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This theory considers every notion or idea <A> together with its opposite or negation
<antiA> and with their spectrum of neutralities <neutA> in between them (i.e. notions
or ideas supporting neither <A> nor <antiA>). The <neutA> and <antiA> ideas
together are referred to as <nonA>.

Neutrosophy is a generalization of Hegel's dialectics (the last one is based on <A> and
<antiA> only).

According to this theory every idea <A> tends to be neutralized and balanced by <antiA>
and <nonA> ideas - as a state of equilibrium.

In a classical way <A>, <neutA>, <antiA> are disjoint two by two. But, since in many
cases the borders between notions are vague, imprecise, Sorites, it is possible that <A>,
<neutA>, <antiA> (and <nonA> of course) have common parts two by two, or even all
three of them as well.

Neutrosophic Set and Neutrosophic Logic are generalizations of the fuzzy set and respectively
fuzzy logic (especially of intuitionistic fuzzy set and respectively intuitionistic fuzzy logic).
In neutrosophic logic a proposition has a degree of truth

(1), a degree of indeterminacy (I), and a degree of falsity (F), where T, I, I are standard
or non-standard subsets of /-0, 7+/.

Neutrosophic Probability is a generalization of the classical probability and imprecise
probability.

Neutrosophic Statistics is a generalization of the classical statistics.

What distinguishes the neutrosophics from other fields is the <neutA>, which means
neither <A> nor <antiA>.

<neutA>, which of course depends on <A>, can be indeterminacy, neutrality, tie game,
unknown, contradiction, ignorance, imprecision, etc.
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Abstract: In this paper, we introduced the concept of the dynamic set according to modern logic, is
neutrosophic logic. We study the neutrosophic dynamic set according to time and random variable
depended on dynamic set. Neutrosophic dynamic is a dynamic analysis of a sequence of data through
of time. It used in many problems in life such as a mathematical statistic, philosophy, medicine,
engineering. Some examples and notes are presented.

Keywords: Neutrosophic Dynamic Set, Neutrosophic, Crisp Set, Dynamic Set

1. Introduction

Usually, the neutrosophic set used in available to us information has some indeterminacy [1] and for
this, its extensions have become widely applied in almost areas, such as decision-making [6,4],
clustering analysis[2], image processing [5], etc. However, in some complex problems in real- life,
data may be collected from a different time that needs dynamic decision making for such situations.
The term ‘dynamic’ can be is a series of decisions required to reach a target or the condition that
dependent taking of decision and the state of problems. In this paper, we consider dynamic
Neutrosophic according to time. The time of the employees "arrival to their place of work, the follow-
up of the students” arrival at their universities Patient care, and record the development of all health
changes within a specified time.

Neutrosophic set [1]

The part function (indeterminacy function) that Smarandache (1999) added to intuitionistic fuzzy sets
and it is called Neutrosophic Sets. This theory is a robust generalization of the classic set theory, fuzzy
set theory by Zadeh, 1965, intuitionistic fuzzy set theory by Atanassov, 1986. Neutrosophic sets
present a new part called “indeterminacy” differently from other fuzzy sets, and this part makes

meaning more information than other approaches (Wen & Cheng, 2013).[9]

A.A. Salama et al.., Neutrosophic Dynamic Set
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A neutrosophic set contains three parameters (parts), which are: truthiness (T), indeterminacy (I), and
falsity (F). Truthiness and falsity correspond to membership (u) and non-membership (u-) in
intuitionistic fuzzy sets. Indeterminacy means that decision-makers assess for a decided indicating
neutral idea [3].

Concepts of Neutrosophic sets

2. Neutrosophy set

Let Abeasetinuniversalset U, represent A by pa(x), a truth membership function, pua(x): X— ]
0, 1+ [, Ia(x), an indetermanced membership function, Ia(x): X— ] 0, 1* [ and pj (x) a falls
membership function, uj a(x) : X— 10, 1+[, all these functions are real standard or nonstandard
subsets of ] 0, 1*[ , where X is non empty set [1, 10] .
Let Q is a neutrosophic sample space that contains some or all of the data that are indeterminacy for
the neutrosophic experiment. Then we can define Neutrosophic random variable X is a function
defined on Q.
This function may contain the undetermined in a domain or codomain of function, denoted by

X:Q - any values ( can be real or indeterminate values), thatis, if u € Q then X(u) is equal to me

or real number.

3. Dynamic Neutrosophic set

Let 0#T, A is neutrosophic set, we will define A with respect to time t, such that t belong to T, T >
0 as follows:

DA, = {u, (t),1, (t), uz (t); t € T}, this DA,, is called dynamic neutrosophic set according to time t.
In the field of technolog

The dynamic neutrosophic class can be defined as

Dynamic neutrosophic data sets are a way of narrowing the number of choices with three degress a
user can make on a form field. By narrowing a user’s choices, they can enter data faster and more
efficiently. You can also use dynamic neutrosophic data sets as a way of eliminating fields that are
not necessary for specific situations.

