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Abstract—As a new resource, human resource has 

attracted wide attention in many social fields. The 

competition of human resource is the competition of 

productivity between different enterprises. With the reform 

and opening up, national economy of China continues to 

develop rapidly. The sound macro-economy and rapidly 

development of capital market lead the banking industry to 

have a good development prospect. Whether the human 

resource allocation of commercial Banks is effective or not 

has a great impact on the bank earning. This study aims to 

further clarify the human resource allocation efficiency of 

banks to improve the efficiency and realize the 

improvement of bank profits. In this study, computer 

software was used to calculate the scale efficiency, pure 

technical efficiency, the change of scale interval and data 

envelopment analysis (DEA) efficiency of some selected 

representative banks according to the DEA model. The 

analysis showed that the DEA scale of many banks could 

reach the valid value 1, and the human resource allocation 

efficiency was optimized. The pure technical efficiency of 

some banks was valid value 1, but the scale efficiency was 

low and ineffective, which needed to be enlarged 

appropriately. And the DEA efficiency of some banks was 

invalid, which was caused by the valid value 1 of the scale 

efficiency and relatively low pure technical efficiency, and 

such banks need to make reasonable allocation of human 

resources. 

 

Keywords—data envelopment analysis model, human 

resources, resource allocation, banking human resources.  

I. INTRODUCTION 

N the process of business development, human resource is 

the first productivity. Wibisono, Nisafani and Bae believed 

that only by giving full play to the management resource can the 

organizational guarantee and human support be provided for the 

 
 

development of enterprises [1]. Human resource allocation is an 

important part of human resource management. In order to 

improve work efficiency and achieve the optimal matching of 

other resources, it is necessary for enterprises to make scientific 

and reasonable allocation of human resources. In view of the 

problem of human resource allocation, Wu et al. [2] put forward 

a reasonable mechanism of human resources allocation, 

considered human resource allocation as the formation of 

multiple teams, and demonstrated the distribution process of 

Agents and verified that the system could satisfy the demand of 

tasks through simulation experiments. Luo [3] calculated the 

membership function of rough entropy according to the 

historical data of human resources, avoiding the interference of 

subjective factors. According to the correlation value, the rough 

entropy value of relevant attributes was calculated and 

dynamically adjusted, and the maximum entropy result as the 

target of human resources optimization in the second year was 

determined. According to different research situations and 

classifications, Bouajaja et al. [4] studied some major solutions 

of human resource allocation problems, such as precision, 

heuristic and super heuristic, and applied them to several fields 

according to their real life. Ponsteen et al. [5] believed that 

managing multi-project environment requires different methods 

from managing individual projects. The main challenge was to 

allocate scarce human resources to projects in execution, set the 

most methods setting scope as constraints, and allocate 

resources to minimize delivery time by optimizing 

centralization and heuristic algorithms. In order to solve the 

problem of optimizing the production efficiency of the 

production line and the distribution of tasks and workshops, 

which is a famous human resource allocation problem of the 

distribution and balance of assembly line workers, Bouajaja and 

Dridi [6] applied ant colony optimization algorithm and studied 

some parameters of ACO method through numerical simulation. 

This study studied the human resource allocation of commercial 

banks by using data envelopment analysis (DEA) model [7, 8], 

hoping to help commercial banks improve the level of human 
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resource allocation, realize resource optimization and improve 

their competitiveness. The main motivation of studying the 

human resource allocation efficiency is to improve the 

efficiency of human resource allocation. The efficiency of 

human resource allocation will significantly affect the work 

efficiency of banks, and there are various factors affecting the 

efficiency of human resource allocation. Compared with the 

way mentioned above, this study used the DEA model to 

analyze the human resource allocation of commercial banks. It 

not only clearly measured the efficiency of human resource 

allocation in banks but also pointed out the factors that affected 

the efficiency of human resource allocation. The main 

contribution of this paper is to provide a better way to measure 

the human resource allocation of banks and to provide an 

effective reference for other enterprises to measure their own 

human resource allocation efficiency. 

II. HUMAN RESOURCE ALLOCATION 

A. Overview of Human Resource Allocation Efficiency 

Human resources refers to the sum of all the human 

production factors of the internal and external of an 

organization and plays a role in promoting the goal realization 

of an organization. Its competitiveness is the core 

competitiveness of an organization. Its own initiative makes the 

configuration process relatively complex and difficult, and the 

subject and object of the configuration can select each other, 

which requires that the initiative of two parties should be similar 

and basically adapt to each other. Based on the input-output 

theory [9, 10] proposed by an American economist Wassily 

Leontief, the human resource allocation efficiency can be used 

to measure the effective utilization rate of human resources, i.e. 

the ratio between the input and output of human resources 

elements. As long as the effective allocation of human resources 

can be realized, the production efficiency can be improved. In 

this study, DEA model was used to study the human resource 

allocation efficiency of commercial banks, hoping to find a 

method to realize optimization and maximize economic 

benefits. 

