors
given by O U [0, 12[] =xand y=0 U [0, 2I] € V, we see xy =0
w 0. Likewise quasi biunits given by x = [0, 1] U [0, 23]] € V
is such that x* = [0, 1T [0, I]. Itis clearly [0, 1] U [O, I] is the
identity bielement of V.

We see V has only quasi biidempotents for x = [0, 1] U [0,
16I] € V such that x> = x. V has also binilpotents. Consider x
=1[0, 0] U [0, 12I] in V. We see x> = [0, 0] U [0, 0] as [0, 12I]
[0, 121] = [0, 144 I] = [0, O] (mod 24).

Thus we can have notion of quasi Smarandache bizero

divisors, Smarandache biidempotents, Smarandache biunits and
SO on.
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2.3 Neutrosophic Interval Bivector Spaces and their
Generalization

In this section we for the first time we define the notion of
neutrosophic interval bivector spaces, neutrosophic interval
bisemivector spaces give their generalization. We also describe
some of their properties associated with them.

DEFINITION 2.3.1: Let V = V; U V; be a neutrosophic interval
commutative bigroup under addition. Let F be a field if V; is a
vector space over F for i = 1, 2 then, we define V to be
neutrosophic interval bivector space over the field F.

It is important to mention here that F = Z,, p a prime for we
see none of our bigroups can take intervals from Z* U {0} or Q*
U {0} or R" U {0} as they are not groups under addition. Thus
when we speak of neutrosophic interval bivector spaces we only
take over the field Z,, p a prime.

We give examples of them.

Example 2.3.1: Let V=V, U V,={[0,al]lae Zs, +} U
[0,al]
[0,bI]||a, b, c e Zs, +}
[0,cI]

be an additive abelian bigroup. V is a pure neutrosophic
interval bigroup over the field Zs = F.

Example 2.3.2: Let M =M, U M, = {[0, al + b] | a, b € Z7, +}
v {([0, alI], [0, bI], [0, cI], [0, dI]) | a, b, ¢, d € Z;, +} be a
neutrosophic interval bigroup; V is a neutrosophic interval
bivector space over the field F = Z,.

Example 2.3.3: Let

21
V=V,uV,= {Z[o, al]x'

i=0

ae ZB,+} U
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i=0

40 .
{Z[O, al]x”

ae ZB,+}

be a neutrosophic interval bigroup. V is a neutrosophic interval
bivector space over the field Z;;.

Example 2.3.4: Let M=M; UM, =
[0,al] [O,bI] [O,cI] [0,dI]
[0.el] [0.f]] [0,gl] [O,hI]||a,b,c,...k 1€ Z,,,+} U
[0,51] [O0,iI] [O,kI] [O,II]

{([0, al], [O, bI], ..., [0, tI]) | &, b, ..., t € Zy3, +} be a pure
neutrosophic interval bivector space over Zo;.

Example 2.3.5: Let M = M; U M, = {all neutrosophic interval
3 x 7 matrices with intervals of the form [0, al] where a € Z43}

70
U {Z[o, a+blI]x'

i=0

a,beZ 43} be a neutrosophic interval
bivector space over the field Zy;.

Example 2.3.6: Let

20
M=M UM, = {Z[o, al]x'

i=0

ae 223} U

{([0, alI], [0, bI], [0, cI]) | a, b, c € Zy}; M is a pure
neutrosophic interval bivector space over the field F = Z,;.

Infact bidimension of M over F is (21 U 3). The bibasis of
M over F is given by {[0, 1], [0, IIx, [0, T x°, ..., [0, IIx*"} U
{([0, 1], 0, 0), (0, [0, 1], 0), (0, O, [0, I])}. Take

10
T= {Z[O,al]xi ae 223} U

i=0
{([0, aI], [0, bI], 0) | a, b € Z»3} < M; T is of bidimension 11 U
2 and a bibasis for T is given by B, = {[0, 1], [0, I] x, ...,
[0, I] xlo} v {[0, I], O, 0), (O, [0, I], 0)}., Thus T is a
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neutrosophic interval subbivector space of bidimension 11 U 2
and B; is a bibasis of T.

It is important to note that the basis of interval bivector
spaces are intervals and not elements of Q" U {0} or R" U {0}
or Z,. Infact the base elements do not belong to Z,, which is the
case of usual bivector spaces.

Example 2.3.7: LetV=V,UV,=

[0,a,I] [0,a,I] [0,a,I]
0.a.1] [0.ad] [0.al
0.1 10.a,1] 10,31l aeZ.1<i<12l U
0,211 [0,a0] [0,a,]]
[0,a,1] [0,a,1] [0,a,1]
0.a1] [0.a,]
10.a,1110.a,1] aeZ,1<i<4
[0,a,I] [0,a,I]

be a pure neutrosophic interval vector space over the field Za;.

V is a bidimension 12 U 4 and a interval bibasis for V is given
by B =

[0,1] 0 o][o [0,0] O0][0 O [0,
0 0 0|0 0 0|0 O O
0 0 offo o o[l0 0 0
0 0 0[O0 0 0]l0 0 O
0o o o]f[o o o][0 0 0]
[0,I 0 0[O0 [0,]] O[]0 O [01]
0 0 0/l0 0 00 0 0
| 0 0 0/][0 O 0|00 O |
0o o o]fo o o][0 0 0]
0O 0 0|0 0 0[]0 O O
[0,I] 0 0|0 [0,0] O[]0 O [0,]
| 0 0 0/[0 O 0|00 O |
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0 0 o0l[o o o0][0o 0 o0
0 0 0[|0 0 O0||0O 0O O O
0 0 oflo o o[l0 0 O
[0, 0 O0[[0 [0I] O]||0 O [0,1]

, , , is a bibasis
0O 0|0 O [0,I] O||0 [O,1]

of V over Z47.

[0,a,1] 0 0
0 0,a,1 0
Let] = [0.2,1] a,€Z,,1<i<4; U
0 0 [0,a,]]

0 [0al 0

[0,a,I] [0,a,]]
0 [0,a,]]
J is pure neutrosophic interval bivector subspace of V over the
field Z43.

The bidimension of J is {4} w {3}. The interval bibasis of J
over Zgz is given by

aieZ47,1SiS3} cViuV,,

C=C,uGC,=
(0,1 o offo o o]fo o o7][o 0 O
0 0 0[|0 [0I] O[]|/O O O ||O O O
0 0 oflo o ol|0o 0 [011]0 0 0
0 0 0[|0 0 0[|0 O 0 ||O [01] O

U
0 0|0 O 0 [01]

of C over Z4. The bidimension of C is {4} U {3}. Here also
we see the bibase elements of C is only intervals.

10,1 0} {0 [0,1]} {0 0 }} .
, , c V; U V,, is a bibasis

T
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Example 2.3.8: Let V=V, UV, =

{[O,all] [0,a,1] [0,a,I] [O’a“l]”aiezs,lgss}u
[0,a,1] [0,a,I] [0,a,1] [0,a,]

[10,a,1] ]
[0,a,1]
[0,a,1I]
[0,a,I] ||a,€ Z,1<1<7
[0,a.I]
[0,a,]]
| [0,a,1] |
be a pure neutrosophic interval bivector space over Zs.
p= { 0 [0all 0 [O’azﬂ} ac 25,13134}
| [0,a,1] 0 [0,a,1] 0 '
[10,a,1] ]
0
[0,a,1]
v 0 a,€”Z,1<i<4;, cV,uV,=V
[0,a,1I]
0
| [0,a,1] |

is a pure neutrosophic interval bivector subspace of V over Zs.
The bidimension of V is {8} U {7} and a interval bibasis of
Vis
B=
[01] 0 0 o][0 [0,I] 0 O][0 O [01] O
0 00//0 0 0O0fl0O0 0 oOf

00[01]‘0 0 0 0][0 0 0 O
000 10,1 0 0 00 (01 0 0f
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00 0 o0][f0o00O0
0 0 [0,]] 0[O0 O O [O,I

0,111 o ][ o
0 ||[o1|] 0
0 0 ||[0,1]
01 ol o
0 0 0
0 0 0

Lo Jlo]loO

0

e

Now an interval bibasis of P is as follows:

{{0 [0,1] 0 0}
C= i
0 0 00

{0 0 0 0}}
(W)
0 0 [0,1] 0

o

0

S O O O O

an interval bibasis of P over Zs.
Now we can define the notion of interval bilinear
transformation of neutrosophic interval bivector spaces defined

over the same field F.

[0 0 0 [0.1]
10 00

0

0[] 0

0 || 0

0[] 0

0 | o

0[] 0
[0.11]| 0

0 ||10.11]

0 0 0 0
110,11 0 0 0

c Bis

S O O O O

0
(0.1

Let V and W be any two neutrosophic interval bivector
spaces defined over the field F. Let T =T, U T,: V — W that
sT=TiuT,:ViuV, > W, uUW,where T;: Vi > W, is a
linear interval vector transformation. The only condition being
on T; in case of neutrosophic interval linear transformation is
that T ([0, al]) — [0, bI], b # O that al > bl a can be equal tob

but b # 0 for every a # 0; i=1, 2.
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We will give some examples of them.

Example 2.3.9: Let V=V, U V, = {([0, al], [0, bI], [0, cI],
[0,a I]

[0,dI])la, b,c,de Zn} U 5([0,a,1]||a,,a,,a,€ Z,, ; and W =
[0,a,]1]

N
[0,a,I] [0,a,I]

[0, a], ..., [0, agl]) | a5 € Zy, 1 <1 < 6} be two pure
neutrosophic interval bivector spaces over the field F = Z;s.
Define T=T,UT,: V=V, UV, > W=W, UW, as follows.
T,:V,—> W, and
T, : Vo = W, is defined by T, ([0, al], [0, bI], [0, cI],
[0,a,1

[0, dI]) = (0.1} 10611} p [0.a 11 = ([0, a1, 0
T 0.eD] [0.d1] 1 D
[0,a,]]

[0, aJ1], O, [0, a3I], 0). T =T, U T, is a bilinear transformation of
VioW.
We can define bikernel etc as in case of usual vector spaces.
The following theorem is simple and direct and hence left as
an exercise to the reader.

a, € 223,1Sis4} w {([0, a],

THEOREM 2.3.1 : Let V=V, UV,and W = W; U W, be
neutrosophic interval bivector spaces defined over the same
field F. Let T be a linear bitransformation from V into W.
Suppose V is finite dimensional then

birank T + binullity T = dim V; Udim V, = bidim V.
that is (rank T; Urank T, ) + (nullity T; Unullity T,) = dim V,
vdim Vy = (rank T; + nullity T;) U (rank T, + nullity T,) =
dimV, U dim V,

Further for any two neutrosophic interval bivector spaces V
=V; U V,and W = W; U W, defined over the field F if T; and
T, are linear bitransformations of V into W then

(T, + T,) is again a linear bitransformation of V into W
defined by
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(T +Ty) (@uUP) =T (@UP)+ T, (U P)
where T; = T! (o) + T2(B) U T2 (o) + T2 (B).

Let V and W be neutrosophic interval bivector spaces
defined over the same field F. We say T : V — W, a linear
bitransformation from V to W to be invertible if there exists a
linear bitransformation U such that UT is the identity linear
bitransformation (bifunction) on V and TU is identity linear
bifunction (bitransformation) on W.

In other words if T=T, UT,: ViuT, > W;UW,and U
=Uul:ViuV, > W, UW, where T, : Vi > W, T, :
V2 e d W2

U :Vi—> W,and U, : V, —» W, with T; Uj is the identity
function on V; and T,U, is the identity function on V,. That is
Ty U; U T,U; is the identity bifunction on V = V; U V, and
similarly U; Ty U U, T, is the identity bifunction on W = W; U
W,. Wedenote Uby T thatis U=U, uU,=T,' U T,".

Thus we say a linear bitransformation T = T, U T, is

invertible if and only if

(i) Tisaonetoonethatis T (auP)= (T U T (axu
=T (uT,P)=T@Ub)=(T,UTy (aub)=
T, (a) U T, (b) implies v U f=a U b.

(i1) T is onto, that is the range of T (=T, U T») is also
W=W UW, WesayT:V > WthatisT=T,
UT,: V=V,uUV, > W=W; UW,;is the linear
bitransformation for which T™ = T' U T,' exists
that is T is non singular if Toe = T; (o) U T2 (o 2)
(x=0puop) =000 implies a0 =0 UO=0
v 0.

Further if both V =V, U V, and W = W; U W, are finite
dimensional pure neutrosophic interval bivector spaces over the
field F such that bidim V = bidim W = dim V, U dim V, =
dim W; udimW,. If T=T; uT,is a linear bitransformation
from V into W, the following are equivalent.
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(i) T =T, U T,is biinvertible.

(@ii) T is non-bisingular (i.e., T; and T, are non singular).

(1) T = Ty U T, is onto that is birange of T is W = W; U
W,.

We see all our neutrosophic interval bivector spaces can
only be over the field Z,, of prime characteristic p i.e., over
finite fields.

Further all results and properties true in case of vector
spaces over finite characteristic fields is true and can be proved
with simple and appropriate modifications.

Let T=T, T, : Vi UV, > W, UW, be a linear
bitransformation of the neutrosophic interval bivector spaces V
=V, U V,; into the neutrosophic interval bivector space W = W,
U W, defined over the field F. If we take W = W; U W, to be
the same as V = V; U V, that is V = W then we define the linear
bitransformation T to be a linear bioperator on V.

We will give some examples of linear bioperators.

Example 2.3.10: Let

[0,a 1] [0O,a,I]
V=V,uV,=4/[0,a,I] [0,a,I]||a,€Z,,1<i<6; U
[0,a,I] [0,a/]]

{ZS: [0,a,]x'

i=0

S ZZQ;OSiSS}

be a neutrosophic interval bivector space over the field Zn.
Let T=T,uUT,:V=V,0UV, > V=V, UV, defined by
TW=TMUV)=T(vi)UT:(v)

[0,a,I] [0O,a,I] [0,a 1] 0
where T, | | [0,a,I] [0,a,I]|| = 0 [0,a,1] | and
[0,a,1] [0,a/I] [0,a,I] 0

5
T, (Z[O,ail]xiJ = [0, aol] + [0, aI]x* + [0, aI]x"
i=0
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is a linear bioperator on V = V; U V,. We can derive almost all
properties regarding bioperators with appropriate modifications.
We can define the notion of characteristic bivalue and
characteristic bivector. Here it is pertinent to mention that the
characteristic value ¢ will be of the form [0, al] where a € Z,
the field over which V = V; U V, is defined.

For consider the neutrosophic interval bimatrix;

S=S,US,

[0,21] O  [0,1]

(o.1g o
=|[0,71] [0,]] O |uU
[0,21] [0,41]
0 0 [0,51]

if we want to find the characteristic bivalues of S. Consider

|S-7\‘In><n| = |Sl-7\‘113><3|U|Sz-7\‘212><2|

[0,21 0 [001] [Af0D] O 0
[0,710 [0,1] O |-| O AJ[00I] O U
0 0 [0,511] 0 0 A[01]
01 0 | [A00 0

[0,21] [0,41]] | O  A,[0.0]

[0,(2=A)1] 0 [0,1]

=| [0,71]  [0,(—ADI] 0 U

0 0 [0,(5—A)T]

[0.(A=A)]] 0
[0,21]  [0,(4=2A)]]

[0,(1-AD]] 0
0 [0.(5-ADI]
[0,71] [0,(1-A)1]

0 0

={[0, (2-ADI] | +

[0, 1] ‘

} U [0, (1-AI] % [0, (4—A)I] |
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=10, 2-ADL1 [0, (1-ADI] [0, (5-ADI] L [0, (1-A2) (4-A)]]
=10, 2-A) (1-A1) (5—ADI] L [0, (1-42) (4-A]]
= {0} U {0} gives the biroots as

{[0, 211, [0, 1], [O, 311} v {I[O, 1], [O, 4I]}.

So the biroots are
[0, 211 v [O, I, [O, 2I] u [O, 41], [0, I] v [O, 1], [O, I] U
[0, 41], [0, 51] L [O, I] and [O, 5I] U [0, 41].

Thus whenever the biequations are solvable over the finite
characteristic field Z, (p a prime) we have the bicharacteristic
values associated with the neutrosophic interval bimatrix and
the bisolution or the biroot is not in Z, but in the set {[0, al] | a
€ Z,}; if we assume the bispace is pure neutrosophic otherwise
in the set {[0, a+blI] | a, b € Z,}; if we assume the bispace is just
neutrosophic. If the biroot exists then alone we get the
characteristic bivalues. Interested reader can study in this
direction. We can derive atmost all results in this direction with
simple and appropriate modifications.

IfT: V=V, UV, > V,uUV,=Visa linear bioperator on
V; V =V, U V,; a neutrosophic interval bivector space over the
field F=7Z, Let W=W, uUW,c V, UV, be a neutrosophic
interval bivector subspace of V. We say W is biinvariant under
the bioperator T =T; U T, on Vif T (W) c V thatis T; (W;)
V1 and T2 (Wz) c Vz.

Let V = V, U V, be a neutrosophic interval bivector space
over the field F = Z,. Let W', WZ, ...,Wk be neutrosophic
interval bivector subspaces of V over the field F = Z,. We say
W', WZ, ...,Wk are biindependent if

o +o + ...+ 0 =0 o e W that is of =
aluobe W UWI; 1 <i<kimplies o =0 U 0 that is o =0
and o =0. Here W = W/ UW};i=1,2,....k.

Let V = V; U V, be a finite dimensional neutrosophic
interval bivector space over the field F = Z,,. Let W', WZ, ...,Wk
(Wi =W1i qui ; 1=1,2, ..., k) be bisubspaces of V and let W =

W'+ o+ Wothat is W = W, U W, = W UW, + ... +
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WEOWS = (W +..+ W) U(W, +...+ W, ). Then we have

the following three conditions to be equivalent.

i W' W2 ..., W are biindependent; that is
P
W/, W/,..,W} are independent and W,,W;,..., Wy are
independent.

(ii) For each j, 2 <j <k we have W n (W' + ... + W) =
{0} that is W' N (W11+...+W1J"1) = {0} and

Wi A (W, +...+ Wi ) = {0}

(iii) If P' is a bibasis of W', 1 <i <k then the bisequence B
=B, ..., BY is a basis for W = W, U W,.