Dynamic neutrosophic data sets are governed by a master element that dictates what some fields in
the set will show and how others will behave. Data sets are considered “dynamic” because the values
of the elements in the set change, depending on what the user chooses in the master element field.

Dynamic data sets work with pull-down lists and radio buttons.

4. Dynamic Neutrosophic random variable

Consider () is neutrosophic sample space as T, such that T= (ty, tz, .., tn), where ti is equal to interval
or real number or set or indeterminacy.

Define the Neutrosophic random variable X with respect to t, X(t), such that X: Q- ]0, 1+[ or I.

A.A. Salama et al.., Neutrosophic Dynamic Set
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Some examples of dynamic Neutrosophic
Example 1:-
If the time to arrival students to university between [7:30 -8:30], we can represent the interval of
time according to time dynamically as follow:
Computed numbers of the students who arrive at this time [7:30 - 8:30] surly,
computed numbers of the students who not the arrival at this time [7:30 - 8:30] and
computed numbers of the students whose time arrivals are not determined at this time [7:30 - 8:30].
In other words, we can represent the students which arrival at this time [7:30 - 8:30] surly by X(t);

Represented the students who not the arrival at this time [7:30 - 8:30] by Y (t);

Represent of the students who time arrivals are not determined at [7:30 - 8:30] by Z(t).
Now, if suppose the number of students who came through this time is 50%, the number of students
who did not arrive at this time 30%, and the number of students who arrive not determined at [7:30
- 8:30] are 20%. Thus, we can study define dynamical of arrival students according to this time as:
DA, = {X,(t),Z, (), Y, (t),; t €T}, ={50%, 20%, 30%} Such that A represent the arrival students.
Remark
In the above example, if to need to study according to t more precisely, where t = [7:30 - 8:30], in this
case using the exponential distribution for all cases, that is study X(t) by exponential distribution
and for Y(t), and Z(t), too .
Example:-2
Assuming we have a set of people, we want to know whether they have had a virus COVID-19 test
during a specific time for three months since we can identify people who have an infection or
immunity to this virus.
In this case, we consider the set of people as follow:
Let A is the neutrosophic set, some of the peoples are tested denoted byX, (t), some peoples are not
tested, denoted by Y, (t) and other people are undefined who tested or not tested Z, (t) (that is: error
of test, unknown who test or not, data of their not identified).
Let DA, ={X, (t),Z,(t),Y, (¢t),; t € T} and T=[0 day - 90 day]
Such that, X, (t) represent the person who tests;

Y, (t) represent the person who not test;

Z, (t) represent the person who doesn’t know about the test.

If, X, (t)=24%;
Y, ()=55%;
Z, () =67%
Then DA, = {24%, 55%, 67% } and T= [0 day - 90 day]

A.A. Salama et al.., Neutrosophic Dynamic Set
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In some data, if suppose number the person who tests 30%, if suppose number the person who does

not test 70%, if suppose number the person who does not know about test 60%. Then DA, =

{30%,70%, 60% } and T= [0 day - 20 day].

Example:-3

The following represent the neutrosophic dynamic data structure for Security A=ASL (NDS), B=KCR

(NDS), C=PKI (NDS) and M=AVBVC

No.Nodes A=ASL(NDS) B=KCR(NDS) C=PKI(NDS) M=AVBVC

25 <0.026, 0.034, 0.94> <0.95, 0.93, 0.07> <0.15, 0.85, 0.15> <0.95, 0.034, 0.15>
50 <0.021, 0.036, 0.943> <0.021, 0.036, 0.943> <0.2, 0.85, 0.15> <0.2, 0.036, 0.15>

75 <0.025, 0.038, 0.937> <0.95, 0.85, 0.15> <0.23, 0.85, 0.15> <0.95, 0.038, 0.15>
100 <0.022, 0.038, 0.939> <0.96, 0.92, 0.08> <0.26,0.92, 0.08> <0.96, 0.038, 0.08>
125 <0.015, 0.004, 0.981> <0.96, 0.93, 0.07> <0.3, 0.93, 0.07>  <0.96, 0.004, 0.07>
150 <0.017, 0.004, 0.979> <0.96, 0.94, 0.06> <0.32,0.94, 0.06> <0.96, 0.004, 0.06>
175 <0.014, 0.004, 0.982> <0.96, 0.94, 0.06> <0.36, 0.94, 0.06> <0.95, 0.004, 0.06>
200 <0.023, 0.004, 0.973> <0.96, 0.94, 0.06> <0.4,0.94, 0.06> <0.96, 0.004, 0.06>
225 <0.02, 0.004, 0.976> <0.02, 0.004, 0.976> <0.44, 0.94, 0.06> <0.44, 0.004, 0.06>
250 <0.015, 0.004, 0.981> <0.96, 0.94, 0.06> <0.45, 0.94, 0.06> <0.96, 0.004, 0.06>

