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Abstract. In order to help enterprises obtain greater data analysis advantages and 
optimize enterprise data system, this paper proposes a data evaluation optimization 
model. The model uses the index weight analysis method, empirical mode 
decomposition algorithm by improving the collection, calculation of expert 
judgment weight of the signal as the data system of subjective evaluation weight 
value, and through the fuzzy measurement analysis method, the weight is compared 
with the weight of the actual data system of the enterprise, calculate the maturity of 
the system and reflect the current state of the data system, so as to analyze and 
optimize the data system and reflect the competitive advantage and data value of the 
enterprise The experimental results show that the data analysis model is objective 
and effective, which is of great help to enterprise data system optimization. 
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1. Introduction 

As a product of the Internet information age, big data has long been the most valued 

strategic resource of enterprises in business. Enterprises have the advantage of data in 

competition with each other and can often gain the dominant position. However, how to 

manage and analyze the huge data has become a big problem to be dealt with[1-2]. 

With its data analysis ability, data analysis can deeply tap the potential of enterprise 

data, improve the ability to master data, optimize the data system of enterprises on the 

basis of analysis, so as to make enterprises gain competitive advantages and gain more 

customer trust[3]. 

This paper introduces a data analysis model, and proposes a fuzzy analytic hierarchy 

Process (FAHP) to solve the problem of how to obtain data competitive advantage[4]. 

And Improved Set Empirical Mode Decomposition (CEEMDAN)[5] combined data 

analysis model algorithm based on index weight. 
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2. Related Overview 

2.1. Fuzzy Analytic Hierarchy Process 

Fuzzy analytic Hierarchy Process (FAHP) is improved on the basis of analytic hierarchy 

Process (AHP).Analytic hierarchy process (AHP) analyzes the importance of indicators 

in the system through expert matrix[6]. In order to evaluate and optimize the system, the 

goal, criterion, scheme and hierarchy of the decision-making problem are established, 

and the final weight of the index is determined[7] . However, there are errors caused by 

experts' subjective feelings. Based on questions like AHP, Buckley[2] introducing the 

idea of fuzzy theory, the basic idea is to use "fuzzy matrix" instead of "expert matrix" in 

AHP to judge the main degree of indicators by fuzzy number , and it has been proved 

that fuzzy plan optimization expert judgment can get better results.  

2.2.  Improved Set Empirical Mode Decomposition 

CEEMDAN was developed by French scholar Colominas et al[5] . Compared with the 

traditional empirical mode decomposition (EMD), CEEMDAN adds adaptive Gaussian 

white noise to it, and effectively avoids mode aliasing effect through continuous iterative 

decomposition method, thus improving the accuracy of information sequence 

decomposition[8].  

3. Establishment of D&A Analysis System Based on FAHP-CEEMDAN Method 

3.1. Introduction of Expert Evaluation Value 

In the process of analyzing the actual field and industry, the most perfect evaluation of 

the industry can often be obtained through the evaluation of the industry by  experts. 

However, there will be subjective judgment factors in the process of expert 

evaluation. As shown in figure 1, to some extent, the objective evaluation values of 

experts with the same level for a certain industry are similar. The expert evaluation values 

can be regarded as non-stationary characteristic signal sequences, and the signal 

sequences are extracted and processed. Finally, the stable characteristic sequences that 

meet the requirements are obtained as the objective evaluation values of experts. 

 

Figure 1.  Graph of expert evaluation value 
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3.2. Introduction of Expert Evaluation Value 

3.2.1. Triangle Fuzzy Number and its Scale 

Triangular fuzzy number Ã =  (�,�,�), according to its membership function can be 

defined as:  

                                      �(�)� ���
��� , � ≤ 	 ≤ �
���
��� ,� ≤ 	 ≤ �
0, 	 > � or 	 < �                                                    (1) 

Where, �  is the median value of triangular fuzzy number, �  and �  are 

corresponding left and right endpoints respectively.Through triangular fuzzy numbers, 

the importance of two indicators can be compared, and it will bring a certain degree of 

fuzzy influence. It will not accurately judge which indicator has higher importance, 

which is very meaningful for the weight importance evaluation in the actual process. 

