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Abstract - In this research paper, decagonal fuzzy numbers involve in network path with expected duration. Decagonal 

fuzzy numbers are converted into crisp time by average method using ranking method .Then comparison such as 

correlation and regression is used to analyze relationship between two such values ie. Average and ranking value, results 

are discussed and conclusion with some illustrations. 
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1.   Introduction 

Fuzzy Set has given the most valuable new way in science with amazing work of L.A Zadeh. It can be opted to the 

solution of real life problems particularly in the real value of decision analysis, artificial intelligence, management science 

and Operational  research. 

One of the statistical tools like regression can be used to find the relationship between the two variables in a fuzzy 

environment. Fuzzy regression analysis can be classified into eight classes based on the fuzzy (or crisp) characteristic of 

the input, fuzzy (or crisp) parameters and fuzzy (or crisp) output data. In general, there are two approaches in the analysis 

of fuzzy regression models: minimum fuzziness methods and the fuzzy least-squares methods. Those approaches are used 

to model fuzzy regression equations for a variety of cases. 

One possible output of proper model structure can be classified through correlation and regression models, which, in 

comparison of fuzzy inference systems in network paths have the advantage that they describe dependencies between 

process variables in a closed analytical formula and can be computed in a fast and efficient way. 

The science of statistics is essentially a branch of applied mathematics and may be regarded as mathematics applied to 

the given observation characteristics data .The statistical techniques are frequently used in solving the problems of various 

sciences, such as network analysis in Operation research based on different assumptions . Lee and Li proposed a 

comparison of fuzzy numbers by considering the mean and SD based on probability distribution. 

Lee and Li proposed a comparison of fuzzy numbers by considering the mean and dispersion (variance) 

based on the    concept of statistics. Chang proposed the Coefficient of variance (CV index) ie.CV= σ /│µ │where σ>0 ,µ 

≠ 0. 

In a network path problem duration of the edges are supposed to be real numbers, however, in most practical applications 

the parameters are not naturally precise in general, therefore, in real world situation they may be considered to be a fuzzy. 

Lin depicted a new line of method to a fuzzy critical path method for activity network created on statistical interval 

estimates and a ranking method for level (1-α) fuzzy numbers. Their focus was to introduce an approach that combined 

fuzzy set theory with statistics that incorporates the signed distance ranking of level of (1-α) fuzzy number. 
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Measures of Central Tendency shows the tendency to some central value around which data tends to cluster. It is one of 

the most powerful tools for analysis is to calculate a single average value that represents the entire mass of data. Such a 

value is neither the smallest nor the largest value, but is a number whose value is somewhere in the middle of the group. 

It describes the characteristics of entire data and to facilitate comparison. This paper aims to perform correlation and 

regression analysis on decagonal fuzzy numbers in comparison with statistical mean 

This paper is organized as follows. In section 2 some basic concepts on fuzzy sets, fuzzy numbers, are defined .In section 

3 Construction of Mean for DeFN is discussed. In section 4, Ranking methods, ranking of some fuzzy numbers, 

Correlation and Regression methods are discussed. In section 5 description of the model with algorithm are given. In 

section 6 a numerical example is given   and discussions are made. Finally conclusions are listed. 

2. Preliminaries 

  2.1. Definitions: FUZZYSET 

If X is a collection of objects denoted generically by x, then a fuzzy set A in X is a set of ordered pairs:  

A˜ = { (x,µA˜ (x))|x  ∈ X}. µA˜ (x) is called the membership function (generalized characteristic function)  

which maps X to the membership space M. 

     2.2. Definition: FUZZY NUMBERS 

A fuzzy number is a generalization of a regular real number and which does not refer to a single value but rather to a 

connected a set of possible values, where each possible value has its weight between 0 and 1. 

A Fuzzy number is a convex normalized fuzzy set on the real line R such that, there exist at least on ( i) x∈ X with µA˜ 

(x) = 1,(ii) µA˜ (x) is piece wise continuous. 

