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* Neutrosophic theory indexed in the most known scientific Databases
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* Applications
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Uncertain parameter |

i v
! v v v
Interval number Fuzzy number Intuitionistic

Neutrosophic Other type
fuzzy number number of uncertain

number

Some basic differences between If we take Fuzzy number , then we can see,
some uncertain parameters:

If we take Interval number [1] then we can see,
1,The information belongs to a certain interval

2. There is no concept of membership function If we takejIntuitionistic fuzzy number | . then we can see,
1

The concept of belongingness and non-belongingness of the elementscomes
2. The use of membership and non-membership function is present

The concept of belongingness of the elements comes
The use of membership function is present

If we take Neutrosophic ~ *number |, then we can see,

The concept of truthiness, falsity, and indeterminacy of the elements comes
2. The use of membership function for truthiness, falsity, and indeterminacy is present



LIMIT OF THE BOOLEAN LOGIC

to measure the proposition P = "In 2021 there will be a terrorist attack"?
Because in Boolean logic he has to say either P =0 or P =1 [only God can say
this!].

There are things that are neither black nor white, but also gray...

| Type of Logic

Fuzzy logic (T) L. Zadeh (1965)
Intuitionistic fuzzy logic (T,F)  K.Atanassov (1983 )
Neutrosophic logic (T,IF) F. Smarandache (1995)

o DD =




L. Zadeh (1965)

Fuzzy logic and fuzzy sets (T)

Zadeh’s FS is characterized by one part: Truth
Fuzzy logic handles the concepts of partial truth, that is, the truth
with values betwen « completely true or 1 » and « completely false

or 0 »

Fuzzy sets: represent the membership without expressing the
corresponding degree of non membership so it provides an imperfect
expression of uncertain information. The degree of nonmembership in
fuzzy sets 1s the complement of membership for fuzzy sets, Therefore the
nonmembership is not independent.

A fuzzy set cannot express the information about rejection.

A fuzzy set is defined as A = {(x, T(x))}, where
0<T<1;Tis A function in [0, 1].

[4] L. Zadeh, “Fuzzy logic and approximate reasoning,” Synthese,
vol. 30, no. 3-4, 1975, pp. 407428



K.Atanassov (1983 )

Intuitionistic fuzzy logic and
Intuitionistic fuzzy sets (T,F)

Intuitionstic fuzzy sets is an extension of fuzzy sets which describes
vaguness and impresion by a range of membership values.

intuitionistic fuzzy set give a degree of membership and a degree of non-
membership of an element in a given set

Atanassov introduced the intuitionistic fuzzy set (IFS) to bring in non-
membership.

Intuitionistic fuzzy sets, as well as vague sets, are suitable in simulating
the impreciseness of human understanding in decision making by
representing degree of membership and nonmembership, but it also
cannot express indeterminacy degree which is the ignorance value between
truth and false.

An Intuitionistic fuzzy sets is defined as A = {(x, T(x), F(x))},
where
0O<T + F <1;T, F are functions in [0, 1].

[2] K. Atanassov, “Intuitionistic fuzzy sets: theory and applications”, Physica, New York,
1999.
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FOUNDER OF NEUTROSOPHIC LOGIC(SET)

In 1995, he generalized framework for unification of
many existing logics, such as fuzzy logic,
paraconsistent logic, intuitionistic logic, etc. The
main 1dea of NL 1s to characterize each logical
statement 1n a 3D Neutrosophic Space, where each
dimension of the space represents respectively

1) the truth (T)
2) the falsehood (F) and
3)the indeterminacy (I)

of the statement under consideration, where T, I, F
are standard or non-standard real subsets of |0, 1*[
with not necessarily any connection between them.



Definition: Neutrosophic set

Let X be a non empty set, then the set A = {(x, py(x), 64(x), m4(x)) : x € X}
1s called a neutrosophic set on X, where =0 £ p4(x)+ 04(x), +my(x)< 3 + for
all x € X, p4(x), o4(x) and m4(x)€ | =0, 1 +[ are the degree of membership
the depree of indeterminacy and the degree of non membership of each

X € X to the set A respectively.

Definition:

The following statements are true for neutrosophic sets Aand B on X:

(1), ua(x) < pg(x), 04(x) > op(x) and m4(x) = mp(x) for all x € X if and only
ifACB.

(iI)AC Band BC A if and only if A=B.

(1) A N B = {(x, min{ px(x), pg(x)j,min{oy(x) . ox(x)}max{m,(x) ,
mg(x) }):x € X},

(iv) A U B = {(xmax{ pga(x), pp(x)j,maxiog(x) , op(x)f,min{iylx)
Te(x)}) i x € X}

(V) A" = {(x, 4 (), 1 = 04 (%), a(x)): x € X}




F. Smarandache (1995)

Neutrosophic logic and
neutrosophic sets(T,L,F)

Fig. 1. An example of indeterminacy.
What is tossed, 1, 3 or 57

Smarandache’s NS is characterized by three parts: truth,
indeterminacy, and falsity. Truth, indeterminacy and falsity
membership values behave independently and deal with the
problems of having uncertain, indeterminant and imprecise data

[1] F. Smarandache, “Neutrosophy. Neutrosophic Probability, Set, and Logic,” ProQuest Information &
Learning, Ann Arbor, Michigan, USA, 105 p., 1995

Florentine and Wang et al. [*] gave a new concept of single valued neutrosophic

set (SVNS) and defined the set of theoretic operators in an instance of NS called

SVNS

A single valued neutrosophic set is defined as A = {(x, T(x),
I(x), F(x))}, where
0<T + 1 + F <3;T,L F are functions in [0, 1].

[*] H. Wang, F. Smarandache, Y. Zhang and R.Sunderraman, “Single Valued Neutrosophic Sets,” Multispace and ‘
Multisrtucture 4, 2010, pp.410-413.




Indeterminacy

* Indeterminacy is present everywhere in real life. If a die is tossed on
a irregular surface then there is no clear face to see. Indeterminacy
occurs due to defects in creation of physical space or defective
making of physical items involved in the events. Indeterminacy

occurs when we are not sure of any event. Neutrosophic logic will
help us to consider this indeterminacy.