5. Discussion

Neutrosophic dynamic is an important technique of study the problem according to time in topology,
choice, dynamical for some functions, and particularly in mathematical statistics. Neutrosophic
dynamic is a dynamic analysis of a sequence of data according to time. Its employment in many
problems in life such as a mathematical statistic, philosophy, medicine, and engineering.

In this paper, we defined this technique and it can use in the analysis of many problems by

exponential distribution and distribution with the prior conjugate.

6. Conclusion and results

1. In this paper we were able to introduce a new concept of the neutrosophic technique is called
a dynamic neutrosophic set, this concept is very important to applied in many phenomena in
life .

2. The dynamic neutrosophic set is used in analysis dynamic according to time

3. Application to explain some problems in statistics, choice, topology.
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Abstract: This paper is dedicated to study for the first time the concept of n-cyclic refined
neutrosophic vector space as a direct application of n-cyclic refined neutrosophic sets. Also, It
presents some elementary properties of these spaces such as homomorphisms and subspaces. On
the other hand, this work defines n-cyclic refined neutrosophic real matrices, and illustrates some
examples to clarify these structures.
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1. Introduction

Neutrosophy is a new branch of philosophy which concerns with the indeterminacy in real life actions and
sciences. The Neutrosophic is a new view of Modeling , designed to effectively deal underlying doubts in the
real world, as it came to replace binary logic that recognized right and wrong by introducing a third neutral case
which could be interpreted as non-specific or uncertain. Founded by Florentin Smarandache [6], he presented
it in 1999 as a generalization of fuzzy logic. As an extension of this, A. A. Salama introduced the Neutrosophic
crisp sets Theory as a generalization of crisp sets theory [53] and developed, inserted and formulated new
concepts in the fields of mathematics, statistics, computer science and information systems through
neutrosophics [53-56]. In the literature, neutrosophy has got many applications in pure mathematics areas such
as space theory [1,2], module theory [4,5], matrix theory [31,32,42], and number theory [3,35]. Also, it plays
an important role in applied mathematics such as equations [30], special elements [41], and topology [27,29].
n-cyclic refined neutrosophic sets were defined in [39], and used in the study of some related rings and modules.
These sets are considered as a new kind of n-refined neutrosophic sets [12], with a similar structure and different
operations. In this work, we define the concept of n-cyclic refined neutrosophic vector spaces and n-cyclic
refined neutrosophic matrices. Also, we illustrate many examples to clarify the validity of these concepts, and
we list some of related open questions.
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2. n-Cyclic Refined neutrosophic vector space.
Definition 2.1 [39]

Let (R,+,x) bearingandl,; 1 < k < n be n indeterminacies. We define R, (I) = {ay + a,I; + a,I, +
-+ a,I,; a; € R} to be n-cyclic refined neutrosophic ring.

Operations on R,,(I) are defined as:

Yioxidi + Xyl = X o(x; + YOI, Yo xid; X Yo yil; = Z'ifj:o(x:' Xyl I; = Z?j:o(xi X
Y (i4jmodn)

Where x is the multiplication on the ring R, and xI, = x, for all x € R.

Definition 2.2 [39]
Let (K, +,%x) be a field, we say that K,,(I) = K + KI, + -+ KI, = {ay + a;I; + a,1, + - + a,l,,;; a; € K}
is a n-cyclic refined neutrosophic field.
Definition 2.3

Let (V,+,x) be any vector space over a field K. Then we say that V,(I) =V + VI + -+ VI, =
{xo + x. 1y + -+ + x,,I,;; x; € V}is a weak n-cyclic refined neutrosophic vector space over the field K.Elements
of V,(Iare called n-cyclic refined neutrosophic vectors, elements of Kare called scalars.
If we take scalars from the n-cyclic refined neutrosophic field K, (I), we say that V,(I) is a strong n-cyclic
refined neutrosophic vector space over thea n-cyclic refined neutrosophic field K,,(I). Elements of K, (I)n-
cyclic refined neutrosophic scalars.
Remark 2.1. Multiplication by an n-cyclic refined neutrosophic scalar m = Y1, m;I; € k, (I)is defined as:

n

@0: m,.l,.> X <Zn; ai1i> = Z (meay) 1

i= i,j=0

Where a; € V, m; € K, I;I; = I i1 jmodn)-

Definition 2.5

Let V,(I)be a weak n-cyclic refined neutrosophic vector space over the n-cyclic refined neutrosophic field K;
a nonempty W, (I) is called a weak n-cyclic refined neutrosophic vector subspaceof V,(I)if W,(I) is a
subspace of V,(I) itself.

