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ABSTRACT:
In this paper, we proposed linear regression and fuzzy linear regression with fuzzy coefficients on the financials of Agriculture
Co-operative Development Bank from year 2011-17.The data consists of that consists of credentials such as Reserves and Other
Funds, Paid-up Share Capital, Total Own Funds, Loans
advanced during the year(SADB level, PADBs Level , Total Loans Outstanding, BorrowingsOutstanding,
WorkingCapital(average)),Profits(SADB,PADB).First the linear regression was proposed and then fuzzy regression based on
fuzzy coefficients is evaluated. The fluctuated parameters (slope) were evaluated with respect to basic values of slope of all data
set. The merits of fuzzy regression over linear areobserved.
Keywords: Regression equation, fuzzy regression, least square method, demand value and cost etc

1. INTRODUCTION
Regression is a very important numerical tool. There are lots of uses of regression analysis in different areas. After
having the confirmed that two variables are closely related in approximating or expecting the value of one variable
with respect to another variable. For example, the yield of rice and the amount of rain are related closely with one
another then we identify the amount of rain required for the production of definite quantity of rice. The relation
between two variables is convey by regression analysis and with the help of this prediction is possible.
The vocabulary meaning of the term “Regression” is the act of returning or going back The term was first used by
“sir Francis Galton in 1877 while studying the relationship between the heights of father and sons. The line
describing the tendency to regress or going back was called by Galton a” Regression Line”. In order to explain the
trend of a given group of points, we still used the regression line to draw a given line.The purpose of this paper to
solve a single problem using different regression methods. In this paper we are using different kind of curves to solve
the regression like linear, curvilinear regression, fuzzy regression. Regression analysis is used for prediction as
mentioned above, just as on the basis of the current run rate of the team we predict the number of runs in the coming
overs with the help of regression, these are regression applications.
Fuzzy regression is mainly used in statistics in which we represent the dependence of one variable on another the
variable. We are using the empirical data to represent the fuzzy regression. In this paper we analysis the relationship
between the Credentials of the financials of Agriculture Co-operative Development Bank from year 2011-17.
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2. LITERATURE REVIEW
To solve the problem of linear regression analysis we use Fuzzy Regression. By different authors there are lots of
methods to solve the fuzzy regression as mentioned below:[1] convenient for the fuzzy linear function to linear
regression model and recognized methods of system demonstration for an indefinite phenomenon. The imprecision of
the calculation system was symbolized by the fuzzy linear function. To evaluate the given data, the linear system
used by[2-3] to find the fuzzy parameters this method is useful on the data. To enhance the precision,[4] planned a
two-stage creation of a linear regression model. His determination had a major impact on the use of fuzzy regression
and the practical use environment.When the data was not appropriate for statistical regression analysis,[5-7]found a
practical alternative that is fuzzy regression. On the basis of contrast of observed membership function and the
expected membership function, the fuzzy regression model is evaluated by[8]. Otherwise they use the indistinctness
model as they use fuzzy linear regression and fuzzy linear least square regression[9]. To solve the problem of fuzzy
regression, [10] considered a fuzzy linear regression model with non-fuzzy input and output data type. He presented a
preassigned k-limiting value. These values are resolute to solve the current problem. To find out the abnormal values
were affected by the k-limiting values [11-14] automatic change point detection method offered to resolve the
piecewise fuzzy regression. They bring together possible and necessity regression models, and function worked in
different ways in different portions of the range of crisp input variables. In[15] it was suggested that functional
relationship between the independent and dependent variable were in fuzzy surroundings. In many fuzzy regression
models the input is crisp and the output is fuzzy. In [16], the authors introduced that the distance fuzzy least square, is
effective and an alternative model to estimate the fuzzy parameters by taking fuzzy input and fuzzy output. Ali
Azadeh, et al.[17]appliedfuzzy regression model to gas consumption in Iran. They equated with conventional
regression methods and fuzzy regression model to the crisp data. They detected that fuzzy algorithm has superior
presentation than conventional regression analysis on the basis of fuzzy linear regression model. XuJialu& Lu
Qiujun[18], established this for Predicting the GDP growth using outlier effect. They recommended that the
performance of fuzzy linear regression is superior to the conventional linear regression model.
3. Mathematical Preliminaries
3.1 Regression: The term which explains the relationship between two or more number of variables inthe form of
original unit of data that mathematical term is stated as regression. There are two kinds of variables that are used in
regression:
a) Dependent variable or Regressed or explained variable: whose value is predicted
b) Independent variable or repressor or predictor or explanatory variable: This explanatory variable is used
for the approximation.
3.2 Crisp numbers: Crisp numbers are those numbers whose value is exact. When we deals with the membership
function its value is either 0 or 1 as the membership function well-defined in [0,1].
3.3 Fuzzy Distances: Fuzzy Distance is well-defined as it is the space between two Fuzzy numbers. These distances
perform a very important role in the literature.
3.4 Crisp Distances: Crisp Distances is well defined as it is the space between two Crisp numbers.
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3.5Least square method: Least square process is used to reduce the error and to increase the accuracy of the
solution. Least square means that the overall solution minimizes the sum of the squares of the residual made in the
results of every single equation.
3.6Fuzzification: In this process of fuzzification we collect an input of crisp data and convert the data of crisp set
into fuzzy set using fuzzy variables.
3.7 Defuzzification: It is a process in which we map a fuzzy set to a crisp set or convert the fuzzy set to crisp set. It is
used in fuzzy control system.
4. Methodologies
Regression can be calculated by forming and equation of the form 𝑌 = 𝑎 + 𝑏 or 𝑋 = 𝑎′ +𝑏′𝑌 (depending upon
whether we are considering Y on X, where Y depends on X or X on Y, where X depends upon Y). The value of the
unknown parameters (a, b, 𝑎′,𝑏′) can be calculated as follows:
Considering equation Y on X (𝑌 = 𝑎 + 𝑏𝑋)
∑ 𝑋𝑌−∑ 𝑋 ∑ 𝑌