Fig. 1. An example of indeterminacy.
What is tossed, 1, 3 or 57



Indeterminacy

* Indeterminacy exists almost everywhere in the whole world:

* if weather reports say that the probability of rain tomorrow is 70
% then it does not mean that the probability of not raining is 30%
because there are some hidden weather factor like jet stream,
weather fronts etc that the reporter are not aware of. So there is

some ambiguity that leads to indeterminacy.

* Different doctors have different views on the same diagnosis of
patient’s disease so, indeterminacy exists there,



In classical set theory, the membership of elements in a set is assessed in binary
terms 0 and 1; according to a bivalent condition-an element either belongs or
does not belong to the set.

As an extension, fuzzy set theory permits the gradual assessment of the
membership of elements in a set. A fuzzy set A in X is characterised bg a
membership function which is associated with each element in X, a real number
in the interval [0,1].

Lotfi A Zadeh [1] introduced a theory whose objects fuzzy sets-are sets with
imprecise boundaries which allow us to represent vague concepts and contexts
in natural language.

Fuzzy set theory is limited to modelling a situation involving uncertainty.

As an extension of fuzzy set concept, the theory of intuitionistic fuzzy sets
introduced whose elements have degree of membership and non membership.

Intuitionistic fuzzy sets have been introduced by Krassimir Atanassov [2] as an
extension of Lotfi Zadeh’s notion of fuzzy set.

Let us have a fixed universe X and A is a subset of X .The intuitionistic fuzzy set
can be defined as where . for membership 1 and v for non membership,
which Iloelongs to the real unit interval [0,1] and sum belongs to the same
interval.



Neutrosophic logic /set

As an alternative to the existing logics, Smarandache proposed the
neutrosophic Logic to represent a mathematical model of

* uncertainty vagueness,

* ambiguity, imprecision, undefined,

* unknown, incompleteness, inconsistency,
* redundancy, Contradiction,

where the concept of neutrosophy is a new branch of philosophy
introduced by Smarandache.

F. Smarandache. A Unifying Field in Logics: Neutrosophic Logic. Neutrosophy, Neutrosophic Set, Neutrosophic
Probability", American Research Press, Rehoboth, NM, 1999.



Neutrosophy

* Neutrosophy 1s a new branch of philosophy introduced by Florentin
Smarandache, which 1s studying the origin, nature and scope of
neutralities as well as their interactions with different additional
spectral (i.e. notions or ideas located between the two extremes,
supporting neither nor ).

* Etymologically, neutro-sophy [French neuter < Latin neuter, neutral
and Greek sophia, skill/wisdom] means knowledge of neutral thought
and started in 1995.



* The fundamental theory of neutrosophy is:

Every idea <A> tends to be neutralized, diminished, balanced by
<nonA> ideas (not only <antiA> as Hegel asserted) -as a state of
equilibrium: <nonA> = what 1s not <A>,

<antiA> = the opposite of <A>,
and <neutA> = what i1s neither <A> nor <antiA>.

Neutrosophy consider a proposition, theory, event, concept, or
entity, “A” in relation to its opposite, “AntiA” and which is not
“A”, “Non —A”, and that which 1s neither “A” nor “Anti-A”,
denoted by “Neut-A”.

Neutrosophy 1s the basis of, neutrosophic set, neutrosophic logic,
neutrosophic probability and neutrosophic statistic.



* the neutrosophic triplet (<A>, <neutA>, <antiA>) works when it makes
sense in our real world, when it does exist in our everyday life -- not
always.

* For example, if <A> = small, then <antiA> = big, and <neutA> =
medium; it works.

* But if <A> = table, then it is not possible to say "anti-table" or "neut-
table"!



* In a classical way “A”,”neutA”, and”antiA” are disjoint two by two.
Nevertheless, since in many cases the borders between notions are
vague and imprecise, it is possible that “A”, “neutA”, and "antiA” have
common parts two by two, or even all three of them as well.

* A neutrosophic set is defined as A = {(x, T(x), I(x), F(x))},
WhereO<T + I + F <3;T,1, Fare functionsin [0, 1].

Example : In a soccer game there are three chances: to win (<A>), to
have a tie game (<neutA>), or to loose (<antiA>).



The Neutrosophy’s Triplet is (<A>, <antiA>),

where <A> may be an item (concept, idea,
proposition, theory, structure, algebra, etc.),

<antiA> the opposite of <A>,

while {also the notation <neutA> was employed
before} the neutral between these opposites.

Based on the above triplet the following Neutrosophic Principle
one has: a law of composition defined on a given set may be true
(T) for some set elements, indeterminate (I ) for other set's
elements, and false (F) for the remainder of the set’s elements.



* Neutrosophy is a new branch of philosophy and logic introduced by
Florentin Smarandache in 1995 which studies the origin and features
of neutralities in nature.

* Each proposition in Neutrosophic logic is approximated to have the
percentage of truth (T), the percentage of indeterminacy (I) and the
percentage of falsity (F).

* So this Neutorsophic logic is called generalization of classical logic,
conventional fuzzy logic, intuitionistic fuzzy logic and interval valued
fuzzy logic.

* This mathematical tool is used to handle problems like imprecise,
indeterminate and inconsistent data.

* The use of neutrosophic theory becomes inevitable when a situation
involving indeterminacy is to be modelled



NEUTROSOPHIC SET

Let X be a space of points (objects), with a generic element in X denoted
by x. A neutrosophic set A in X is characterized by a truth membership
function TA, an indeterminacy-membership function IA and a falsity

membership function FA. TA(x), IA(x) and FA(x) are real standard or
non-standard subsets.

To maintain consistency with the classical and fuzzy logics and with
probability, there is the special case where t+i+f=1.

But to refer to intuitionistic logic, which means incomplete
information on a variable, proposition or event one hast+i+ f<1.

Analogically, referring to paraconsistent logic, which means
contradictory sources of information about a same logical variable,
proposition, or event one hast +i+ > 1.