According to the fuzziness of triangle fuzzy number, the scale description of the 

importance degree between indicators is shown in table 1[9].  

Table 1. Description of triangular fuzzy number scale  

The importance 

of  

the two 

Triangular fuzzy  

number 

The 

importance 

of  

the two 

Triangular fuzzy  

number 

As important (1,1, 1) Obviously important (4 ,5, 6) 

Potential  important (1/2,1,2) Very important (6,7,8) 

Slightly  important (2 ,3,4) Extremely important (8,9,9) 

3.2.2. Single Fuzzy Analytic Hierarchy Process 

Let 	 =  {	1, 	2, … , 	
} represent the weight index set of all experts for all indicators, 

then the fuzzy judgment matrix represented is: 

�� = �	���
 × 
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Where, any �, � = 1,2, … ,
, and � ≠  �, should satisfy: 

0 < ��� ≤ ��� ≤ ���; ��� =
	
��� ,��� =

	
���

,��� =
	
���                  (3) 

The fuzzy judgment matrix of Equation (2) is logarithmic: 

                          ln�	��� = �ln ��� , ln ��� , ln ����, �, � = 1,2, ⋯ ,
                            (4) 

Based on Equation (4), rewrite (1) as follows: 
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In Equation (5), ��� ��
 ���

��
�� is the degree 
 ���

��
� belonging to triangular fuzzy 

matrix 
 ���

��
� = (��� ,��� ,���). In addition, the exact priority vector is introduced:  

           λ =   ��
 ���� ��
 ���

��
�� |� = 1,2, ⋯ ,
; � = � + 1, � + 2, ⋯ ,
� ≥ 0             (6) 

According to equations (6) and (5), the objective programming model can be written 

as: 

                           ��
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 )�����	��	��	                         (7) 
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In Equations (7) and (8), &�� and is $�� the deviation variable satisfying the constraint 

conditions;%�  is the evaluation value of indicators by experts; �  is an infinitely 

sufficiently large number.Also &�� and $�� satisfied. 

                           ∑ ∑ �#��
 + $��
������	��	��	 ≈ 0                                      (9) 

Through the above method, the evaluation value of different indexes can be 

calculated by expert fuzzy judgment matrix. 

3.2.3. CEEMDAN 

Section 2.1 introduces that experts' evaluation of indicators is influenced by subjective 

consciousness, which is a non-stationary characteristic signal and requires signal 

decomposition. Compared with the traditional EMD method, the EEMD decomposition 

method increases the number of integrations to reduce the reconstruction error, which 

greatly reduces the efficiency of obtaining signal features[10]. Ceemdan method, that is 

to add Gaussian white noise sequence adaptively in the decomposition process, and then 

decompose each inherent modal component by calculating the only participating 

semaphore until the mean value of the signal component no longer meets the extraction 

of the conditional component '�([5]. Using this method, the objective value semaphore 

of expert evaluation value can be extracted efficiently and accurately.  

Step 1: set the signal sequence evaluated by experts as ) =  {)1, )2, … , )
}, add m 

times gaussian white noise to the sequence to be processed, and among % satisfy: 

                           %~*(0,#
)                                                          (10) 

New information sequence is formed by adding gaussian white noise. 
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 Step 2: Decompose the information sequence +�,with gaussian white noise, 

obtain the components and take the mean value :'�(, and write it as '�(------	: 

    .	�/� = 	�/�− '�(------	                                                     (11) 

Step 3: Continuously add gaussian white noise to the .�/�  after 

decomposition,obtain the mean value of the new '�(  component, and continuously 

decompose the signal of .�/�. Calculate the k-th signal participation component as: 

 .��/� = .��	�/�− '�(------�                                               (12) 

Calculate the 0 + 1 component '�(: 

 '�(------��	 =
	
�∑ +�(.��/�+ $�+�1%�2)���	                                 (13) 

Step 4: Repeat the third step until the qualified '�(------ component cannot be extracted, 

and the final calculated residual signal is:     	�/� = ∑ '�(------����	 + .��/�                                       (14) 

Where, .� is the participating function, and the continuous decomposition makes 

the semaphore tend to be stable. 