Definition 2.6

Let V,(I)be a strong n-cyclic refined neutrosophic vector space over then-cyclic refined neutrosophic
field K,,(I). A nonempty subset W, (I) is called a strong n-cyclic refined neutrosophic vector submodule of
v, () if W, (I) is a submodule of V,(I) itself.

Theorem 2.1

Let V,(I) be a weak n-cyclic refined neutrosophic vector space over the n-cyclic refined neutrosophic fieldk,
W, (I) be a nonempty subset of V,,(I). Then W, (I) is a weak n-cyclic refined neutrosophic subspace if only
if:

x+yeW,(I),mxxeW,() forall x,y e W,,(I), me€ K.

proof:

it holds directly from the condition of subspace.

Malath. F. Aswad., n-Cyclic Refined Neutrosophic Vector Spaces and Matrices
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Definition 2.7

Let V,,(I) be a weak n-cyclic refined neutrosophic vector space over the field K, x be an arbitrary element
of V,,(I), we say that x is a linear combination of {x,, x5, ..., X} € V(D) if x = (ay X x1) +

(ay X x3)+ -+ (a, X x,,): a; € K(I,x; € V,,(I).

Definition 2.8

Let V,,(I) be a strong n-cyclic refined neutrosophic vector space over the n-cyclic refined neutrosophic field
K, (I), x be an arbitrary element of V,,(I), we say that x is a linear combination of {x{,x,, ..., x;,} S
V,.(Dif x = (ay X x1) + (a; X x3) + -+ (a,,, X x,): a; € K, (), x; € V,,(I).

Definition 2.9

Let X = {xq,x,, ..., x,n} be a subset of a weak n-cyclic refined neutrosophic vector space V,,(I) over the
field K, X is a weak linearly independent set if X.1-ya; X x; = 0 implies a; = 0; a; € K.

Definition 2.10

Let X = {xq, x5, ..., X, } be a subset of a strong n-cyclic refined neutrosophic vector space V,,(I) over the
n-cyclic refined neutrosophic field K, (I), X is a weak linearly independent set if 2.1y a; X x; = 0 implies
a;=0; a; € K, (.

Definition 2.11

Let V,,(I), W, (I) be two strong n-cyclic refined neutrosophic vector space over the n-cyclic refined
neutrosophic field K, (), let f:V,,(I) = U,(I) be a well defined map. It is called a strong n-cyclic refined
neutrosophic homomorphism if:

fllaxx)+bxy)=axfx)+bx f(y) forall x,y e V,,(I),a,b € K, (I).

A weak n-cyclic refined neutrosophic homomorphism can be defined as the same.

Definition 2.12

Let f:V,(I) = U, (I) be a weak/strong n-cyclic refined neutrosophic homomorphism, we define:

@) Ker(f) = {x € V,(D); f(x) = 0}.

(b) Im(f) = {y € U,(); 3x € V,,(Dand y = f(x)}.

Theorem 2.2

Let f:V,(I) - U,(I) be a weak n-cyclic refined neutrosophic homomorphism. Then

(@) Ker(f) is a weak n-cyclic refined neutrosophic subspace of V,,(1).

(b) Im(f) is a weak nn-cyclic refined neutrosophic subspace of U,,(I).

Proof:

(@) f is a vector space homomorphism since V,,(I), U,,(I) are vector spaces, hence Ker(f) is a subspace of
the vector space V,,(I), thus Ker(f) is a weak n- cyclic refined neutrosophic subspace of V,,(1).

Malath. F. Aswad., n-Cyclic Refined Neutrosophic Vector Spaces and Matrices



Neutrosophic Knowledge, Vol. 3, 2021 9

(b) 1t hold by similar argument.

Theorem 2.3

Let f:V,(I) - U, (I) be astrong n-cyclic refined neutrosophic homomorphism. Then

(@) Ker(f) is a strong n- cyclic refined neutrosophic subspace of V,(1).

(b) Im(f) is astrong n- cyclic refined neutrosophic subspace of U, (I).

Proof:

(a) f is a module homomorphism since V,,(I), U,,(I) are modules over the n-cyclic refined neutrosophic
field K,,(I), hence Ker(f) is a submodule of the module V,,(I), thus Ker(f)is a strong n- cyclic refined
neutrosophic subspace of V,,(1).

(b) Holds by similar argument.