NEUTROSOPHIC LOGIC

It was created by Florentin Smarandache (1998) and 1s
an extension/combination of the fuzzy logic, intuitionistic
logic, paraconsistent logic. In neutrosophic logic, in an
easy way, every logical variable x 1s described by an
ordered triple.x= (t, 1, f)

where t 1s the degree of truth, f 1s the degree of false and 1
1s the level of indeterminacy. T, I, and F are called
neutrosophic components, representing the truth,
indeterminacy, and falsehood values respectively
referring to neutrosophy, neutrosophic logic,
neutrosophic components, neutrosophic set.



Every element of the NS's features has not only a certain degree of truth(T), but also a falsity
degree (F) and indeterminacy degree([). This concept is generated from many others such as crisp
set, infuitionistic fuzzy set, fuzzy set, interval-valued fuzzy set, interval-valued infuitionistic fuzzy
set, efc.




GEOMERTIC REPRESENTATION OF NEUTROSOPHIC CUBE
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neutrosophic space, where each dimension of space
represents respectively the

truth(T) , falsehood(F) and indeterminacies (I) of
the statements under consideration

-In an easy way, every logical variable x is described by
an ordered triple. x= (t, 1, f)
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GEOMERTIC REPRESENTATION OF INTERVAL VALUED
NEUTROSOPHIC NUMBERS
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Difference between Neutrosophic Set and Intuitionistic Fuzzy Set

Neutrosophic set (NS) is a generalization of Fuzzy set, especially intuitionistic fuzzy set (IFS). Hence, the
differences between NS and IFS was studied deeply because one’s has known their relation and differences in the
first explanation. The difference between NS and IFS summarized in Table 1

TABLE 1. The difference between Neutrosophic Set and Intuitionistic Fuzzy Set.

Neutrosophic Set Intuitionistic Fuzzy Set

1. In NS there is no restriction on T, I, F: thus NL can characterize the IFS the sum of components (or their superior

incomplete information (sum < 1), paraconsistent information (sum > 1). limits) = 1

2. NS can distinguish, between absolute membership [NS(absolute IFS cannot; absolute membership 1s

membership)=17] and relative membership[NS(relative membership)=1] membership in all possible worlds, relative
membership 1s membership in at least one
world.

3. In NS components can be nonstandard IFS, they don’t

4. NS operators can be defined with respect to T,LF. IFS operators are defined with respect to T and
F only.

5. 1 can split in NS in more subcomponents (examples in Belnap’s four-valued IFS cannot

logic (1977) indeterminacy 1s split into uncertainty and contradiction.)

6. NS, like dialetheism (some contradiction are true), can deal with paradoxes, IFS cannot
NS (paradox element) = (1,1,1)




Generalization and comment

Because the neutrosophic set is related to intuitionistic fuzzy set, paraconsistent set and fuzzy set, the generalization
will focus on these type of sets. Hence, NS generalizes:
1. the intuitionistic set, which supports incomplete set theories (for 0 <n <1, 0 =<t, i, f <= 1) and incomplete
known elements belonging to a set;

2. the fuzzy set (forn=1and1=0,and 0 =<t, 1, f <= 1);

3. the classical set (forn=1 and 1= 0, with t, f either 0 or 1);

4. the paraconsistent set (for n > 1, with all t,i,f < 17); .

5. the faillibilist set (1> 0);

6. the dialetheist set, a set M has at least one of its elements also belongs to its complement C(M); thus, the
intersection of some disjoint sets is not empty;

7. the paradoxist set (t=f=1);

8. the pseudoparadoxist set (0 <i<1,t=1 and f>0 or t >0 and f=1);

9. the fautological set (1,f <0).

Smarandache comment’s that; compared to other types of sets, in the neutrosophic set each element has three
components which are subsets (not numbers as in fuzzy set) and considers a subset, similarly to intuitionistic fuzzy
set, of "indeterminacy" - due to unexpected parameters hidden in some sets, and let the superior limits of the
components to even boil over 1 (overloaded) and the inferior limits of the components to even freeze under 0
(underdried).



Difference between Neutrosophic Logic and Intuitionistic Fuzzy Logic
The differences between neutrosophic logic (NL) and intuitionistic fuzzy set (IFS) was summarized in Table 2

NL is attempting to unify many logics in a single field. NL is a generalization of fuzzy logic, especially IFL.
Therefore, the difference between them was the importance part in studying NL.

TABLE 2. The difference between Neutrosophic Logic and Intuitionistic Fuzzy Logic.

Neutrosophic Logic Intuitionistic Fuzzy Logic
1. In NL there is no restriction on T, I, F: thus NL can characterize the [FL the sum of components
incomplete information (sum < 1), paraconsistent information (sum > 1). (or their superior limits) = 1
2. NL can distinguish, in philosophy, between absolute truth [FL cannot

[NL(absolute truth)=1"] and relative truth[NL(relative truth)=1];
absolute truth 1s truth in all possible worlds (Leibniz), relative truth 1s
truth in at least one world

3. In NL components can be nonstandard. IFL they don't

4. NL, like dialetheism [some contradictions are true], can deal with [FL cannot
paradoxes, NL (paradox) = (1, L, 1).
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The Neutrosophic Logic: Indetermiancy?

* It is known, The neutrosophic Logic 1s the only logic that can deal with the
paradoxes, since a paradox P is a proposition that is true (its truth degree T
= 1) and false (its false degree F = 1) in the same time, and as a
consequence the paradox 1s also completely indeterminate (its indeterminate
degree I = 1). Therefore, the neutrosophic truth-values of the paradox 1s P(1,
1, 1), where 1+1+1 = 3 > 1. No other logics allow the sum of its
components to go over 1. Self-Referential Paradoxes have the same

neutrosophic representation: T=1, F=1,and [ = 1.



ADVANTAGES OF NEUTROSOPHIC LOGIC

The advantage of using neutrosophic logic is that this logic distinguishes between
relative truth, that is a truth in one or a few worlds only, noted by 1, and absolute
truth, that 1s a truth in all possible worlds, noted by 1+. And similarly, neutrosophic
logic distinguishes between relative falsehood, noted by 0, and absolute falsehood,
noted by —0.