Where b= ∑ 𝑋 2 −(∑ 𝑋)2 and𝑎 = 𝑌̅ − 𝑏𝑋̅.

(4.1)
(4.2)

Similarly,in the case of X on Y.
Linear Regression with Fuzzy Parameters
The initial problem of ruling the fuzzy parameters 𝐶1, 𝐶2, … , 𝐶𝑛can be transformed to the problem of discovering the
vectors c and s. For each data given(𝑎𝑗, 𝑏𝑗) (h ∈ [0,1] )
The designated fuzzy regression problem can be expressed in terms of the resulting classical linear programming
problem:
Min ∑ni=1 si
subject to (1-h) sT|aj| - |bj-ajtc| ≥0 j ϵ 𝑁𝑚 si ≥ 0, I ϵ 𝑁𝑛

(4.3)

4.DATA COLLECTION AND RESULTS
This data is from “The Punjab State Cooperative Agricultural Development Bank”.
Credentials
Reserves and other funds
Paid up share capital
Total own funds
Loans Advanced during the year
SADB Level
PADBs Level
Total Loan Outstanding
Borrowing Outstanding
Working Capital (Average)
Profits
SADB
PADB
Total

2011-12
410.29
70.91
481.2

2012-13
412.63
71.73
484.36

2013-14
408.77
72.95
481.73

2014-15
427.82
74.52
502.34

2015-16
386.58
75.86
462.44

2016-17

487.08
513.11
2187.95
2048.6
2783.4

431.64
465.54
2226.66
2123.06
2962.53

501.11
628.07
2309.87
2163.14
3131.56

506.54
646.69
2428.86
2277.79
3234.98

559.8
663.59
2617.95
2332.1
3210.95

490.22
488.98
2704.03
2368.63
3357

20.7
35.61

28.77
54.92

25.66
43.99

24.93
41.09

25.42
21.07

10.81
1.9

56.31

83.69

69.65

66.02

46.49

12.71

361.74
77.16
449.71

Table:4.1 A look of financials from year 2011-17. (In Crores.)
Case-1
Here we are finding the relation between “Reserves and otherfunds” and “paid up and share capital”. Reserves And
Other Funds is taken as X. Paid Up and Share Capital as Y.
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Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b = -0.0727 and value of a = 103.0298 =>Y = 103.0298 − (0.0727)
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′= -6.8021 and value of 𝑎′=903.6740 =>X = 903.6740 − (6.8021)