Here B' = B} UB}, where B! is a basis of W/;t=1,2.

Thus we say W = W' + ... + W" is the bidirect sum or W is
a bidirect sum of W', WZ, . WX that is W, is the direct sum of
Wll,...,Wlk , thus

W, = Wl1 @D...® Wlk and W, is the direct sum of

Wi,... WY and W= W, ®..@ W,

If W =V then we say V is the bidirect sum of Wy, ..., Wy
andeachVi= W' @..@ W and V,= W, ®..® W .

Now we will proceed onto define the notion of biprojection.
Let V =V, U V, be a neutrosophic interval bivector space, a
biprojection of V is a linear bioperator E = E; U E, on V such
that B> = Equ; =E, UE,. WehaveE :V — Vthatis E =E;
UE,: V=V, UV, —> V=V, U V,is a biprojection, with R =
R; U R, is the birange of E and B = N; U Nj is the binull space
of E.

Thus B = B, U B, is in Ry U R, if and only if EP =

E1B1 UEsz = Bl o BZ = B
Conversely if B=p; U B, =EB= EB, UE,B, then B is in
the birange of E.

Further V=R @ N, thatis V=V, UV, =R i ®N,UR, ®
N,.

We can write every bivector as

a= o ;U =E o+ —-E o) UE, 0+ (0 — E; o)
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We can derive all the results related with projections.

Let V=V, U V, be a neutrosophic interval bivector space.
V=V,uV,=W'® ... 8 W*

=W O.OW UWO.0W.

For each j we define F = Ef UE% on V=V, uV, a
bioperator on V.

For every o = o ual in W = W/ UW; we have E' o/
=Elol UElo) = aluol. Then F is a well defined rule.
Further E; of = 0 U 0 simply means of = ol Ul =0 U 0.

Foreachoe V=V, UV, wehavea=E'o + ... + Ea

= Ejoy UELQ, + ... + Efaf UESa}.

Wehavel =1, U L.

= (E}+..+Ef) U (E) +..+E}).
Ifi#jwehave E'. E'=0 U 0 thatis EJE/ UELE! =0 U 0.

Thus the birange of E' is the bisubspace W = W, UW,,
which is in the null space of E'.

THEOREM 2.3.2: Let V = V; U V; be a neutrosophic interval
bivector space. Suppose V=W @... @W
=V, uVa= W oW/ @ . .ew uw)
= (Woe.oW') u (W, &.®W,)) then there exists k
linear bioperators E E2, . E' that is
E UE, E; UE;,..El UE; on'V =V, UV, such that
(i) Each E = E'UE! is a biprojection ((E)’ = E);
I <i <k
(ii)) EEE =(0)ifi #j, 1 <j,1<i,j<k
(ii)l=1, UL =E'+ ... + E'= E] UE} +..+ Ef UE!
= (E/ +..+E )U(E) +..+ E).
(iv) The birange of E' = E} UE, is W = W) UW; ; that is
birange of E' is W' t=1, 2.
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Conversely if E E? e E' are linear bioperators on V =
Vi UV, which satisfy conditions (i), (ii) and (iii) and if W; is the
birange of E then V=W @ ... @ W' that is V=V, UV, =
(W'®@.0W') u(W, ®.0W)).

The proof can be obtained as a matter of routine with
appropriate modifications.

Note under the conditions of the above theorem if V = V; U
V, the neutrosophic interval bivector space where V=W' @ ...
AW = (W @®@.0W) U (W @®.®W!)and for E', E%, ...,
E* given as in the above theorem, the necessary and sufficient
condition that each bisubspace W' be invariant under T is that T
= T, U T, commute with each of the projections E' = E! UE!
thatis TE' = BT =T,E/ UT, El= EIT, UE! T, forj = 1, 2,
..., k. This can be easily verified.

If T =T, u T, is a linear bioperator on a finite dimensional
bispace V = V; U V3; V a neutrosophic interval bivector space
then Homg (V,V)={T:V > V}.

Study the algebraic structure enjoyed by Homg (V,V).

Now we can proceed onto define the notion of neutrosophic
interval linear bialgebra.

DEFINITION 2.3.2: Let V =V, UV, be a neutrosophic interval
bivector space over the field F. If Vis such that V;closed with
respect to product and the product is associative then we define
V to be neutrosophic interval linear bialgebra over the field F =
Z, (p a prime).

We give some examples of them.

Example 2.3.11: Let V=V, U V,={([0, al] [0, bI] [0, cI]) | a,

{[O,al] [O,bl]}
b, c € Z)) U
[0,cI] [0,dI]

neutrosophic interval linear bialgebra over the field Z;.

a,b,c,de Z7}be a pure
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Example 2.3.12: Let V=V, UV, = {Z[O, allx'|lae 223} )
i=0

{([0, al], [0, bI], [O, cI]) | a, b, c € Z,3} be a pure neutrosophic

interval linear bialgebra over the field Z;;.

We can as in case of linear bialgebra derive all the
properties with appropriate changes or modifications.  This
work is left as exercise to the reader.

Now we can also define the notion of Special neutrosophic
interval bivector space as follows:

DEFINITION 2.3.3: Let V =V, UV, be an additive abelian
neutrosophic interval bigroup. F = F;, U F, be a bifield
(neutrosophic or otherwise). If V; is a neutrosophic interval
vector space over F;; i=1, 2, then we define V to be a special
neutrosophic interval bivector space over the bifield F.

We will give examples of them.

Example 2.3.13: Let V=V, U V,={[0, al] la e Zy} U {[0,
al] | a € Z4} be a special neutrosophic interval bivector space
over the bifield F = Z; U Z4s.

Example 2.3.14: Let M = M; U M, = {([0, al], [0, bI], [0, cI]) |
[10,a,1] |
[0,a,1]
[0,a,I]
[0,a,1]
]

]

a, b, c e Z;} u a,e€”Z,,1<i<6, be a special

[0,a,]
_[O,aGI ]

neutrosophic interval bivector space over the bifield Z; U Zs=F.

Example 2.3.15: Let V=V, U V,={[0, al+b] la, b e Zs;} U
{[0, al] I a, b € Z4;} be a special neutrosophic interval bivector
space over the bifield F = Zs3 U Z47.

We can define bisubstructures, bibasis, bidimension as in
case of neutrosophic interval bivector spaces.
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We give one or two examples before we proceed to define
other new structures.

Examples 2.3.16: Let V=V, U V, = {([0, al], [0, bl], [0, cI]) |

[0,al] [O,el]
[0,bI] [O,fT]
a,b,ce Zs3} U a,b,c,d,e,f,g.heZ, > bea
[0,cI] [0,¢l]
[0,dI] [O,hI]

special neutrosophic interval bivector space over the bifield F =
Zs3 U Zys.
Consider M =M, U M, = {([0, al], 0, 0) la € Zs3} L
0 [0,al]
[0, bI] 0
a,b,c,deZ,,, cV,UV,=V.
[0,cI]
[0,dI] 0
M is a special neutrosophic interval bivector subspace of V

over the bifield F = Zs; U Zss.
Now B = {([0, I], 0, 0), (0, [0, I, 0). (0, O, [0, I])} L

(0,11 ol[o [o,n][ o o][0o o
0 O0||0 0 [[[00] 0|0 [0,1]
o ollo o [l o oflo o/
0 0[O0 0 ][0 o]0 O
0 o o ][ o o][0o 0

0
0 O0((0 0 0 0|0 0]
0

[0,1] o 0,11/l o o/lo o

0 0 0 |01 0f[0 [0.1]

B, U By is a special bibasis of V over the bifield F = Zs; U Zs;.
Clearly the special bidimension of V over F = Zs3 U Zy3 is {3}
U {8}.

We can define special linear bitransformation of two special
bivector spaces only if they are defined over the same bifield,
otherwise special linear bitransformation cannot be defined.

We will give an example of it.

o
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Example 2.3.17: Let V = V; U V, = {([0, al], [0, bI], [0, cI],
[0,dI])la,b,cde Z7} L

[0,al] [0,bI] [O,cI
[0,dI] [O,el] [O,nI )

a,b,c,...,t,re Z, be a special
[0,mI] [O,pI] [O,qI

[0,sI] [O,tI] [O,rI

neutrosophic interval bivector space over the bifield F = Z; U

[0,al] [0, bl]}

Zy. Take W =W, U W, =
[0,cI] [O,dI]

a,b,c,de 27} ]

[0,al] [O,bI] [O,dI] [O,cI] [O,rI] [O,pI]
[0,el] [O,tI] [O,qI] [O,mI] [O,nI] [O,sI]

be a special neutrosophic interval bivector space over the

bifield F = Z; U Zy. We can define a special linear
bitransformation of V into W.

Let T=T,uT,;ViuV,—> W, uUW,where T;: Vi > W,
and T, : V, = W, given by

a,b,c,...,t,re 229}

T, ([0, al], [0, bI], [0, cI], [0, dI]) = {[O’ al] [O,bl]} ond

[0,cI] [O,dI]
[0,al] [0,bI] [O,cI]
[0,dI] [O,el] [O,nI]

Ts ( =
[0,mI] [0,pI] [0.ql]

[0,sI] [O,tI] [O,rI]

_({[0,al] [0,bI] [0,dI] [O,cI] [O,rI] [O,pI]
B [0,el] [O,tI] [O,qI] [O,mI] [O,nI] [O,sI] '

T is a special linear bioperator from V to W.

Let T : V = V, where V is a space of special
neutrosophic bivector space defined over the bifield. If T is a
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function suchthat T=T, uT,and T;: Vi > V;and T, : V, —>
V, where both T; and T, are linear transformations (operators)
then we define T to be a special linear bioperator on V.
Define T=T,uT,:V=V,UV,—> V=V, UV, where
Ty: Vi > Vyand T, : V, = V, given by
T, (([0, all, [0, bI], [0, cIl, [0, dI])) = ([0, all, 0, [0, cI], 0)
and
[0,al] [O0,bI] [O,cI]
[0,el] [0,fT] [O,sI]
2
1
1

[0,mI] [O,nI] [O,pI
[0,tI] [O,rI] [O,sI

]
[0,al] [O,bI] [O,cI]
0 [0,dI] [O,fI]
0 0 [0,s]]
0 0 [0, tI]

T is a special linear bioperator on V =V; U V,.

All properties associated with usual bivector spaces /
vector spaces can be derived for special neutrosophic
bivector spaces with appropriate modifications.

We give examples of special neutrosophic interval bivector
spaces.

Example 2.3.18: Let V=V, U V, = {([0, a+bl], [0, c+dI] [0,
e+fl])la,b,c,d, e, fe Z;} U

[ [0,a,+b,1] |
[0,a, +b,I]
[0,a, +b.I]

1

a,b,eZ,;1<i<10
[0,a, +b,I

_[0, a,,+ me]_

be a special neutrosophic interval bivector space defined over
the bifield F =7Z; U Z,.
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Thus V has special pure neutrosophic interval bisubspace as
well as special interval vector bisubspace given by P =P, U P,
= {(0, all, [0, bI] [0, cI) | a, b, ¢ € Z;} v

[0,a,1]
[0,a,1] : . .

: a,€Z,;1<i<10; < V;, U V, is a special pure
[0,a,,1]

neutrosophic interval bisubspace of V.
The bidimension of P is {3} U {10}.

Further T = T, U T, = {([0, al], [0, bI], [0, cI]) I a, b, c €
[10,a,1] ]
0
[0,a,1]
0
[0,a,1] . : :
77} U 0 a,€”Z,;1<i<5; < V is also special pure
[0,a,1]
0
[0,a.I]
0

neutrosophic interval vector bisubspace of V over the bifield F
=77, Z;, and the bidimension of T is {3} U {5}.
Consider R = R; U R, = {([0, a], [0, b], [0, c]) | a, b, c € Z7}
[0,a,]

[0,a,] : : :
: a,€Z,;1<i<10; < VUV, =V. Ris aspecial

[0,a,,]

interval bivector subspace of V over the bifield Z; U Z;; = F.
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Further S =S, U S, = {([0, a], 0, [0, b]) where a,b e Z;} U
[10,a]]
0
[0,b]
[0,c]
0
0
0
0
[0,d]
0

is again a special interval bivector subspace of V over the
bifield F =7Z; U Z,,.

Clearly bidimension of S is {2} U {4}.

Now we define quasi neutrosophic interval bivector space V
=V, U V; as an interval bivector space where V; is a interval
vector space and V; is a neutrosophic interval vector space.

We give examples of them.

a,b,c,deZ,y cViuV,

Example 2.3.19: Let V=V, U V,={[0,a]lae Zy} u {([0,
al], [0, bI], [0, cI], [0, dI], [O, el]) I a, b,. c, d, e, € Zy} be a
quasi neutrosophic interval bivector space over the field Z,;.

Example 2.3.20: LetM =M, UM, =
[0.,]]

[0,a,]

[0,a,]

a,€”Z,;;1<i<I15; v
[0,a,]

_[O,als]_

{[0, a+bI] l a, b € Z43} be a quasi neutrosophic interval bivector
space over Z,;. We see bidimension of M is {15} U {1}.
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Example 2.3.21: Let

29

V=V,uV,= {Z[o, al]x'

i=0
59 '
{Z alx'|ae 253}
i=0
be a neutrosophic quasi interval bivector space over the field
Zs3. Bidimension of Vis {30} U {60}.

ae 253} U

Example 2.3.22: Let
[10,al] |
[0,bI]
V=V,uV,=<[0,cl]||a,b,c,dec Z, + U
[0,dI]
| [0,el] |

[al a, al aJl a.l
aJl aJI aJ al apl
a, I a,l a,I a, a|laeZ,;1<i<25

ad a,I a0 a0 ayl

_azll anl ayl ay,l ayl

be a neutrosophic quasi interval bivector space over the field
7.

Example 2.3.23: Let

20
M=M,UM,= {Zailxi

i=0

aiezsg} U

[[0,a1] .. [0,a,1]]
[0,a,]] .. [0,a,]]
[0,a,I] .. [0,a,I]||a € Zy;1<i<63

[0,a,1] ... [0,a11]
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be a neutrosophic quasi interval bivector space over Zso.
Bidimension of V over Zso is {21} U {63}.

Example 2.3.24: Let V=V, U V, = {all 10 X 12 matrices with
12 .
entries from Zg;) U {Z[O,ail]x'

i=0

a, € 243} be a quasi
neutrosophic quasi interval bivector subspace of V over Zss. The

bidimension of Vis {120} U {13}.

9
Example 2.3.25: LetP =P, U P, = {Z:aixi

i=0

a; € 213} U {all

neutrosophic interval 6 X 3 matrices with intervals of the form
[0, a+bI] where a, b € Z;3} be a quasi neutrosophic quasi
interval bivector space over the field Z;3 of finite bidimension.

Example 2.3.26: Let

a
T=T,uT,=3| ’||ae€Z,:1<i<I5} U

ae ZM}

be a quasi neutrosophic quasi interval bivector space over the
field Z4; of bidimension {15} U {30}.

All properties related with bivector spaces / interval
bivector spaces/ vector spaces can be derived with simple
appropriate modifications.

We can define quasi special neutrosophic interval
bistructure also which can be easily understood from the
examples.

a5

{ZQ:[O, al]x’

i=0

8
Example 2.3.27: Let V=V, UV, = {Z[O, al]x’

i=0

ae 213} U

{(10, a;], [0, az], ..., [0, aq]) | a; € Z43; 1 <1 <9} be a special
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quasi neutrosophic interval bivector space over the bifield F =
213U ZLys.

Example 2.3.28: Let P = {([0, a;+bi1], ...,[0, ais+bisI])  a; b; €
Zg. 1<i<15) U

[0,a,] [0,a,] [O,a,]
[0,:214] [0,:215] [0,:216] a€Z,:1<i<33
[0,a5,] [0,a5,] [0,a4]

be a special quasi neutrosophic quasi interval bivector space of
finite bidimension over the bifield F = Z4; U Z,s.

Example 2.3.29: Let

P=P,UP,= {iailxi a, e 27} )
=
[0,a 1]
[O’?ZI] a,€Z,;1<i<12
[0,a,,1]

be a special neutrosophic quasi interval bivector space of
bidimension {26} U {12} over the bifield F = Z; U Z;.

Example 2.3.30: Let M = M, U M, = {all 5 X 5 neutrosophic
interval matrices with intervals of the form [0, a+bl] | a, b €
Zs9} L {all 8x2 matrices with entries from RI, R-reals} be a
special neutrosophic quasi interval bivector space over the

bifield F = Zso U R.

Example 2.3.31: Let T=T, UT,={[0, atbl]la,be Z;3} U
40
Z:aIxi
i=0

bivector space over the bifield F = Z;; U Q.

ae Q} be a special neutrosophic quasi interval
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Example 2.3.32: Let

P=P, UP,= {iailxi

i=0

a, e Q} U {f:[O,a]xi

i=0

ae 243}

be a special quasi neutrosophic quasi interval bivector space of
infinite dimension over the bifield F = Q U Z3.

i=0

15
Example 2.3.33: LetM =M, UM, = {Z[O, allx'|ae ZB} )
{all 10 x 10 matrices with entries from Q} be the special quasi
neutrosophic quasi interval bivector space of finite bidimension
over the bifield F = Z; U Q.

All properties associated with interval bivector spaces /
vector spaces can be derived for the special quasi neutrosophic
interval bivector spaces or special neutrosophic quasi interval
bivector spaces with simple appropriate modifications which is
left as an exercise to the reader.

Also it can be said that without any difficulty special
neutrosophic interval linear bialgebras can be defined. We give
some examples of special neutrosophic interval linear
bialgebras.

Example 2.3.34: Let

T=T,uT,= {Z[O,ail]xi

i=0

aieZ“} U

[0,a1] [0,a1] .. [0,a,1]
: : : a,€Z,;1<i<25+
[0,a.1] [0,a,0] ... [0,a,l]

be a special neutrosophic interval linear bialgebra over the
bifield S =7, U Z;.