In neutrosophic logic the sum of components i1s not necessarily 1 as in classical and
fuzzy logic, but any number between —0 and 3+, and this allows the neutrosophic logic
to be able to deal with paradoxes, propositions which are true and false in the same
time: thus NL(paradox)=(1, I, 1); fuzzy logic cannot do this because in fuzzy logic the
sum of components should be 1.

When the sum of components t + 1+ f =1 (classical and fuzzy logic);
When the sum of components ist + 1+ f < 1 (intuitionistic logic);

When the sum of components ist +1+ f >= 1 (paraconsistent logic).



Neutrosophic examples

* We may say for example (0.9, 0.05, 0.05) meaning that 90% of 5 km
we are sure about, while 5% of 5 km it is indeterminate, and 5% of 5

km unsure,

* in neutrosophic triplet: proved, unprovable (indeterminate),
disproved,

* in an application Form there are three option : Yes- No/ N.A For
gendre M/F/other

*, Neutrosophic logic has its chance to simulate human thinking
and to be utilized for real environment executions



* Let's say there is a soccer game between India and Pakistan. If | ask
you who will win, you may say, since you're subjective and patriot,
that India will win, let's say with a chance of 70%; but if | ask
somebody from Pakistan, he would say that Pakistan will win, let's say
with 60% chance. But asking a neutral expert, he may say that there is
40% chance of tie game.

 All sources are independent, meaning they do not communicate with
each other and they do not know the response of each other.

* Summing we get0.7+0.6 +0.4 > 1.



IDETERMINACY(I)

LET’S FLIP THE COIN ON THE SURFACE OF A SEA, THEN THE COIN
FALLS INTO THE SEA AND WE DO NOT KNOWN ANYTHINGS ABOUT IT,
THUS INDTERMINACY =1




Other example

* An example of neutrosophic logic is as following; the argument
"Tomorrow it will be sunny" does not mean a constant-valued
components structure; this argument may be 60% true, 40%
indeterminate and 35% false at a time, neutrosophicaly represented
by (0,6, 0,4, 0,35) ; but at in a second time may change at 55% true,
40% indeterminate, and 45 % false according to new indications,
provenances,neutrosophicaly represented by (0,55,0,40,0,45) , etc.



Neutrosophic example: voting process

For another example, suppose there are 10 voters during a voting
process. Five vote “aye”, two vote “blackball” and three are undecided.
For neutrosophic notation, it can be expressed as x(0.5,0.3,0.2).

Using fuzzy it is not possible to separate the voting process in favour or
against. Using Vague notation we can separate the votes in favour or
votes in against but with constraint tv + fv<1l. Neutrosophic Notation
has no restrictions on the boundary. In Neutrosophic Set,
indeterminacy is quantified explicitly and true-membership,
indeterminacy-membership and false-membership are independent.
This assumption is very important in many applications



EXAMPLE OF NS

For (0,1,0), which means totally indeterminate:
Two points, diametrically opposed, on the margins of a marsh
have to be connected by a route; it may be a total
indeterminacy not knowing in what way to build the route.

For (0,1,1), with total indeterminacy and total falsehood.
The two points, diametrically opposed, on the margins of a
marsh having to be connected by a route; the route
construction company starts the project and builds the route
on the wrong trajectory that the route sinks into the marsh.

two nodes as the two marsh, and the line as the route.



EXAMPLE TO UNDERSTAND THE INDETERMINACY AND
NEUTROSOPHIC LOGIC

In a given mobile phone suppose 100 calls came at end of the
day.
1. 60 calls were received truly among them 50 numbers are
saved and 10 were unsaved in mobile.

60 calls will be the truth membership 1.e. 0.6.

2. 30 calls were not-received by mobile holder. Among them 20
calls which are saved in mobile contacts were not received due
to driving, meeting, or phone left in home, car or bag and 10
were not received due to uncertain numbers.

30 not received will be the Indeterminacy membership i.e. 0.3.

3. 10 calls were those number which was rejected calls
intentionally by mobile holder due to behavior of those saved
numbers, not useful calls, marketing numbers or other cases
for that he/she do not want to pick or may be blocked numbers

10 rejected will be the false 1.e. 0.1 membership value.



NEUTROSOPHIC EXAMPLES.............

Suppose there are few places in a city and roads connect the places.
Hence the places and roads together form a network. But the problem 1is
to find a way that a salesman can visit all the planes once with the
lowest travelling cost. Now the travelling cost is directly proportional to
the road distance travel by salesman. But all the roads are not in the
same smooth conditions in practical. So the real travelling distance with
cost may be effected the bad weather, road jam and non-pucca roads.
Hence the travelling distance between the places should be taken as
neutrosophic. If (T , F) be membership value of the road distance
between two places, then T indicates distance on good, well-constructed
road; I indicates distance on bad (marsh, muddied) road and F indicates
distance above the water, where the bridge i1s not built yet...(G.e. the
distance where the road does not exist yet, but it may be build under the
form of a bridge to be constructed).



The relationship among neutrosophic sets and
other sets

‘ fuzzy set
! interval valued fuzzy set ! intuitionistic fuzzy set |

nterval valued intuitionistic fuzzy set

! Inteml NeutmoElc Set

I

! Neutrosophic Set
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Neutrosophic connectives

* Like other non-classical logic,
several definitions for the logical
connectives are used

* we will concentrate on the simplest
case, where the neutrosophic
components are real values instead
of intervals or subsets of the unit
interval.