C
S
Cx
sx
0.19305 0.2145 79.20648 88.00721
0.19305 0.2145 79.65822 88.50914
0.19305 0.2145 78.91305 87.68117
0.19305 0.2145 82.59065 91.76739
0.19305 0.2145 74.62927 82.92141
0.19305 0.2145 69.83391 77.59323
Figure4.1 shows the regression line Y on
X and X on Y.

Figure 4.2 shows the optimized feasible region in
upper half plane for the fuzzy regression

Table4.2Show the different value of cx and sx

The value of c from given Fig4.2 is 0.19305. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax (|0.1728 − 𝑐|, |0.1738 − 𝑐|, |0.1784 − 𝑐|, |0.1741 − 𝑐|, |0.1962 − 𝑐|, |0.2133 − 𝑐|)
Hence, the value of s=

0.19305
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=0.2145. Then we will find the

value of cx and sx. Then plot the figure 4.2 between them.
Case-2
Here we are finding relation between “Reserves and other funds” and “total own funds”. Reserves
and other funds is taken as X and Total own funds as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b = 0.7717 and value of a = 167.2763, =>Y= 167.2763 + (0.7717)𝑋
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′= 1.2536 and value of 𝑎′=-196.6161,=>X= −196.6161 + (1.2536)𝑌

Figure4.3 shows the regression line Y
on X and X on Y.

Figure 4.4 shows the optimized feasible region
in upper half plane for the fuzzy regression

C
s
cx
sx
1.20795 1.34216 495.609 550.674
8
8
1.20795 1.34216 498.436 553.815
4
5
1.20795 1.34216 493.773 548.634
7
7
1.20795 1.34216 516.785 574.202
2
9
1.20795 1.34216 466.969 518.852
3
2
1.20795 1.34216 436.963 485.513
8
Table4.3 Show the different value of cx and sx

The value of c from given Fig 4.4 is 1.20795. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|1.1728 − 𝑐|, |1.1738 − 𝑐|, |1.1784 − 𝑐|, |1.1741 − 𝑐|, |1.1962 − 𝑐|, |1.2431 − 𝑐|)
Hence, the value of s=

1.20795
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=1.34216. Then we will find

the value of cx and sx. Then plot the graph4.2 between them.
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Case-3
Here we are finding the relation between “SADB Level” and” Total Loan Outstanding.” SADB Level
is taken as X and Total Loan Outstanding as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =2.9581 and value of a =945.1435, =>Y= 945.1435 + (2.9581)𝑋
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′=0.1122 and value of 𝑎′=225.3766, =>X = 225.3766 + (0.1122)𝑌

Figure4.5 shows the regression line Y on
X and X on Y.

Figure 4.6 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.4 Show the different value of cx and sx

The value of c from given Fig 4.6 is 5.00395. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|4.4920 − 𝑐|, |5.1586 − 𝑐|, |5.5159 − 𝑐|, |4.6095 − 𝑐|, |4.7950 − 𝑐|, |4.6765 − 𝑐|)
Hence, the value of s=

5.00395
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=5.55994. Then we will find

the value of cx and sx. Then plot the graph 4.6 between them.
Case-4 Here we are finding the relation between” SADB Level” and “Borrowing Outstanding”.
SADB Level is taken as X and Borrowing Outstanding as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =1.6991 and value of a =1376.0226, =>Y= 1376.0226 + (1.6991)𝑋
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of b’= 0.1797 and value of a’=97.3311,=>X= 97.3311 + (0.1797)𝑌

Figure4.7 shows the regression line Y on
X and X on Y.