Example 2.3.35: Let S=S;, U S, ={[0, a+bl] la, b e Z;s} U
{All 15 x 15 neutrosophic intervals with intervals of the form
[0, a+bI] | a, b € Z3} be a special neutrosophic interval linear
bialgebra over the bifield F = Z;9 U Zs.
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Example 2.3.36: Let

M=M,UM,= {iailxi

i=0

aieQ}u

{([0, a; + byI], ..., [0, ajotbiol]) | a;, by € Z17, 1 <1< 10} be a
special neutrosophic quasi interval linear bialgebra of infinite
dimension over the bifield F = Q U Z;,.

aeR}u

{All 3 x 3 neutrosophic interval matrices with intervals of the
form [0, a+bl] with a, b from Z,} be a special quasi
neutrosophic quasi interval linear bialgebra of infinite
dimension over the bifield S =R U Z,.

Now we proceed onto define neutrosophic interval
bisemivector spaces.

Example 2.3.37: Let

S=S,US;= {Z[O,a]xi

i=0

DEFINITION 2.3.4: Let V = V; UV, be an additive abelian
neutrosophic interval bisemigroup with 0 U 0 as its identity.
Let F be a semifield if V; is a neutrosophic interval semivector
space over F; i = 1, 2, then we define V to be a neutrosophic
interval bisemivector space over the semifield F.

We will illustrate this situation by some examples.

Example 2.3.38: Let
V=V,uV,={[0,a+bl]la,be Z" U {0}} U

[0,al
[0, bl
[0,cI
[0,dI

be a neutrosophic interval semibivector space (bisemivector
space) over the semifield S = Z" U {0}.

]
} a,b,c,de Z" U{0}
]
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Example 2.3.39: Let

25
S=S,US;= {Z[O,al]xi

i=0

ae Q" u{O}} U

{All 10 X 2 neutrosophic interval matrices with intervals of the
form {[0, a+bl] where a, b € Q" U {0}} be a neutrosophic
interval bisemivector space over F = Z" U {0}, the semifield.

Example 2.3.40: Let W = W, U W, = {All 8 X 3 neutrosophic
interval matrices with intervals of the form [0, al] witha € Z" U
{0}} U {All 3 X 3 neutrosophic interval matrices with intervals

from Z* U {0}} be a neutrosophic interval bisemivector space
over the semifield S = Z* U {0}.

It is interesting to note W is not a neutrosophic interval
bisemivector space over the semifield Q" U {0} or R* U {0}.
Further the dimension of a neutrosophic interval bisemivector
space also depends on the semifield over which it is defined.

Example 2.3.41: LetM =M, UM, =
[[0,a,1] [0,a,,I]
0,a,I] [0,a, I
: :2] : :“] a,e Z" U{0},1<i<18} U

_[O,agl] [0,a,I]

[10,a,1] [0,a,]1]
_[0, a,I] [0,a,l]

aeQ' u{O},lSiS4}

be a neutrosophic interval bisemivector space over the semifield
S=Z"u {0}.

Clearly M is of bidimension {18} U {} over S = Z" U

{0}.

Further M is not defined over the semifield Q" U {0}.
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Example 2.3.42: 1etV=V, UV, =

[ [0,a,+b,1] |
[0,a, +b,I]
[0,a, +b,I] [a,,b.e Z" U{0},1<i<10} U

_[O,am + me]_
{([0’ aI]’ [Oa a; + blI]a [Oa Ci + dlI]a [Oa bI]a [07 CI]) | a, bla C1, dl’ c

€ Z" U {0}} be a neutrosophic interval bisemivector space over
the semifield S = Z* U {0}.

TakeM =M, UM, = a,beZ" U0} U

oS o O

{(0, [0, aI], 0, [0, bI], [0, dI]) Ia,b,de Z" U {0}} ViUV, =
V; M is a neutrosophic interval bisemivector subspace of V over

the semifield S = Z* U {0}.

27
Example 2.3.43: LetT=T,uT,= {Z[O, allx'lac Q" u{O}}
i=0
[0,al] [O,el]
(0,bI]  [O,fT] A
] where a, b, ¢, d, e, f, m, n are in Q" U
[0,cI] [0, mlI]

[0,dI] [O,nI]
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{0}} be a neutrosophic interval bisemivector space over the
semifield F = Q" U {0}.

We see bidimension of T on F is {28} u {8}. If Q" U {0}
is replaced by Z" U {0} the bidimension is infinite. Infact T is
not defined over the semifield R* U {0}.

Example 2.3.44: Now consider P=P; U P, =

[0,a, +bI] [0.a,+b,I] [0,a,+b]] [0,a,+b,I]

[0,a,+bJJ] [0,a,+bJ] [0.a,+b,I] [0,a,+b,]

[0,a, +b,I] [0,a,,+b,I] [0,a,,+b,I] [0.a,,+b,I]
a,be Z"U {0}, 1<i<12} U

[0, all] [07 '{:171:|
[0,?21] [0’?81] a e Q" u{o);1<i<12
[0,a,0] [0,a,I]

be a neutrosophic interval bisemivector space over the semifield
S =Z" U {0} of infinite bidimension over S.

We can define  subbistructures  bibasis, linear
bitransformation and linear bioperator, which is a matter of
routine and left as exercise to the reader.

Example 2.3.45: Let M = M, U M, = {all 4 X 4 neutrosophic
interval matrices with intervals of the form [0, a+bI] where a, b

29
e Z' U {0}} U {Z[O,a+bl]xi
i=0

a,beZ’ U{O}} be a

neutrosophic interval bisemivector space defined over the
semifield S = Z" U {0}. Take W = W; U W, = {collection of
all upper triangular 4 X 4 pure neutrosophic interval matrices
with intervals of the form [0, al] witha € Z* U {0}} U
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12
{Z[O, al]x’
i=0

acZ' U{O}} M, UMy

W is a pure neutrosophic interval bisubsemivector space of M
over the semifield S = Z" U {0}. Clearly bidimension of W is
{10} U {13}.

We can define pure neutrosophic interval subbisemivector
spaces of M of bidimension less than or equal to {16} U {30}.

We can also have pure neutrosophic interval bisemivector
subspaces of bidimension {1} U {1}. We have several such
bisemivector subspaces.

We also can define quasi neutrosophic interval
semibivectors spaces over a semifield, this task is left as an
exercise to the reader. We however give examples of them.

[0,a,]

[0,a,] .
Example 2.3.46: letV=V,UV,;= : where a; € Z

[0,a,]

v {0}; 1 £1 <9} U {All 3 X 3 neutrosophic interval matrices
with intervals of the form [0, a+bl], a, b € Z* U {0}} be a quasi
neutrosophic interval bisemivector space over the semifield S =
Z" U {0}.

Example 2.3.47: Let T = {([0, a;], [0, a,], ..., [0, a;s]) | a; € Z*

20
U {0} 1 <i<I2}u {Z[O,ail]xi

i=0

ae”Z" U{O}} be a quasi

neutrosophic interval bisemivector space over the field S = Z* U

{0}.
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Example 2.3.48: Let

21
W=W UW,= {Z[o, al]x'

i=0

acZ’ u{O}} ]

al a,l

a,l a,l . )
where a; € Z7 U {0}; 1 <1< 8}

aJ a(l

al agl

be neutrosophic quasi interval bisemivector space over the
semifield Z* U {0}.

Example 2.3.49: Let
12

T=T,uT,= {Z[o, al]x'

i=0

acZ’ u{O}} ]

¥ lla,e 2" U{0};1<i<20

be a quasi neutrosophic quasi interval bisemivector space over
the semifield Z* U {0}.

Now having seen the quasi types of bisemivector spaces, the
authors leave the task of studying these bistructures to the
reader as it is simple and straight forward. Now we define
neutrosophic interval semivector space set vector space V = V;
U V, over the semifield S = Z" U {0} as follows: V, is a
interval semivector space over the semifield Z* U {0} and V, is
just a set vector space over the same semifield Z* U {0}
realized as a set we give examples of them.
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Example 2.3.50: LetV=V, UV, =

[0.a1] [0.a,I] .. [0.a4l]
0.a,I] [0.a,1] .. [0.agl
: ?2] : E:l”] : %62] a,e Z"U{0}:1<i<70} U

[0,a,I] [0,a,l] ... [0,a,]I]

[0,a,1]
{[o, al] [o, cl]} [0,a,1

]
(0.b1] [0.dI] ,([0, ajIl, [0, asl, ..., [0, apI]) |

[0,a,1]

a, b, c, d, a, e Z"U {0}; 1 <i<20} be a neutrosophic interval
semivector space - set vector space over the semifield S = Z* U

{0}.

Example 2.3.51: Let

45
V=V,uV,= {Z[o, al]x'

i=0

a,eQ’ u{O}} U

[ [0,al] [0,bI]]
. Ot fodn| o
S [0,allx',| [0,e]]  [0,f1] |, [ A j‘ a € Z'
= 02,1 .. [0,a,I]

[0,el] [0,hI]
[0,mI] [0,nI]

v {0};a, a;, b,c,d, e, f, g, h,m,n, € Z"U{0};1<i<12}isa
neutrosophic interval semivector space - set vector space over
the semifield Z* U {0}.

We can define all properties associated with this bistructure
also with appropriate modifications.
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We can define all notions related with neutrosophic interval
structures in case of neutrosophic interval bistructures which is
very simple with straight forward modifications. This task is
also left as an exercise to the reader.

Let V=V, U V,if V, is a semivector space of neutrosophic
intervals over the semifield S and V, is a neutrosophic interval
of vector space over the field F; then we define V =V, U V, to
be a special neutrosophic interval semivector - vector space over
the semifield - field.

We will illustrate this situation by some simple examples.

Example 2.3.52: Let

120

V=V,uV,= {Z[o, al]x'

i=0

acZ’ u{O}} ]

[0,al] [O,bI]
[0,cI] [0,dI]|a,b,c,d,e.feZ,;,+
[0,el] [O,1T]

be a special neutrosophic interval semivector - vector space
defined over the semifield - field; Z* U {0} U Z4.

Example 2.3.53: Let

5
M=M, UMZ={Z[0,a+bI]

i=0

a,be 223} U

i=0

{i[o,a +bI]x*

a,be Q" U{O}}

be a special neutrosophic interval vector space - semivector
space over the field - semifield F = F, U F, = Z,; U Q" U {0}.
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Example 2.3.54: LetV=V, UV, =

[0,aI] [O,a,l] [0,a,I]
0,a,I] [0,a,lI 0,a,I
02,1 10.a,,1] [0.a,] a,e Q" U{0};1<i<36} U
[0,a,,1] [0,a,]] [0,a,,1]
[0,a,1] [0,a,]1] [0,a41]

12
{Z[o, allx'|ae 27}
i=0

be a special neutrosophic interval semivector space - vector
space over the semifield — field; S =S, U S, = (Q" U {0}) U Z,.

Take W =W, UW, =

[0al] 0 0 0 0 [0,ad] 0 0 [0,a,l]

[0a,0] 0 0 0 0 [0,al] 0 0 0 .
a; € Q U

[0,a] 0 0 0 0 [0,al] 0 0 [0,a,]]

[0,a1] 0 0 0 0 [0,a1] 0 0O 0

6
{0}; 1 <i<10} U {Z[O,al]xi
i=0

an7} cViuV,=Vbea

special neutrosophic interval subsemivector space - subvector
space over the semifield - field (Q* U {0}) U Z.

Example 2.3.55: Let V = V; U V, = {All 5 X 5 interval
matrices with intervals of the form [0, a] where a € Z3} U

40 .
{Z[O, al]x’

i=0

aeZ’ U{O}} be a special quasi neutrosophic

interval vector space - semivector space over the field -
semifield S =Z; U Z* U {0}.

Example 2.3.56: Let T =T, U T, = {All 5 X 10 matrices with

entries from Z* U {0}} U {All 10 X 5 neutrosophic interval
matrices with entries from Z;;I} be a special quasi neutrosophic
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quasi interval semivector space - vector space over the semifield
- field (Z" U {0}) U Z,.

Example 2.3.57: LetP=P, UP,=

al a, I aJI a,l

al aJd a,I agl . .
a,eZ"U{0};1<i<16, U

ae ZB}

be a special quasi neutrosophic quasi interval semivector space -
vector space over the semifield - field; S = S; U S, = (Z" U {0})
(W) 213.

al a,J a I ap,l

a I oa,l al agl

42 .
{Z[O, alx'

i=0

All other properties can be derived for these bistructures
with simple appropriate modifications without any difficulty.
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Chapter Three

NEUTROSOPHIC N-INTERVAL
STRUCTURES (NEUTROSOPHIC INTERVAL
N-STRUCTURES)

In this chapter we introduce for the first time the new notion
of neutrosophic n-structures and mixed neutrosophic n-
structures and discuss various properties enjoyed by them.

DEFINITION 3.1: Let S=S; US, U... US, (n 23) where each
Si is a neutrosophic interval semigroup such that S; #S;; if i #j,
SszSjorS; «S; 1<1i j=<n Then we define S to be an -
neutrosophic interval semigroup or neutrosophic n-interval
semigroup or neutrosophic interval n-semigroup.

We will give examples of them.

Just we mention if n = 3 we can call them as neutrosophic
interval trisemigroup or neutrosophic triinterval semigroup.

Example 3.1: Let S =S, U S, U S; U S, ={[0, al] | a € Zs, X}
U {[0, a+bI] la,be Z" U {0}, +} U {[0, a+bI] | a, b € Zs, X} U
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a,b,c,deZ,,,+

be a 4-neutrosophic interval semigroup.
Clearly S is commutative but of infinite order.

Example 3.2: LetM =M, UM, UM; U M;U Ms U M=

6
{Z:[O,al]xi ae 23} ] {[O,al] [O’CI]} a,b,c,de Z4,x} ]

prs [0,bI] [0,dI]

[10,al]]
[0,bI]
[0,cI
[0,dI
[0,eI]

L [0,£1] ]

{([0, aI], [0, bI + c], [0, dI]) | a, b, c € Zg, X} U {3 X 8
neutrosophic interval matrices with intervals of the form [0, al] |

{[O,a+bl] [0,al] [O,dl]}
a e 214, +} ()

1 a,b,c,defeZ, +r U

[0,d+el] [O,bI] 0

be a neutrosophic 6-interval semigroup of finite order.

We can define n-substructures like n-ideals and n-
subsemigroup. Also these n-semigroups can contain n-zero
divisors, n-units, n-idempotents and so on. We will give some
examples of them as the definition is a matter of routine.

a,b,c,d,ee Zz,+}

Example 3.3: LetT=T,uT,uT;=
[0,al] [0,bI]

{[O,dl] [0,CI]:|

{All 5 x 5 neutrosophic interval matrices with entries from Z,o,

x} U {3 X 3 neutrosophic interval matrices from Zg, X} be a

a,b,c,de 224,><} ]
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pure neutrosophic triinterval semigroup or pure neutrosophic
interval 3 - semigroup. Consider S=S; U S, U S; =

[0,al] [O,bI]

[0,cI] [0,dI]
{all 5 x 5 neutrosophic interval matrices with entries from {0,
5} < Zy, X} w {all 3 x 3 neutrosophic interval matrices with
entries from {0, 2, 4} c Zs, X} c TiUT, UT;3=T; Sis a
neutrosophic interval 3-subsemigroup of T.

Further it is easily verified T has 3-zero divisors and 3 -
idempotents.

a,b,c,de 2224,><} ]

20
Example 3.4: LetP=P, UP,= {Z[O, allx'

i=0

acZ’ u{O},+} ]

{([0, al], [0, aI], [0, al], [0, al], [0, al]) | a € Z*" U {0}, X} U
[0, al] |
[0,al]
[0,al]
[0,al]
| [0,al]

trisemigroup. P has no zero divisors, no idemponents but has
triideals and trisubsemigroup.

ae Z" U{0},+ be a neutrosophic interval

Example 3.5: Let W=W; U W,uUW;uUW,={[0, al+b] la, b

€ Zp, +} U {[0, a+bl] la, b € Z;5, x} U {([0, al], [0, a+bl] I a, b
[0,al]

€ Zg, X} U §/[0,bl] ||a,b,ce Z,+ be a neutrosophic interval
[0,cI]

4-semigroup of finite order. W has 4-ideals, 4-subsemigroups,
4-zero divisors and 4 units.

We define a neutrosophic n-interval semigroup to be a
Smarandache neutrosophic n-interval semigroup if each
semigroup S; in S = S; U S; U ... U S, is a Smarandache
neutrosophic interval n-semigroup.
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We will give examples of them.

Example 3.6: Let V=V, UV,uU VU V,={[0,al]lae Zp,

{[o,aln [&aﬂ]” . }
X} U ae”Z,x1<i<4: v {[0, al] | a €
[0,a,]] [0.a,1]

Zis, X} W {([0, alI], [0, bI]) | a, b € Zg, X} be the neutrosophic
interval 4-semigroup.
Consider P = {[0, I], [0, 11I] | 1, 11 € Zp, X} U

A [0,a 1] [O,a,I]
T 110,a,1] [0,a,1]
lae {0, 1} inZ;s} L {([0, 1], [0, 8I]), ([0, 1] [0,I]), ([0, 81], [0,
81]), ([0, 811, [0, I]) I 1, 8 € Zy, X} is a neutrosophic 4-interval

group, hence V is a Smarandache neutrosophic interval 4-
semigroup.

a {114} cZ XAl (0)} U {[0, al]

Example 3.7: Let V=V, UV,uUV;={[0,al]l ae Z"U {0}}
[0,al]
U <|[0,b]] ||lae ZT U{0} u{{

[0, cI] [0,al] [0,al] .. [0,al]

[0,al] [0,al] ... [0, al]}
be a
2 x 8 neutrosophic interval matrices with a € Z" U {0},+} be a
neutrosophic interval trisemigroup. V is not a Smarandache
neutrosophic interval trisemigroup.
In view of this we have the following theorem.

THEOREM 3.1: Let V=V, UV, U... UV, be a neutrosophic
n-interval semigroup. In general every V need not be a
Smarandache neutrosophic n-interval semigroup.

Proof follows from the example 3.7 as that neutrosophic
interval 3-semigroup is not Smarandache. We now proceed on
to define quasi n-interval semigroups.

Let V=V, uUV,u .. UV, if only some of Vs are
neutrosophic interval semigroups i < n and the rest just
neutrosophic semigroups, we call V to be a neutrosophic quasi
interval n-semigroup.
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If in V=V u..uUYV,be such that some Vjs are
neutrosophic interval semigrousp j < n and the rest just interval
semigroups then we define V to be a quasi neutrosophic n-
interval semigroup. Let V=V, U V, U ... UV, be such that
some Vi’s are neutrosophic interval semigroups, some Vj’s
neutrosophic semigroups, some V\’s interval semigroups and
the rest semigroups then we call V to be a quasi neutrosophic
quasi interval n-semigroup.

