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Abstract 

 

In this paper, the Multiple Attribute Group Decision Making(MAGDM) 

problems are investigated in which all the information provided by the decision-

makers is presented as fuzzy soft sets and fuzzy soft decision matrices, and the 

information about attribute weight is partially known. The model is based on 

the attribute weights calculated from partially known information using the 

score function of Xu (2007) or it is based on the Gaussian distribution function 

for calculating the completely unknown attribute weights. The fuzzy soft 

ordered weighted averaging (FSOWA) operator is utilized to aggregate all 

individual fuzzy soft decision matrices provided by the decision-makers into the 

collective fuzzy soft decision matrix, and then we use the obtained attribute 

weights and the fuzzy soft information in the collective fuzzy soft decision 

matrix to get the overall fuzzy soft values of alternatives. The fuzzy soft 

matrices are converted into a single fuzzy decision matrix using average, and 

then rank the alternatives according to the ranks between the fuzzy soft data 

(FSDs) using distance, through the techniques like as average, and score 

function in terms of weights. Then it selects the most desirable one (s). Finally, 

numerical examples are used to illustrate the effectiveness of the proposed 

approaches. 

Keywords: MAGDM, Ordered Weighted Averaging, Averaging Operator, and 

ranks of fuzzy soft sets. 
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INTRODUCTION:  

Yager [1988] developed the Ordered Weighted Averaging (OWA) operator and applied 

in decision making problems. Atanassov, [1994] introduced the concept of intuitionistic 

fuzzy set (IFS), which is a generalization of the concept of fuzzy set. Gau & Buehrer 

[1994] introduced the concept of vague set. But Bustince & Burillo [1996] showed that 

vague sets are IFSs. In the process of decision making, the IFS has received more and 

more attention since its appearance, because the information about attribute values is 

usually uncertain or fuzzy due to the increasing complexity of the socio-economic 

environment and the vagueness of inherent subjective nature of human thinking. Many 

researchers have applied the fuzzy set, vague set and intuitionistic fuzzy set to the field 

of decision making. Chen & Tan [1994] presented some products for dealing with 

multi-attribute decision making problems based on vague sets. Xu & Yager [2006] 

developed some geometric aggregation operators, such as the intuitionistic fuzzy 

weighted geometric (IFWG) operator, the intuitionistic fuzzy hybrid geometric (IFHG) 

operator and gave an application of the IFHG operator to multiple attribute group 

decision making with intuitionistic fuzzy information.  

Xu [2007] and Xu & Chen [2007] also developed some arithmetic aggregation 

operators, such as the intuitionistic fuzzy weighted averaging (IFWA) operator, the 

intuitionistic fuzzy ordered weighted averaging (IFOWA) operator, and the 

intuitionistic fuzzy hybrid aggregation (IFHA) operator.  

Wei & Wang [2007] respectively, developed some geometric aggregation operators, 

such as the interval-valued intuitionistic fuzzy ordered weighted geometric (IIFOWG) 

operator and interval-valued intuitionistic fuzzy hybrid geometric (IIFHG) operator and 

applied them to MAGDM with interval-valued intuitionistic fuzzy information.  

Park et al [2009] proposed a Ordered Weighted Geometric (OWG) model to aggregate 

all individual interval valued intuitionistic fuzzy decision matrices provided by the 

decision makers into the collective interval valued intuitionistic fuzzy decision matrix, 

and then by using the score function the score of each attribute value is calculated and 

a score matrix is constructed out of the collective interval valued intuitionistic fuzzy 

decision matrix.  

Chen and Hsieh [1999] used graded mean integration representation of generalized 

fuzzy number in decision making problems. Chiang and Lin [1999] discussed 

correlation coefficient of fuzzy sets, and it is useful for comparing fuzzy variables in 

term of intuitionistic fuzzy set, vague set, and interval valued vague sets in decision 

making problems.  

Liu & Guan [2009] analyzed an approach for multiple attribute decision-making based 

on vague sets, and compared two different vague values from the decision making 
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information. Liu et. al. [2008] studied a general model for transferring vague set into 

fuzzy set, and make an investigation between vague sets in the data of decision making 

problems. Lu & Ng [2009] obtained maintaining consistency of vague databases using 

data dependencies. 