Figure 4.8 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.5 Show the different value
of cx and sx

The value of c from given Fig 4.8 is 4.5521. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|4.2058 − 𝑐|, |4.9185 − 𝑐|, |4.3166 − 𝑐|, |4.4967 − 𝑐|, |4.1659 − 𝑐|, |4.8317 − 𝑐|)
Hence, the value of s=

4.5521
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=5.0578. Then we will find the

value of cx and sx. Then plot the graph4.8 between them.
Case-5 Here we are finding the relation between” SADB Level” and “Working Capital.” SADB
Level taken as X and Working Capital as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
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Where value of b =2.2266 and value of a =2008.865,=>Y= 2008.865 + (2.2266)X
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′=0.0873 and value of 𝑎′=224.2649,=>X= 224.2649 + (0.0873)Y

Figure4.9 shows the regression line Y
on X and X on Y.

Figure 4.10 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.6 Show the different value
of cx and sx

The value of c from given Fig 4.10 is 6.2889. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|6.8479 − 𝑐|, |5.7358 − 𝑐|, |6.3864 − 𝑐|, |6.2492 − 𝑐|, |6.8634 − 𝑐|, |5.7144 − 𝑐|)
Hence, the value of s=

6.2889
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=6.9876. Then we will find the

value of cx and sx. Then plot the graph4.10 between them.
Case-6 Here we are finding the relation between “PADBs Level” and “SADB Level.” Here is
PADBs Level taken as X and SADB Level as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =0.3818 and value of a =279.3312,=>Y= 279.3312 + (0.3818)X
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′= 1.7459 and value of 𝑎′=-298.4165, =>X= −298.4165 + 1.7459)𝑌

Figure4.11 shows the regression line Y
on X and X on Y.

Figure 4.12 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.7 Show the different value of cx and
sx

The value of c from given Fig 4.12 is 0.89285. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|0.9492 − 𝑐|, |0.9271 − 𝑐|, |0.7978 − 𝑐|, |0.7832 − 𝑐|, |0.8435 − 𝑐|, |1.0025 −
0.89285

𝑐|)Hence, the value of s=

1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=0.99205. Then we will

find the value of cx and sx. Then plot the graph 4.12 between them.
Case-7 Here we are finding the relation between “PADBs Level” and “ Total Loan Outstanding.”
Here is PADBs Level taken as X and Total Loan Outstanding as Y
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =0.5967 and value of a =2073.8287,=>Y= 2073.8287 + (0.5967)X
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′= 0.1035 and value of 𝑎′=317.9641,=>X= 317.9641 + (0.1035)Y.
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Figure 4.14 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.8 Show the different value of cx and
sx

The value of c from given Fig 4.14 is 4.6038. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|4.2640 − 𝑐|, |4.7829 − 𝑐|, |5.5299 − 𝑐|, |3.6777 − 𝑐|, |3.7558 − 𝑐|, |3.9451 − 𝑐|)
Hence, the value of s=

4.6038
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=5.1153. Then we will find the

value of cx and sx. Then plot the graph4.14 between them.
Case-8Here we are finding the relation between “PADBs Level” and “Working Capital.” PADBs
Level taken as X and Working Capital as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =0.8866 and value of a =2610.1131,=> 𝑌 = 2610.1131 + (0.8866) 𝑋
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′=0.1590 and value of 𝑎′=72.6322,=>X= 72.6322 + (0.1590)Y

Figure4.15 shows the regression
line Y on X and X on Y.

Figure 4.16 shows the optimized
feasible region in upper half plane for
the fuzzy regression

Table4.9 Show the different value of
cx and sx

The value of c from given Fig 4.16 is 5.92565. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|5.4245 − 𝑐|, |6.3636 − 𝑐|, |4.9860 − 𝑐|, |5.0023 − 𝑐|, |4.8387 − 𝑐|, |6.8653 − 𝑐|)
Hence, the value of s=