We give examples of these situations.

Example 3.8: Let V=V, uUV,uV;UV,uUVs={[0,al]lae
Zg, x} U {[0, a+bI] la,be Z" U {0}, +} U {[0,al]lae Q" U
{0}, +} U {@l al ., al) I a4 € R" U {0}, x} U
al a a,l
al aJl aljla,eZ,x1<i<9: be a neutrosophic quasi
aJl al a.l

interval 5-semigroup.

Example 3.9: LetV=V,UV,UV;UV,=
{[0,a]lae R"U {0}; x} U {[0,al]lae Q" U {0}} U
{([0, alI], [0, bI]) where a, b€ R* U {0}, X} U
{[O,al] [0,a,] .. [O,am]}
[0,a,,] [0,a,,] .. [0,a,]

be a quasi neutrosophic interval 4-semigroup of infinite order.

a e z4so,><,131320,+}

Example 3.10: Let V=V, U V,UV;UV,U V5=
{([0, a+bI], [0, c+dI]) la,be R* U {0}, +} U
4 a, a
a

where a;€ R"U {0}, +;1<i<12} U

dp 4 3Ap
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al a,I .. ap,l

I a, ] ... a,l
fat A I Q" U{0},1<i<48,+
ayl ay,l .. ay

ayl al ..o oayl

25
U {[0, a] | a € Zy, X} U {Z[O,al]xi
i=0

ae Z47,+} be a quasi

neutrosophic quasi interval 5-semigroup.

All properties related with neutrosophic interval n-
semigroups, quasi neutrosophic interval n-semigroups and for
other related n-structures can be easily extended, studied and
defined with simple modifications but with appropriate
working.

Now we proceed onto define Neutrosophic interval n-
groupoids.

DEFINITION 3.2: Let G = G; UG, U... UG, be such that each
G, is a neutrosophic interval groupoid (1 <i <n) and each G; is
distinct that is G; « G, G; < G; if i #j. We define G to be a
neutrosophic interval n-groupoid with the component wise
operation is the operation on G.

We will give examples of them.

Example 3.11: LetL=L,ulL,uL;UlL,={[0,al]lae Z, *,
2,7} U {0, a+bI] la, b e Zy, *, (6,2)} U {[0, al] | a € Zg3,
(11, 12), *} U {[0, al] | a € Zy, (8,15), *} be a neutrosophic
interval 4-groupoid of finite order.

Example 3.12: lLet M = M, U M, U M3 U My U Ms =

20 .
{Z[O, al]x’

i=0

ae Z4,*,(7,13)} v {([0, alI], [0, d+cI], [0, bI]) | a,

[0,a,1]
[0,a,1]
b7 c, d € Z77 *7 (372)} U : ai € 2117*7(773)

[0,a,]]
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[0,aI] [O,a,I] [0,a.I]
U4l [0,a,1] [0,a,0] [0,a,I]||a,eZ;,(3,7),*; U {[0, a+bI] |
[0,a,1] [0,a,I] [0,a,]]
a, b € Zs, (2,3), *} be a neutrosophic interval 5-groupoid. We
will show how the operation on M is done. Let x, y € M where
X=X UXUX3UXq U Xs = {[0, 5SI]x + [0, 2I]x2 + [0, 411} U
[ 10,1] ]
0
[0,21]
(fo, 21, [0, 2431, [0]I) w 0 U
[0,51]
0
0

10,311 |

0 [0,1] 0
(0,211 0  [0,31]
U {[0, I+4]} and
0 [041] O
(0,511 0 0
y=y1UyUys Uy Uys= ([0, 71 + [0, 31 x) U (0, 0, [0,

0
0
0 0 0 0
0 0 0 [01]
61]) U U u {[0, 3+21]}.
[0,1] 0,211 0 0
0 0 [03I] O
0
[0,21] |

133



Now x *y = ([0, 5] x = [0, 21]x> + [0, 41]) . ([0, 71] + [0, 31] x®)

[0,1] 0

0 0

[0,21] 0

U ([0, 21], [0, 2+31], [0, I]) x (0, 0, [0, 6I]) U 0 1,10

[0,511| ~ [[0,1]

0 0

0 0

[0,311] [ [0,1]]
0 [0 0 0 0 0
0.2 0 03] | 0 0 [0,1]
0 [04I] © [0,21] 0 0
[0,51] 0 0 0 [031] 0

[0,4+1] x [0, 3+21]

= ([0, 51] * [0, 71] x + [0, 21] * [0, 71]x* + [0, 41] * [0, 71] + [O,
51 * [0, 311 x° + [0, 21] [0, 31] x'* + [0, 41] [0, 31] x*) U ([0, 2I]
[0,1]*0

0*0
[0,21]*0
* 0, [0, 2+31] * 0, [0, I] * [0, 6I]) U 00 U
[0,511*[0,1]
0*0
0*0
| [0,31]*[0,1]

0*0 [0,11*0 0*0
[0,21]*0  0*0  [0,3I]*[0,I]
0*[0,2I] [0,41]*0 0*0
[0,511*0 O*[0,3I] 0*0

v [0%0, [4+1]* (3+2D)]
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= [0,61]x + [0,251]x* + [0, 391] + [0, 341]x° + [0, 231] x"* + ([0,
611, [0, 6+21], [0, I])

(10,717
0
[0,31] 0 [0,31] 0
0 [0,6I] 0 [0,1]
) ] U [0, 2431 € M; UM,
[0,51] [0,141] [0,12I] O
0 [0,0] [0,61] O
0
1 [0,21] |
U M; UM, U Ms.

Example 3.13: Let V=V, UV,U V;=
[0,a, +b,I]
[0,a, +b,I]

a,be Z" U{O},(3,8),*} )

20 .
{Z[O,a+bl]x'
i=0 .
[0,a, +b,I]
where a;, bj € Z" U {0}; 1 <1 <40, +, (9, 41), *} U
[0,a,+bI] [0,a,+b,I] .. [0,a5+b.I]

[0,a,+bJ]I] [0,a,+b,I] .. [0,a,+b,I]
. . . . where a;, b;

[0,a, +b,I] [0,a,+byI] .. [0,a,+b,]

e Z" U {0}; 1 <i<45, (9, 41)} be a neutrosophic interval 3 -
groupoid} of infinite order. V contain 3 - subgroups which are
not 3 - ideals. V also contains 3-ideals. V has no 3-zero
divisors and no 3-units.

Now having defined neutrosophic interval n-groupoid we
can proceed onto define quasi structures as in case of n-
semigroups.

Let V=V, U V,uU V3 U ... UV, where some of the V;’s
are neutrosophic interval groupoids and the rest are just interval
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groupoids, then we define V to be a quasi neutrosophic interval
n-groupoid.

Let V=V, U V, U ... U V, where some V,’s are
neutrosophic interval groupoids i < n and the rest of the
groupoids are just neutrosophic groupoids. Then we define V to
be a neutrosophic quasi interval groupoid. Take V=V, U V, U

. U V,, where some V;s are (i<n) neutrosophic interval
groupoids, some V;’s are neutrosophic groupoids (j<n) some
Vi’s are interval groupoids k<n and the rest are groupoids then
we define V to be a quasi neutrosophic quasi interval groupoid.

We will illustrate all these situations by some examples.

Example 3.14: Let V=V, UV, UV;UV,U V5=

{28:[0, al]x’

i=0

ae 27,*,(2,5)} U

{([07 al]7 [07 a2]7 [EXT} [07 alZ]) lae 297 *7 (67 3)} o

[0,a,+bI] [0,a,+b,I] [0,a;+Db,I]
[0,a, +b,I] [0,a;+bJ] [0,a,+b]
. : : where a;, b; €
[0,a,5 +b,I] [0,a,, +b,oI] [0,a5, +bsyI]
Zy*, (40,7} v

[0,a,] [0,a,] [0,a;] [0O,a,]
0.2 [0.a,] (02,0 Dadf ool
[0,a,] [0,a,] [0.,a,,] [0,a,]] =~ =777
[0,a5] [0,a,,] [0,a;5] [0,a]

[0,a, +b,I]

(0.2, szl] a,,b € Zy,*%,(2,7)

[0,a4 +byI]

be a quasi neutrosophic interval 5-groupoid of finite order.
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Example 3.15: LetV=V,UV,uUV;U V=
{[0, a+bI]la,be Zy, * (8,11} L

{ialxi

i=0

ae Zl7,*,(4,ll)} U

fal]
a,l
a,l |a,€Z,,1<1<20,%,(5,14)y U

[ 251

{([07 al+blI] (R [07 ap + blOI]) | a;, bi € 2197 *7 (77 11)7 1 < 1 <
10} be a neutrosophic quasi interval 4-groupoid of finite order.

Example 3.16: Let V=V, U V,uU V3 U V,U Vs U Vg = {0,
a+bl] la,be Zy, * (3, 13)} U {[0, a] la e Zy, *, (2,17)} U

{ialxi

i=0

ae 242,*,(13,11)} U

a, a, a; a, ag
8 a9 alO
a, a,|laez,.%(38).1<i<25} U

A Ay Qg A Ay

a

21 22 23 a24 25

[0,a,]] [0,a,]] [0.,a,]] [0,a,I]
[0,a,]] [0.a]d] [0,a,1] [0,a,]] ||a, € Z,,1<i<12,(7,23),*
[0,a,1] [0.,a,1] [0,a,I] [0,a,1I]

U {Zglaix‘
i=0

be a quasi neutrosophic quasi interval 6-groupoid of finite order.

All properties discussed and described with neutrosophic
interval bigroupoids can be derived in case of neutrosophic
interval n-groupoids (n = 3) and obtain a class of neutrosophic
interval n-groupoids which are Smarandache strong Bol

a, € Z43,*,(2,11)}
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(Moufang or P-groupoid or idempotents, alternative and so on).
Further all these results can also be extended as in case of quasi
n-structures. These are left as exercise to the reader.

We define mixed neutrosophic interval (t, r) groupoid -
semigroup. Let V. =V, U V, U ... U V, if t of the V/’s are
neutrosophic interval t-groupoid and the rest of the n-t = r of the
Vy’s are neutrosophic interval r-semigroups then we define V to
be a (t, r) mixed neutrosophic interval groupoid - semigroup or
mixed neutrosophic interval t - groupoid - r - semigroup or
mixed neutrosophic (t, r) groupoid - semigroup. We will give
examples of them. We can also define quasi mixed structures.

Example 3.17: Let V=V, U V,UV3;UV,UV5U V4 =

5 ')
{Z[O,al]xi ae 240,(3,2),*} U {Z[O,al]xi

i=0 i=0

ae Zg,x} U

[0,a1] [0,a,]] .. [0,a,]]
O.a,11 [0.a,]] ... [0.a,]
: a:“] [ %12] [ %”] where a; € Zos; 1 <i<100,
[0,25,]] [0,a5,1] ... [0,a,0]]

X} U {([07 alI]7 seey [07 a4OI]) | a; € Z77 *7 (372)} U {All 7 X 8
neutrosophic interval matrices with intervals of the form [0, al]

[0,a,1]

[0,a,]1]

witha € Zy, *, (19, 13)} U a, € Z,,*,(12,13)} be

[0,a,1]

a mixed neutrosophic interval (4,2) groupoid - semigroup or
mixed neutrosophic interval 4-groupoid-2-semigroup.

Example 3.18: let G = G, U G, U G; U Gy U G5 =

{i[o, al]x’

ae Z7,*,(3,2)} v {([0, alI], [0, bI], [O,cI]) | a, b, c

i=0
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[0,a, +bI]

[0,a, +b,I]

€ Zi, *, 3,11} U a,b.eZ.,.*1<i<9(9,6)

[0,a4 +b,I]

[0.a,1] [0,a,I] [0,a,I]
U [0,a,1] [0,a,I] [0.a]] |a € Z,.*(5,7) U
[0,a,1] [0,a,]] [0,a,1]

{i[o, a, x'

i=0

aeZ’ U{O},x} be a mixed neutrosophic interval

(4,1) - groupoid - semigroup of infinite order.

Now having seen examples of mixed neutrosophic interval
(r,t) groupoid - semigroups we can introduce the quasi n-
structure in them as in case of other n-structures. We will give
examples of them which show how they are built and how they
function.

Example 3.19: Let M =M; U M, U M; UM, UM;s U Mg =

{[0, a] | a € Z;, * (3, 6)} U {[0, al] | a € Zy, X} U
[0,a,] [O,a,]

O] 000l 7 i<i<sl U (0, all, [0, &), [0,
[0,a,] [0,a,]
[0,a,] [0,a,]

asl], [0, aJd]) la; € Zyo, *, (3, 11), 1 £i<4} U
[0,a, +b,1] [0.a,+Db,I]
{[o, a,+b,I] [0.a,+ bJJ

a,b, e le,x}u

[0,a, +bI]

[0,a, +b,I] )
. a,b,eZ,,(3,11),*1<i<12

[0,a,, +b,,1]

be a mixed quasi neutrosophic interval (3,3) groupoid -
semigroup of finite order.
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Example 3.20: LetT=T,u T, U ... uTg={[0,a]lae Zp,
[0,a,1]

[0,a,1]

x} U {[0, a+bI] la, b e Zp, (3, 5), *} U a.€7Z,.+

[0,a,1]

[0,a,+bI] ... [0,a; +bgI]
[0,a, +b,I] ... [0,a,, +DbI]

a,be le,*,(l,ll)} U

[0,a,] [0,a,] [0,a;] [0,a,]
[0,a;] [0,a,] [0,a,] [0O,a4]
[0,a,] [0,a,] [0,a,,] [0,a,]
[0,a;;] [0,a,,] [0,a;5] [0,a]

20 .
{Z[O, al]x’

i=0

a,€”Z,,%x1<i<16 U

ae le,+} w {([0, a;+byI] [0, ax+b,I], [0, as+bsl]) |

7
a, b e Zp, (0, 7), *} U {Z[o,a]x‘
i=0

ae le,+} be a mixed

quasi neutrosophic interval (5,3) semigroup - groupoid of finite
order.

Example 3.21: Let V=V, UV, U V; U ..UV,

12 7
:{Zailxi a, e 224,+} U {Z[O,ail]xi

i=0 i=0

a, € 224,+} u {[0, al+b]

la,be Zy, (11,0), ¥} U

[ [0,a,+b,I] [0,a, +b,I]
0,a,+b.I 0,a, +b,I
[ . A L o a;,b; € Z,,,(0,5),*» U

_[07 a11 + bul] [07312 +b121]

al a a,l
al aJ aJdj|laeZ,,,x; U{(0,all, ..., [0, axl]) la; e

a, I aJ agl
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Zy, (11, 7), *} U {Zyl, *, (0, 11)} be a mixed neutrosophic
quasi interval (3, 4) semigroup - groupoid of finite order which
is non commutative.

Example 3.22: LetM=M; UM, U ... UMs={Zyl, * (7, 8)}
U {Zgl, X} U {[0, a+bI] I a, b e Zy, *, 3, 11)} U {all 5 x5
matrices with entries from Zl under matrix multiplication} U
{all 3 x 7 neutrosophic interval matrices with intervals of the
form [0, al] where a € Z4 and (1, 29), *} be a mixed
neutrosophic quasi interval (3, 2) groupoid - semigroup of finite
order which is non commutative.

Example 3.23: LetP=P,UP,uU...UPy=

12 27
{Z[O,a+bl]xi a,be z7,+} U {Z[o,a]xi

i=0 i=0

ae ZIS’+} () {215,

* 3,9} u {Zsl, 4, 0), *} U {7 X 7 neutrosophic interval
matrices with intervals of the form [0, a+bl] with a, b € Z;
under matrix multiplication} U {all 3 X 7 matrices with entries
from Z,, *, (0, 7)} U {([0, a+bI] | a, b € Zyg, (7, 8), *} U {([O,
al, ..., [0, ap]) | a; € Z1;, X} U {all 5 x 5 matrices with entries
from Z;,, X} be a mixed quasi neutrosophic quasi interval (5, 4)
semigroup - groupoid of finite order.

Example 3.24: Let M = M; U M, U ... U M; =

20 8
{Z:[O,al]xi ae Zlg,+} U {Z:aixi

i=0 i=0

a e le"“} U {[0, a+bl] | a,

be Zp (9, 0), *} U {Z5, (11, 4), *} U {all 4 X 4 interval
matrices with intervals of the form [0, a] with a € Z;; under
matrix multiplication} U {3 X 6 interval matrices with intervals
of the form [0, a] a € Z7, (2, 5), *} U {[0, a+bl] | a, b € Zj9, X}
be a mixed quasi neutrosophic quasi interval semigroup -
groupoid of finite order.

Now having seen examples of these mixed structures one
can define Smarandache mixed neutrosophic interval n-
structures, sub n-structures, n-ideals, n-units and n-zero divisors
and their Smarandache analogoue with simple appropriate
modification all these tasks are left to the reader.
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Now we proceed onto define neutrosophic interval n-
groups, describe their quasi analogue and mixed n-structures.

DEFINITION 3.3: Let G =G, UG, U... UG, (n 23) be such
that each G; is a neutrosophic interval group with G; & G; or G;
ZG;ifi#j;, 1 <i, j <n G with the inherited operations from
each G; component wise is defined as the neutrosophic interval
n-group or neutrosophic n - interval group.

We will illustrate this situation by some examples.

Example 3.25: Let G=G, UG, UG; UG, ={[0, al]la e Zis,
+} U {[0, atbl] la,be Zyy, +} U {[0, al] la € Zs\ {0}, X} U
{[0, al] I a € Zs3 \ {0}, X} be the neutrosophic interval 4-group
of finite order. We can define 4 order as 15 X 19 X 4 x 42.

Example 3.26: Let G=G, UG, UG;={[0,al]lae Q, x} U
{[0, a+bl] l a, b € Zys, +} U {[0, al] | a € Zs3 \ {0}, X} be a
neutrosophic interval 3-group or neutrosophic interval trigroup
of infinite order.