Aktas and Cağman [2007] imitated soft sets and soft groups, which are useful to get 

better data structures (even though the given data are very complicated). Aktas and 

Cagman [2007] spoke about the soft set and soft group in the applications of many 

information.  Aygunouglu and Aygun [2009] introduced the notion of fuzzy soft group 

which are very support to other people who are always taken a correct decision in a 

given family problem.   

Biswas Ranjit [2006] invested vague groups in decision making problem. Applications 

of soft set is used in decision making situations available in the literatures ( [Jun & Part, 

2008]; [Jun, Lee, Park, 2009]; [Maji, Biswas, Roy, 2001, & 2003];and Maji, Roy, and 

Biswas,  2002].  

Robinson & Amirtharaj [2012] defined correlation coefficient for vague sets, interval 

vague sets and triangular and trapezoidal intuitionistic fuzzy sets. In this paper, the 

ranks proposed by Park et al [2009] for SFMs is utilized. Rank coefficients of the 

overall fuzzy soft values and the ideal fuzzy soft numbers (SFNs) are calculated and 

the ranking of the most desirable alternatives is done based on the obtained correlation 

coefficients. The numerical illustrations present the same ranking of the alternatives 

when the weights are partially known or completely unknown. 

In the proposed model, the attribute weight information an optimization model from the 

score matrix is established to determine the partially known weights. Then the obtained 

attribute weights and the fuzzy soft ordered weighted averaging (FSOWA) operators 

are used to fuse the fuzzy soft information in the collective fuzzy soft decision matrix 

to get the overall fuzzy soft values of the alternatives. Correlation coefficient is used as 

a tool to rank alternatives since it preserves the linear relationship between the variables.  

 

Definition 3.1 [Akram & Cagman, 2007]: Let X be an initial universal set and E be a 

set of parameters. A pair (F,E) is called a soft set over X if and only if F is a mapping 

from E into the set of all subsets of the set X ( F: E  P ( X ) where P ( X )  =  2X is the 

power set of X). The size of F(a) is the carnality of F(a), where a is in E.  

Definition 3.2 [Akram & Cagman, 2007]: Let X be an initial universal set and E be a 

set of parameters. A pair (F,E) is called a fuzzy soft set over X if and only if F is a 

mapping from E into the set of all fuzzy subsets of the set X.   
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MODEL – 1: Solving MAGDM problem with incomplete Attribute Weight 

Information  

  Let 𝑂 = { 𝑂1, 𝑂2, … . . 𝑂𝑛} be the set of n alternatives, D = { 𝑑1, 𝑑2, … . . 𝑑𝑙}  be 

the set of l decision – makers, and 𝜆 =  (𝜆1, 𝜆2, … . . 𝜆𝑙)
𝑇 be the weight vector of 

decision – makers, where 𝜆𝑘 ≥ 0,  k = 1,2…l and ∑ 𝜆𝑘 = 1.
𝑙
𝑘=1  Let 𝑈 =

{ 𝑢1, 𝑢2, … . . 𝑢𝑚} be the set of m attributes.   

For convenience, denote by H the set of the known information about attribute 

weight provided by the decision – makers. Let  𝑅(𝑘) = (𝑟𝑖𝑗
(𝑘))𝑚𝑥𝑛   be the fuzzy soft 

decision matrix. To make a final decision in the process of group decision making, we 

need to fuse all individual decision opinion into group opinion. To do this, we use the 

IIFHA operator to aggregate all individual interval- valued intuitionistic fuzzy 

decision matrices 𝑅(𝑘) = (𝑟𝑖𝑗
(𝑘))𝑚𝑥𝑛 ( k=1,2,3,4) into the collective interval – valued 

intuitionistic fuzzy decision matrix R= (𝑟𝑖𝑗
(𝑘))𝑚𝑥𝑛 . 