Definition 2.13 n-cyclic refined neutrosophic matrix

Let Ayin = {(ay) ¢ a;; € K, (D}, where K, (I) is a n-cyclic refined neutrosophic field. We call to be the
n-cyclic refined neutrosophic matrix.

Definition 2.14 n-cyclic refined neutrosophic square matrix

Let A,,., IS aneutrosophic matrix. We call to be the n-cyclic refinedneutrosophic square matrix if m = n.

Example 2.1
Let n = 3, then
1+11+212_I3 2_11_213 _1+11+12+I3
A=< 12+I3 3+11+212 Il+12+13 )
1_11_13 4_11+12_I3 _2_11+312_I3

A is a 3-cyclic refined neutrosophic square matrix.

A can be written as:

1 2 -1 1 -1 1 2 0 1 -1 -2 1
A=(0 3 o)+lo0o 1 1 |nL+(1 2 1|L+(1 o 1]
1 4 -2 -1 -1 -1 01 3 -1 -1 -1

Example 2.2

Let n = 4, then
_11+12_I4_ 1+11_I3+I4 1+211+12+I3_I4
A=<3_12+213_314 _Z+11+12+I4 2_11_12+I3 )
1_11_13_214 5+311_12_13+ZI4 11_312_I3+I4_

A is a 4-cyclic refined neutrosophic square matrix.

A can be written as

Malath. F. Aswad., n-Cyclic Refined Neutrosophic Vector Spaces and Matrices
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0 1 1 -1 -1 1 1 0 1 0o -1 1
A=(3 -2 2 ]+( 0 1 -1|L+|-1 1 -1|I,+]| 2 0 1|13
1 4 -2 -1 3 1 0 -1 -3 -1 -1 -1

Example 2.3: Multiplication of n-cyclic refined neutrosophic square matrix

Let A=Ay + Al + A1, + A3l3, B =By + B,1, + B,1, + B31; are two 3-cyclic refined neutrosophic
square matrixes, where

A= DG (G B on o =G )+ DG gt
G )
Then we have.

AX B = AyBy + AgByl, + AyByl, + AgBsls + A;Byly + AyBy1, + AyBo141, + AyB3115 + A,Bol,
+ AyBy 1,0, + AyByIy0, + AyBslyIs + AsBols + AsByIsly + AsB,Isl, + AsBslsl,

axB=(3 1) i)+(i VG u+i DG o=+G DG D
(3 2 Dn+(G DG Onn+(3 5)G Qe
(2 DE Dua(d HE D I Do
(_11 _12)(3 3)1212"'(_11 _lz)q _12)1213"'(2 (2))((1) 1)13
+G 0G Dsnti oG kG )G Tk

Now, we have in 3-cyclic refined neutrosophic ring

+ + o+
w

LI =1y L0y = L1, = Iy, 10y = L1y = 1y, L0, = Iy, L1y = 1, = I, I;1; = I,
Thus.

0= Do D Bl D s 4

+(118 26)I3+§82—4)11+6(—10 3)’2 ( 2);+(2

(L o)l+(e Sn+(5 Son+ (12 6)12+(6 6

axe=(3 )+ (5 Se)n+(s )t T9)n

I

10 “2)h
)

Example 2.4: Addition on n-cyclic refined neutrosophic rings

LetA—( 211_12+313 1+11+212>B—<12_213 _2+11+12+I3>
- _3_211+412+13 11+13 ' - 1+11_I3 1_11_412+I3
Hence,
A+B—( 211_12+313 1+11+212>+(12_213 _2+Il+12+13>
- _3_211+412+I3 11+13 1+11_13 1_11_412+I3
_2_11+412 1_412+ZI3
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5. Conclusions

In this paper, we have defined for the first time the concept of n-cyclic refined neutrosophic vector
space, and n-cyclic refined neutrosophic real matrices. Also, we have presented some of their
elementary properties and illustrated many examples to clarify the validity of our work.
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1. Introduction

Neutrosophy is a new branch of philosophy founded by Smarandache [6,36], to study the indeterminacy in the
real world problems. It has a huge effect in many areas such as topology [7,27,29], equations [3,30], decision
making [8], abstract algebra [25,26,39,41], and number theory [35]. As an extension of these concepts, Salama
introduced the Neutrosophic crisp sets Theory as a generalization of crisp sets theory [53] and developed,
inserted and formulated new concepts in the fields of mathematics, statistics, computer science and information
systems through neutrosophics [54-59]. Neutrosophic algebraic studies began with the definitions of
neutrosophic groups [9,17], and rings [13]. The neutrosophic rings and their generalizations such as refined
neutrosophic rings [19], and n-refined neutrosophic rings [11,12], were very useful in the study of neutrosophic
algebraic structures. Neutrosophic algebraic structures were defined basing on neutrosophic rings and fields,
where we find many concepts from classical algebra were generalized into neutrosophic algebraic systems such
as neutrosophic matrices over neutrosophic fields [1,42], refined neutrosophic matrices over refined
neutrosophic fields [24], n-refined neutrosophic spaces over n-refined neutrosophic fields [21,32], linear
modules and ideals [4,5,20,22]. Neutrosophic complex numbers were firstly studied in [43]. Recently, many
of their properties were discussed in [44], especially their invertibility, absolute values, and complex functions.
Also, they were generalized into refined neutrosophic complex numbers in [46].