It is both important interesting to note that all results
regarding finite groups are true in case of neutrosophic interval
n-groups of finite n-order. That is to be more specific,
Lagrange’s theorem, Cayley theorem, Cauchy theorem and
Sylow theorems are true in case of finite neutrosophic interval
n-groups.

The proofs of these theorems are also straight forward and
simple and hence left as an exercise to the reader.

Example 3.27: LetG=G, UG, UGz U Gy={[0, al] la € Z,
+} U {[0,al] lae Z;\ {0}, x} U {[0, al] lae Z;3\ {0}, X} U
{[0, al] | a € Zyo, +} be a neutrosophic interval four group of
order 5460.

Consider H=H, UH, UH; U H, = {[0, al] la € {0, 2, 4},
+} U {[0,al]lae {1,6} = Z;\ {0}, x} U{[0, al] la e {1, 12}
cZi3\ {0}, x} U {[0,al]lae {0,2,4,6,8} cZjy, +} cG U
G, U G; U Gy be a neutrosophic interval 4-subgroup of G.
Clearly o (H) =3 x 2 x 2 x5 =60 and 60 / 5460.
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Thus we can say Lagrange’s theorem for finite group is true
in case this finite interval n-group G = G; U G, U G; U Ga.
Likewise all results can be verified and proved. We say if G =
G, U G, U ... U G, is such that some G;’s are neutrosophic
interval groups and the rest just neutrosophic groups then we
define G to be a neutrosophic quasi interval n-group. Also if G
=G, UG,U ... UG, be a n-group such that some of the G;’s
are neutrosophic interval group and the rest just interval groups
then we define G to be a quasi neutrosophic interval n-group.
Suppose G = G; U G, U ... U G, be a n-group in which some
Gy’s are neutrosophic interval group some Gj’s are neutrosophic
groups the rest interval groups or groups then we define G to be
a quasi neutrosophic quasi interval n-group. We give some
examples of them.

Example 3.28: Let G=G, UG, UG, UG, UGs={[0,al]la
€ Zu, +} U {[0,a]lae Zs, +} U {Z1n I\ {0}, x} U {QI, +} L
{R \ {0}, x} be a quasi neutrosophic quasi interval 5-group of
infinite order.

Example 3.29: Let H=H; UH, UH; UH,={[0, al] | a € Z,,
+} U {[0,a] la e Zi3\ {0}, X} U {Zssl, +} U {[0, al] la € Zos,
+} be a quasi neutrosophic quasi interval 4-group of finite order.

Example 3.30: LetG=G, UG, U ... UGs={[0, al] la € Zs,
+} U {([07 alI]7 ey [07 aSI]) | a; € 2277 +, 1 < 1 < 5} U {([07 al]7
[0, az], ceey [0, ag] | a; € Z]] \ {0}, 1 <1< 9, X} ()

[0,a,I]
: a,€Z,,1<i<5+F U {Z[O,ai]xi

a e ZZO,+} be a
[0,a,1]

quasi neutrosophic interval 5-group of finite order.

Example 3.31: LetS =S, U S, U S; U Sy={[0, al] | a € Zy,
+} U {Zysl, 4} U {(ar, ..., an) | aj € Zyl \ {0}, X } U
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7
{Z[O, allx'|ae Z“,+} be a neutrosophic quasi interval 4-group

i=0

of finite order.

We can define mixed structures like n-group - groupoid n-
group - semigroup and n-group - groupoid - semigroup. We
give only one example of each as it is simple and direct.

Example 3.32: Let G =G, U G, U G; U Gy U Gs U Gg = {]0,
10
all | a € Zis, %X} U {Z[o,ai]xi

i=0

aieZm,+}u

[0,a 1]
: a,€72,,,1<i<10,+; U {all 10 x 10 neutrosophic
[0,a,,1]

interval matrices with intervals of the form [0, a+bI] with a, b €
Zs under matrix multiplication} U {[0,a+bI] | a, b € Z;5, X} U

[0,al] [0,bI] A
[0,cI] [0,dI]|

neutrosophic interval (3, 3) semigroup - group of finite order.

a,b,c,deZlS,IAI;tO,x} be a mixed

Example 3.33: LetG=G, UG, UG; UGy =

20 .
{Z[O, a,I]x’
i=0

a, e z4s,+} U {[0, al+b] la, b € Zy, *, (0, 11} U

[0,a,1

]
[0,a,1] ,
: a,€Zy,+,1<1<9;, U

[0,a,]1]
[0,al] [O,bI]
[0,cI] [0,dI]
be a mixed neutrosophic interval (2, 2) group - groupoid of
finite order.

a,b,c,de 27,*,(0,5)}

144



Example 3.34: LetG=G, UG, UG;U...uG;={([0,al]la
€ Zy, +} U {[0, alll, ..., [0, apI]) l aj € Zuo, *, (3,7), 1 <i<
12} U {[0, a+bI] I a, b € Z5, x} U {([0, a|I], ..., [0, a;sI]) | a; €
Zi\{0}; 1 <1<15, x} U {[0, atbl] | a, be Zy, *, (8, 11)} U
{All 15 x 15 neutrosophic interval matrices with intervals of the
form [0, al] with a € Zi4 under matrix multiplication} W

[0,a 1]

[0,a,1] . ) .
: a,€Z,,+,1<i<12; be a mixed neutrosophic

[0,a,,1]

interval (3, 2, 2) group - groupoid - semigroup.

Quasi n-structures can also be defined and analysed by the
interested reader. Also all results can be proved with direct and
simple modifications some of these mixed structures are also
non associative . We now define n-loops using neutrosophic
intervals and give examples of mixed n-structures using loops.

DEFINITION 3.4: Let L=L; UL, U... UL, be such that each
L; is a neutrosophic interval loop where L; ¢ L, Ly ¢ L;, i #j, 1
<i, j <n; on L with the inherited operation from each L;; 1 <i <
n. We define L to be a neutrosophic interval n-loop.

Example 3.35: LetL=L ulL,uL;ulL,uLlLs={[0,al]lae
{e, 1,2,...,29}, ¥, 9} U {[0, a+bI] la, b e {e, 1,2, ..., 31}, §,
*1uf{[0,al]lae {e 1,2, ...,29}, 19, *} U {[0, a+bI] la € {e,
1, 2, ..., 49}, 9, *} U {[0, a+bl] | a, b € Zs, *, 3} be a
neutrosophic interval 5-loop of finite order.

Example 3.36: LetL=L, UL, ulL;={[0,a+bl]la,be {e, 1,
2,..,17}1, 9, *u {l0,al] lae {e, 1,2, ..., 45}, 23, *} U {[O,
a+bl] la,be {e, 1,2, ..., 57}, 29, *} be a neutrosophic interval
3-loop.

Clearly L is a commutative 3-loop.

It is pertinent to mention here that all properties studied and
described on neutrosophic interval biloops can be extended to n-
loop without any difficulty. We can define quasi n-structures as
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in case of groups, semigroups etc. This task is also left for the
reader as an exercise.
However we supply a few examples.

Example 3.37: LetL=L,ul,uU ... UL¢={[0,al]lae {e,
1,2,..,27} 8, *} U {[0, al+b] la,b e {e, 1, 2, ..., 43}, 25, *}
U {[0,a]lae {e 1,2,...,25},8, ¥} U {[0,al]la€e {e, 1, 2,
..., 53}, 28, ¥} U {[0, al+b] la,b e {e, 1, 2, ..., 29}, *, 12} U
{[0, a] la e {e, 1, 2, ..., 23}, 8, *} be a quasi neutrosophic
interval 6-loop of finite order.

Example 3.38: Let L=L, L, uls;ulLsu ... UL;={[0,
atbl] la,be {e, 1,2,...,23},9, *f u{alla € {e, 1,2, ...,
29}, %, 23} ufallae {e 1,2, ...,49},9, ¥} U {[0, al] la €
{e, 1,2, ...,81},41, *tu {allae {e 1,2, ..., 25}, 13, ¥} U
{[0, a+bI]la,be {e, 1,2,...,7},3,*F U {[0,al] la€e {e, 1,2,
..., 17}, 9, *} be a neutrosophic quasi interval 7-loop of finite
order.

Example 3.39: LetL=L,ulL,u...uLs={[0,a]lae {e, 1,
2,..,29},23, %} U{LY} U {[0,al+b] la,be {e 1,2, ...,
57}, %, 5y u{allae {e 1,2, ...,19}, * 8} U {[0, a+bl] | a, b
e {e, 1,2,...,21}, * 11} be a quasi neutrosophic quasi interval
5-loop of finite order.

We can also define mixed n-structures. We only give
examples of them.

Example 3.40: LetL=L,ulL,uls;ul,uULsuLs={[0, al]
lae Zo, +} U {[0,a+bI]la,be {e, 1,2, ...,23}, * 9} U {[O0,
a+bl] la, b e Zy, +} U {[0, atbl] la,b e {e, 1, 2, ..., 27}, *,
11} U {[0, al] la € Zx; \ {0}, x} U {[0,al]lae {e, 1,2, ...,
65}, *, 3} be a mixed neutrosophic interval (3, 3) loop-group
of finite order.

Example 3.41: LetM =M, UM, U ... U M; = {[0, a+bl] | a,
be {e 1,2,...,23},8, *} U {[0, atbl] la, b e Zy, x} U {[0,
all]lae {e 1,2, ..., 17}, 9, *} U {[0, a;+b{I], ..., [0, ag+bgl] |
a;, by € Zy, *, 9} U {all 6 X 6 neutrosophic interval matrices
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with intervals of the form [0, a+bl] where a, b € Zg under
matrix multiplication be the mixed neutrosophic interval (3, 2)
loop - semigroup.

Example 3.42: letT=T,uT,u...uTs={[0,al]lae {e,
1,2,...,27}, 8, ¥} U {[0, al] la € Zys, *, (9, 8)} U {[0, al + b] |
a,be {e 1,2,...,43}, % 9}y U {[0, aI], ..., [0, ajpI] | a; € Zyy,
3,7, 5 1<1<12Y U {0, a[I], ..., [0, agl]) 1 a; € {e, 1, 2, ...,
23}, *, 8, 1 £1 < 6} be a neutrosophic interval (3, 2) loop -
groupoid of finite order.

Example 3.43: LetL=L, UL, uULl;u ... ULy={[0, a+bl] |

10
a,befe 1,2,...,29},9, %} U {Z[O,al]xi
i=0

ae zm,+} U {([0,

all], ..., [0, apl]) la; € Zys5, 1 <1< 10, x} U {([0, a/], ..., [0,
apl]) where a; € Zy7, (8, 9), *) U {([0, aI], ..., [0, ayl]) | a; €
Z7\ {0}, x} U {0, alIl, ..., [0, apl]) 1 ay € {e, 1,2, ..., 23}, 9,
*} w {all 3 X 3 neutrosophic interval matrices of the form [0,
a+bl] where a, b € Z;; under matrix multiplication} U

{i[o,a +bI]x'

i=0

a,be Z" U{O},x} U {[0,al]lae {e, 1,2, ...,

47}, 25, *} be a mixed neutrosophic interval (3, 2, 3, 1) loop -
group - semigroup - groupoid of infinite order.

Now we can study the substructures of these mixed n-
structures.  Further quasi n-structures can be defined and
described by the reader.

Now we can define n-rings.

DEFINITION 3.5: LetR=R; UR, U... UR,, where each R; is
a neutrosophic interval ring such that R; & R;or R; & R,, if i #J,
1 <i, j <n. R inherits the operation from each R; carried out
componentwise. R is defined as the neutrosophic interval n-
ring.

We give examples of them.

Example 3.44: 1LetR=R; UR, UR; UR, URs={[0, al]la
S 2257 +7 X} ) {[07 a+bI] | a, b € Z477 +7 X} U{([()’ alI]7 [07 a21]7
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.o, [0, agl]) la; € Zso, +, X, 1 <1< 8} U {([0, a; + biI], [0, a +
bzI], [0, a3+b3I]) | a; € 2220, +, X; 1 £ 1 £ 3} ()

{i[o, al]

i=0

ae Z4O,+,><} be a neutrosophic interval 5-ring.

Example 3.45: let R = R U R, U R; U Ry =
[0,aI] [0,a,I] [0,a,I]
[0,a,1] [0,a,I] [O,a/I]||a,eZ,,1<i<9,+X v {0,
[0,a,I] [0,a.I] [0,a,]l]

ail+by], [0, a,I + by], [0, as1 + bs], [0, a4l, by], [0, asI + bs]) | a;, b;

€ Zi5, 1 <15+, x} U {i[o,ai]

i=0

a, e ZZO,+,><} U {[0, al+b] |

a, b € Zs, +, X} be a neutrosophic interval 4-ring. R has zero
divisors. R is a Smarandache 4-ring. R has idempotents and
units.

Example 3.46: LetS=S,0US,US;US,USs={[0,al]lae
Zio, X, +} U {[0, al] la € Zy7, +, X} U {[0, al] l a € Z;;, +, X}
U {[0, al] | a € Z7, +, X} U {[0, al] | a € Z4, +, X} be a
neutrosophic interval 5-ring. S has no 5-zero divisors or 5-
idemponents. Infact we call S a neutrosophic 5-field.

THEOREM 3.2: LetR=R; UR, UR; U... UR,={[0,a] |a €
Z,,+ xtull0al]lae Z,, + X} U...u{[0 al]lae

n’
Zp , +, X} where p;, ps, ..., p, are n-distinct primes. R is a
neutrosophic interval n-field.
The proof is direct and hence left as an exercise to the
reader.

THEOREM 3.3: LetR=R; UR, UR; U... UR,={[0,a] |a €
Z,,+x}ull0alllae Z, ,+ x}u...f[0,dl]lae Z, ,

+, X} where n,, ..., n, are n-distinct composite numbers of the
form 2p;=n;i=1,2, ..., n. RisaSmarandache neutrosophic
interval n-ring.
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This proof is also direct and hence left as an exercise to the
reader.

Note T = {[O, pi], [0, 0]} U ... U {[0, pal, [0, 0]} c R isa
neutrosophic interval n-field hence T is a Smarandache
neutrosophic n-ring.

Example 3.47: LetS=S,US,uUS;US,USs={[0,al]lae
Ze, X, +} U {[0,al]lae Zj, +,x} U {[0,al]lae Zj4, +, X} U
{10, al] | a € Zy, +, X} U {[0, al] | a € Zy, +, X} be a
neutrosophic interval 5-ring. S is a Smarandache neutrosophic
interval 5-ring. P =P, U P, UP; U P, U Ps={][0, 31], 0, +, X}
v {0, [0, 31], +, x} w {[0, 71], O, +, x} W {[O, 111], O, +, X} L
{[0, 131], 0, +, X} < S is a neutrosophic interval 5-field; hence S
is a Smarandache neutrosophic interval 5-ring.

Example 3.48: Let R =R, UR, UR; UR,={[0, al]la € Zy,,
+, X} U {[0, al] la € Z3y, +, X} U {[0, al] | a € Zgp, +, X} U
{[0, al] | a € Zgs, +, X} be a neutrosophic interval 4-ring. R is a
Smarandache neutrosophic interval 4-ring. For T =T, u T, U
T; U T4 = {[0, 41], [0, 81], 0, +, x} W {[0, 101], [0, 201], O, +, X}
v {10, 141], [0, 281], 0, +, x} W {[0, 221I], [0,441], O, +, X} <R
=R; U R, U R3 U Ry is a neutrosophic interval 4-field. So R is
a Smarandache neutrosophic interval 4-ring.

We can define in case of neutrosophic interval n-rings the
notion of n-subrings and n-ideals. This task is simple and hence
left as an exercise to the reader.

THEOREM 3.4: Let S =S, uS, US; U... US,={[0,al] la €
Z,,+ xtull0al]lae Z,, + X} U...u{[0 al]lae

n’

an, +, x} be a neutrosophic interval n-ring where p;’s are

primes for j=1, 2, ..., n. S has no n-ideal and no n-subrings.
The proof is direct and hence is left as an exercise to
the reader.
The major hint to be taken is that each S;= Z so is a field.

We cannot get using these types of neutrosophic intervals a
ring of characteristic zero.
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However we can find polynomial neutrosophic interval

rings of the form Z:[O,ail]xi or Z:[O,ai +biI]xi where a;, b; €
i=0 i=0

Zn, n < oo, We also can get the neutrosophic interval matrix ring

using square neutrosophic interval matrices, the later ring is non

commutative. Almost all properties can be derived without any

difficulty in case of these neutrosophic interval n-rings.

Example 3.49: LetS=S,0US,US;US,USsU S¢

i=0

={i[0,ai +b,I]x'

a,,b, e ZZS,+,><} w {All 2 X 2 neutrosophic

intervals of the form [0, a+bl] where a, b € Z,y, +, X} U {([0,
all], [0, a)], ..., [0, apl] | a; € Zys5, +, X; 1 £1 < 12} U

{Z.O“[O,ail]xi

i=0

S Z3O,+,x} U {[0, a+bI] la, b e Zss, +, X} U {5

X 5 upper triangular neutrosophic interval matrices with
intervals of the form [0, a+bl] with a, b in Z4, +, X} is also a
neutrosophic interval 6-ring of infinite order. This ring has 6-
ideals, 6-subrings, 6-zero divisors and 6-units.

We can also define quasi n-rings as in case of other n-
structures. We give one of two examples before we proceed to
define n-semirings.

Example 3.50: LetS=S,0US,US;US, =

{i[o,ai +bI]x'
i=0
{i[o, :aiI]xi

a,,b, e le,+,x} U

i=0

a, e Z4O,+,x} V)

{all 5 x 5 neutrosophic interval matrices with intervals of the
form [0, a+bl]; a, b < Z;» under matrix addition and
multiplication} U {all 7 X 7 lower triangular interval matrices
with intervals of the form [0, a] with a € Z4g, +, X} be a quasi
neutrosophic interval 4-ring.
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Example 3.51: LetM=M; UM, UM; UM, U M;=

i=0 i=0

aiezlz} U

{i[o,ail]xi a, € zg} ) {iailxi

{All 5 x 5 neutrosophic interval matrices with entries from Z;s,
al a,l )

+, X} U where a; € Zi5, 1 <154, +, X} U {([0,
a,I a,l

a1+bII] [0, a2+b21], ceey [0,a9+b91])l aj, bi € 230, +, X} be the
neutrosophic quasi interval 5-ring of infinite order which is not
commutative.