Definition 3.3:    Let �̃�𝑗 =  Tj, j = 1, , …, n be a collection Q of soft sets on a set X of 

equal size k. Then the soft weighted averaging operator SFOWA is defined as SFOWA: 

Qn    Q if                           OMAw (�̃�𝑖) = ∑ 𝑤𝑖
𝑘
𝑖=1 aij  where  aij is in �̃�𝑖 for all i.  where 

the weight vector w = (w1, w2, …, wm)T of the attributes can be determined in advance. 

Note that wi >  0 for each i = 1 to n, and ∑ 𝑤𝑗
𝑛
𝑗=1  = 1. 

Algorithm for the proposed Model: 

Reviewing the park et al., (2009) method of MAGDM we present a new approach to 

multiple attribute fuzzy soft decision making with incomplete attribute weight 

information: 

Step 1: 

 Utilize the SFOWA operator to aggregate all individual fuzzy soft decision 

matrices 𝑅(𝑘) = (𝑟𝑖𝑗
(𝑘))

𝑚𝑥𝑛
 ( k = 1,2,3,4,..,7) into a collective fuzzy soft decision 

matrix R = (𝑎𝑖𝑗)𝑚  𝑛 where each aij is a fuzzy soft set (by definition 3.2). 

Step 2:  

Convert the above fuzzy soft decision matrix into a fuzzy decision matrix R 

= (Cij) where Cij is the average of elements in the soft set aij.  

Step 3: 

Let ( 𝛼 = (0.0199,0.3980, 0.0596, 0.1554, 0.2088, 0.2472, 0.2693)𝑇  be the 

weights calculated by normal distribution based method). 𝜔 is the row of weighting 

vectors whose sum ids very close to 1. 
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Step 4:  

Calculate the score matrix S having a single row (sij)mx1 from the collective 

fuzzy soft decision matrix R = (Cij) using the definition (3.1). 

Step 5:  Calculate the distance between the collective overall preference values and the 

positive ideal vague value ri+, or the negative ideal vague value ri- where ri+ = 1 and ri- 

= 0. Using the Euclidean distance function we can find the distances between the 

collective overall preference values ri and the positive ideal vague value ri+ as follows:  

d(ri, r) = √
1

2
∑ (𝑟𝑖 − 𝑟𝑖+)2 + (𝑟𝑖 − 𝑟𝑖−)2 
𝑛
𝑖=1  

Step 6:  Rank all the alternatives iA , where i = 1,2,…,m and select the best one in 

accordance                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

with the distance obtained in step 6. 

Example: Consider the following seven fuzzy soft decision matrix: 

R1= 

(

{0.5,0.14,0.71, 0.9}      {0.3,0.52,0.7,0.16}     {0.476,0.1,0.91.0.17}    {0.93,0.6,0.38,0.107}    {0.62,0.13,0.8,0.01}
{0.95,0.29,0.5,0.02}      {0.47,0.08,0.836,0.20}    {0.11,0.41,0.98,0.52}     {0.81,0.18,0.53,0.836} {0.77,0.2,0.91,0.02}

{0.56,0.90,0.07,0.20}     {0.71,0.087,0.18,0.53}    {0.36,0.09,0.626,0.15}    {0.67,0.14,0.89,0.07}    {0.13,0.7,0.455,0.08}
{0.13,0.712,0.11,0.51}    {0.58,0.904,0.17,0.83}    {0.07,0.91,0.52,0.4}    {0.41,0.09,0.78,0.3}    {0.96,0.18,0.7,0.41}

) 

R2 =  

(

{0.07,0.31,0.5, 0.26}      {0.9,0.08,0.1,0.77}     {0.01,0.86,0.53,0.3}    {0.005,0.21,0.7,0.52}    {0.90,0.7,0.11,0.67}
{0.32,0.7,0.81,0.50}      {0.1,0.96,0.301,0.76}    {0.71,0.81,0.003,0.3}     {0.2,0.71,0.36,0.06} {0.110,0.86,0.03,0.76}

{0.86,0.03,0.76,0.001}     {0.25,0.78,0.91,0.367}    {0.33,0.90,0.27,0.85}    {0.36,0.701,0.03,0.761}    {0.513,0.16,0.9,0.83}
{0.801,0.06,0.911,0.007}    {0.80,0.005,0.76,0.3}    {0.7,0.217,0.016,0,1}    {0.96,0.71,0.1,0.601}    {0.216,0.9,0.3,0.81}