B. Introduction to The Related Theory of Human Resources 

(1) Human post adaptation theory [11, 12] 

Human resource management and enterprise strategy interact 

with each other. When the strategic goals of enterprises change 

with the internal development stages and the external economic 

and social changes, the planning of human resources and the 

post qualification requirements of organizations should also 

change accordingly. 

(2) Pareto optimal theory 

Pareto optimal theory was proposed by an Italian economist 

Pareto [13], which can be briefly summarized as that the welfare 

of at least one person is better than that of the previous one from 

the current state of resources allocation to another state of 

resources allocation without loss of anyone. It also means that 

resources have reached the optimal allocation state and no 

further improvement is needed. 

III. DEA MODEL AND MODELING 

A. Introduction to DEA Model 

DEA model is a method to evaluate efficiency based on the 

concept of relative efficiency, which is applied in many fields 

currently. Data envelop lines can be obtained by evaluating the 

relative effectiveness between multiple input and output 

decision-making units and using mathematical programming 

model. Decision-making units which fall on the boundary were 

considered having the most effective input and output 

combination, and the efficiency value was 1. But the 

decision-making units which fail to fall on the boundary were 

inefficient, and the efficiency value was between 0 and 1. The 

applying steps of DEA model is shown in Fig. 1.  

 

 

 

B. Modeling Process 

(1) Basic model: suppose there are n decision-making units, 

including w kinds of input elements x and z kinds of output 

elements y ,and slack variables 
s  and 

s  were introduced. 

The two input and output vector were set as 

)0)(...2,1(  iaia xrax  and 

)0)(...2,1(  ibib yeby . The weight variable of n on a 

certain indicator is i , and the mathematical expression is 

established as follows : 

the relative efficiency of the decision-making unit α : 

 

)10(min   (1) 

 

constraint condition: 

 

 

 
Fig. 1 The applying steps of DEA model 

 

 

 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2020.14.107 Volume 14, 2020

ISSN: 1998-4464 827



 

 





























n

1i

ib

n

1i

ia

),...2,1(y

)...2,1(xs.t.

zbys

waxs

obi

oai





 (2) 

 

scope of constraint: 

 

0,0,0   ss  (3) 

 

(2) Charnes, Cooper and Rhodes (CCR) model 

The DEA model used in this study aims at multi-objective 

decision-making problems, especially multi-input and 

multi-output problems, and is used for evaluating the relative 

effectiveness of the same departments. Compared with other 

types of methods for solving multi-objective decision-making 

problems, the DEA model does not need to set weights in 

advance, but calculates the optimal weights according to the 

actual data to reduce the subjective judgment components. 

Taking the weights of inputs and outputs of the decision-making 

unit as variables, the evaluation is conducted from the 

perspective that is the most beneficial to the decision-making 

unit, avoiding the weight of indexes in the priority sense; it can 

be assumed that there are different degrees of association 

between multi-input and multi-output, which does not need to 

display an expression. CCR model is one kind of DEA model. 

CCR model is used for studying problems of  scale-effective and 

technology-effective multi-output problems. 

The CCR model can be calculated based on the basic model. 

Suppose that in the case of cone, convexity, invalidity, and 

minimum axioms, each p decision-making unit corresponds to 

the input and output vector combination ),( nn yx ; at this 

moment, the input and output of the decision-making unit are 

effective and the scale remuneration remains the same. Invest in 

the reduction ratio β, and β is free, the following expressions 

were obtained after slack variables 
s  and 

s  were 

introduced: 

the relative efficiency of the decision-making unit α : 

 

min  (4) 

 

constraint condition: 
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C. Data Selection 

Banks are divided into central banks, policy banks, 

commercial banks, investment banks and the world bank by 

type. This study studies the most representative commercial 

banks with more extensive employees. As employees in 

commercial banks are more extensive, employees that can be 

selected by this study are more. Limited by the length of the 

paper, this study only selected some representative commercial 

banks as the research subjects, including China Merchants Bank, 

Hua Xia Bank, Bank of Ningbo, Industrial and Commercial 

Bank of China, Bank of Communications, and China Citic Bank. 

In the DEA model for the human resource allocation efficiency 

of commercial banks, and the input and output indicators are 

shown in Table 1. 