2.3. Definition: TRIANGULAR FUZZY NUMBER 

A fuzzy number A˜ (x),it can be represented by A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑;1) with membership function µA˜ (x). 

2.4. Definition: TRAPEZOIDAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒;1) is said to  be a 

Trapezoidal fuzzy number if its membership function µA˜ (x). 

2.5. Definition: PENTAGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓;1) is said to  be a 

Pentagonal fuzzy number if its membership function µA˜ (x). 

2.6. Definition: HEXAGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓, 𝒂𝟔 ;1)  is said to be 

a Hexagonal fuzzy number if its membership function µA˜ (x). 

2.7. Definition: HEPTAGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓, 𝒂𝟔, 𝒂𝟕;1)  is said to 

be a Heptagonal fuzzy number if its membership function µA˜ (x). 

2.8. Definition: OCTAGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by  

A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓, 𝒂𝟔, 𝒂𝟕, 𝒂𝟖;1)   is said to be a Octagonal fuzzy number if its membership function µA˜ (x). 

https://en.wikipedia.org/wiki/Hexagonal_number
https://en.wikipedia.org/wiki/Hexagonal_number
https://en.wikipedia.org/wiki/Hexagonal_number
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2.9. Definition: NANOGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by  

A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓, 𝒂𝟔, 𝒂𝟕, 𝒂𝟖, 𝒂𝟗;1)   is said to be a Nanogonal fuzzy number if its membership  function µA˜ (x). 

2.9.1. Definition: DECAGONAL FUZZY NUMBER 

A fuzzy number A defined on the universal set of real numbers R denoted by  

A˜ (𝒂𝟏, 𝒂𝟐, 𝒂𝟑, 𝒂𝟒, 𝒂𝟓, 𝒂𝟔, 𝒂𝟕, 𝒂𝟖, 𝒂𝟗, 𝒂𝟏𝟎, ;1)   is said to be a Decagonal fuzzy number if its membership function µA˜ (x). 

     µA˜ (x) = 

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1(𝑥−𝒂𝟏)

4(𝒂𝟐−𝒂𝟏)
. 𝒂𝟏 ≤ 𝒙 ≤  𝒂𝟐

1

4
+

1(𝑥−𝒂𝟐)

4(𝒂𝟑−𝒂𝟐)
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1

2
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1(𝑥−𝒂𝟒)

4(𝒂𝟓−𝒂𝟒)
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1                  , 𝒂𝟓 ≤ 𝒙 ≤  𝒂𝟔

1 − 
1(𝑥−𝒂𝟔)

4(𝒂𝟕−𝒂𝟔)
, 𝒂𝟔 ≤ 𝒙 ≤  𝒂𝟕 

3

4
−

1(𝑥−𝒂𝟕)

4(𝒂𝟖−𝒂𝟕)
, , 𝒂𝟕 ≤ 𝒙 ≤  𝒂𝟖

1

2
−

1(𝑥−𝒂𝟖)

4(𝒂𝟗−𝒂𝟖)
, 𝒂𝟖 ≤ 𝒙 ≤  𝒂𝟗

1(𝒂𝟏𝟎−𝒙)

4(𝒂𝟏𝟎−𝒂𝟗)
, 𝒂𝟗 ≤ 𝒙 ≤  𝒂𝟏𝟎

0                 , 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

3. Construction of Expected Duration Using Statistical Data  

A Statistical data has tiny deviations inbuilt into it due to bias. To minimize this bias we require an unbiased estimator. 

From statistical estimation theory, we know that sample average is an unbiased estimate of the population mean. We use 

this concept to compress the ten decagonal numbers into a single number by taking their average. That is if 𝑥1, 𝑥2, 𝑥3, 𝑥4, 

𝑥5, 𝑥6, 𝑥7, 𝑥8, 𝑥9, 𝑥10 are decagonal numbers then  dij =DeFN(x) = ( 
𝑥1+ 𝑥2+ 𝑥3+ 𝑥4+ 𝑥5+ 𝑥6+ 𝑥7+ 𝑥8+ 𝑥9,𝑥10

10
) gives the 

unbiased estimate of activity. Then we compare this with number obtained by ranking method. 