) 

R3 =  

(

{0.01,0.76,0.13,0.801}      {0.16,0.7,0.931,0.3}     {0.45,0.11,0.709,0.90}    {0.93,0.60,0.36,0.15}    {0.1,0.67,0.86,0.26}
{0.9,0.06,0.2,0.14}      {0.87,0.2,0.612,0.6}    {0.1,0.21,0.91,0.563}     {0.67,0.37,0.96,0.55} {0.5,0.217,0.97,0.39}

{0.4,0.914,0.11,0.51}     {0.06,0.114,0.72,0.56}    {0.81,0.02,0.543,0.016}    {0.81,0.221,0.91,0.4}    {0.06,0.4,0.116,0.21}
{0.15,0.80,0.57,0.916}    {0.43,0.915,0.2,0.85}    {0.33,0.87,0.59,0.71}    {0.2,0.003,0.8,0.14}    {0.7,0.51,0.011,0.20}

) 

R4 =  

(

 

{0.91,0.3,0.675,0.21}      {0.54,0.03,0.41,0.86}     {0.87,0.54,0.311,0.004}    {0.11,0.30,0.8,0.52}    {0.5,0.93,0.02,0.714}

{0.51,0.8,0.714,0.611}      {0.41,0.87,0.15,0.92}    {0.72,0.53,0.05,0.83}     {0.80,0.003,0.4,0.76} {0.86,0.661,0.26,0.79}

{0.71,0.61,0.813,0.14}     {0.63,0.911,0.02,0.714}    {0.34,0.817,0.26,0.74}    {0.06,0.75,0.34,0.8}    {0.54,0.819,0.40,0.66}
{0.82,0.692,0.01,0.310}    {0.74,0.317,0.66,0.014}    {0.004,0.41,0.99,0.367}    {0.76,0.96,0.04,0.56}    {0.14,0.341,0.96,0.04})

  

R5 =  

(

 

{0.4,0.713,0.05,0.84}      {0.7,0.961,0.008,0.24}     {0.46,0.915,0.711,0.64}    {0.63,0.94,0.06,0.710}    {0.14,0.316,0.84,0.116}

{0.014,0.34,0.16,0.59}      {0.76,0.47,0.619,0.04}    {0.33,0.97,0.41,0.26}     {0.37,0.81,0.21,0.51} {0.34,0.91,0.511,0.041}

{0.37,0.54,0.02,0.96}     {0.24,0.613,0.81,0.016}    {0.613,0.31,0.86,0.10}    {0.53,0.07,0.76,0.24}    {0.71,0.29,0.06,0.34}
{0.24,0.15,0.86,0.51}    {0.16,0.84,0.26,0.915}    {0.511,0.86,0.21,0.60}    {0.29,0.841,0.65,0.31}    {0.513,0.80,0.011,0.76} )

  

R6 =  

(

 

{0.16,0.319,0.96,0.57}      {0.06,0.34,0.84,0.5}     {0.21,0.55,0.06,0.30}    {0.14,0.36,0.85,0.26}    {0.63,0.91,0.003,0.41}

{0.63,0.90,0.47,0.214}      {0.14,0.86,0.26,0.7}    {0.71,0.26,0.86,0.54}     {0.66,0.16,0.94,0.06}{0.86,0.21,0.011,0.61}

{0.81,0.36,0.74,0.141}     {0.59,0.27,0.03,0.97}    {0.26,0.94,0.1,0.53}    {0.82,0.60,0.310,0.57}    {0.12,0.87,0.2,0.513}
{0.73,0.913,0.35,0.29}    {0.77,0.36,0.511,0.116}    {0.13,0.39,0.74,0.96}    {0.73,0.177,0.94,0.63}    {0.210,0.63,0.42,0.13})
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R7 =  

(

 

{0.43,0.79,0.06,0.87}      {0.76,0.91,0.29,0.001}     {0.44,0.163,0.96,0.73}    {0.53,0.96,0.45,0.66}    {0.27,0.34,0.75,0.03}