Neutrosophic basic connectives: Negation

(N1) v(=p)=(1 =t 1 =i1=1)
(N2) v(=p)w= (/). i, 1)
(NS) v(=p)=(]J,] i 1)



Conjunction-disjunction-implication

* Conjunction

* Disjunction

* |mplication

(Cl) vippAps)=(tyta iy oig i fo)
(C2) vipy Apy) = (min(ty, ty),min (i), 1), maz(f, f2))

(C3) vipy Apy)w (min(ty, ;) , maz (iy,13) ,maz ([, [;))

(D1) vipy Vpa) = (maz by, ) ,maz (iy, i) ,min (fy, fo))
(D2) vip Vpo) = (max(ty,b) ,min(iy, i) ,min(fy, fo))

() elpy=p)=elpVp)

(2) vlpy=py) = (min(], 1=t +15) mar(0,0~1) maz(0f;~ i)



Diffrent types of neutrosophic numbers

* Single valued neutrosophic numbers

* Interval valued neutrosophic numbers

* Bipolar neutrosophic numbers

* Trapezoidal fuzzy neutrosophic humbers

* Triangular fuzzy neutrosophic numbers

* Single valued triangular fuzzy numbers

* Single valued trapezoidal fuzzy numbers

* Hesitant Single valued neutrosophic numbers
* Refinned neutrosophic numbers. etc




Neutrosophic numbers

* Numerical neutrosophic components: (T, |, F)
* Literal neutroosphic componets : x=a+lb
The formula neutrosophically works in the following way:

* X = a+bl is a neutrosophic number whose determinate partis "a" and
indeterminate part is "bl", where | = indeterminacy;

can effectively describe incomplete or indeterminate information
because they consist of a



Neutrosophic Complex Numbers based on
literal component (l)

* Neutrosophic Real Number
* Neutrosophic Complex Number

F.Smarandache, "Introduction to Neutrosophic statistics", Sitech-Education Publisher, PP:34-44, 2014



Neutrosophic Real Number

Suppose that w 1s a neutrosophic number, then 1t takes the following standard form: w = a + bl where ﬂ)_ are real
coefficients, and [ represent indeterminacy, such 0.1= 0 and I" = 1, for all positive integers n,



Neutrosophic Complex Number

Suppose that 2 1s a neutrosophic complex mumber, then it takes the following standard form; 2 = @+ ¢l + bi + dil

whete ,b,c,d arereal cocfficients, and | indeterminacy, such that i = -1 2§ = =y

Note: we can say that any real number can be considered a neutrosophic number,

Forexample: 2= 2401, or:2=240.140.i40.i.]

F.Smarandache, "Introduction to Neutrosophic statistics", Sitech-Education Publisher, PP:34-44, 2014






* The following tables represents the various forms of trapezoidal fuzzy
neutrosophic numbers (TrFNN) have been listed out and it shows the
uniqgueness of the proposed graphical representation among the
existing graphical representations.

Trapezoidal fuzzy neutrosophic forms Graphical representation
Darehmiraki [11]; A is a TtENN, Tax). La(x), Fy(x)

a,,q,,4,,4,.4;.4,.4,.4, € R such that

d Laq g fad; La; 5d; 54, S 4,

A’:<(£I;,a1,fq'|p%:as,aﬂ;,sa4aa;]:E:Iﬁﬂ)




Liang [21]; A 1s a TtENN
a,,a, ,a,,a, €[0,1] such that

0<ag <a,<a;<a, <l 1 1, ()
Y
AZ([Q’%J%3G4]J(I:{3’IA3EAI)> ’
I_ff
F, . 5
0 E . > X
4 a,
Biswas [5]; A is a TpENN, A
('514193219331va4l)v(b4lab219b319b41)v
(0413021=C31:C41)ER
1

such that
Gy <h,<a, <c, <b,, <a,

gaSl ibSi = c3l iaaﬂ ib-ﬂ éc-{-l
and
AZ((QHam»a31Ja41)>(b11:b21:b31:b41)3

(CIL?CZI-’CSIPC41)>




Trapezoidal fuzzy neutrosophic numbers

T (x). 5 ().
Fy(x)

0 ay c1 €1 ax b1 c3 b: a3 cs ba as b

(a) Graphical representation of TrNFN



Diffrence between TFN and NN

 About neutrosophic number(T,I,F) and triangular fuzzy
number (a,b,c) although have three parametres;however;the
three parametres in triangular fuzzy numbers can only
express the membership, and those in neutrosophic number
can express the membership function,indterminacy-
membership function and non-membership function,So they
are completley diffrent



The score function of neutrosophic numbers

* The score function is an important index for evaluating neutrosophic
numbers. For a neutrosophic R =<T, |, F >, the truth-membership T is
positively correlated with the score function, and the indeterminacy-
membership | and false-membership F are negatively correlated with
the score function. In terms of the accuracy function, the greater the
difference between the truth-membership T and false-membership F
is, the more affirmative the statement is. Additionally, in regard to the
certainty function, it positively depends on the truth-membership T.



RANKING OF NEUTROSOPHIC NUMBERS

2 T, Lk F
Si =gt

P sfr)=[ 411 +]-F
) T,
Sl =5+
4o-2b-c
L

where K(4) € [-11]




Extensions of neutrosophic sets



Extension of neutrosophic sets

Fuzzy sets extensions have been often used in the modeling of problems including
vagueness and impreciseness in order to better define the membership functions
together with the hesitancy of decision makers.

More than 20 different extensions of ordinary fuzzy sets have appeared in the literature
after the introductions of ordinary fuzzy sets by Zadeh (1965).

These sets involve interval-type fuzzy sets, type-2 fuzzy sets, hesitant fuzzy sets,
intuitionistic fuzzy sets, Pythagorean fuzzy sets, g-rung orthopair fuzzy sets, spherical
fuzzy sets, picture fuzzy sets, fermatean fuzzy sets, etc.

Mainly, these extensions can be divided into two classes: extensions with two
independent membership parameters and extensions with three independent
membership parameters.