Through this paper, we study n-refined neutrosophic complex numbers for the first time. On the other hand, we
study many related properties of these numbers such as the invertibles, conjugates, and absolute values.
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2. Neutrosophic complex number

Definition 2.1.Neutrosophic Real Number:
Suppose that w is a neutrosophic number, then it takes the following standard form: w = a + bl where a,b
are real coefficients, and I represents the indeterminacy, where0./ = 0 and I™ = [ for all positive integers n.
For example:
w=1+2[,w=3=3+0I.
Definition 2.2. Neutrosophic Complex Number:
Suppose that z is a neutrosophic complex number, then it takes the following standard form: z = a + bl +
i(c+ dI) where a,b,c,d are real coefficients, and Iis the indeterminacy element, wherei? = —1 i.e.i =
V-1
We recall a + bl the real part, then it takes the following standard form Re(z) = a + bl.
We recall ¢ + dI the imagine part, then it takes the following standard form Im(z) = ¢ + dl.
For example:
z=4+1+i(2+2D)
Note: we can say that any real number can be considered a neutrosophic number.
Forexample: z=3=3+4+0.1+i(0+0.1)
Definition 2.3. Division of neutrosophic real numbers:
Suppose that w;, w, are two neutrosophic number,where
w, =a, +b,,w, =a, +b,l
Then:
W q + byl W a,b; —a,b,
w, a,+b,] a, ay(a,+by)

3. n-Refined neutrosophic complex humbers.

Definition 3.1.

We define a n- refine neutrosophiccomplex number by the following form:
z=(a, +a,I; + a1, + -+ a,l,) +i(b, + byl + bl + -+ b, L) , where
Qy, 04,0y, ..., Ay, by, by, by, ..., byare real coeffients. For example:

z= (=141 +2I,— ) +i(1 -2l — I, + 2I3)
Werecall a, + a1, + a,I, + -+ + a,I,, the real part, then it takes the following standard form Re(z) = a, +
al, + a,l, + -+ a,I,We recall b, + b1, + b,I, + ---+ b, I,, the imagine part, then it takes the following
standard form Im(z) = b, + b, I, + by, + -+ b, L.
Remark 3.1.An n-refined neutrosophic complex number can be defined as follows:

z=a+bl, +cl, + -+ fI3, where a, b, c, ..., fare complex number. For example:

z=(=1+i)+il, + 3 —20DI, — 2il;.
Remark 3.2.
InIn = In: ILI] = Imin @@n-
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Definition 3.2.The conjugate of a n-refined neutrosophiccomplex number:
Letz = (a, + a1, + ayl, + -+ a,l,) + i(b, + byI; + b1, + -+ b, 1)) & refined neutrosophic complex
number.We demote the conjugate of arefindneutrosophic complex number by z and define it by the following
form:

z="(a, + a,1, + a,l, + -+ a,I,,) —i(b, + byI; + b1, + -+ b, I,)
For example:
z=(-1-L+L+4l3)+i2+ L +L—13), Thenz=(-1—-1L+ L, +4I3)—i2+ 1, + I, — I3).
Definition 3.3.The absolute value of an n-refined neutrosophiccomplex number:
Suppose that z=(a, +a,l; +a,l,+ -+ a,l,)+i(b, + byl +b,I, +--+b,L,) is a refined
neutrosophic complex number. The absolute value of a z can be defined by the following form:

Izl = /(a, + ayl; + ayly + -+ anl,)? + (by + byly + by, + -+ + by 1,)?
Remark3.3.
(1. ==z
Proof: Letz = (a, + a1, + a1, + -+ a,I,) + i(b, + byI; + b1, + ---+ b,I,,), then
z="(a,+aly+a,, +--+a,l,) —i(b, + b I; + b1, +---+ b, I,).

Now.