4. Ranking Methods  

Ranking fuzzy numbers plays an important role in practical use such as in appropriate reasoning, decisions –making 

optimization, forecasting analysis. Fuzzy numbers are frequently employed to describe the performance of alternatives in 

modeling a real world problem. The method of ranking fuzzy numbers has been proposed by Jain Since then, a large 

variety of methods above been developed ranging from the trivial to the complex , including one fuzz number attribute to 

many fuzzy numbers attribute. Some researchers have made the ranking methods as classified into several concepts such 

as mean etc.. The ranking formula of some fuzzy numbers are given  

 (i) Triangular fuzzy number (𝑎1, 𝑎2, 𝑎3) Ṟ(𝐓𝐀𝐯𝐠) = (1/4) [𝑎1+2𝑎2+𝑎3] with weights (1,2,1).  

(ii) Trapezoidal fuzzy number (𝑎1, 𝑎2, 𝑎3, 𝑎4) Ṟ(𝑻𝒓𝑨𝒗𝒈) = (1/4) [𝑎1+ 𝑎2+𝑎3+𝑎4] with weights (1,1,1,1).  

(iii) Pentagonal fuzzy number (𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎5) Ṟ(𝑷𝒆𝒏𝑨𝒗𝒈)= (1/4) [2𝑎1+3𝑎2+2𝑎3+3𝑎4+2𝑎5] 

        with weights (2,3,2,3,2). 

(iv) Decagonal fuzzy number (𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎5, 𝑎6, 𝑎7, 𝑎8, 𝑎9, 𝑎10)  

https://en.wikipedia.org/wiki/Hexagonal_number
https://en.wikipedia.org/wiki/Hexagonal_number
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       Ṟ(𝑫𝒆𝒄𝑨𝒗𝒈)= (1/50) [𝑎1+3𝑎2+5𝑎3+7𝑎4+9𝑎5+9𝑎6+7𝑎7+5𝑎8+3𝑎9+𝑎10] 

        with weights (1,3,5,7,9,9,7,5,3,1). 

 

5. Fuzzy Correlation Coefficient / Regression Lines  

The Pearson product correlation coefficient is a measure of the degree of linear relationship between two variables. It 

takes on any value between plus and minus one ie.-1≤ρẊṞ(𝑫𝒆𝒄𝑨𝒗𝒈)≤1 since the sign of correlation coefficient (+,-) 

defines the direction of the relationship. It can be defined by the formula 

 

(i) ρxR(𝑫𝒆𝒄𝑨𝒗𝒈) = 
𝒏∑(𝑿)𝑹(𝑫𝒆𝒄𝑨𝒗𝒈)−∑𝑹(𝑫𝒆𝒄𝑨𝒗𝒈) ∑(𝑿)

√𝒏∑𝒙𝟐−(∑𝑿)𝟐√𝒏∑𝑹(𝑫𝒆𝒄𝑨𝒗𝒈)
𝟐
−( ∑𝑹(𝑫𝒆𝒄𝑨𝒗𝒈))

𝟐

 

 

(ii) [R - E(R)] = bRẊ [(Ẋ - E(X)]  & [Ẋ -E(Ẋ)] = bẊṞ[Ṟ -E (Ṟ)] 

6. Objective / Aim  

In Decagonal fuzzy numbers the distribution of weights are (1,3,5,7,9,9,7,5,3,1). Also division by 50 in the ranking R 

(𝐷𝑒𝑐𝐴𝑣𝑔) takes it to lie outside the range namely [𝑎1, 𝑎10].   This shift in the decagonal ranking system necessitates to test 

statically whether the decagonal ranking is in conformity with  Statistical Mean. The objective of this study is to verify 

that statistical methods applied to solve Operation research problems yield results contradicting to the method of fuzzy 

logic when applied  to the same problem .  