Smarandache and many other researchers also discussed the various extension of
neutrosophic sets in TOPSIS and MCDM
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Edge Parameter ~ Uncertainty Hesitation Vagueness Fluctuations
Measurement Measurement Measurement

Crisp number ' ' ' '
Fuzzy number | determinable ! ' !
Intuitionistic Fuzzy | determinable determinable i s
number

Neutrosophic determinable determinable determinable determinable
number

Table 1 Fuzzy numbers, their extensions and applicability




The core idea of modeling such a neutrosophic situation has been

expanded together with the previous methods and tools to the
following new cases:

e to handle the neutrosophic in qualitative environments in which
information is linguistic form

e to manage the truth-membership, indeterminacy-membership and
falsity-membership that are not exactly defined but expressed by
interval-values, intuitionistic fuzzy sets, triangular fuzzy sets, cubic
sets, bipolar fuzzy set, trapezoidal fuzzy sets, or hesitant

fuzzy set

e to deal with the inadequacy of the parameterized by combining soft
set

e to cope with the lower and upper approximations by fusing with
rough set

* These extensions are further detailed in the following table,



Table 1 The extensions of neutrosophic set

Sets Abbreviation Proposed
Single valued neutrosophic set SVNS Wang et al. (2010)
Interval neutrosophic set INS Wang et al. (2005a)
Simplified neutrosophic set SNS Ye (2014h)
Neutrosophic soft set NSS Maji (2013)
Single valued neutrosophic linguistic SVYNLS Ye (2015a)

set
Multi-valued neutrosophic set MVNS Wang and Li (2015)
Rough neutrosophic set RNS Broumi et al. (2014a)
Simplified neutrosophic linguistic set SNLS Tian et al. (2016b)
Bipolar neutrosophic set BNS Deli et al. (2015)
Trapezoidal neutrosophic set TNS Biswas et al. (2014b)
Neutrosophic hesitant fuzzy set NHF5 Ye (2015d)
Neutrosophic cubic set NCS Ali and Deli (2016) and Jun

etal. (2017)

Possibility neutrosophic soft set PNSS Karaaslan (2017b)
Neutrosophic vague soft expert set NVSES Al-Quran and Hassan (2016)
Time neutrosophic soft set TNSS Alkhazaleh (2016)
Triangular neutrosophic set TrNS Deli and Subas (2017b)
Interval-valued neutrosophic soft set IVNSS Deli (2017)
Complex neutrosophic set CNS Ali and Smarandache (2017)
Normal neutrosophic set NNS Liu and Teng (2017a)
Simplified neutrosophic uncertain SNULS Tian et al. (2018)

linguistic set



Interval neutrosophic linguistic set

Single-valued neutrosophic refined soft
sel

ivnpiv-Neutrosophic soft set

Probability multi-valued neutrosophic set

Probability multi-valued linguistic
neutrosophic set

Interval neutrosophic hesitant fuzzy set

Intuitionistic neutrosophic set

Generalized neutrosophic soft set

Intuitionistic neutrosophic soft set

Neutrosophic refined set

Possibility simplified neutrosophic set

Linguistic neutrosophic set

Single valued neutrosophic trapezoid
linguistic set

Single-valued neutrosophic uncertain
linguistic set

Multi-valued interval neutrosophic set

INLS
SVNRSS

ivnpiv-NSS
PMVNS
PMVLNS

INHFS
InN§
GNSS
INSS

NRS
PSNS
LNS
SVNTLS

SVNULS

MVINS

Ye (2014f)
Karaaslan (2017a)

Deli et al. (2018)
Peng et al. (2016b)
Wang and Zhang (2017)

Ye (2016a)
Bhowmik and Pal (2009)
Broumi (2013)

Broumi and Smarandache
(2013b)

Smarandache (2013)

Sahin and Liu (2017¢)

Lietal. (2017)

Broumi and Smarandache
(2014¢)

Liu and Shi (2017)

Wang et al. (2005b)




Sels Abbreviation Proposed

Single valued neutrosophic rough set SVNRS Yang et al. (2017)

Neutrosophic valued linguistic soft set NVLSS Zhao and Guan (2013)

Single valued neutrosophic multiset SVNM Yeand Ye (2014)

Single valued multigranulation SVMNRS Zhang etal. (2016b)
neutrosophic rough set

ni-Valued refined neutrosophic soft set n-VRNSS Alkhazaleh (2017)

Double-valued neutrosophic set DVNS Kandasamy (2018)

The hold eioht NS extensions are widelv nsed in real life



Plithogenic sets and plithogenic logic

* Plithogenic sets and plithogenic logic which is the generalisation of
neutrosophic sets and logic.

* Plithogenic sets can model real-life applications in a better way as
they are characterised by one or more attributes which can
accommodate many values.




Complex neutrosophic set (CNS)

 Complex neutrosophic set (CNS) is a modified version of the complex
fuzzy set, to cope with complicated and inconsistent information in
the environment of fuzzy set theory.

* The CNS is characterised by three functions expressing the degree of
complex-valued membership, complex-valued abstinence and degree
of complex-valued non-membership.

* The CNS is characterized by complex-valued MS, complex-valued
abstinence and complex-valued NMS grades with a condition that the
sum of real-valued MS (Imaginary-valued MS), real-valued abstinence
(Imaginary-valued abstinence) and real-valued NMS (Imaginary-
valued NMS) grades is less than or equal to 3+



Definition Complex neutrosophic set.

A complex neutrosophic set § defined on a universe of
discourse X. which is characterized by a truth membership
function 7Tg(x). an indeterminacy membership function
Is(x). and a falsity membership function Fg(x) that assigns
a complex-valued grade of Tg(x)., Is(x). and F¢(x) in S for
any x € X. The wvalues Tg(x), Is(x), Fs(x) and their sum
may all within the unit circle in the complex plane and so i1s
of the following form,

Ts(x) = ps(x).es™) | Fe(x) = gs(x).&™) and Fs(x)
— e (x).eP
where pg(x). gs(x). rs(x) and pg(x). vs(x). ws(x) are,
respectively, real walued and pgs(x).gs(x),rs(x) = [0, 1]
such that 0 < ps(x) + gs(x) + rs(x) <37
The complex neutrosophic set 5§ can be represented in
set form as

S = {(x, Ts(x) = ar,fs{x) — ar, Fs(x) — ar) : x € X},
where TgX — {ararcClar|<1l}, Ig:X — {apa; €

C,la;] <1} and F¢X — {ap:ar € C,|lag| <1} and
|chx"ll 4+ Felx) 4+ Flr.irl’i:ll < 3.
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Interval complex neutrosophic set

* As an extension of neutrosophic set, interval complex neutrosophic
set is a new research topic in the field of neutrosophic set theory,
which can handle the uncertain, inconsistent and incomplete
information in periodic data.



