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ABSTRACT 
As a variation of fuzzy sets and intuitionistic fuzzy sets, neutrosophic sets have been developed to 
represent uncertain, imprecise, incomplete and inconsistent information that exists in the real world. In 
this paper,this article introduces an approach to handle multi-criteria decision making (MCDM) problems 
under the SVNSs. Therefore, we develop some new geometric and arithmetic aggregation operators, such 
as the single valued neutrosophic weighted arithmetic (SVNWA) operator, the single valued neutrosophic 
ordered weighted arithmetic (SVNOWA) operator,the single-valued neutrosophic sets hybrid ordered 
weighted arithmetic (SVNSHOWA) operator, the single-valued neutrosophic weighted geometric 
(SVNWG) operator and the single-valued neutrosophic ordered weighted geometric(SVNOWG) operator 
and the single-valued neutrosophic hybrid ordered weighted geometric (SVNHOG)operator, which extend 
the intuitionistic fuzzy weighted geometric and intuitionistic fuzzy ordered weighted geometric operators 
to accommodate the environment in which the given arguments are single valued neutrosophic sets which 
are characterized by a membership function, an indeterminacy-membership function and a non-
membership function. Some numerical examples are given to illustrate the developed operators. Finally, a 
numerical example is used to demonstrate how to apply the proposed approach. 

KEYWORDS:  Neurosophic set, Single valued neutrosophic weighted geometric (SVNWG) 

operator, Single valued neutrosophic weighted arithmetic (SVNWA) operator. 

Section1. Introduction 

To handle with imprecision and uncertainty, concept of fuzzy sets and intuitionistic fuzzy sets 
originally introduced by Zadeh (Zadeh 1965) and Atanassov (Atanassov 1986), respectively. 
Then, Smarandache (Smarandache 1998) proposed concept of neutrosophic set which is 
generalization of fuzzy set theory and intuitionistic fuzzy sets. The neutrosophic sets may express 
more abundant and flexible information as compared with the fuzzy sets and intuitionistic fuzzy 
sets. Recently, neutrosophic sets have been researched by many scholars in different fields. For 
example; on multi-criteria decision making problems (Liuet al.  2017a, 2017b, 2017c, Lin 2017, 
Kandasamy and Smarandache 2017) etc. Also the notations such as fuzzy sets, intuitionistic fuzzy 
sets and neutrosophic sets have been applied to some different fields in (Broumi et al. 2014a, 
2014b,2015a, 2015b, 2015c, 2016a,2016b,2016c,2016d, He et al. 2014a, 2014b, 2014c, Sahin et al 
2015,2016,Ulucay et al. 2016a, 2016b). 

This paper mainly discusses extension forms of these aggregation operators with intuitionistic 
fuzzy sets, including the intuitionistic fuzzy weighted averaging operator, intuitionistic fuzzy 
OWA operator, intuitionistic fuzzy hybrid weighted averaging operator, intuitionistic fuzzy 
GOWA operator, intuitionistic fuzzy generalized hybrid weighted averaging operator and their 
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applications to multi-attribute decision-making with intuitionistic fuzzy sets (Li 2011,Li 2010, Li 
et al. 2010a Wang et al.2009, Li et al 2010b). 

In this paper, we shall develop some geometric operators andarithmetic operator, such as the 
single-valuedneutrosophicweighted arithmetic operator (SVNWAO), the single valued 
neutrosophic weighted geometric (SVNWG) operator, the intuitionistic fuzzy ordered weighted 
geometric (IFOWG) operator and the intuitionistic fuzzy hybrid geometric (IFHG) operator. To 
do so, this paper is structured as follows. In Section 2, we review the weighted geometric (WG) 
operator and the ordered weighted geometric (OWG) operator. In Section 3, we develop the 
IFWG operator, the IFOWG operator, and the IFHG operator, and study their various properties. 
In Section 4, we give an application of the IFHG operator to multiple attribute decision making 
with intuitionistic fuzzy information. Concluding remarks are made in Section 5. 