Table 1. Indicator system of human resource allocation  

efficiency 

Input indicators Output indicators 

Quantity 

structure 

of human 

resources  

Total human 

resources 

Growth 

ability 

Total asset 

growth rate 

Human 

resource 

turnover rate 

Net profit 

growth rate 

Proportion of 

staff in 

managerial 

positions 

Profitability Return on total 

assets 

Quality 

structure 

of human 

resources 

Average age Cost-revenue 

ratio 

Educational 

level 

Net interest 

margin 

Title structure Net spread 

Cost of 

human 

resources 

Staff cost Financial 

innovation 

ability 

Return on net 

assets 

Remuneration 

payable to staff 

Non-interest 

income ratio 

Average 

number of 

training days 

per year 

Proportion of 

net income of 

fee and 

commission in 

operating 

income 

Increase in the 

proportion of fee 

and commission 

income 

 
According to the China Financial Statistics Yearbook and the 

annual report data released by commercial banks in 2017, the 

indicator data of input and output could be found. This article 

set the number of on-the-job employees, total assets and number 

of institutions as input indicators, and both the total investment 

and salary incentive in the theory of human resource were 

considered [14]. Then, total profit and total deposits were 

selected as the output indicators. The input and output data of 

the banking industry are shown in Table 2, and related data of 

some commercial banks are shown in Table 3. 

 

Table 2. Related input and output data of the banking industry 
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Staff 

number of 

the four 

major 

state-owne

d 

commerci

al banks 

(Ten 

thousand 

people) 

Number 

of 

institutio

ns 

(Unit) 

Total 

assets 

(Trillion 

yuan) 

Total profit 

(Trillion 

yuan) 

Total 

deposits 

(Trillion 

yuan) 

162.3 4549 252.1 161.8 169.2 

 

Table 3. Input and output indicator data of some commercial 

banks  

Bank 

name 

Staff 

number 

(People) 

Total 

assets 

(Million 

yuan) 

Total 

profit 

(Million 

yuan) 

Total 

deposits 

(Million 

yuan) 

China 

Merchant

s Bank 

72530 6297638 90680 4064345 

Huaxia 

Bank 

42644 2508927 26253 1433907 

Ningbo 

Bank 

12185 1032042 10163 565253 

Industrial 

and 

Commerc

ial Bank 

of China 

453048 26087043 361843 1922634

9 

Bank Of 

Communi

cations 

91240 9038254 83265 4930345 

China 

Citic 

Bank  

56724 5677691 42566 3196887 

 

IV. ANALYSIS OF EXPERIMENTAL RESULTS 

A. Analysis of Experimental Data 

Human resource allocation efficiency of some commercial 

banks could be obtained by using the computer development 

software MaxDEA [15] and the results are shown in the Table 4. 

 

Table 4. The DEA efficiency of some commercial banks 

 

 

Bank 

name 

DEA 

efficienc

y of ɑ 

Scale 

efficiency 

Pure 

technical 

efficiency 

Scale 

interval 

Huaxia 

Bank 

0.712 0.846 0.851 Decrease 

progressi

vely  

China 

Merchant

s Bank 

1 1 1 Unchang

ed 

Bank of 

Commun

ications 

0.875 1 0.916 Decrease 

progressi

vely 

China 

Citic 

Bank 

0.918 0.859 0.793 Decrease 

progressi

vely 

Industrial 

and 

Commerc

ial Bank 

of China 

0.894 1 1 Increase 

progressi

vely 

Ningbo 

Bank 

0.905 0.772 1 Increase 

progressi

vely 

Average  0.884 0.913 0.927 Decrease 

progressi

vely 

 

It was found from Table 4 that the DEA efficiency of China 

Merchants Bank has reached 1, the scale interval remained 

unchanged, and the human resource allocation efficiency was 

effective. In addition, the scale interval of Industrial and 

Commercial Bank of China and Ningbo Bank was increasing, 

the pure technical efficiency reached the valid value 1, and the 

DEA efficiency was higher than the average. However, although 

human resource allocation efficiency was high, there were still 

many problems. The DEA efficiency of other banks had little 

difference, which fluctuated above and below the average value, 

0.884. The scale efficiency of Bank of Communications has 

reached the valid value 1, but the scale interval was decreasing. 

The pure technical efficiency has not reached the optimal level, 

and many of them were lower than the average value, 0.927. 

B. Extended Analysis 

For enterprises, the allocation of human resources is a very 

important factor in enterprise management. As a special 

enterprise, banks also need to pay attention to the distribution of 

human resources. When human resources are rich enough, 

banks can allocate more business to make more profits. 

However, the increase of human resources will also increase the 

difficulty of management. If the allocation of human resources 

is unreasonable, it will lead to waste of resources. For example, 

a business can obtain 100% profit only by two people, and after 

increasing to three people, the profit is still 100%, but it needs 

the management cost of three people, which leads to the waste 

of human resources. Therefore, to make full use of human 

resources, it is necessary to allocate human resources 

reasonably. The efficiency of human resource allocation is an 

important index to measure the allocation of human resource. 