@ = ((ao + alll + azlz + 4 anln) - l(bo + blll + bzlz + -+ bnln))
= (ao + alll + azlz + -+ anln) + i(bo + blll + bzlz + -+ bnln) =Z

(2).z+z = 2Re(2)
Proof: Letz = (a, + a1, + ayI, + -+ a,l,) + i(b, + byI; + b1, + ---+ b, I,), then
z=(a,+aly +ayl, +--+a,l,)—i(b,+ b1y + byI, + -+ b, I,).
Now.

zZ+Z= (ao + alll + azlz + -+ anln) + i(bo + blll + bzlz + -+ bnln)
+ (ao + a111 + azlz + + anln) - i(bo + blll + bzIz + + bnln)

z+z=2[(a, + a1, +a,I, + -+ a,lI,)] = 2Re(z)
(3).z—z=2Im(2)
PI’OOf Let zZ = (ao + a111 + azlz + -+ anln) + i(bo + b111 + bzlz + -+ ann)! then
zZ= (ao + a111 + azlz + -+ anln) - i(bo + b111 + bzlz + -+ ann).

Now.

z—z=(a, +a Iy +ayl + -+ ayl,) +i(b, + byl + byl + -+ b, 1,)
—[(ap +aqly +azl; + -+ ayl,) —i(by + byly + byl; + -+ by1,)]
z—z=(a, +a Iy +ayl, + -+ ayl,) +i(b, + byl; + b1, + -+ b, 1,)
—(a, + a;I; + ayl, + -+ ayl,) + i(b, + byl + byl + -+ by I,)
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z—7 =2i(b, + byl + b1, + -+ b, I,) = 2Im(z)
(4).z,+2z, =7+ 7,

Proof:
LetZI = (ao + a111 + azlz + -+ anln) + i(bo + blll + bzlz + -+ bnln),
Zy = (Co + C111 + CZIZ + -4 Cnln) + i(du + dlll + dzlz + o+ dnln).

Now.

71+ 2, = [(a, +¢c,) + (a; + c)); + (a, + ), + -+ (a, + )]
+ i[(bo + do) + (b1 + d1)l1 + (bz + dz)lz +t (bn + dn)ln]
Then.
2 +2, =[(a, +¢,)+ (a; + c)l + (ay + ¢l + -+ (a, + ¢, )I,]
- i[(bo + do) + (b1 + d1)l1 + (bz + dz)lz +t (bn + dn)ln]
z; + 7, = [(a, + a1 + ay1; + -+ a, 1) — i(b, + byI{ + b1, + -+ b,I,)]
+[(co + c1I; + eIy + -+, 1) —i(d, +dyI;, +dy0, + -+ d, )] =27 + 7,
Definition 3.4. The multiplication of two n-refined neutrosophicreal numbers:
Let w;, =a,+a,l{+a,ly+--+a,l,,w,=b,+ byl +b,I, +--+b,I, are two n-refined
neutrosophic real number, and we put:
No=ayg, Nj=ay+a;+a++a,;1<j<n

M0=b0, Mj=b0+b111+b212+"'+bnln ; 1S]Sn

Then a product w;.w, is defined by form:

n
Wy Wy = NoMy + ) [N;M; = Negy Mgy 1, + [N, My, = NoMoll,

i=1
Definition 3.5.The multiplication of two n-refined neutrosophic complex numbers:
Letz; = (a, + a1, + ayl, + -+ a,I,) + i(b, + byI; + byI, + -+ b,1,,),
z, = (¢ + 11y + eIy + -+ ¢, 1) +i(d, + d Iy + d,I, + -+ d,1,).
A product zq.Zz, is defined by form:
2.2, = [(a, + a1 + a1, + -+ a,l,)
+i(b, + byI; + b1 + -+ b, I)][(c, + c1I; + ¢, I, + -+ ¢, I,,)
+i(d, +dqI; +d,I, + -+ d,I,)]
Z1.Zy = (a, + a411 + a,I, + -+ a,1,)(c, + c I + ¢, I, + -+ ¢, I,,)
—(by +byIy + by, + -+ b, 1), +dIy +d,1, +-+d,I,)
+i[(a, + a1y + ayl, + -+ a,1,)(d, +dI; +d,05 + -+ d,1,)

+ (¢, + c111 + c15 + -+ c,1,)(b, + byI; + b, I, + -+ b,I,))]
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By using Definition 3.4, we get the product z1.2Z;.

Remarka3.1.