Interval complex neutrosohic set

Interval complex neutrosohic set

Definition Let X be a space of points(objects) with generic elements in X denoted by x.
An ICNS S in X is characterized by a truth-membership function Ts (x), an indeterminacy-membership
function Iy (x), and a falsity-membership function Fs (x),which are satisfied the following conditions:

Ts(x): X » T % R To(x) = t5(x) - /5
Is(x) : X » TOU % R I¢(x) = ig(x) - 5™

Fg[’_l} X — Fm.l] % R,Fg{_ﬂ - f‘:(l) : Ejrbs[x}

where T'Y js the collection of interval neutrosophic sets and R is the set of real numbers, tg (x) is the
interval truth membership function, is (x) is the interval indeterminate membership function and fs (x)



is the interval falsehood membership function, while /5™, e/s™) and e/*s'"™) are the corresponding
interval-valued phase terms, respectively, with j = V—=1. In set theoretic form, an interval complex
neutrosophic set can be written as:

g {(rs(x) - gj“.‘ilx:'}fs{x) ; eﬂ'f“),jg(,r) ; Eﬁﬁ'-‘s[ﬂ) - X}

X

(2.1)

In (2.1), the amplitude interval-valued terms Ts (x), Is (x), Fs (x) can be further split as ts(x) =
[rg{x),r;-f’ [x}], i¢(x) = [f;:{x), iU (x)] and fy(x) = [f;(.r), f}f(x)]. Similarly, for the phase terms: ws(x) =

|, wf ], vs () = [0, 0 ()] and g5 (x) = [¢5(x), 8§ ()]
Definition 2.5. [18] The complement of an ICNS S is denoted by S° and is defined as

. { (Ig:-(l') c e e(x) - @5 foe(x) ef'*"’f""”) e X}

(2.2)

X

where ts.(x) = f5(x), wge(x) = 2m~ wg(x), ige(x) = [1 —if(x),1- if%(.r)] Wrse(x) = 2m =g (x), foe(x) =
ts(x), ds<(x) = 2m — s ().



Definition . Let A be an ICNN, then the score function S (A) of A is defined as:

S(A):Tli[(hff;—fj—j)+(2+r§’—r’f—‘f)+%((4fr+wﬁ i ¢,] (4n+wﬂ U ¢E]))

Definition . Let A be an ICNN, then the accuracy function H(A) of A is defined as:
L, U
H(A):%(rﬁ_fﬂ?f‘ L Uity ¢f‘)

u

Definition ~ Let Ay and Ay be two ICNNs, and § be the score functions, H be the accuracy
functions. If § (Ay) < § (Ay) then Ay < Ay, if S (A;) = § (Ay) then
(1)IfH(A ) H(4,), then A; < As;
(2)IfH(A)) = H(Ay), then A, = As.



Pentagonal Neutrosophic numbers



Arithmetic Operations:

Suppose we consider two pentagonal neutrosophic fuzzy number as  Apyye =
(D1, P2 P2, Pay Ps; fay Y B,) and Botgnen = (01,92, G3 94 53 s Dy, 6p) then,

L.

1) thgNeu + E'Ptgweu = [Py + oDy + G203 + Q3. Py + G Ps + g5 max{pg, 1y}, min{dy, 9,1, min{B,, 6, ]
1) thgNeu - EPtgPJeu = [Py = 45:12 = Qa3 = Q3. Ps = G Ps = Gy max{pg, iy}, min{dy, 9, }, min{By, 6, }]
1) kﬁptgweu = [kpy, kpy, kps, kpy, kps; g, 9, 6] if & > 0, = [kps, ki, kps, kpy, kpy; g, 04, 6] if K <0

- |
W)APtheu = (1/ps, 1/pa, 1/p3, 1/ 0, 1/p1; g 04, 6,)



Score and Accuracy Function of :Pentagonal Single
typed Neutrosophic Number (PTGNEU)

For any Pentagonal Single typed Neutrosophic Number (PTGNEU)

Aptgnen = (D1, P2, D3, P4 D5 91,92, 93, G4r Q53 11, 12, 13, T4, T5)

P1+P2+P3+P4+Ds
5

We consider the beneficiary degree of truth indicator part as =

—— .I.
e l
F

L +T'2 +T3 +r4 +T5

Non- beneficiary degree of falsity indicator part as =

q1+qz+q3+qutqs
5

And the hesitation degree of indeterminacy indicator as =

P1tP2+P3+PatPs  Q1td2+q3+qatqs r1+r2+r3+r4+r5)
’

Thus, we defined the score function as SCpygyey = % (2 + . . :

P1+P2+p3+patps
5

Where, SCpigney € [0,1] and the Accuracy function is defined as A(Ipmeu:(
T1+?‘2+T3+I“4+?‘5)
g !




Relations
neutroso

nip  between any two pentagonal

ohic fuzzy numbers:

Let us consider any two pentagonal neutrosophic fuzzy number defined as follows

APtheul = (TPJ:gNeulrIPtheul:FPtheul) and APtheuz = (Tprgweu:a:fp:gweuznFptgweuz) if,

1y SCAHMEM > SCAP:gweuz ythen Apignent > Aptgneuz
2) SCAP:gwem < SCAHQNEHZ ythen Appgnens < Aptgneuz
3) SCAPEgNeul = SCAchweuz ,then

i)ACAptheul > ACAHQNE“Z ,then Apignens > Aptgneuz

it) ACAP,:MEM < ACAPrgMeuz ythen Apignent < Apegneuz

_ T - i1 0w (o ol - - # & o



: Graphical figure of Linear Pentagonal Neutrosophic Number.