The analytic hierarchy process (AHP) can calculate the 

allocation efficiency. AHP divides the objects that need to be 

analyzed into different hierarchies from many aspects and give 

different hierarchies different weights and evaluation scores to 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2020.14.107 Volume 14, 2020

ISSN: 1998-4464 829



 

 

get the final score. However, AHP is relatively subjective in 

weight distribution, and the final score will be affected by the 

subjective weight distribution. The DEA model used in this 

study does not need to set the weight of the measurement index 

in advance, but calculates the optimal weight according to the 

actual data, reducing the subjective judgment components; 

taking the weight of different inputs and outputs of the 

decision-making unit as the variable and evaluating from the 

perspective that is the most conducive to the decision-making 

unit avoids the weight of indexes in the sense of priority; it can 

be assumed that there are different degrees of associations 

between multi-input and multi-output, but the associate does not 

need display the expression.  

According to the human post adaptation theory and Pareto 

optimal theory, the resource allocation efficiency of the total 

number of employees in each bank was not completely 

effective. 

(1) For enterprises with effective DEA efficiency, such as 

China Merchants Bank, the scale interval remains basically 

unchanged, and the scale efficiency and pure technical 

efficiency has also reached the valid value 1. In such 

commercial banks, the human resource allocation efficiency has 

been the optimal, and personnel and posts are basically adaptive, 

which can keep pace with the business operation level. 

Moreover, they are ahead of other banks in terms of total 

investment of human resources, optimal allocation and salary 

assessment and incentive. They only need to improve the level 

of technological innovation and strengthen management. 

(2) For enterprises like Bank of Ningbo whose pure technical 

efficiency has reached the optimal value 1, and the DEA 

efficiency was low, but still higher than the average level. Its 

scale interval was also increasing, but due to its small scale, it 

may lead to the waste of human resources in the long run, which 

will reduce the income of banks. Compared with Table 1, it was 

found that the scientific and reasonable human resource 

allocation with relatively small scale would result in ineffective 

scale interval and reduced profit. In this case, the scale should 

be expanded appropriately, and measures such as campus 

recruitment should be adopted to improve the operation 

efficiency. 

(3) For the bank like Bank of Communications, the scale 

efficiency was effective, but the scale interval was decreasing. 

And the DEA efficiency was low, because the pure technical 

efficiency was less than 1. In this case, the staff structure should 

be optimized to improve the pure technical efficiency by 

adjusting human post adaptation, such as talent competition and 

selection of probationary assistant. 

(4) Many other joint-stock commercial banks, such as Huaxia 

bank and China Citic Bank, whose scale interval was decreasing, 

and the DEA efficiency was less than 1. The scale efficiency and 

pure technical efficiency of them were both lower than the 

average level and invalid, which was evaluated that the human 

resource allocation efficiency was invalid. In such banking 

enterprises, the staff structure should be optimized, and human 

resources should be applied to the most appropriate places 

according to human post adaptation theory. The pure technical 

efficiency should be improved by increasing salary incentive, so 

as to achieve the effective DEA efficiency 1, which is 

well-matched with scale efficiency and pure technical 

efficiency. 

V. CONCLUSION 

DEA model was used to select the input and output indicators 

of the data published by major banks, and corresponding 

comprehensive technical efficiency, DEA efficiency, scale 

efficiency and pure technical efficiency were obtained. 

According to the analysis, the number of commercial banks with 

effective DEA efficiency was small but exist. It was mainly 

concentrated in joint-stock commercial banks, and human 

resource allocation was optimized. If the banking industry is to 

develop better, banks with the valid value 1 of scale efficiency 

and ineffective pure technology efficiency must reduce the 

waste of human resources and optimize human resources 

scientifically and reasonably. Redundancy can be regarded as an 

effective means, but changing human post adaptation is the best 

way. Banks with the valid value 1 of pure technical efficiency 

and low scale efficiency should expand their scale appropriately 

and recruit staff to improve their profits. Pure technical 

efficiency = 1 means that the current allocation of human 

resources is within the reasonable range, i.e., there is still a room 

for the management of human resource, and the low scale 

efficiency means that the manageable human resources is few. 

Considering that the management ability of the bank has not 

reached the limit, it is possible to ensure the technical efficiency 

not decrease while increasing the scale of the human resource, 

and the increase of the scale of human resource increases the 

profit. Other Banks had a low efficiency in human resource 

allocation, which is basically an invalid value below 1. Both 

scale and pure technical level should be adjusted and improved 

to make the most reasonable use of human resources. 
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