This is in way very much important in the present day scenario as fuzzy logic pushes back all other crisp scientific methods 

in Electronics, telecommunications, share markets, etc. where multiple  factors are studied all at a time to come to a 

decision which may beneficiary or at time harmful. 

To evaluate the conformity of these two , a simple test is made .ie. we evaluate the correlation coefficient between 

statistical average (�̅�)  and ranking R(𝐷𝑒𝑐𝐴𝑣𝑔)to find any non-conformity. 

7. Description Of This Paper  

Pentagonal fuzzy numbers are converted into normal value for each activity by using mean andranking method ,then 

correlation and regression analysis are carried out.  

         Algorithm  

         Step I: Calculate the statistical Mean x for each activity with the given DecFN. 

         Step II: Determine the Ranking value of DecFN by the formula.  

         Step III: Determine the coefficient of correlation between statistical Average (�̅�) and R(𝑫𝒆𝒄𝑨𝒗𝒈)  

         Step IV: Determine the Two regression lines between (�̅�) and R (𝑫𝒆𝒄𝑨𝒗𝒈). 

8.  Numerical Examples  

Consider a network path diagram with ten activities. The distance between them is represented by DecFN.  Any network 

attempts to solve one of the following problems. 1) Shortest route between start node and end node. 2) Shortest distance 

between start node to every other node. 3) Shortest time path from one place to  another place. 4) Critical path from the 

start node to the end node. 5) Maximum flow of goods from origin  to destination.  In all the above problems, the time or 
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distance or arc capacity is single numbers represented  on the activities or arcs. When more than one number appears on 

an activity like as in the case of  (optimistic , most likely, pessimistic time estimates) we convert them into a single number 

by formulas   (such as To+4Tm+Tp / 6). 

Such single number conversions can be done in several ways .Our aim is to study whether these different conversion 

methods are consistent in giving the required results. A better way to find the compatibility of two different conversion 

methods is subjecting them to “Correlation and Regression analysis.” In this section 8 the DecFN number are converted 

into single numbers by using 1) statistical method (Average) 2) Ranking method. In the ensuing paragraphs (Discussions 

and Comparison) these two methods are subjected to correlation and regression analysis and were found to give the same 

results. Herewith we proceed with network path problem 

 

Nodes 

(i - j) 
Fuzzy Duration 

Defuzzified 

Duration 

1 -2 

(0.79, 0.81, 0.83, 

0.84,0.86, 0.88, 0.90, 

0.92,0.94, 0.96) 

0.873 

1 - 3 

(0.20, 0.21, 0.21, 

0.21,0.22, 0.22, 0.22, 

0.23,0.23, 0.24) 

0.219 

2 - 3 

(2.95, 2.98, 3.01, 

3.04,3.07, 3.09, 3.10, 

3.15,3.18, 3.21) 

3.078 

2 - 4 

(0.83, 0.84, 0.85, 

0.86,0.87, 0.88, 0.89, 

0.90,0.91, 0.92) 

0.875 

3 - 5 

(0.56, 0.57, 0.57, 

0.58,0.58, 0.59, 0.60, 

0.60,0.61, 0.62) 

0.588 

4 - 5 

(0.97, 0.99, 1.00, 

1.01,1.03, 1.04, 1.05, 

1.07,1.08, 1.09) 

1.033 

4 - 7 

(0.12, 0.12, 0.12, 

0.12,0.12, 0.12, 0.12, 

0.13,0.13, 0.13) 

0.123 

5 – 6 

(1.06, 1.08, 1.11, 

1.13,1.16, 1.18, 1.20, 

1.23,1.25, 1.27) 

1.167 

5 – 7 

(3.17, 3.20, 3.23, 

3.26,3.29, 3.32, 3.34, 

3.37,3.40, 3.43) 

3.301 

6 - 7 

(2.27, 2.35, 2.43, 

2.51,2.59, 2.67, 2.75, 

2.83,2.91, 2.99) 

