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Abstract 
Data is a strategic asset valued by most enterprises, so enterprises often need to 
establish an integrated D&A system to better extract important value. In the application 
process of the system, it is necessary to establish a measurement index for the maturity 
level of the system and ensure that the maturity of the system meets the standard, and 
optimize it to gain a greater competitive advantage. Before the start of the experiment, 
we established a detailed three-level KPI evaluation system for personnel, technology 
and process by collecting the factors affecting the freight company, including the 
attributes of personnel, technological innovation, data management, etc. First of all, due 
to the confidentiality of the company's operational data, we adopted the expert 
evaluation method to conduct an objective and comprehensive scoring evaluation of 
each indicator and establish a scoring matrix based on this. The weight of each first-level 
indicator is calculated according to the analytic hierarchy process, and we establish a 
linear programming model to calculate the comprehensive score of key performance 
indicators. In order to improve the objectivity of the model, we use Professor Zade's 
membership function value as the key index to evaluate the maturity level of the D&A 
system, and establish a detailed evaluation system. To this end, we use the Topsis model 
to approximate the ideal solution to obtain the optimal and worst performance 
indicators. We found the D&A system to be less mature now. Then, we have also 
established an optimization system for maturity levels. By collecting data, we set a 
relative increase in the cost of 1% for each indicator and a cost threshold. According to 
the established maturity level evaluation system, we assume the optimization variables 
to form a single-objective linear programming, and obtain the specific optimization 
index of each index under the constraint of the cost threshold. 
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1. Introduction 

With the rapid development of information technology in today's era, big data,  cloud 
computing capabilities, etc. are increasingly improved. And data resources can gradually affect 
people's decision-making, which is especially evident in the company's operation and provision 
of corporate services. [1] In the era of digital economy, the role of data resources in economic 
activities has become more and more important, data resources can not only help people better 
organize and plan production and operation, but also make judgments and predictions more 
effectively. [2] All these abilities can create great wealth for society, enterprises and individuals. 
Although people have realized the importance of data resources gradually, people still face 
many challenges in the use of data resources and the development process. [3] In the 21st 



Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0034 

269 

Frontiers in Economics and Management 

ISSN: 2692-7608 

century, the management information system in the big data environment has become an 
important channel for acquiring knowledge, publicizing and browsing information. The 
management information system in China's big data environment has also made great progress. 
For the management information system based on the big data environment, it is a product to 
meet the development needs of the times, and it also become an important application in the 
future.[4] Management information system combined with data technology can handle large 
and complex database management tools or data sets.[5]. 
In order to make the best use of data resources, data assets need to be managed. Data asset 
management is a set of standards and processes developed by companies.[6] These standards 
and processes are designed to ensure the safety, timeliness, accuracy and consistency of data 
understanding during the acquisition, processing, storage and use of data. In data asset 
management, companies complete and improve data management by recruiting or other means 
of company personnel, using necessary information technology, and optimizing the processes 
of work.[7]. 

2. D&A System Maturity Assessment based on TOPSIS 

By looking up the documents related to personnel performance appraisal indicators of various 
companies, we found and concluded that various companies are divided into three categories 
(secondary indicators) in terms of personnel performance assessment indicators: personnel's 
own attributes, personnel's team attributes and Person and company attributes. In addition, 
we have sorted out the relevant assessment content and concluded that the above three 
categories of indicators can be divided into several sub-categories (three-level indicators). 
 

Table 1. People KPIs 
Two-level indicators Three-level indicators 

Person's own attributes 

Ability 
Professionalism 

Plasticity 
Innovative 

People’s team attributes 
Teamwork Ability 

Management Ability 
Leadership 

Person and company 
attributes 

Staff’s Satisfaction with Company Management 
Staff’s Satisfaction with Company Compensation 

Whether the Personnel Can Accept the Company's Recognition of the Personnel 

 
Table 2. Quantitative Personnel Level 3 Indicator Score 

Two-level indicators  Three-level indicators  Scores  

Person's own attributes  

Ability  1  
Professionalism  0.5  

Plasticity  1  
Innovative  1  

People’s team attributes  
Teamwork ability  0.5  

Management ability  0.5  
Leadership  0.5  

Person and company 
attributes  

Staff’s satisfaction with company management  0.5  
Staff’s satisfaction with company compensation  0.5  