3.2.4. Data Analysis Model Expression and Analysis 

Through the FAHP-CEEMDAN index analysis method, this paper proposes a ,&3 

system based on the weight of data indicators. In this system, different experts analyze 

and judge the main degree of different indicators in the system, and give the proportion 

of indicators in the system, so as to give the direction of system optimization. At the 

same time, the system maturity analysis method is proposed, and the distance index 

between the current system and the perfect system proposed by experts is given to 

analyze and judge the quality of the system. 

The objective evaluation information sequence of experts on all indicators is .��4���� = 1,2, ⋯ ,�� of all indicators is obtained.The objective trend weight of an index 

in the system is determined by means of weight set mean processing: 

%5� =
�∏ ��( �)�

�	


�

∑ �∏ ��( �)�
�	


�
�
�	


                                               (15) 

During the systematic analysis of the actual data, the index weight of the actual 

system can be calculated. The index weight sequence of the actual system is set as 6 =
{7	,7
,7", … ,7�} ,  represents the weight occupied by n indexes in the 

system,where ∑ %� = 1�	 . According to the index weight 6 sequence calculated by the 

actual data system and compared with the expert evaluation sequence %5, we can know 

the direction that the actual system should focus on when optimizing [10]. 

In addition, according to the weight of perfect expert evaluation and the weight of 

actual system index, the system maturity is calculated as follows: 

                                      8 = 9 ∑ %5�7����	 �� = 1,2, ⋯ ,
�                                     (16) 

 Where 9 is the constant term, and the maturity is mapped to the range of 0-1 for 

easy analysis. By evaluating the maturity value, it indicates that the current system is at 

high maturity, excellent maturity, good maturity, passing maturity and failing maturity. 

The specific classification is shown in table 2. 
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Table 2. System maturity division 

Output list Center(x,y) 

0.9 ≤ Z≤1 High maturity 

0.8 ≤ Z≤0.9 Excellent maturity 

0.7 ≤ Z≤0.8 Good maturity 

0.5 ≤ Z≤0.7 Passing maturity 

0.0 ≤ Z≤0.5 Failure maturity 

4. Experimental Analysis and Simulation 

4.1. System Index Analysis and Establishment 

Through reading a lot of literature and collecting and analyzing actual data, three first-

level indicators are determined, namely, personnel, technology and process, and 12 

second-level indicators are divided according to the three first-level indicators. 

4.2. Expert Evaluation Matrix and System Maturity Calculation 

According to the indicators that need to be evaluated, 10 experts are assigned to evaluate 

the indicators. Through matlab simulation, the evaluation value of experts on each 

indicator is calculated.  

Among them, the personnel, technology and data processing process of level I 

indicators account for 0.3115, 0.3603 and 0.3282 respectively Among the secondary 

indicators of personnel, the proportion of ability level is 0.0775, the proportion of work 

experience is 00856, the proportion of technical mastery is 0.0394, and the proportion of 

personnel salary is 0.1090 Among the secondary technical indicators, the proportion of 

investment funds is 0.1167, the number of technical personnel is 0.0830, the proportion 

of technology construction investment transformation is 0.0995, and the proportion of 

technology product planning is 0.0611 Among the secondary indicators of data 

processing process, the proportion of invested funds is 0.0531, the proportion of 

metadata processing capacity is 0.0868, the proportion of concurrent sharing of data 

processing is 0.0722, and the proportion of healthy data processing process is 0.1161. 

According to the simulated value, the weight value of the actual data system is 

simulated, and the system maturity is 0.8399 calculated according to Equation (16), 

which is classified as excellent maturity level according to table 2. 

5. Conclusion 

Aiming at the problems related to enterprise data analysis, this paper proposes a data 

analysis system based on index weight analysis method.The method proposed in this 

paper can analyze the maturity of data system and effectively solve the problem of weight 

determination and optimization in actual data system. According to the maturity index, 

the superiority degree of the current data system can be determined, and the objective 

trend of the future decision-making and system development can be certain. 
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