Example 3.52: LetM =M, UM, UM; UM, UM;suU Mgu
M7 = {([07 al]7 [07 a2]7 ey [07 alz]) | a; € Z457 1 S 1 S 127 +7 X} U

{iailxi

a, e Zzg,+,x} V)
i=0

[0,a,I] [0,a,I] .
a,e€Z,,1<i<4,+Xx; U
[0,a;1] [0,a,1]

a, a, a; a,

a, a, a, a _
a,€ Z,,1<1<16,+,X; U

4 3 Ay aAp

a3 Ay A5 A

{([07 a; + blI]7 [07 a+ bZI] LEERRT) [07 all+bllI] ) | a;, bi € Z487 1 Sl
<11;+, X} () {(aII, al, ..., agl) la; € Zosg, +, X, 1 <1< 8} U

{i [0,a,]x'
i=0

be the quasi neutrosophic quasi interval 7-ring.

It is important and interesting to note that all results on ring
theory using Z,’s can be easily extended and studied with
simple appropriate modifications. This task is left to the reader

[8].

Now we proceed onto define neutrosophic interval n-
semiring (n = 3).

a; e Zzg,+,x}
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DEFINITION 3.6: Let S =S; S, U... US,, where each S;is a
neutrosophic interval semiring such that S; < S;or S; < S,, if i #
J» 1 =i, j <n. S inherits the operation componentwise from each
S, i=1, 2, ..., n. We define S to be a neutrosophic interval n-
semiring.

We give examples of them.

Example 3.53: Let S=S,US,US;uUS,={[0,al]lae Z" U
{0}, +, x} U {([0, a;+b/I], ..., [0, ag + bol]) | &, by e Q" L {0}, 1

<i<9, + %) u{[o’all] [O’azl]}
[0,a,I] [0,a,]

U {[0, a+blI] I a, b € 5Z" U {0}} be a neutrosophic interval 4-
semiring.

aeR"' u{O},1£i£4,+,x}

Example 3.54: LetS=S, U S, U S;uUS;USs={[0, a+tbl] | a,
be Q"uU {0}, x, +} U
[0,a,1] [0,a,I]
[0,a,1] [0,a,1]
{([0, a;+by1], [0, ay+b,I], [0, a3 + bsl]) I a;, bje Z" U {0}, 1 <i<
3, +, x} u {All 10 x 10 upper triangular matrices with
neutrosophic intervals [0, a+bl] where a, b € R" U {0}, +, X} U
{all 6 x 6 lower triangular neutrosophic intervals matrices with
intervals of the form [0,al] where a € Q" U {0}, +, X} be a
neutrosophic interval 5-semiring.
We can define as in case of usual semirings the notion of
Smarandache n-semirings, n-subsemirings and so on with

simple modifications. Further in case of neutrosophic interval
n-semirings we can define the quasi structure.

a,e”Z’ u{O},lSis4,+,x} U

Example 3.55: LetS=S,US,US;USs={[0,al]lae R"U
{0}} U {([0, a/I], [0, a)], ..., [0, as]), (0,0, ...,0)la; e Z"; 1
<i1<7, + x} U {00, 0, 0), ([0, a; + byI], [0, a, + b,I], [0,
ax+bsl], [0, as + byI]) la, bje QF, 1 <i<4, +, x} U {[0, a+ bl]
la, be Z" U {0}} be a neutrosophic interval 4-semiring which
is also a neutrosophic interval 4-semifield.
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We can also define the notion of quasi n-structures and
mixed n-structures using these semirings. We only give
examples of them as the definition is routine and direct.

Example 3.56: Let S=S, US,US;uUS,={[0,al]lae Z"U
{0}, +, x} U {([0, a+bl] la,be Z" U {0}, +, x} U { [0, a + bI]
la,be Q" U {0}, +, x} U {[0,a]lae R"U{0}} U {([0, a],
[0, a5], ..., [0, ap])) &y € Q" w {0}, 1 <i< 12} be a quasi
neutrosophic interval 4-semiring.

Example 3.57: LetS=S;, US,US;US,USs=

[0,al] [0,bI]]
[0,¢I] [0,dI] |

{([0, aI], [0, bI], [0, cI]) I a, b, c € Q" U {0}, +, X} U

al aJ a,l

a,b,c,de R" U{O},+,X} U

a,l aJl aJl|la,eZ U{0},1<i<9,+x;pU

a, I al agl

{i[o, :aiI]xi
i=0

be a neutrosophic quasi interval 5-semiring.

a,eQ’ u{O},+,x} U {Zailx‘
i=0

aeZ u{O}}

Example 3.58: Let V=V, U V,UV3;UV,; UVs5U V4=

{i[o,ail]xi a,eQ’ u{O}} U

i=0

a, e R" u{O}} ]
i=0
{([0, a;+b1],...,[0, ag + boI])l a;, bj € Z'U{0}; 1 <i<9,+, X} U
[0,a,] [0,a,] [0,a;] [0O,a,]
[0,a;] [0,a,] [0,a,] [O,a,]
[0,a,] [0,a,] [0,a,] [0O,a,]

[0,a;;] [0,a,] [0,a;5] [0,a,]

a,e Q" uU{0},1<i<16,+,x
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al a a,l
U dlal al aJ|la,eR"U{0},1<i<9,+, X U

a, I aJ ayl

al a2 a3
0 a, a,|laeZ U{0},1<i<6,+,X
0 0 a

be a quasi neutrosophic quasi interval 6-semiring of infinite
order.

All properties related with semirings can be derived for n-
semirings without any difficulty.

Now we proceed onto define mixed n-structure with two
binary operations.

DEFINITION 3.7: Let V=V, UV, U... UV, where some of the
Vi’s are neutrosophic interval rings and the rest are
neutrosophic interval semirings. We call V the mixed
neutrosophic interval ring - semiring.

We illustrate this situation by some examples.

Example 3.59: 1etS=S, US,US;US,USs=

{Z[O, a, +b,I]x'
i=0

a;,b, e ZZO,+,><} U

{[0, a+bI]la, be R" U {0}, +, X} U

{i[o, :aiI]xi

i=0

[0,al] [O,bI]
[0,cI] [O,dI]
{all 9 x 9 upper triangular neutrosophic interval matrices with

intervals of the form [0, a+bl] where a, b e Z* U {0}, +, X} be a
mixed neutrosophic interval (2, 3) ring - semiring.

ae Q" u{O},+,x} U

a,b,c,de Z4S,+,x} ]
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Example 3.60: Let M =M, UM, UM; UM, ={[0,al]lace

N
[0,a,I] [0,a,I]

a,e”Z’ u{O},lSis4,+,x} U

[0,a,+bI] [0,a,+b,I] [0,a,+b.]I]
[0,a, +b,I] [0,a;+bJ]] [0,a, +b,I]||a,b,e Q" U{0},1<i<9
[0,a; +b,I] [0,a,+bI] [0,a, +b,I]

U {4 X 4 upper triangular interval matrices with intervals of the
form [0, a+bl] with a, b € Zs3,} be a mixed neutrosophic
interval ring - semiring.

Quasi mixed neutrosophic interval semiring — ring and other

quasi types of semiring - ring are described by the following
examples.

Example 3.61: Let V=V, UV,UV;UV,U V5=

{i [0,a, 1%’

i=0

{i[o, a+Dblx’'

i=0

a,eZ’ u{O},+,x} U

a,be Z4S,+,><} ]

[0,al] [O,bI] [O,cI]
[0,dI] [O,eI] [O,fI]| where a, b, c, d, e, f, t, s and r are in
[0,tI] [O,sI [O,rI]

Zoo, +, X} U {([0, a], [0, b], [0, c], [0,d]) la, b, c,d € Zg, +, X}

U {Z[O,ai +b,I]x’

i=0

a,,b,e R” U{O},+,X} be a mixed quasi
neutrosophic interval (2, 3) semiring - ring.
Example 3.62: LetP=P,UP, UP; UP,UPs=

{Z.O:[O,ail]xi a,eQ’ U{O},+,x} U {iailxi

i=0 i=0

a, e Z4z,+,x} V)
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al a a,l
a,l al a/J|a eZ uf{0},+x; U {([0,al+Db], ...,
a, I aJl agl

[0, asl + bs]) | a;, bi € Zago, +, X} U {(ail, a2l, ..., apl) la; € Zys,

+, X; 1 <1< 12} be a neutrosophic quasi interval (2, 3) semiring
- ring.
Example 3.63: Let T=T,UT,UT; UTsUTsuU Tg=

a, a, a, a,
a8

a,€”2,,,1<1<16,+,X U

a3 Ay A5 A

{[O,al +bI] [0,a,+ bzl]}

a.beZ U0},1<i<4Hxt U
[0,a;+b,I] [0,a, +b,I]

a, e 2244,+,><} V)

{i [0,a, %'

i=0

{i[O, a, +b,I]x’'
i=0

...» [0, ajo+biol] where a;, by e Z" U {0}, 1 <i< 10, +, X} U

[al a,0 aJ aJ aJ

a;,b, e Z42,+,x} v {([0, a;+byI], [0, ar+bol],

0 aJd al aJl al
0 0 a, aI a,l|{|aeQ U{0}1<i<I5+X
0 0 0 apl a,l
L0 0 0 0 a,l]

be a quasi neutrosophic quasi interval (3, 3) ring - semiring.

Now on similar lines we can define neutrosophic interval n-
vector spaces, neutrosophic interval n-semivector spaces and
their quasi structure and mixed structure. We give one or two
examples of them. Further all results worked in case of bivector
spaces and bisemivector spaces are true in case of n-vector
spaces and n-semivector spaces.
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Example 3.64: 1LetV=V,UV,uUV;U V=

20
{Z[O,ai +b,I]x'|a,,b, € zlg,+} U
i=0
[0,a,1]
[0,a,I] ||a,€ Z;y,1<1<3,++ U
[0,a,1]

{([07 a1+blI]7 [07a2+b21]7 [07 a3+b31]7 [07 a4+b4I]7 [07 a5+b51]) | a;,
0,a,1 0,a,I] ... [0,a,,l

bi € Zy, +} U 0., 10.a,1] 102,11 where a; €
[0,a,1] [0,a,1] ... [0,a,]]

Z19, 1 £1 <20, +} be a neutrosophic interval 4-vector space over
the field Z 0.

Example 3.65: Let V=V, UV,UV;=

{27:[0,31il]xi

i=0

aieZ7,+} U

[0,a1] [0,a,1] .. [0,a,]]
[0,a,]] [0,a,1] .. [0,a,]]||a€Z,1<i<24+} U

[0,a,,1] [0.a,]] .. [0,a,l]

{([0, a;+bI], [0, ax+b,I], ..., [0, az+bsd]) lai, b€ Zs3, 1 <1< 7,
+} be a special neutrosophic interval 3-vector space over the 3-

fieldF=FLUF, UF;=7;UZy; U Zs;.

Example 3.66: LetS =S, 0US,U S;=

20 .
{2[0, a,I]x’

i=0

a,e”Z u{O},+} U

[0,a, +bI] [0,a, +b,I] [0,a,+Db,I]
[0,a, +b,I] [0,a,+bJ]] [0,a,+bI]||a,b e Q" U{0},1<i<9,+
[0,a, +b,I] [0,a+bI] [0,a, +b,I]
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[0,a, +bI]

[0,a, +b,I]

U a,b.eZ U0},1<i<12,+

[0,a,, +b,,1]

be a neutrosophic interval 3-semivector space over the semifield
F =7"u {0}. Clearly in case of n-semivector spaces we cannot
define over finite semifields except over chain lattices.

Example 3.67: Let V=V, UV,UV;UV,U V50U V4=

24 .
{2[0, a,I]x’
i=0

{All 10 x 19 neutrosophic interval matrices with entries from Z;
under addition} U

[0,a,IT]
[0,a,]1]

aieZ7,+} U

a,€2,,1<1<20,+, U

[0,a,,1]
{([07 al+blI]7 [07 a + bZI] 5 ey [07 a7+b7I]) | a;, bi € Q+ o {0}7

27
1<i<7bu {Z[O,ail]xi

i=0

aieZ+u{0},+} w {all 8 x 3

neutrosophic interval matrices with entries from Z* U {0}, +}
be a mixed neutrosophic interval (3, 3) vector space -
semivector space over the field - semifield F = Z; U (Z" U {0}).

All properties related with bivector spaces, bisemivector
spaces can be derived and proved in case of n-vector spaces and
n-semivector spaces built using neutrosophic intervals.

We can replace N (Z,) or N (Z" U {0}) or N (R" U {0}) or
N (Q" U {0}) by ([0, 1] U [0, 1]) and derive results which will
be defined as algebraic structures using fuzzy neutrosophic
intervals: In many cases min or max operations can be used.
This is also a matter of routine and left for the reader to develop
them.
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Chapter Four

APPLICATIONS OF NEUTROSOPHIC
INTERVAL ALGEBRAIC STRUCTURES

Neutrosophic interval algebraic structures can find
applications in places / models where an element of
indeterminacy is present. For instance in mathematical models
we can use these structures. Also in finite element analysis if
indeterminacy is present in those models we can use them so
that caution can be applied in places where indeterminacy is

present.
Neutrosophic interval matrices can be used in real world

problems in the field of medicine or engineering or social issues

when the data in hand is an unsupervised one.
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When the study of eigen values or eigen vectors are
expected to be an unsupervised one we can use these
neutrosophic interval matrices or fuzzy - neutrosophic interval
matrices. Further when n sets of simultaneous values are
expected as the estimated / predicted values these n-
neutrosophic interval matrices can be used. Also when the
expert expects to study or obtain results in an interval one can

use these interval models.
Since the research and the subject happens to be new and

use new notions of neutrosophic intervals the authors are sure in

due course of time these will find more and more applications.
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Chapter Five

SUGGESTED PROBLEMS

In this chapter we suggest over hundred problems of which
some are simple, some of them are difficult and some of them
are research problems.

1.

Give an example of a pure neutrosophic interval
bisemigroup which is not commutative but of finite order.

Give some interesting properties related with pure
neutrosophic interval bisemigroups of infinite order.

Give an example of a interval neutrosophic bigroup G =
G; U G, of finite biorder and show the Lagrange theorem
for G is true.

Let G =S; U {[0, al] | a € Zy7, +} be a quasi interval
quasi neutrosophic bigroup.

a) Find the biorder of G.

b) Can G have bisubgroups?

c) Is G simple?
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10.

11.

12.

Let V=V, U V,=805) U {[0, al] | a € Z4s, X} be a quasi
interval quasi neutrosophic bisemigroup

a) Find biorder of V.

b) Can V have bisubsemigroups?

¢) Does every biideal’s biorder divide biorder of V?

d) Is every bisubsemigroup a biideal in V?

e) IsV a S-Lagrange bisemigroup?

Obtain some special properties enjoyed by pure
neutrosophic interval bigroups of finite order.

Is all the classical theorems true in case of finite groups
true in case of finite pure neutrosophic interval bigroup?

Let G=G, UG, ={[0, al] la € Zs \ {0}, x} U {[0, al] |

a € Za, +} be a pure neutrosophic interval bigroup.

a) Find biorder of G.

b) Prove all classical theorems for finite groups are true
in case of G.

¢) Find quotient interval bigroups of G.

d) Find the order of [0, 25I] U [0, 8I] in G.

Obtain some interesting properties about quasi interval
quasi neutrosophic bigroupoids.

Prove every pure neutrosophic bigroupoid need not be a
S-bigroupoid.

Let G=G, UG, ={[0,al] lae Z4, * (2,21)} U {[0, al]
| a € Zy, * (3, 12)} be a pure neutrosophic interval
bigroupoid.

1) Find the biorder of G.

it) Is G a S-bigroupoid?

iii) Is G S-Moufang?

iv) Does G satisfy Bol identity?

Obtain some interesting properties enjoyed by pure
neutrosophic interval bisemirings of finite order.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Is every pure neutrosophic interval bisemiring built using
R* U {0} or Q" U {0} or Z" U {0} a pure neutrosophic
interval bisemifield?

Does there exist a pure neutrosophic interval bifield?
Define neutrosophic interval birings.
Give examples of S-neutrosophic interval bisemirings.

Is every pure neutrosophic interval bisemiring a
Smarandache neutrosophic interval bisemiring?

Can neutrosophic interval birings be built using Z* U {0}
or QU {0} or R* U {0}? Justify your answer.

Can we have a neutrosophic interval biring of prime
biorder? Justify!

Prove we have neutrosophic interval birings of biorder 24.

How many neutrosophic interval birings of biorder 24 can
be constructed.

Lete M =M, UM, ={[0, al] la € Zs, +, X} U {[0, a+bI] |
a, b € Zg, +, X} be a neutrosophic interval biring.

1) Find biorder of M.

it) Find quasi biideals in M.

iii) Can M have bisubrings?

iv) Find quasi bizero divisors of M.

v) Is M a S-biring?

Let R =R; UR, ={][0, al] | a € Zys, +, X} U {[0, a+bl] | a,
b € Zy, +, X} be a neutrosophic interval biring.

a) Find the biorder of R.

b) Find biideals in R.

¢) Does R have bisubrings which are not biideals?

d) Find bizero divisors in R.

e) Find biidempotents in R.
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24.

25.

26.

27.

f) Find biunits in R.
g) Find a biisomorphism of R to R with nontrivial
bikernel.

LetP=P,uUP,={[0,al]lae Zy, * (3,4)} U {[0, al] | a

€ Zo, *, (2, 1)} be a neutrosophic interval bigroupoid?

1) Find biorder of P.

it) Is P a S-bigroupoid?

iii) Does P have S-subbigroupoid?

iv) Does P satisfy any of the special identities?

v) Find biideals in P.

vi) Does P have subbigroupoids which are not
Smarandache?

LetT=T,uT,={[0,al]lae Zp, * (7,5)} U {[0, a+bI]
where a, b € Zy;, * (8, 9)} be a neutrosophic interval
bigroupiod.

1) Find biorder of T.

it) Is T a S-bigroupoid?

iii) Does T have subbigroupodids?

iv) Can T have S-biideals?

v) Is every right biideal of T a left biideal of T?

vi) Is T a P-bigroupoid?

vii) Is T a S-Bol bigroupoid?

viii) Can T be a S-strong Moufang bigroupoid?

ix) Can T be a S-idempotent bigroupoid?