Whether the personnel can accept the company's recognition of the 
personnel  0.5  
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Through the expert review method, we quantify the three-level indicators in Table 1 by scoring 
them. By analyzing the scores of the expert questionnaires, the indicators reflected in Table 1 
are highly evaluated, so we believe that the existing D&A system attaches great importance to 
and uses this indicator. The indicator is assigned a value of 1. If the displayed indicator is 
inconsistent with the indicator shown in Table 1, then we believe that the existing D&A system 
ignores this indicator and does not use this value of 0.5 to this indicator. 
Through the analytic hierarchy process, we established an effective and reliable judgment 
paper by consulting various papers, and obtained its weight. The weights of the three-level 
indicators of the personnel's own attributes, personnel team attributes, and personnel and 
company attributes in the personnel's key performance indicators are: 
 

 
Figure 1. The weight of the three-level indicators of personnel in the comprehensive score 

 
After the scale test, the final result meets the test requirements, the model can be used, and the 
above weights meet the conditions. 
Through the weighting method, we can finally get the KPI score of the personnel 𝑦 = 1.9616, 
and the calculation formula is as follows: 
 

𝑦 =   𝑤 𝑥 (1) 

 
By looking for documents related to technical performance appraisal indicators of various 
companies, we found and concluded that various companies are divided into eleven categories 
and three-level indicators in terms of technical performance appraisal indicators. Through 
expert review, we quantified the three-level indicator by scoring them. By analyzing the scoring 
of expert questionnaires, if the indicator is rated higher than the tertiary indicator, then we 
believe that the existing D&A system values and uses the indicator, so we assign a value of 1 to 
this indicator. If the indicator reflected in the "Brief Overview of ICM Company Operations and 
Data" does not coincide with the indicator, then we believe that the existing D&A system ignores 
the indicator and does not use it, so we assign a value of 0.5 to this indicator. 
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Table 3. The Three-level Indicator Scores for Quantitative Techniques 
Indicators Scores 

Technological Innovation 1 

Technical Compatibility 1 

Technology Dependency 0.5 

Technology Cost 0.5 

Technical Practicality 1 

Cutting-edge Technology 0.5 

Technical Optimization 1 

Technical Difficulty 0.5 

Analysis Of Technical Advantages and Disadvantages 0.5 

Technical Stability 0.5 

Technical Flexibility 1 

 
The KPI score for the final technology 𝑦 = 8.5 by a linear summation method, calculated as 
follows: 

𝑦 =   𝑥 (2) 

 
By looking up the documents of various companies on the performance evaluation indicators 
of process success, we found and concluded that various companies are divided into eleven 
categories in terms of performance evaluation indicators of process success. Then, by applying 
quantitative methods, the key performance indicators of the process are derived. 
 

Table 4. The Three-level Indicator Scores for Quantitative Processes 
Indicators Scores 

Data management 1 

Data Algorithm Management 0.5 

Data Access Management 1 

Data security management 1 

Data complexity 0.5 

Data table optimization 1 

Pivot 0.5 

Data change permission 1 

Data grayscale processing 0.5 

Data calling convenience 0.5 

Data Transformation Mechanism 0.5 

 
Through the method of linear summation, we finally get a KPI score of 8 for the success of the 
process, and the calculation formula is as follows: 
 

𝑦 =   𝑥 (3) 



Volume 3 Issue 5, 2022 

DOI: 10.6981/FEM.202205_3(5).0034 

272 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
Through the analytic hierarchy process, determine the weights of the key performance 
indicator scores of personnel, technology and process in the D&A system maturity level 
indicator score respectively. Let the KPI scores of personnel, technology, and process account 
for the respective weights of the D&A system maturity level indicator scores as 𝑣 . The result is 
as follows: 
 
Table 5. The Key Performance Indicators of Personnel, Technology and Process Respectively 

Account for the Weight of the D&A System Maturity Level Indicators 
v1 v2 v3 

0.2143 0.6429 0.1429 

 
After the scale test, the final result meets the test requirements, the model can be used, and the 
above weights meet the conditions. 
That is, we assume that it satisfies the linear equation, so according to the above conclusions, 
we can list the comprehensive score of key performance indicators as: 
 

K = 𝑣   𝑤 𝑥 + 𝑣   𝑥 + 𝑣   𝑥 (4) 