Section 2. Preliminaries 

To facilitate the following discussion, some concepts related to neutrosophic set and single valued 
neutrosophic set are briefly introduced in this section. 
Definition 2.1(Smarandache 1998) Let be a space ofpoints (objects), with a generic element in 

, denoted by .An in is characterised by a truth-membership function , an 
indeterminacy-membership function  and a falsity-membership function .
and are standard or non-standard subsets of ,that is, 

,  and .There is no restriction on 
the sumof  and , therefore 

. 

Definition 2.2(Smarandache 1998)The complement of a neutrosphic set is denoted by and is 
defined as 

forevery element in . 

Definition 2.3(Smarandache 1998) A neutrosophic set is contained in the other neutrosophicset 
,  if and only if 

for every in . 

Definition 2.4 (Smarandache 1998) The union of two neutrosophic sets and is a neutrosophic 
set  denoted by , whose truth-membership, indeterminacy-membership and false-
membership functions are related to those of and by  

and 

for any in . 
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Definition 2.5 (Smarandache 1998)The intersection of two neutrosophic sets and is a 
neutrosophicset , denoted by , whose truth-membership, indeterminacy-membership 
and false-membership functions are related to those of and by  

and 

for any in . 

A single valued neutrosophic set (SVNS) is an instance of a neutrosophic set, which can be used 
in real scientific and engineering applications (Ye 2014) 

Note that the set of all SVNSs on R will be denoted by . 

Definition 2.6 (Wang et al. 2010)Let be a universe set, with a generic element in denoted by 
 A single valued neutrosophic set (SVNS) in is characterized by truth-membership 

function , indeterminacy-membership function and falsity-membership function . 
For each element in , . Therefore, a SVNS A can be written as 
follows: 

. 

For two SVNSs A, B, Wang et al. (Wang et al. 2010)presented the following expressions: 

(1) if and only if ,  and for every . 

(2) if and only if   and . 

(3) . 

A SVNS is usually denoted by the simplified symbol for any 

For any two SVNSs and , the operational relations are defined by Wang et al. (Wang et 

al. 2010). 

(1) for every . 

(2) for every . 

(3) for every . 

For a SVNS in , Ye (Ye 2014) called the triplet  single valued 

neutrosophic number (SVNN), which is denoted by . 

Definition 2.7(Ju 2014)Let be a , then the score function and the 

accuracyfunction of are determined by Eqs. (1) and (2), respectively 
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 (2) 

Theorem 2.8(Ju 2014) Let and be two , then the comparison 
laws between them are shown as follows: 

1-If , then ; 

2-If , then ; 

3-If , then: 

(1) If  , then ; 

(2) If  , then ; 

(3) If  , then ; 

Definition 2.9(Chi 2013) Let and be any threesingle 
valued neutrosophic numbers, and , then some operational laws of the 

 are defined as follows. 
(1) ; 
(2) ; 

(3) ; 

(4)
Obviously, the above operational results are still . Some relationships can be further 
established for these operations on . 
Section 3. Arithmetic operators and Geometric operators of the 

3.1 Arithmetic operators of the 

Definition 3.1.1 Let . Then weighted arithmetic 

operator,denoted by , is defined as; 

where, is a weight vector associated with the operator, for 
every such that,  and 

Theorem 3.1.2 Let be a weight vectorof  , for 

every In such that and Then, their aggregated value by using 

operator is also a  and 
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Proof: The proof can be made by using mathematical induction on  as; assume that, 

and be two  then, for n = 2, we have 

If holds for , that is 

then, when ; by the operational laws in Definition 2.9, I have 

Example 3.1.3 , , and 
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Definition 3.1.4 Let .Then ordered 

weighted arithmetic operator denoted by , is defined as; 

, 

where is a weight vector associated with the mapping ; which satisfies the 

normalized conditions:  and  ;  is the k-th largest of the 

n which is determined through using ranking method in Definition 2.7. 

It is not difficult to follows from Definition 3.1.4 that 

which is summarized as in Theorem 3.1.5 

Theorem 3.1.5 Let . Then ordered weighted arithmetic 

operator denoted by , is defined as; 

where and is the k-th largest 

ofthen which is determined through using ranking method in Definition 2.7. 