{0.39,0.061,0.81,0.60}      {0.56,0.17,0.66,0.04}    {0.30,0.71,0.26,0.9}     {0.39,0.63,0.21,0.83}           {0.3,0.71,0.94,0.20}

{0.25,0.97,0.15,0.630}     {0.12,0.85,0.46,0.214}    {0.47,0.69,0.06,0.91}    {0.20,0.51,0.916,0.04}    {0.61,0.26,0.9,0.30}
{0.13,0.59,0.63,0.86}    {0.20,0.916,0.06,0.743}    {0.56,0.84,0.21,0.43}    {0.31,0.76,0.24,0.03}   {_0.714,0.21,0.96,0.43})

  

By step (2), (3.2), and W ={0.0199,0.0398,0.0596,0.1554,0.2088,0.2472,0.2693},  

It finds that the fuzzy soft decision matrix  R  =  

(

{0.4998,0.6070,0.6529,0.7359} {0.5860,0.7819,0.5580,0.4609}     {0.5079,0.6201,0.7409,0.5550}      {0.4923,0.8177,0.6236,0.5409}  {0.4440,0.7453,0.5989,0.3438}

{0.5058,0.6252,0.6048,0.4915}      {0.5402,0.6766,0.5026,0.5390}    {0.5236,0.7402,0.5894,0.7072}     {0.5744,0.5089,0.6814,0.6130} {0.6499,0.6865,0.7032,0.4678}
{0.5942,0.7583,0.5067,0.7214}    {0.3973,0.7083,0.5029,0.7023}    {0.4684,0.7648,0.7075,0.6851}    {0.5462,0.5109,0.7292,0.4598}    {0.5032,0.6262,0.5846,0.4591}

{0.5331,0.6676,0.6735,0.6042}    {0.5463,0.7566,0.3225,0.6589}    {0.3805,0.7240,0.7161,0.7263}    {0.5805,0.7454,0.6734,0.4006}   {0.6246,0.4783,0.7909,0.4401}

)  

By step (3), it gets that R  is the fuzzy decision matrix as  

(
{0.5332,0.6645,0.6095,0.6383}{0.5175,0.7309,0.4715,0.5903}

{0.4701,0.7123,0.6885,0.6685}{0.5484,0.6457,0.6769,0.5036}{0.5554,0.6341,0.6662,0.4277
) 

By step (5), it follows that  

 d(r,r1) = 0.5540 = A1 

d(r,r2 ) = 0.6133 = A2 

d(r,r3 ) = 0.5341 = A3 

d(r,r4 ) = 0.5832 =A4 

d(r,r5 ) = 0.6207 = A5. 

By step (6),  A5 > A2 >  A4>A1>  A3 is got. 

Hence A5   is best alternative. 

 

CONCLUSION: The MAGDM problems under fuzzy soft environment are 

investigated, and an approach was proposed to handle the situations where the attribute 

values were characterized by fuzzy soft matrices (FSMs), and the information about 

attribute weights was partially known or completely unknown. The proposed approach 

first combines all individual fuzzy soft decision matrices into the collective fuzzy soft 

decision matrix by using the FSOWA operator. Next, in the situations where the 

information about attribute weights is incomplete, we have constructed the score matrix 

of the collective fuzzy soft decision matrix, and established an optimization model to 

determine the attribute weights. Then we have used the obtained attribute weights and 

the FSOWA operator to get the overall fuzzy soft values of alternatives, and have used 

the proposed method for calculating ranks coefficients between SFMs to rank the 

alternatives and then to select the most desirable one. This study has concentrated on 

the situations where the best alternative could be determined even when the weights of 

the decision makers are completely unknown or known. The proposed approaches in 
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this paper not only can comfort the influence of unjust arguments on the fuzzy soft 

decision results, but also avoid losing or distorting the original decision information in 

the process of aggregation. Thus, the proposed approach provides us an effective and 

practical way to deal with multi-attribute group decision making problems, because 

using ranks coefficients to the alternatives can preserve the linear relationship between 

the variables involved in the decision process. 
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