 
By using the TOPSIS model,[8] we take the scores of each index as the basis, and calculate the 
highest comprehensive performance index score in the above assessment system as 𝐾 =
25.2308 , the lowest comprehensive performance index score as 𝐾 = 12.6154 , and the 
introduced membership function is: 
 

𝜌 =
𝐾 − 𝐾

𝐾 − 𝐾
(5) 

 
In this situation 𝜌 represents the maturity level of the system. The final result is: 
 

𝜌 ≈ 0.463449 (6) 
 

Through the collection of similar papers and the analysis of data, in order to simplify the model, 
we finally get: 
 

Table 6. Fuzzy Comprehensive Evaluation Results 
𝝆 0 ≤ 𝜌 ≤ 0.25 0.25 < 𝜌 ≤ 0.5 0.5 < 𝜌 ≤ 0.7 0.75 < 𝜌 ≤ 0. 0.9 < 𝜌 ≤ 1 

Degree Poorer Poor General Ripe Ripest 

 
According to the evaluation criteria in the above table, we can see that the maturity level of 
ICM's D&A system is poor. 
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3. D&A System Optimization Strategy based on Single Objective Linear 
Programming 

We have obtained the maturity level index of the company's current D&A system. Under the 
permission of the company's current conditions, the above indicators can be optimized. It is 
known from the relevant knowledge of the company's operation that all optimization processes 
are related to the cost required by the process, that is, the optimization process will be limited 
by the cost.[9]. 
Assume that the percentage increase in all three-level indicator scores in the previous period is 
ℎ , of which 𝑖 = 1,2, … … , 𝑚. Indicates the total number of all three-level indicators. And when 
each three-level indicator assessment is increased by 1%, the required cost is 𝑝 , of which 𝑖 =
1,2, … … , 𝑚. Let the maximum cost that the company can bear is 𝑃.  
 

K = 𝑣   𝑤 𝑥 + 𝑣   𝑥 + 𝑣   𝑥 (7) 

 
Knowing the percentage increase of all three-level indicator scores in the previous period ℎ  
(where, obviously ℎ ≥ 0  ), after taking into account the cost factor, the total calculation 
formula of the modified maturity level indicator is: 
 

𝑦 = 𝑣   𝑤 𝑥 (1 + ℎ ) + 𝑣   𝑥 (1 + ℎ ) + 𝑣   𝑥 (1 + ℎ ) (8) 

 
𝑛 + 𝑛 + 𝑛 = 𝑚 (9) 

 
With the constraints we listed, we can formulate the linear regression equation and arrive at 
the ideal optimal solution: 
 

𝑚𝑎𝑥 𝑦 = 𝑣    𝑤 𝑥 (1 + ℎ ) + 𝑣    𝑥 (1 + ℎ ) + 𝑣    𝑥 (1 + ℎ ) (10) 

 

𝑠. 𝑡.

⎩
⎪
⎨

⎪
⎧

   
ℎ

1%
𝑝 ≤ 𝑃

ℎ ≥ 0

𝑥 (1 + ℎ ) ≤ 1
𝑛 + 𝑛 + 𝑛 = 𝑚

(11) 

 
When 𝑝  and ℎ  are known, we can obtain the optimal optimization strategy within the range 
that the company can afford. Under this optimal optimization strategy, our optimization of the 
maturity level indicator of the D&A system can satisfy two conditions: the ability to give full 
play to the company's data assets and the optimal operation within the company's affordable 
range. 
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4. Conclusion 

According to the content of the international quality management certification system 
(ISO9001), we can know that for seaports of different sizes, the indicators to measure the 
overall enterprise are roughly divided into personnel, technology and process. Therefore, we 
do not need to change the overall framework of the model. However, seaports of different sizes 
have different requirements for foreign containers that need to be transported. For example, 
large-scale seaports store large-scale data every day, and the stored data is more complex. In 
order to quickly obtain the analysis results of the data, they focus on the analysis speed of the 
system, the reliability and usability of the analysis results. However, smaller seaports store data 
on a smaller scale and with less complexity on a daily basis. Their main concern is the cost of 
the system and after-sales service. 
After the above analysis, we can find that different scales of seaports pay different attention to 
the D&A system. Therefore, we only need to determine the weights and scores of the indicators 
at all levels of the model according to the importance of different seaports. Through sensitivity 
analysis, the parameter stability of our model can be guaranteed that changing the weights and 
scores will not affect the accuracy of the function, so our model can adapt to seaports of 
different sizes. 
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