Figure
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Octagonal neutrosophic
number



A Octagonal neutrosophic number a
=( a4,a;,03,04,05,0¢,07,ag ); Wz , Uz Vs ) 18 a special
neutrosophic set on the set of real numbers R, whose truth-
membership, indeterminacy-membership and falsity-membership
functions are respectively defined by

( 0 forx < ay
x—a,
k fora, <x<a,
a; — g
k fora, < x < a,
x_a3
k+ (w; —k) fora; <x<a,
a4_a3
pz(x) =< ws foray < x < as
dg—%
k+ (wz — k) foras < x < ag
Qg — ds
k fora, < x < ay
as_x
k fora; <x < ag
ag — az
\ 0 forx > ag




19,1_'(.‘() =9

+

forx < a
fora, <x<aq,
fora; £ x < ay
foraz <x<aqy
ora, <Xx=a

4 5

fora; € x < a

ora, < x<a
6 7

ora; Sx=a
7 8

forx > aq

A5(x) =

f1
o
1+(1—k)(1. )
ay =y
k
A =X
k+(k—uﬁ)( - )
ay —as
0
o X=0;
. E a5 — s
k
X-a,
k+(1-k) :
(g = 07
v 1

Jorx < a,
fora; <x<a
fora, <x<a,

fora; <x<ay
fora, <x <a,
foras; £x<aq
forag <x<ay
fora; < x<ag

forx > ag



Graphical Representation of the Octagonal

12 Neutrosophic Number
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Definition ===(Gaussian fuzzy number) A fuzzy number is said to be Gaussian fuzzy number GF'N (1, 0)
whose membership function is given as follows:
lz-u

fle) =l ()00 <

where 7i denotes the mean and ¢ denotes standard deviations of the distribution.

Definition === a-cut of Gaussian fuzzy number: Let membership function for Gaussian fuzzy number is

given as follows:
1z
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Then, a-cutis given A, = i = 0y/-2log . i + 0y/-2l0ga



Gaussian SYN-number:

Definition, , A SVN-number is said to be Gaussian SVN-number
GSVNN ((ﬁh o), (i, 03), (Jig, 0 f)) whose truth-membership function, indeterminacy-membership function

and falsity-membership function are given as follows:
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respectively. Here i, (Jz;, i) denotes mean of truth-membership (indeterminacy-membership, falsity-membership)

value. ; (0;, o) denotes standard deviation of the distribution of truth-membership (indeterminacy-membership,
falsity-membership) value.



Example  Let A = GSVNN((O.M.Q),(0.6,0.3)1 (0.3, 0.1)) be Gaussian SVN-number. Then graph-

ics of truth-membership function, indeterminacy-membership function and falsity-membership function of
GSVNN A are depicted in Fig .
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Figure 1: GSVNN A



Definition a-cut of Gaussian SVN-number: Truth-membership function, indeterminacy-membership
function and falsity-membership function for Gaussian SVN-number A are given as follows:
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respectively.
Then a-cuts of them are as follows:

A, = [ﬁt = (o1v/—2loga), [t + (001/—2log ﬂ)}-.
A = [p,i — (5:/=2log(L = ), i, + (/=2 log(1 = a-))}

Ap, = lﬁf — (o7y/—2log(1 - a)), 7 + (07+/—-2log(1 - fl'))],

respectively.
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Abstract : Information in a signal is often followed by undesirable disturbance which is termed as noise.
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previous related works have the major issues while reducing noise in signals regarding assumptions,
frequency and time domain, etc. This paper proposes a new Neutrosophic approach to reduce noises
and errors in signal transmission. In the proposed method, confidence function is used as the truth
membership function, which is associated with sampled time intervals. Then, we define a Dependency
function at each time interval for the frequency of transmitted signal. Finally, a Falsehood function,
which indicates the loss in information due to amplitude distortion, is defined. This function shows how
much information has been lost. Our objective is to minimize the falsehood function using several
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An example method for segmenting an object contained in an image includes receiving an image including a plurality of pixels, transforming a plurality of charactenistics of a pixel into respective
neutrosaphic set domains, calculating a neutrosophic similartty score for the pixel based on the respeciive neutrosophic set domains for the charactenistics of the pixel, segmenting an object from

background of the image using a region growing algarthm based on the neutrosophic similarty score for the pixel. and receiving a margin adjustment refated to the object segmented from the
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Definition: A trapezoidal neutrosophic number a =((a,b:c,d }5"”.:;;?”.::-* ya> is a special neutrosophic set on

the real number set R, whose truth-membership, indeterminacy— membership and falsity-membership functions
are defined as follows:
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Trapezoidal neutrosophic Function (trin) The figure 1 portrayed the  pictorical representation of the trapezoidal neutrosophic function
%ox=45:70; a=((03,05,06,07)0402,03)
%[y.z]=trin(x,50,55.60,65. 0.6, 0.4,0.6)%

The line command to show this function in Matlab is written below:

U truth membership
V indterminacy membership x=0:0.01:1;
W :falsemembership [y.2.t]=trin(x,0.3,0.5,0.6,0.7, 0.4, 0.2,0.3)

function [y.zt]=trin(x.a,b,c.du,v,w)
y=zeros(1,length(x));
z=zeros( 1., length(x));

t=zeros(1,length(x)); ng. .. | \ | e
for j=1:length(x) Nl Noa mambesip funciiées] |
if(x(j)<=a) . '

y()=0; >l

z(j)=1; -

tG)=1; 0.5 |
elseif(x(j)==a)&&(x(j)==b) 0.4 \
y(@)=u*(((x()-a)/(b-a))); 03t .
z(=(((b-x(j))+v*(x(j)-a))/(b-a)); 02
tG)=(((b-x(j))+w*(x(j)-a))/(b-a)); 011
elseif(x(j)==b)&&(x(j)<=c) T T T v —
y(G)=u;

z(G)=v;

H i =1 Figure 1: Trapezoidal neutrosophic function for example 4.1
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Finally.

* Neutrosophic theory studies objects whose values vary in the sets of
elements and are not true or false, but in between, that can be called
by neutral, indeterminate, unclear, vague, ambiguous, incomplete or
contradictory quantities,

* Neutrosophy is a modeling based on three states and not just two as
in classical logic
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