5.92565
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=6.5840. Then we will find the

value of cx and sx. Then plot the graph4.16 between them.
Case-9 Here we are finding the relation between “PADBs Level” and “Borrowing Outstanding.”
Here is PADBs Level taken as X and Borrowing Outstanding as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =0.5024 and value of a =1933.6926,=>𝑌 = 1933.6926 + (0.5024) 𝑋
Similarly, Equation X on Y is given by X= 𝑎′+𝑏′𝑌
Where values of 𝑏′= 0.2430 and value of𝑎′=28.4739,=>X= 28.4739 + (0.2430)Y
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Figure 4.18 shows the optimized feasible
region in upper half plane for the fuzzy
regression
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Table4.10 Show the different value of cx
and sx

The value of c from given Fig 4.18 is 4.14405. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|3.9925 − 𝑐|, |4.5604 − 𝑐|, |3.4441 − 𝑐|, |3.5222 − 𝑐|, |3.5143 − 𝑐|, |4.8440 − 𝑐|)
Hence, the value of s=

4.14405
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=4.6045. Then we will find the

value of cx and sx. Then plot the graph4.18 between them.
Case-10 Here weare finding the relation between “SADB Level “ and “SADB (Profits).” SADB
Level taken as X and SADB (Profits) as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =-0.0108 and value of a =28.0725,=> 𝑌 = 28.0725 − (0.0108)𝑋
Similarly, Equation X on Y is given by 𝑋 = 𝑎′+ 𝑏′𝑌
Where values of 𝑏′=-0.4521 and value of 𝑎′=506.3344,=>X= 506.3344 − (0.4521)Y

Figure4.19 shows the regression line Y
on X and X on Y.

Figure 4.20 shows the optimized feasible
region in upper half plane for the fuzzy
regression

Table4.11 Show the different value of cx
and sx

The value of c from given Fig 4.20 is 0.0443. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|0.0425 − 𝑐|, |0.0666 − 𝑐|, |0.0512 − 𝑐|, |0.0492 − 𝑐|, |0.0454 − 𝑐|, |0.0220 − 𝑐|)
Hence, the value of s=

0.0443
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=0.0492. Then we will find the

value of cx and sx. Then plot the graph 4.20 between them.
Case-11 Here we are finding the relation between “PADBs Level” and “PADB (Profit).” PADBs
Level taken as X and PADB (Profits) as Y.
Hence equation Y on X is given by 𝑌 = 𝑎 + 𝑏𝑋
Where value of b =0.0058 and value of a =29.8042,=>Y= 29.8042 + (0.0058)X
Similarly, Equation X on Y is given by X = 𝑎′+𝑏′𝑌
Where values of 𝑏′=0.1261 and value of𝑎′=563.4899,=>X= 563.4899 + (0.1261)Y

Figure4.21 shows the regression line Y
on X and X on Y.
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The value of c from given Fig 4.22 is 0.06089. Similarly we can find the value of s which is
1

𝑠 ≥ 1−ℎmax(|0.0694 − 𝑐|, |0.1179 − 𝑐|, |0.0700 − 𝑐|, |0.0635 − 𝑐|, |0.03175 − 𝑐|, |0.00388 − 𝑐|)
Hence, the value of s=

0.06089
1−ℎ

where h∈[0, 1].So, taking h=0.1 we get, s=0.06765. Then

we will find the value of cx and sx. Then plot the graph4.22 between them.
CONCLUSION
In this paper, we investigated linear regression and fuzzy linear regression with fuzzy
coefficients on the financials of Agriculture Co-operative Development Bank from year 201117.The data consists of that consists of credentials such as Reserves and Other Funds, Paid-up
Share Capital, Total Own Funds, Loans advanced during the year(SADB Level, PADBs
Level,TotalLoansOutstanding,BorrowingsOutstanding,WorkingCapital(average)),Profits(SA
DB, PADB).First the linear regression line have formed to all data set and then fuzzy
regression based on fuzzy coefficients was evaluated. The fluctuated parameters (slope) were
evaluated with respect to basic values of slope of all data set. Which shows that more degree
of reliability than linear regression in each case (shown in table-4.1 to table-4.12 and figures
4.1 to figures 4.22.
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