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 The financial data series used in finance underpin the planning of the resources used in the
construction of public budgets and company’s budgets.

 For ensuring a robust process of planning the financial resources, are used financial data available
for long periods of time, in order to notice the trend of the financial indicators that need to be
planned.

 In this context, the financial data series could be reconstituted using grey models that are based on
sequences of financial data that best describe the status of the analyzed indicators and the status of
the relevant factors of influence.

 An example of a suitable grey model is GM (1, N). GM (1, N) produces errors with restoring
financial data series that can be controlled using fuzzy logic systems.

 The present study proposes the construction of a fuzzy adaptive controller that with the help of the
output variable will ensure the error’s adjustment in the reconstituted data series with GM (1, 2).

 The error’s adjusting will be made depending on their size, listed for each term of the reconstituted
series, and depending on the distance between two consecutive values, so the adjustment process to
be close to the user requirements and especially to reconstruct the financial data series according to
the indicators trend.
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Presentation of the Grey model GM (1,2)

The GM (1, 2) characteristics were established based on the indicators that define the 
model, given the fact that these indicators are:
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 The sequence of financial data, which describe the basic financial indicator,

regardless of its nature as:	 1 , 2 , … , ;

 The sequence of financial data which describe the relevant factor of influence as:

1 , 2 , … , ;

 The first order accumulation related to the relevant factor, obtained by adding the
consecutive terms of the financial data series, which describes this factor:

1 , 2 , … , ;

 The average of the consecutive neighbors from the financial data series,

underlying the basic financial indicator: 1 , 2 , … , ;
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 For the GM (1, N) model’s, is formed differential equation:

 The differential equation solution is given by the relationship:

1 0 1 1

 For GM (1, 2) model, the restoring of the financial terms of the series will be done with

the relationship: 1 1

 For	the	Grey	Model	GM	(1,2)	the	differential	ecuation	takes	shape:	

 The reconstituted series for GM (1, 2) grey model, using the differential equation solution

will take the form: 1 , 2 , … ,

Bucharest	September	23,	2015

‐60
‐40
‐20
0
20
40
60
80
100
120
140

1 2 3 4 5

Simulation	errors	for	distance	between	
data	series	points	higher	and	higher	
ratio	of	the	values	series	‐ big	error

Serie	initiala Serie	recalculata Eroarea

‐20
‐10
0
10
20
30
40
50
60
70
80

1 2 3 4 5

Simulation	errors	for	distance	between	
data	series	points	lower	and	the	ratio	of	
the	values	in	large	series	‐ small	error

Serie	initiala Serie	recalculata Eroarea

‐100

‐50

0

50

100

150

1 2 3 4 5

Simulation	errors	for	distance	between	
data	series	points	higher	and	the	ratio	of	
the	values	in	small	series	‐ big	error

Serie	initiala Serie	recalculata Eroarea

‐20

0

20

40

60

80

1 2 3 4 5

Simulation	errors	for	distance	between	
data	series	points	lower	and	the	ratio	of	
the	values	in	small	series	‐ big	error

Serie	initiala Serie	recalculata Eroarea

I II

III IV



4

Bucharest	September	23,	2015

Presentation of adaptive fuzzy controller to adjust errors

 The GM (1,2) errors represent a key issue in developing the calculations after the
reconstruction of the data sets, because they can lead to considerable wrong indicators or
information.

 To ensure proper control over GM (1, 2) and GM (1,N) errors was developed a fuzzy
adaptive controller with two input variables and an output variable. The adaptive fuzzy
controller will work based on the block diagram shown in the figure below:

Figure no. 1 The operation flowchart of the fuzzy controller for GM (1,2) model
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The first input variable - The GM (1, 2) errors have the quantitative form of expression in
percents (%) and are determined as the difference between consecutive values of the series

1 , 2 , … , and the consecutive values of the reconstructed series

1 , 2 , … , , by relation of the form:

Were used five  linguistic values for errors approximation, namely:

 errors of very small values,   between % ∈ 0%; 20% , considered very

small;

 small errors, with values between % ∈ 10%; 40% ;

 medium errors, with values   between % ∈ 30%; 80% ;

 large errors, with values   between % ∈ 70%; 90% ;
 very large errors, with values   between % ∈ 80%; 100% .