LetP=P,UP,={[0,al]la€e {e, 1,2, ...,29}, * 8} U
{[0, a+bI] | ab € {e, 1, 2, ..., 29} * 12} be a
neutrosophic interval biloop.

1) Find biorder of P.

it) Find S-biloops of any?

iii) Is P a S-biloop?

iv) Does P satisfy any of the special identities?

v) Is P a S-strongly Lagrange biloop?

vi) Is P-S-strong Moufang?

Does there exist an interval biloop of biorder n; n a
composite odd number?
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28.

29.

30.

31.

32.

33.

Give an example of a Moufang neutrosophic interval
biloop.

Construct a neutrosophic interval biloop which is a Bol
biloop.

LeeM=M,uUM,={[0,al]la€e {e, 1,2,...,33}, 14, * }
U {[0, a+bl] | a,b € {e, 1, 2, ..., 37} * 14} be a
neutrosophic interval biloop.

1) Find biorder of M.

ii) Is M S-strong Moufang?

iii) Is M a S-biloop?

iv) Is M simple?

v) Can M have bisubloops?

vi) Can M have S-bisubloops?

vii) Can M have bisubloops which are not Smarandache?
viii) Does M satisfy any of the special identities?

ix) Find the biisotope of M.

x) Is M a S-Lagrange biloop?

Let V=V, uUV,=/{[0, atbl] | a, b € Z;5, X } U {[O0,
a+bl] | a,b € Z;s, (7, 8), *} be a neutrosophic interval
semigroup - groupoid.

1) Find biorder of V.

i1) Find substructures of V.

iii) Does V have bizerodivisors?

iv) Is V a Smarandache semigroup-groupoid?

LeteM =M, UM, ={[0,al] lae Zy, x} U {[0, a+bI] | a,
b e Zi,, X} be a neutrosophic interval bisemigroup.

1) Find biorder of V.

it) Is M a S-bisemigroup?

ii1l) Does M contain S-biideals?

iv) Can M have S - bizerodivisors?

v) Can M have bisubsemigroups which are not biideals?

Let S=S,uU S, ={[0, a+bl] la,be Z;, x} U {[0, a+bI] |
a, b e Zs, X} be a neutrosophic interval bisemigroup.
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34.

35.

36.

37.

1) Find biorder of S.

it) Is S a S-bisemigroup?

iii) Can S have bizero divisors?

iv) Can S have S-bizero divisors?

v) Can S have biideals?

vi) Can S have bisubsemigroups which are not biideals?
vii) Can S have biidempotents?

viii) Is S bisimple?

Let V=V, uUV,={[0, a+bl] | a, b e Z4, X} U {[0,
a+bl] | a, b € Z, (3, 17), *} be a neutrosophic interval
semigroup - groupoid.

1) Find biorder of V.

it) Is V a Smarandache semigroup - groupoid?

ii1) Can V have biideals?

iv) Can V have bizero divisors?

LetS=S,uS;={[0,al]l ae {e, 1,2,...,23},9,*} U
{[0, a+bI] | a, b € {e, 1, 2, ..., 11}, 9, *} be a
neutrosophic interval biloop.

1) Find biorder of S.

i1) Prove S is Smarandache.

iii) Prove S is S-simple.

iv) Is S simple?

LetL={[0,al]lae Zux, * (3,2) } U {[0,a+bl] la,be
Z»7, *, 8} be a neutrosophic interval groupoid - loop.

1) Does L satisfy any one of the standard identities?

i1) Find biorder of L.

iii) Is L Smarandache?

iv) Can L have Smarandache substructures?

v) Find any other interesting property associated with L.

LetM=M, UM, ={[0,a]lae Zg, X} U{[0, a+bI] | a,
be {e 1,2, ...,47}, * 9} be the neutrosophic interval
semigroup - loop.

1) Find biorder of M.

i1) Find substructures of M.

iii) Is M Smarandache?

iv) Can M have Smarandache substructures?
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38.

39.

40.

41.

LetT=T,UT,={[0,a+bl]l a,be {e, 1,2, ...,43}, %,

8} U {[0, a+bI] | a,be {e 1,2, ...,43}, *, 9} bea

neutrosophic interval biloop.

i) Is'T a Smarandache biloop?

ii) Does T satisfy any of the special identities?

iii) Is T simple?

iv) Can T have nontrivial bisubloops?

v) Is T a S-strongly Lagrange biloop?

vi) What is the biorder of T?

vii) Find f:T — T, a bihomomorphism such that bikernel
of f is nontrivial.

Let W=W,UW,={[0,al]lae {e, 1,2,...,81}, * 17}
U {[0,al]lae {e, 1,2, ..., 81}, * 23} be a neutrosophic
interval biloop.

1) Find biorder of W.

ii) Is W a S-biloop?

iii) Does W contain S-subbiloops?

iv) Is W simple?

v) Does W satisfy any of the special identities?

vi) Find the biisotope of W.

Let M =M, UM, = {[0, a+bl] | a, b € Zj, *, (3,5} v

{[0, a+bI] | a, b € {e, 1, 2, ..., 15}, 8, *} be a

neutrosophic interval groupoid - loop.

1) Find the biorder of M

i1) Is M a Smarandache structure?

iii) Does M contain Smarandache substructure?

iv) Does M satisfy any of the special identities?

v) Does M contain a neutrosophic interval normal
subgroupoid - normal subloop?

Let V=V, U V,={[0, a+bl] la, be Zyy, * (3,7)} U {[O0,
a+bl] | a, b € Zgy, X} be a neutrosophic interval groupoid -
semigroup.

a) Find the biorder of V.

b) Is V Smarandache?

¢) Can V have Smarandache substructures?
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42.

43.

44.

45.

46.

d) Prove V has pure neutrosophic interval subgroupoid -
subsemigroup and interval subgroupoid S-ideals?
e) Does V contain S-biideals?

Let M=M, UM, ={[0,a]lae Zy, x} U {[0,al]lae
{fe, 1, 2, ..., 41}, 9, *} be a neutrosophic interval
semigroup - loop.
a) Find the biorder of M.
b) Is M Smarandache?
c) IsS=S,uUS,={[0,1], [0, 401], x} U {[O, el],

[0, 911} € M; U M, a neutrosophic interval bigroup?
d) Is M a simple bistructure?

Obtain some interesting properties enjoyed by
neutrosophic interval semiring - ring.

LetM=M,uUM,={[0,al]lae {e, 1,2, ..., 29}, 9, *}

U {[0, al] | a € Zy, (3, 20), *} be a neutrosophic interval

loop-groupoid.

1) Find biorder of M.

ii) Does M satisfy any of the special identities?

iii) Is M a Smarandache bistructure?

iv) Can M have S-bisubstructures?

v) Give a bisubstructure which is not a Smarandache
subbistructure.

Let W=W;, UW,={Zy,+} U {[0,al] la e Zy, X} bea
quasi neutrosophic quasi interval group - loop.

1) Find biorder of W.

i1) Is W a Smarandache bistructure?

ii1) Find subbistructures in S.

Let V=V, U V,={Zy X} U {[0,al] | a e Zy, * (3,
22)} be a pure neutrosophic interval semigroup-groupoid.
1) Find biorder of V.

i1) Is V a Smarandache bistructure?

ii1) Can V have S-zero divisors?

iv) Find S-units in V (if it exists).
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47.

48.

49.

50.

v) Can V have idempotents which are not S-
idempotents?

LetP=P,uP,={[0,a+bl]la,be Zsy * (3, 14)} U

{[0, aI] | a € Z47, *, (0, 14)} be a neutrosophic interval

bigroupoid.

1) Find biorder of P.

i1) Can P have bizerodivisors?

iii) Can P have S-subbigroupoids?

iv) Can P have S-biideals?

v) Find S-quasi bisubstructures in P.

vi) Does P satisfy any of the special identities?

vii) Does P satisfy any of the Smarandache strong special
identities like Bol, Moufang etc?

LetP=P, UP,={[0, al] | a € Z4, (3, 0), *} U {[0, al] | a
€ Zy, (0, 3), *} be a pure neutrosophic interval
bigroupoid.

1) Find biorder of P.

i1) Is P Smarandache?

iii) Is P a Smarandache strong Bol bigroupoid?

iv) Is P a Smarandache strong P-bigroupoid?

v) Can P have Smarandache bisubgroupoids?

vi) Does P contain S-bizero divisors?

Lete M =M, UM, ={[0, al] la € Zy, X, +} U {[0, al] | a
€ Z" U {0}, +, X} be a pure neutrosophic interval ring -
semiring.

1) Is M a Smarandache bistructure?

i) Can M have S-bizero divisors?

iii) Can M have S-biidempotents?

iv) Can M have S-subring - subsemiring?

v) Can M be a quasi Smarandache bistructure?

vi) Find any other property associated with M.

Let T=T, U T, =[[0, atbl] | a, b € Zyy, %X, +} U {][O,
a+bl] | a, b € Zy4, X, +} be a neutrosophic interval biring.
1) Find biorder of T.

it) Is T a S-biring?
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51.

52.

53.

iii) Can T be a quasi bifield?

iv) Find bizero divisors and S-bizero divisors in T.
v) Can T have S-biidempotents?

vi) Find S-biunits in T.

vii) Find a biideal I = I; U I, and find T/I.

Let V=V, U V, = {[0, a+bl] | a, b € Zg, +} U
[0, al]
[0,bI] ||a,b,ce Z,;,+ be a neutrosophic interval
[0,cI]

bivector space over the field F = Zg;.

1) What is the bidimension of V?

ii) Find bivector subspaces of V.

iii) Can V be a Smarandache bivector space?

iv) Write V as a direct sum.
v) Find linear bioperator T on V such that T™' exists.

[0,51] 0 [01] 0

0 [0z21 o0 0

0 [0,1] 0 [0,31]
(0,2 0 [0I] O

Let V=V, uV,=

0,11 [0,2I] O
0 [0,1] 0 be a pure neutrosophic interval
(0,1 0 [0,3]]

bimatrix with entries from Z;.

1) Find the characteristic bivalues.
i1) Find the characteristic bivector.
iii) Is V bidiagonalizable?

Let V=V, UV, be a pure neutrosophic bivector space
where V| =
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54.

55.

[0,a,1] [0,a,1] [0,a,]]
0,a,1] [0,a,0] [0,a,]
O] 102,11 - {0.a,]] a,€Z,,1<i<12} U
[0,a,1] [0,a,0] [0,a,]]

[0,a,,I] [0,a,I] [O,a,l]

{([0, a+bI], [0, c+dI], [0, e+fI]) I a, b, c, d, e, f, € Zn};

a) Find a bibasis for V.

b) What is the bidimension of V?

¢) Find a linear bioperator T on V so that T" does not
exist.

d) Write V as a bidirect sum.

e) Define a biprojection on V.

f) Is V a Smarandache bivector space?

g) Does V contain subbivector spaces which are not
Smarandache?

8
Let V=V, UV, = {Z:[O,al]xi

i=0

ae 243,+} U {([0, al],

[0, bI], [0, cI]) | a, b, ¢ € Z4, +} be a neutrosophic
interval bivector space over the field Zy3.

1) Find a bibasis for V.

i) What is the bidimesnion of V?

ii1) Is V Smarandache?

iv) Write V as a direct sum.

v) Find a Smarandache subbivector space if any in V.

vi) Find T a linear bioperator with nontrivial bikernel.

[0,a + bI]
[0,c+dI] .

Let V=V,UV,= . be the collection of all 9
[0,r+5sI]

x 1 neutrosophic interval matrices with entries from Z;}
v {([0, aI], [O, bI], [0, cI], [0, dI]) la, b, c,d e Z;} bea
neutrosophic interval bimatrix.

1)  Find the number of elements in V.

i) What is the bidimension of V?

ii1) Find a bibasis for V.
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56.

57.

58.

i=0

5
Let S=S,uUS,uUS;uU S, = {Z:[O,al]xi ae Z7,+} ]

{0, aI], [0, ad], ..., [0, a) | a; € Zo, X} U
[0,a,I] [0,a,]1]

0,0 [0,a,1
[ ?3] [ ?“] a,€Zg, 4L U {([0, a+bl] | a, b €

[0,a,,I1 [0,a,,]]

Z15, X} be a neutrosophic interval 4-semigroup.
1) Find the 4-order S.

it) Find 4-subsemigroups.

iii) Can S have 4-ideals?

iv) Can S have 4-zero divisors?

v) Can S have 4-units?

vi) Is S a Smarandache 4-semigroup?

Let V=V,uV,={[0,all]lae Z" U {0}} U {[0, al] | a
€ 77} be a neutrosophic interval semivector space -
vector space over the semifield - field (Z* U {0}) U Z; =
S.
1) Find a bibasis of V over S.
ii) Can V have neutrosophic subsemivector space -

vector subspace of V over S?
ii1) What the bidimension of V over S?

Let W=W, UW,={[0,a+bl]la,be Zjo} U {[0, a + bI]
| a, b € Zy} be a special interval bivector space over the
bifield F=F, UF, =79 U Z;s.
1) Find a bibasis of W.
i1) Is W a finite bidimensional?
iii) Find bivector subspace of W.
iv) Find a special linear bioperator of W, which is
invertible.
v) Prove W has both.
a) Pure special neutrosophic interval subbivector
space of W.
b) Find special interval bivector subspace of W.
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59.

60.

61.

Let W =W, U W, = {([0, a|I], [0, a], [0, asl], [0, ad]) |
[0,a,1] [0,a,I] [0,a,]]

ae€ Zo 1<i<4} v <([0,a,I] [0,aI] [0,a,l]| where
[0,a,I] [0,a,I] [O,a,]]

a; € Zyo; 1 £1 <9} be a neutrosophic interval bivector

space over the field S = Zo.

1) Find a bibasis of W.

i) What is a bidimension of W?

iii) Find a subbivector space of W.

iv) Define a linear bioperator T on W so that T™' exists.

v) Define T : W — W so that bikernel is nontrivial.

Let W =W, UW,={[0, atbl] | a, b € Z;} U {[0, a+bI]l

a, b € Zy1} be a special neutrosophic interval bivector

space over the bifield F =F, UF, =7; U Z;;.

1) Find bidimension of W.

i1) Find a bibasis of W.

iii) Find a special neutrosophic interval bivector subspace
of V.

iv) Write W as a bidirect sum.

v) Find a bioperator T so that T"' does not exist.

vi) Write W as a pseudo direct sum.

[0,aI] [0,a,I]
Let V=V, uV,uV;uU V= : : a; €
[0,a,I] [0,a,]]

Z437 1 < 1 < 10} U {([07 alI]7 [07 a21]7 [07 a3I]) | a; € Z7’
7
1 < i < 3} v {Z[O,al]xi ae zu} U
i=0
[0,a,I] [0,a,I]
[0,a,1] [0,a,1]
interval 4-group.

1) Find the 4-order of V.
it) Find neutrosophic interval four subgroups.

a e Z”,+} be a neutrosophic
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62.

63.

Let V=V, U V,uU V;U V, be a neutrosophic interval 4-
[0,a,I] [0,a,I] [0,a,]]

) [0,a,1] [0,a,d] [0O,aI]
semigroup where V; = : : :
[0,a,I] [0,a,,I] [0,a,,I]
where a; € Zy, 1 £1<30, +}, Vo= {[0, a+bl] la, b e Zy,

6
x}), Vi = {Z[O,al]aezmﬁ} and V, =
i=0

[0,al] [O,bI]
[0,cI] [0,dI]

interval 4-semigroup.

i) Is V a Smarandache 4-interval semigroup?

i1) Prove V is of finite order.

iii) Find neutrosophic interval 4-subsemigroup.

iv) Does V contain 4-zero divisor?

v) Does V contain Smarandache 4-units?

vi) Is V a S-weakly Lagrange 4-semigroup?

vii) Can V have S-4-ideals?

viii) Does V contain S-4-subsemigroups which are not S-

4-ideals?

a,b,c,de le} be a neutrosophic

LetR=R; UR, UR; UR, UR;5={[0, a+bl] la, b e Zs,
[0,aI] [0,a,I] [0,a,I]

X, +} U <|[0,a,I] [0,a1] [0,a/]||ai€ Zy, 1 <1<9,
[0,a,1] [0,a,I] [0,a,]]

+, X} U {([0, a\I], [0, ayI], ..., [0, agl]) la; € Zpp, 1 <1< 8,

{[O,all] [O,azl]}
+, X} U
[0,a,I] [0,a,I]

{i[o,ai +b,I]x'

aieZ42;1SiS4} )

a,,b, e 240} be a neutrosophic interval
i=0

5-ring.
i) Find S-5-subring of R.
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64.

65.

66.

it) Is R a S-5-ring?

iii) Is R a Smarandache commutative 5-ring?

iv) Does R contain S-zero divisors?

v) Can R have zero divisors which are not S-zero
divisors?

vi) Can R have ideals which are not S-ideals?

vii) Can R have a principal 5-ideal?

Let S =S, uUS,US;uUSs={[0, a+bl] | a, b e Zs, * (2,
6)} U {[0, a+bI] la,be Zg, *(3,5)} U {[0, atbl] la, b e
Zs, * (1, )} u {[0, atbl]  a, b € Zs, * (4, 4)} be a
neutrosophic interval 4-groupoid.

i) Is S a S-4-groupoid?

it) Can S have Smarandache 4-subgroupoid?

iii) Does S satisfy any of the Smarandache identities?

iv) Is S a S-P-4-groupoid?

LetT=T,uT,uT: UT,UTs={[0,atbl]la,be Z;, *
3,4} U {0, a+bl] la,be Zy, *(2,7)} U {[0, a+bl] | a,
be Zs, *(1,7)} U {[0, a+bl] la,b e Z,;, * (3, 8)} U {[O0,
a+bl] 1 a, b € Z;3, * (12, 1)} be a neutrosophic interval 5-
groupoid.

i) Is T a S- neutrosophic interval 5-groupoid?

it) Can T have S-sub 5 - groupoid?

i) What is the order of T?

iv) Is T a S-strong P-5-groupoid?

v) IsT a S-Bol 5-groupoid?

vi) Find 5-zero divisors and S-zero divisors if any in T.