Proof: Theorem 3.1.5 can be proven in a similar way to that of Theorem 3.1.2 (omitted). 

Example 3.1.6 , ,  and       
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It is obvious that . Hence, according to the above scoring 
function ranking method, it follows that  . Thus, we have: 

Definition 3.1.7 Let .Then hybrid 

ordered weighted arithmetic operator denoted by , is defined as; 

where . and  is a weight vector associated with the 

mapping here n is regarded as a balance factor is a 

weight vector of the is the k-th largest of the n  which are 
determined through using some ranking method such as the above scoring function ranking 
method. 

Note that if  , then  degenerates to the . 

Theorem 3.1.8 Let be a weight vector of 

with  and . Then their aggregated value by using  operator is also a 

 and 
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where  is the k-th largest of the n  which is determined 

through using some ranking method such as the above scoring function ranking method. 

Proof : Theorem 3.1.8 can be proven in a similar way to that of Theorem 3.1.2 (omitted). 

Example 3.1.9 , ,  and       

we obtain the scores of the Simplifiedneutrosophicsets as follows: 

respectively. Obviously, .Thereby, according to the above 
scoring function ranking method, we have: 
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=

3.2. Geometric operators of the 

In this section, three  weighted geometric operator of  is called  weighted 
geometric operator,  ordered weighted geometric operator and hybrid ordered 
weighted geometric operator is given. Some of it is quoted from application in (He 2014a 2014b, 
2014c, Xu and Yager 2006, Wei 2010). 

Definition 3.2.1 Let .Then weighted geometric operator, 

denoted by  , is defined as; 

where, is a weight vector associated with the operator, for 
every such that, and 

Theorem 3.2.2 Let be a weight vectorof  , for 

every In such that and Then, their aggregated value by using 

operator is also a  and 

Proof:The proof can be made by using mathematical induction on n as; assume that, 

and be two  then, 

forn = 2, we have 

If holds for , that is 
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then, when ; by the operational laws in Definition 2.9, I have 

Example3.2.3  and 

Definition 3.2.4Let .Then ordered 

weighted geometric operator denoted by , is defined as; 

where is a weight vector associated with the mapping ; which satisfies the 

normalized conditions:  and ;  is the k-th largest of the 

n which is determined through using ranking method in Definition 2.7. 

It is not difficult to follows from Definition 3.2.4 that 
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which is summarized as in Theorem 3.2.5. 

Theorem 3.2.5 Let . Then orderedweighted geometric 

operator denoted by , is defined as; 

where and is the k-th largest of 

then which is determined through using ranking method in Definition 2.7. 

Proof: Theorem 3.2.5 can be proven in a similar way to that of Theorem 3.2.2 (omitted). 

Example3.2.6  and 

It is obvious that  . Hence, according to the above scoring 
function ranking method, it follows that  . Thus, we have: 
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Definition 3.2.7Let .Then hybrid 

ordered weighted geometric operator denoted by , is defined as; 

where . and  is a weight vector associated with the 

mapping  here n is regarded as a balance factor is a weight 

vector of the is the k-th largest of the n which are 

determined through using some ranking method such as the above scoring function ranking 
method. 

Note that if  , then  degenerates to the : 

Theorem 3.2.8 Let be a weight vector of with 

 and . Then their aggregated value by using  operator is also a 

and 

where  is the k-th largest of the n  which is determined 

through using some ranking method such as the above scoring function ranking method. 

Proof : Theorem 3.2.8 can be proven in a similar way to that of Theorem 3.2.2 (omitted). 

Example 3.2.9 , , and 

we obtain the scores of the single-valuedneutrosophicsets as follows: 
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respectively. Obviously, .Thereby, according to the above 
scoring function ranking method, we have: 

=

Section4. Single valued neutrosophic sets and their applications in multi-criteria 
groupdecision-making problems 

There is a panel with four possible alternatives to invest the money (adapted from Herrera 2000): 
(1) is a car company; (2) is a food company; (3) is a computer company; (4) is a 
television company. TheinvestmentCompany must take a decision according to the following 
three criteria: (1) is the risk analysis;(2) is the growth analysis; (3) is the environmental 
impact analysis; (4) social political impactanalysis. The four possible alternatives are to be 
evaluated under the above three criteria by correspondingto linguistic values of SVNSs for 
linguistic terms (adapted from Ye 2011), as shown in Table 1. 
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Definition 4.1 :Let  be a set of alternatives, be the set of 
attributes. If  , then 

is called an SVNS-multi-criteria decision-making matrix of the decision maker. 