For example, if the user wants to operate with strong   adjusted values for errors, will

consider ranges between	 % ∈ 0%; 50% .
The membership function for the input variable is a triangular function built on 
linguistic values   described above: % ∈ 0; 1 .
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The second input variable: The distance between two values of the financial data
set, determined as the difference between two consecutive values, is considered that

have influence on GM (1.2) errors and is determined by formula: 	∆ %

100

Were used five linguistic values, that approximate the distance between two
consecutive values were grouped into five categories, namely:

• very short distance ∆ % ∈ 0%; 20% ,
• small distance	∆ % ∈ 10%; 40% ,

• average distance	∆ % ∈ 30%; 80% ,

• long distance ∆ % ∈ 70%; 90% 	and

• great distance	∆ % ∈ 80%; 100% .

The membership function of the input variable is triangular and was constructed 
similarly to the other input variable: ∆ % ∈ 0; 1 .
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The output variable : the errors adjustor of GM (1,2) model errors, which answers
the question of how GM model errors must be corrected so as to improve its
robustness, is calculated by the formula:

% 1 %

The adjuster value is assessed by five linguistic variables as follows: 
• very small value between % ∈ 0%; 20% ,
• small values for	 % ∈ 10%; 40% , 
• average values for % ∈ 30%; 80% ,
• large values for	 % ∈ 70%; 90% and 
• high values for	 % ∈ 80%; 100% . 

• The membership function for the error adjuster is triangular: % ∈
0; 1
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 The fuzzy rule base was developed taking into account the linguistic values of the input 
variables for the GM (1, 2) errors and the distance between two consecutive values. 

Specific to these rules is that are based on two conditions, namely "if" and "then", that 
are established by the experts, according to the factors of influence on the error adjustor. 

 The number of rules of the fuzzy base shall be equal to 5 =25 connected by "and" 
which means that the operator inference to be minimal. The rule is: If the error is very 

small and the distance between two values is very small, then adjustor error is very 

small. The fuzzy rules base is presented in the table below (“FM” for very large, “M” 
for great,” ” for medium, “m” for small and “fm” for very small):

 

∆  
     	  fm m  M FM 

fm fm m   M 

m m m   M 

 m m   M 

M    M FM 

FM    M FM 
Table no. 1- Fuzzy rules base for GM (1, 2) errors adjustor



7

Bucharest	September	23,	2015

 The simulations were performed using MATLAB for variation scenarios of GM (1, 2) errors
and the distance between two consecutive values.

 The simulation step for the two input variables in controller was between 5% and 10%, in
order to observe the evolution that the error adjustor had when changes occur in the input
variables. The results for the simulation are shown in the figure below:

Figure no. 3- The errors adjustor simulation for GM (1,2) model
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From the input variables simulation of the fuzzy adaptive controller can be observed
that the error adjustor of the GM (1, 2) model erors registers three categories of
development, namely:

a) A small value of the error adjuster for error and distances variations between
two consecutive values assigned to linguistic values in "small" and "very small"
categories;

b) A medium value of the error adjuster for error and distances variations
between two consecutive values assigned to linguistic values in "medium";

c) A large value of the error adjuster for error and distances variations between
two consecutive values assigned to linguistic values in "large" and "very large"
categories;



8

Bucharest	September	23,	2015

Figure no. 4 – The error adjustor simulation results in MATLAB 
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average error without adjustor 21.06
average error with adjustor 21.36

average error without adjustor 3.94
average error with adjustor 4.42

average error without adjustor 21.50
average error with adjustor 20.84

average error without adjustor 3.81
average error with adjustor 3.52
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Conclusion
The formulated conclusions from the results obtained using the adaptive fuzzy controller are:
a) For GM (1,2), can be determined using the adaptive fuzzy controller, the error adjuster value

according to the variation of the established error for every value of the reconstituted data set
and according to the distance between two consecutive values.

b) The adaptive fuzzy controller determines error adjustor for each value of errors made by the
model.

c) The adaptive fuzzy controller applied with the help of GM (1, 2) model can be extended to
GM (1, N). The minimum and maximum limits of the output variables can be adjusted
according to user requirements and the operation accuracy.

d) The errors adjuster has low values, as shown in the simulation, when errors variation and the
distance between two values   is low or very low. The error adjuster has medium values when
the two input variables have medium   linguistic values. The error adjuster has high values
when the input variables have large and very large linguistic values.
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