2.630 

 

Solution: 

 Step1: Construct suitable network diagram with crisp duration 
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   111         (0.873)                                    (0.875)                                    

                                                                                                            (0.123) 

 

 

  (0.219)                            (3.078)                                          (1.033)   

 

          (3.301)            (2.630) 

                                             (0.588)   

                                                                                                   (1.167)                          

 

Step2: By algorithms they converted times are  

 

Activity 1-2 1-3 2-3 2-4 3-5 4-5 5-6 4-7 5-7 6-7 

Avg(�̅�) 0.873 0.219 3.078 0.875 0.588 1.033 1.167 0.123 3.301 2.630 

R(𝑫𝒆𝒄𝑨𝒗𝒈) 0.87 0.22 3.08 0.88 0.59 1.03 1.17 0.13 3.30 2.63 

 

 

(i) We get the correlation coefficient is 0.9999 almost equal to +1  

 

        (ii)          The two regression lines are       R (𝑫𝒆𝒄𝑨𝒗𝒈) = (0.9) (𝒙) + (0.1402)        and  

 

                                                                 (𝒙)  = (1.0008) R (𝑫𝒆𝒄𝑨𝒗𝒈) – 0.0024. 

9. Discussions And Comparison  

a) The Correlation coefficient between statistical tool ( Average) and ranking of decagonal fuzzy numbers  

are found to be + 1.  

           b) This shows that PERFECT POSITIVE correlation exists between statistical tool and decagonal ranks. 

           c) Hence statistical methods and fuzzy methods do not contradict each other.  

           d) In fact they go hand in hand and can be invariably used one in place of other.  

           e) The regression equation shows that R (𝑫𝒆𝒄𝑨𝒗𝒈) varies 0.9 times faster than (𝒙) and  

1 

2 

3 

4 

5 

7 

6 
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                 (𝒙)   varies 1.0008 times. 

This shows that a perfect linear regression relationship exists between statistical tools (Average)  and ranking  of 

decagonal fuzzy numbers.  

f) Though they are fuzzy numbers they have the imamate tendency to behave like a central tendency  in statistics.  

  g) The fuzzy decagonal numbers play in a controlled fashion and are in tune with statistical measure  of location and 

central tendency like average. Hence these numbers can be used in practice like any  other numbers because of their 

conformity with statistics. 

10. Advantages Of Statistical Study  

The focus of this paper is to introduce an approach that combined fuzzy set theory with statistics.  Whenever uncertainty 

arises in complex project we use statistical concept to arrive at some better  Conclusion since statistics parameters are 

important tool for real life situations for solving many problems.    

The following significant results are obtained based on characteristics of statistical parameters using   fuzzy numbers. 

11. Conclusion  

1. As long as there is no significant abnormality in the usage of statistical methods such methods  can be used wherever 

necessary and can be attained without any fear or reservations as they are basic frame work of our society. In this 

paper a new approach is developed on fuzzy project network based on fuzzy decagonal numbers.  

2. Once drastic abnormalities are observed we must resolve to fuzzy logic which can handle higher level  of variability. 

3. The given decagonal fuzzy numbers are converted as statistical tool (Average) and also as defuzzified value. ie 

.ranking method, and then correlation analysis is made between these two values and results are discussed and also 

regression analysis is made between statistical mean and ranking , simultantaneously inference is made.  

4. A Combination of fuzzy logic statistics and operations research throw more light in such kind of complex   fuzzy 

network problems which can be analyzed with the help of statistics.. 

5. Hence the conclusions arrived using fuzzy logic are time bound and valid for at that moment whereas  the conclusions 

reached using statistical methods are stable and trust worthy as far as social sciences are considered whereas in the 

realm of highly fluctuating areas like electronics, telecommunication, etc.,, fuzzy logic holds upper hand and leads 

the decision maker faster towards the desired goal.  

6. . Hence this method provides new tool and ideas for the project researchers on how to approach  Fuzzy  network using 

statistical data. 
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