Now, we can give an algorithm of the -multi-criteria decision-making method as follows; 

Algorithm: 

Step 1. Construct the decision-making matrix for decision; 

Step 2. Compute the s and write 

the decision-making matrix ; and obtain the scores of the s ; 

Step 3. Compute the s and 

write the decision-making matrix ; and obtain the scores of the s ; 

Step 4. Compute the s and write 

the decision-making matrix ; and obtain the scores of the s ; 

Step 5. Compute the s then, 

write the decision-making matrix ; and obtain the scores of the s ; 

Step 6. Compute the s 

then, write the decision-making matrix ; and obtain the scores of the 

s ; 

Step 7. Compute the s

then, write the decision-making matrix ; and obtain the scores of the s 

; 
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Step 8. Rank all alternatives by using the ranking method of s and determine the best 

alternative. 

Section5. Application 

In this section, we give an application for the s -multi-criteria decision-making method, by 
using the operator. Some of it is quoted from application in (Deli 2015, Herrera 2000, Ye 
2011). 

Example 5.1Let us consider the decision-making problem adapted from (Ye 2015). There is an 
investment company, which wants to invest a sum of money in the best option. There is a panel 
with the set of the four alternatives is denoted by 

to invest the money. The investment company must take a decision according to the set of the four 
attributes is denotedby ={ =risk analysis,  =growth analysis,  =environmental impact analysis, 

= social political impact analysis}.Then, the weight vector of the attributes is 
and the position weight vector is by using the 

weight determination based on the normal distribution. For the evaluation of an alternative 
with respect to a criterion , it is obtained from the questionnaire 

of a domain expert. Then, 

Step 1.The decision maker construct the decision matrix as follows: 

Step 2.The values of are compute with the help of single-valued neutrosophic 
weighted arithmetic operator. 

The score function  values of  are calculated. 
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Step 3.The values of  are compute with the help of single-valued 
neutrosophic ordered weighted arithmetic operator. 

The score function  values of  are calculated. 

Step 4. The values of are compute with the help ofthe Single-valued 
neutrosophic sets hybrid ordered weighted arithmetic operator(SVNSHOWA). 

The score function values of  are calculated. 

Step 5. The values of are compute with the help of single-valued 
neutrosophic weighted geometric operator. 
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The score function  values of  are calculated. 

Step 6.The values of are compute with the help of single-valued 
neutrosophic ordered weighted geometric operator. 

The score function  values of  are calculated. 

Step 7.The values of are compute with the help of single-valued 
neutrosophic hybrid ordered weighted geometric operator. 

The score function values of  are calculated. 
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Step 8. 

Operators 

Section 6.  FUTURE RESEARCH DIRECTIONS 

In this paper, this article introduces an approach to handle multi-criteria decision making 
(MCDM) problems under the SVNSs. Using this concept we can extend our work in (1) More 
effective approaches for SVNSs (2) How to determine the weight vectors for SVNSs (3) An 
approach of multi-criteria decision making with weight expressed by SVNSs. 

Section 7. Conclusion 

This paper proposes six operator are called the single valued neutrosophic weighted geometric 
(SVNWG) operator, the single valued neutrosophic ordered weighted geometric (SVNOWG) 
operator, the single-valued neutrosophic sets hybrid ordered weighted arithmetic (SVNSHOWA) 
operator, the single-valued neutrosophic weighted geometric  (SVNWG) operator , the single-
valued neutrosophic ordered weighted geometric(SVNOWG) operator and the single-valued 
neutrosophic hybrid ordered weighted geometric (SVNHOG)operator. Then an approach is 
developed to solve more general multi-criteria decision making problems as straightforward 
manner. 
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