(1).Z1.Z2 =Z1.Zy
(D.z.z = |z|%
Definition 3.6.Let w = a, + a{I; + a,I, + -+ a,I,, be a n-refinedneutrosophicreal number, then the

invertible of w defined as follows:

1
= = (ao+a111+a212 +"'+an1n)_1

1
-1
w  a,+ady+al, +--+a,l,

w - =

== (@)™ 4 Ty [M; = My ] 7 i + [(M,) 71 = (M) iy, where:

My =ay, M; =a,+a s +al, ++apl, ; 1<j<n

Definition 3.7. The invertible a n-refined neutrosophic complex number.
Let z= (ao + a111 + a212 + -+ anln) + l(bo + blll + bzlz + -+ bnln) y then the |nVert|b|e Of VA

defined as follows:

Ll 1 7 _
Z

- (ao + alll + azlz + "'+ anln) + l(bo + blll + bzlz + oo + bnln) B zZ.Z B W

VA

Z_ (1+11_12+213)_l(2+211_12_13) (1+Il_12+213)_l(2+211_12_13)
|Z|2 (1+11_12+213)2+(2+211_12_I3)2 5+9Il+212+713

Z_1 = [(1 + 11 - 12 + 2[3) - 1(2 + 211 - 12 - 13)](5 + 911 + 212 + 713)_1

_1 = (1 + [1 - 12 + 213)(5 + 9[1 + 2[2 + 7[3) 1 1(2 + 211 13)(5 + 911 + 212 + 713)_1

1 1 1

1 1 1
Il+ I2+ 13>_l(2+211_12 13) <5 5 7 )

Z_1=(1+11 12+213)<5 5 7

By using the Definition 3.4 we get:

1+1 1+21)(1+11+11+11)—1+551 441+291
o2 3\5 "5 76277375742t 2102 353
2+21,-1 1)<1+ I, + 1+11>—2+2981 121
2 BA\g'gtlg2 7375 51 352 35

Hence,

27 z(%-i_%h 21012 13) ( +_11 3512_513)'

The condition of invertibility can be found in [41].
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5. Conclusions

In this paper, we have defined for the first time the concept of n-refined neutrosophic complex
numbers. Also, we have discussed some of their elementary properties such as the conjugate, the
multiplication, absolute values and other related topics.

As a future research direction, we aim to study the natural generalization of those numbers by n-
cyclic refined neutrosophic complex numbers.
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Abstract: In this paper, we present the definition of neutrosophic linear spaces, In addition to the neutrosophic
normed linear spaces. We also introduce concept of the neutrosophic inner product , This is done by presenting
some of the theorem for of the neutrosophic inner product, As for the second of this paper, we will present the
orthogonality of two neutrosophic vectors of neutrosophic space, And the definition of an orthogonal and
orthonormal systemof a set of neutrosophic vectors from a neutrosophic vector space, We present the
Gram-Schmidt neutrosophy method for finding an orthogonal orthonormal systemof a set of neutrosophic
vectors, and it opened the way for the study neutrosophic property functions based on the Gram-Schmidt
neutrosophy method.
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Decision Tree in the Neutrosophic Environment
“A Case Study in the Suez Canal Port”
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Abstract: In this paper, we present a proposed model for the neutrosophic decision tree, which is one of the
powerful methods used in analyzing many problems for the decision maker by expanding the data on the
navigational course of the Suez Canal in Egypt to include undefined cases that the decision maker ignores as a
result of ambiguity, impartiality and contradictions, as the lack of the sufficiency of information and its
inaccuracy is one of the obstacles that affect the effectiveness of decision-making, as you will develop a model
using the neutrosophic decision tree, which helps to reach the optimal decision and apply it to the Suez Canal
projects.

Keywords: Neutrosophic Decision Tree; Neutrosophic Environment; Suez Canal; Neutrosophic Decision Making;

Neutrosophic Probabilities
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Abstract: In this article, we aim to show the light for a new logical system is called Neutrosophic logic,
this Logic is founded by Florentine Smarandache, it propose a new Laws and principles of Thought
(Neutrosophic Laws of Thought) is very different for the classical principles and Laws of Thought
(Aristotle Laws). These principles are: 1) The Principle of Dynamic Neutrosophic Identity, 2) The
Principle of Dynamic Neutrosophic Opposition, and 3) The Law of Included Multiple-middle.

Keywords: Neutrosophic Logic, Neutrosophic Laws of Thought, Neutrosophic Set, The Principle of
Dynamic Neutrosophic Identity, The Principle of Dynamic Neutrosophic Opposition, The Law of
Included Multiple-middle.
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0 Florentin Smarandache(2015), Symbolic Neutrosophic Theory, Publisher: EuropaNova asbl, Bruxelles,
Belgium. p. 23.

1 Florentin Smarandache, The Law of Included Multiple-Middle and The Principle of Dynamic Neutrosophic
opposition, op. cit., pp. 14-15.

12 1bid., p. 23.

13 Ibid., pp. 33-34.

4 Ibid., p. 132.

5 Florentin Smarandache, Symbolic Neutrosophic Theory, op. cit., p. 22.

16 Florentin Smarandache, The Law of Included Multiple-Middle and The Principle of Dynamic Neutrosophic
opposition, op. cit., p. 42.
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