LeteM =M, UM, UM; UM, UMs={[0,a+bl] la,be
{e, 1,2, ...,33}, 14, *} U {[0, a+bl] la,be {e, 1,2, ...,
293,20, *} U {[0, a+bl] la,be {e, 1,2, ...,31},15, *}
U {[0, a+bI]la,b e {e, 1,2, ..., 53}, 27, *} U {[0, a+bI]
la, be {e 1,2, ..., 47}, 23, *} be a neutrosophic
interval 5-loop.

1)  Find the order of M.

it) Find S-5 subloops of M.

iii) Is M a S-5 loop?

iv) Is M a S-strong Bol 5-loop?
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67.

68.

69.

v) Is M a S-Moufang 5-loop?

vi) Is M a S-strong alternative 5-loop?

vii) Find S-strong P-5-loop.

viii) Obtain some interesting properties enjoyed by M.

ix) Prove x = X; U X, U X3 U X4 U X5 in M is such that x>
= identity.

LetP=P, UP,UP;UPs,UPs UPs={[0, a+bl] la,b e
Z7, x} U {[0, al] la e Z;s, +} U {[0, a+blI] I a, b € Zy,
3,8), ¥} U {[0,al]lae Zy, +} U {[0,al]lae {e, 1,2,
..., 19} 9, *} U {[0, atbl] 2, b e Zpp, *. (3,9)} bea
mixed neutrosophic interval (1, 2, 2, 1) - (semigroup -
group - groupoid - loop).

1) Find order of P.

i1) Find substructures in P.

iii) Is every element in P of finite order?

LetS=S,uUS,US;US,USs={[0,al]lae Zy, +} U
{[0, al] I a € Zy, x} U {[0, al]  a € Zy, (2, 7), *} U {[O,
all]lae {e, 1,2,...,9},5, ¥} U {[0, al] | a € Zy, (0, 4),
*} be a mixed neutrosophic interval (1, 1, 2, 1) - group -
semigroup - groupoid - loop.
1) Find order of S.
i1) Obtain substructures in S.
iii) Determine some interesting properties enjoyed by S.
iv) Does the order of 5-substructures divide the order

of S?
v) Letx =10, 3I] U [0, 2I] U [0, 41] U [0, 51] L [0, 7I]

€ S. What is the order of the element x in S?

Let S =S, U S; U S;={[0, al] where a € Zy4, +, X} U
{[0,al] la e Z" U {0}, X, +} U {([0, a;+byI], [0, ay + b,I],
[0, a3 + bsI]) l a;, by € Zyp, 1 <1 <3, +, X} be a mixed
neutrosophic interval (2, 1) ring - semiring.

1) Is S a Smarandache structure?

i1) Can S have 3-ideals?

ii1) Find substructures in S.

iv) Can S have 3-zero divisors?
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70.

71.

72.

73.

74.

v) Can S have S-3 units?
vi) Is S a commutative 3-structure?

[0,6I] 0 [0,21]
LetM=M,uUM,UM;UM,=| 0 [03]] O
[0,71] O 0
[0,2] 0 [03] O
{[0, 41 0 } 0 [0,41] [O,I] 0
0

[0,21] [0,I] 0 0 [0,71]
0 [08I] 0 [01]
(10,211 [0,31] O  [0,]] [0,71]

0 [01] [0,21] O 0
Ul 0 0 [0,4I] [0,I] [0,21] be a
0 0 0 [051] 0
0 0 0 0 [0,71]

neutrosophic interval 4-matrix with entries from R" U

{0}.

1) Find characteristic 4-values associated with M.

i1) Is the characteristic 4-values associated with M-
neutrosophic intervals?

iii) Can the characteristic 4-values be in R" U {0}?

iv) Obtain some interesting results associated with M.

v) Does M exist?

Obtain some interesting properties related with
neutrosophic interval n-vector spaces.

Find some properties enjoyed by special neutrosophic
interval n-vector spaces.

Study the difference between the structures described
problems (71) and (72).

Lete M =M, UM, UM;uUM;uUMs = {([0, aI], [0, aI],
. [0,apl)laje Z;; 1 <17} U
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75.

12 .
{Z[O, a;, +b,I]x’
i=0

[[0,a,1]1 [0,a,1] [0,a,I]
[0,a,I] [0,a,0] [O,a/0]||aie Zi7, 1<1<9,+} U
1[0,a,1] [0,agl] [0,a,I]

ai,biezl3,+} U

[ [0,a, +b,I]  [0,a, +b,I]

0,a, +b,1 0O,a,+b,I
[ ’ Al ‘ A a,beZ,1<i<14

[0,a,; +b,I] [0,a, +b,I]

[0,a,1] [0,a,I] .. [O,agl]J
[0,a,1] [0,a,I] .. [0,a,l]

U

—

a e ZS,ISiS16,+} be

a special neutrosophic interval 5-vector space over the 5-
fieldF=F1 UF2UF3UF4UF5=Z7U213U217UZ3U
Zs.
i) Find a special 5-basis of M over F.
ii) What is the special 5-dimension of M over F?
iii) Can M be written as a direct union of special
neutrosophic interval 5-subspaces over F?
iv) Find a special linear 5-operator T =T; U T, U T3 U
T, U Ts so that T exists.

Let V=V, U V,u VU Vy={([0, aj+b{I], ..., [0, ag +
[0,a,1]

+ [O’aZI] +

bgl]) la;, by e Z7 U {0}, +} U : where a; € Z
[0,a,,1]

9
U {0}:1<i<10} U {Z[O,a+bl]xi

i=0
[0,a+bl] [0,c+dI]
[0,c+dI] [0,a+blI]

a,be Z’ u{O}} ]

a,b,c,de Z+u{0},+} be a
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76.

neutrosophic interval 4-semivector space over the

semifield S =Z" U {0}.

i) Find a 4-basis of V over Z" U {0}.

ii) What is the 4-dimesnion of V over Z* U {0}

iii) Find 4-subspaces of V over S =Z" U {0}

iv) Is V a Smarandache 4-semivector space over Z" U
{0}?

v) Find a linear 4-operator T=T, U T, U T3 U T4y on V
so that T does not exist.

vi) Is 4-kerT =ker T U ker T, U ker T35 U ker T4 a 4-
subspace?

LetS=S,uUS,US;US,USs=

{i[o, al]x’

i=0

aeZ" u{O},+,x} w {([0, a|I], [0,a,I]...., [O,
agl) laie Z" U {0}, +, X} U
[10,a,1] [0,a,1]
_[0,a3I] [0,a,1]
[0,a,1] [0,a,I] [0,a,]]

0 [0,a,I] [0,a.I] ||a, € Z" U{0},1<i<6,+,X
0 0 [0,a,]]

a,,a,,a,,a,e”Z’ U{O},+,X} U

[0,a,1] 0 0 0
[0,a,I] [0,a,I] 0

0 [0,a,I] [0,a.] 0

0 0 0 [0,a,]]

be a neutrosophic interval 5-semiring.

i) Is S-a S-5-semiring?

ii) Does S contain a S-5-subsemiring which is not
Smarandache?

iii) Can S have 5-zero divisors?

iv) Obtain some stricking properties about S.

v) Can S have S-5-ideals?

a.e Z"U{0},1<i<6,+,%
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77.

78.

79.

Give some special properties about quasi neutrosophic
quasi interval n-groups (n = 3).

Prove Lagrange’s theorem is true for quasi neutrosophic
quasi interval n-group of finite n-order.

Let G=G, UG U Gy U Gy U Gs = {([0, ail], [0, ad], [0,

asl]) I aj € Zy \ {0}} )
[10,a1] [0,a,I] [0,a,1]]
[0,a,I1 [0,a,1] [0O,aI]
[0,a.I] [0,a.I] [0,a,I] ||a,eZ,,+1<i<15 U
[0,a,,I] [0,a,I] [O,a,I]
|[0,a,,1] [0,a,1] [0,aI]|
{ [0,a,+bI] .. [0,a,+b,1] J ab e 7, 41<is 14}
[0,a; +b,I] ... [0,a,+Db,I]
U {[0, a+bl] | a b € Zys,  +}
[0,a,1]
[0,a,1] : :
U a,€Z;,1<i<14;+ be a neutrosophic
[0,a,1I]
[0,a,1]

interval 5-group.

1) Find the 5-order of G.

ii) Prove Lagrange’s theorem is true for G.

iii) Find all p-sylow 5-subgroups of G.

iv) Prove Cauchy theorem is true for G.

v) If x € G; does there exists an integer such that

n__ _n n, ny n, ns
X=X UXy UXP UX, UX;

—qo o onooull Y 0y
e 00 .. 0
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80.

1.

82.

83.

[0, 0] L

oS O o O

20
Let S=SUS, US;US,= {Z[O,ail]xi

i=0

aeZ' u{O}}

[0,a1] [0,a,I] [0,a,I]
U 41/[0,a,I] [0,a,0] [0,a]]||a,e Z" U{0},1<i<9;: U
[0,a,1] [0,aI] [0,a,I]

[0,a, +b1] [0,a, +b,]I]
: : a.beZ U{0},1<i<8
[0,a,+b.1] [0,a, +byI]

U {([0, a; + by, ..., [0, a;; + byI]) la, bje Z" U {0}; 1<
i1 £ 11} be a neutrosophic interval 4- semivector space
over the semifield = Z" U {0}.

1) What is the 4-dimension of S over F?

i1) Find a 4-basis of S over F.

iii) Find atleast 3 4-subsemivector spaces of S over F.

iv) Write S as a direct sum.

v) Is S a 4-semilinear algebra over Z* U {0}?

vi) Is S a Smarandache 4-semivector space over F?

vii) Define a 4-linear operator T on S so that T™' exists.

Give an example of a neutrosophic fuzzy interval 4-
semigroup of infinite order.

Give an example of a fuzzy neutrosophic interval 8-
semiring which is not Smarandache.

Derive any interesting property about fuzzy neutrosophic
interval n-rings.
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&4.

85.

86.

&7.

Can the concept of principal ideal domain be extended to
the fuzzy neutrosophic interval n-rings?

LetP=P,uP, UP;UP, UPs={[0, atbl] la,b e Z),
[0,a,1]

[0,a,1]

X} U a,e€”Z,,%1<i<9; U {([0, al], ..., [0,

[0,a,]]

al]) 1 aa e Z° U {0}; 1 < i < 10, x} U

25 .
{Z[O, a, +b,I]x’
i=0

[0,a,1] [0,a,I]
[0,a,1] [0,a,1]
interval 5-semigroup.
i) Defineamapn:P=P, UP,uP;UP,UPs— ([0,
1w [0, 17) u ([0, IT u [0, 17) L ([0, I L [0, 11) [0,
1], [0, 1) w ([0, 1], [0, 1]), so that (p, M) is a special
neutrosophic fuzzy interval fuzzy 5-semigroup.

i) How many such special fuzzy 5-semigroup can be
constructed?

ai,bieZ+u{0},0SiS25,+} U

aieZ+u{0},x} be a neutrosophic

LeteS=S,uS;UuS;UuSs={[0,al]lae {e 1,2, ...,

23}, 9, *} U {[0, a+bI]  a, b € {e, 1, 2, ..., 29}, 20, *}

V{0, a|I], [0, aI] ... [0, a;I]) la € {e, 1, 2, ..., 33}, 14,

*1u {[0, a+bl] 1 a, b € {e, 1, 2, ..., 53}, 29, *} be a

neutrosophic interval 4-loop.

i) Defineamapm :S — ([0, 1] U [0, I]) U ([0, 1] U [0,
Iy u ([0, 1] U [0, IT) L ([0, 1] U [0, I]) so that (S, M)
is a special neutrosophic fuzzy interval fuzzy 4-loop.

ii) Derive some of the properties enjoyed by (S, 1n).

Let G=G UG UG, UGyuUGs ={[0, a+bl] | a, b €
Zss, +} U {[0, al] | a € Zyy, +} € {[0, al] la € Zs3\ {0},
x} O {(0, a/], ..., [0, agl]) | a; € Zi;3 \ {0}, x} U {[O,
a+bl] | a, b € Zyg, +} be a neutrosophic interval 5-group.
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88.

&9.

i) Definen:G=G UG UG UGsUGs— (0, I]u
[0, 1) ([0, 11 L [0, 1) L ([0, I] L [0, 1]) L ([0, 1]
u [0, 1]y U ([0, I] U [0, 1]) so that (G, ) is a special
fuzzy neutrosophic interval fuzzy 5-group.

it) Find fuzzy 5-subgroups of (G, n).

Let V=V, uV,uV;uUV,uUVs0U Vg={[0,al] la e

Zo, *, (2, 1)} U {[0, a] la € Zu, *, (9, 0)} U {[0, a+bI] |

a,b e Zyo, * (2, 8)} U {([0, a,I], [0, aoI], ..., [0, axl]) I a

€ Zy, 1<1520,% (11, 0)} U {[0, al] | a € Zgs, *, (25,

23)} U {[0, a+bI] | a,b € Zao, *, (29, 0)} be a quasi

neutrosophic interval 6-groupoid.

i) Definen : V — ([0, 1] U [0, 1]) U ([0, IJuU [0, 1]) U
(10, 11 v [0, 11) L ([0, 11 L [0, 11) L ([0, I] U [0, 1T)
v ([0, I] U [0, 1]) so that (V, n) is a special fuzzy
quasi neutrosophic interval fuzzy 6-groupoid.

ii) Does (V, n) satisfy any of the special identities?

iii) How many (V, n)’s can be constructed using V?

LeteM=M, UM,U ... UMs={[0, al] la € Zy, +} U
{all 5 x 5 neutrosophic interval matrices with entries from
Z" U {0} under matrix multiplication} U {([0, a]1] , ...,
[0, agl]) 1 a; € Z47, (8,9), *, 1 <1< 8} U {[0, al] la e {e,
[0,a 1]
[0,a,1]
[0,a,1I]
[0,a,1]

be a mixed neutrosophic interval (1, 2, 1, 1) group
semigroup - groupoid - loop.

1,2,...,43},% 9} U a,eZ U{0},1<i<4,+

i) Definen:M =M, UM, UM; UM,UM; — ([0, ]I]
U [0, 1) U ([0, IJ L [0, 17) L ([0, T] W [0, 11) U ([0,
I u [0, 17) U ([0, I] U [0, 1]) so that (M, 1) is a
special mixed fuzzy neutrosophic interval (1, 2, 1, 1)
fuzzy grouped - fuzzy semigroup - fuzzy groupoid -
fuzzy loop.
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90.

91.

92.

93.

94.

95.

96.

97.

ii) Find substructures of (M, 1).
iii) Obtain some interesting results about (M, 1n).

Determine some interesting properties about special fuzzy
n-structures.

Compare the special fuzzy neutrosophic n-structures with
fuzzy neutrosophic n-structures.

What is the advantage of defining directly fuzzy
neutrosophic n-structures using the fuzzy neutrosophic
interval ([0, 1]} U [0, 1]) = {[0, a+bl] I a, b € [0, 1]}?

Give some applications of these new n-structures.

What is the advantage of using intervals / neutrosophic
intervals instead of real values in mathematical models.

Find the uses and advantages of using neutrosophic
interval n-matrices in stiffness n-matrices.

Describe some real mathematical models which function
better if real values are replaced by intervals.

aie27} U

{([07 al+blI]7 seey [07 a8+b81]) | a;, bi € Z77 +} o
[ [0.a,]]
[0,a,]1]

28
LetS=SUSUS;US, = {Z[O,ai]xi

i=0

a,e€Z,1<i<20; U
|[0,a,,1]

[[0,a,1] [0,a,]] .. [0,a,I]
[[0,a,]] [0,a,I] ... [0,a,]]

neutrosophic interval 4 - vector space over the field Z.
i) Find n so that (S, n) is a fuzzy neutrosophic interval
4-vector space.

—

aieZ7,1SiS22} be a
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98.

99.

100.

101.

102.

103.

104.

105.

106.

i1) What is the 4-dimension of S?

iii) Obtain a linear 4-operator T on S so that T™' does not
exist.

iv) What is the advantage of studying fuzzy neutrosophic
interval 4-vector space?

v) Find fuzzy neutrosophic interval 4-vector subspaces
of S.

LetL=LiulL,uL;uLs={[0,al]lae {e, 1,2, ..,
23}, *, 8} U {[0,al]lae {e, 1,2, ...,29}, * 11} U {[O,
all lae {e, 1,2, ...,37}, %, 12} U {[0, al] la € {e, 1, 2,
..., 43}, * 14} be a neutrosophic interval 4-loop.

i) Is L a S-strong Bol 4-loop?

it) Find (L, n) the fuzzy neutrosophic interval 4-loop.

iii) Is L S-commutative?

Give a class of S-commutative neutrosophic interval n-
loop.

Does there exist a class of neutrosophic interval n-loop
which is neutrosophic interval Moufang n-loop?

Find a class of S-strong neutrosophic interval Bol n-loop.

Find a class of S-strong neutrosophic interval alternative
n-loop.

Find a class of S-strong neutrosophic interval Bol n-
groupoid.

Does there exist a S-strong commutative neutrosophic
interval n-groupoid?

Does there exist a S-strong Moufang neutrosophic fuzzy
interval 8-groupoid?

Find a class of S-Moufang fuzzy neutrosophic interval 6-
groupoid.
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107.

108.

1009.

110.

111.

112.

113.

Find a class of S-strong neutrosophic fuzzy interval P-n-
groupoid.

Give an example of a S-neutrosophic fuzzy interval
idempotent 8-groupoid.

Give an example of a S-neutrosophic fuzzy interval
Moufang 12-groupoid.

Give an example of a S-neutrosophic fuzzy interval Bol
3-groupoid which is not a S-strong neutrosophic fuzzy
interval Bol 3-groupoid.

Give an example of a S-neutrosophic fuzzy interval
alternative 5-groupoid.

Give an example of a S-neutrosophic fuzzy interval 5-
semigroup which is a S-Lagrange neutrosophic fuzzy

interval 5-semigroup (can such structure exist?)

Give an example of a S-neutrosophic fuzzy interval 9-
loop, which is right alternative but not left alternative.
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The authors in this book
introduce the notion of
neutrosophic interval bialgebraic
structures. Some research level
problems are also given.
Using these neutrosophic
biintervals several new
interval bialgebraic structures
are introduced and studied.
These concepts are generalized
to neutrosophic n-interval
algebraic structures.
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