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Abstract

Nowadays, all enterprises have adopted the means of informatization for enterprise management to adapt to the devel-
opment of society. With the advent of the information age, enterprise transformation has become an inevitable trend. The
management efficiency of enterprises is effectively improved, and the optimal scheduling and efficient management of
personnel are realized to design and develop a human resource management (HRM) information system to meet the actual
needs of enterprises. By studying the current problems of intelligent enterprise system and HRM information system, based
on Java programming language, spring model-view—controller (MVC) web application system is combined with browser/
server (B/S) framework, and construction is realized on an intelligent enterprise HRM information system. Aiming at the
complexity of enterprise HRM, the meta-heuristic algorithm is adopted to optimize the human resource optimization
scheduling module. Through the specific example data, the system implementation and model performance comparison
experiments are carried out to further verify the effectiveness of the intelligent enterprise HRM information system
proposed here. The results show that the HRM information system based on intelligent enterprise system realizes the
effective collection and sorting of data, the running system meets the expected research objectives, and different modules
can effectively perform specific functions; the algorithm based on meta-heuristic can realize the reasonable scheduling of
personnel, and its model performance is significantly higher than the latest algorithm model. With the continuous increase
in the number of events, what is improved is the optimal solution ability of the algorithm. Moreover, it decreases with the
increase in the number of iterations, converging around 80 times, and the optimization efficiency reaches 86.35%; the
system can find the optimal solution in a shorter time under the same number of iterations. Besides, after the system
clustering, the accuracy of employee performance reaches 92%. The intellectualization of enterprise HRM greatly
improves the office efficiency.

Keywords Intelligent management - Human resources - Information management system - Heuristic algorithm -
System structure optimization
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and operation (Jean et al. 2020). However, due to the
limitation of enterprise cost, many small- and medium-
sized enterprises are unable to develop and design their
own management systems, which makes these enterprises
face market bottleneck and pressure and even leads to
enterprise bankruptcy or elimination (Zhu and Sun 2020).
Therefore, the research on intelligent enterprise manage-
ment system is of great significance to promote the healthy
and sustainable development of China’s small and med-
ium-sized enterprises and improve social competitiveness
(Skobelev et al. 2019). As the core of enterprise operation
management, human resource management (HRM) system
improves employee contribution and performance by
improving internal employee satisfaction and loyalty and
helps managers create value chain profits by effectively
organizing and managing, reducing costs, and accelerating
growth (Chaudhary 2020).

The human resource information management system
involves organization planning, recruitment management,
personnel on-the-job and resignation files, employee
resume, labor contract, reward and punishment manage-
ment, office supplies, hospital insurance, transfer man-
agement, training management, performance management,
attendance management, time wage, piece wage, dormitory
management, employee self-service, leader approval, etc.
To realize each module requires overall coordination,
which leads to serious complexity in developing and
involving human resources information management sys-
tem (Tantoh and Simatele 2018). A reasonable HRM sys-
tem can promote the development of enterprises and
increase their core competitiveness. The traditional human
resource information relationship system often uses paper
and office software to realize recording and preservation.
This management method is simple and inefficient, and
there is often confusion for personnel management, which
seriously hinders the efficient development of enterprises
(Papa et al. 2018). The current intelligent enterprise man-
agement system ensures efficiency and security to a certain
extent through process operation and the way of database
and cloud computing. However, in the current intelligent
enterprise management system, due to the limitations of
system technology, it is faced with great problems in
function implementation. Therefore, it is of great practical
significance to find the problems of the existing HRM
system and optimize the system according to the practical
problems (Liu et al. 2021). The traditional human resource
information management system has great disadvantages.
The meta-heuristic algorithm proposed in this paper is a
kind of algorithm that does not rely on the algorithm
organization structure information and can realize a wide
range of optimal combination. It can effectively deal with
complex problems and find the optimal processing method
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from multiple implementation paths, which is feasible to
solve the problem of HRM system (Yang et al. 2020).

Based on the above content, the research firstly takes a
company as an example to conduct a full investigation and
find the problems existing in the current human resource
information management system. Secondly, based on the
needs of HRM, the relevant systems are developed, and the
intelligent enterprise HRM information system is built by
using JAVA programming language, web application sys-
tem, and B/S framework. Thirdly, aiming at the complexity
of enterprise HRM, the meta-heuristic algorithm is used to
optimize the human resource optimal scheduling module,
and the system is realized. Finally, through the specific
example data, the system implementation and model per-
formance comparison experiments are carried out to further
verify the effectiveness of the proposed intelligent enter-
prise HRM information system. The research innovation
lies in using meta-heuristic algorithm to optimize the
human resource optimization scheduling module for the
complexity of enterprise HRM, which can effectively
improve the company’s HRM level. The results have a
certain practical value for the construction of enterprise
human resource information management system.

2 Related work
2.1 HRM information system

HRM systems are representatives of information manage-
ment platforms in the early times, implementing features
such as human information entry, simple retrieval, and
basic financial processing procedures (Kianto et al. 2017).
As technology advances, many scholars have adopted
various approaches to improve HRM systems. Qadir and
Agrawal (2017) evaluated the current HRM systems from
three perspectives. They found that the present manage-
ment systems could satisfy corporate management
demands; however, it cannot bring significant benefits to
the enterprises. Hence, improvements to the present man-
agement systems were required (Qadir and Agrawal 2017).
Kamaludin and Kamil Zaki (2017) adopted the HRM
information system to manage their human resource
information better. They found that the system could better
manage medical workers and improve management effi-
ciency (Kamaludin and Kamaludin 2017). Masum et al.
(2018) proposed an intelligent application decision support
system and database knowledge intelligent HRM infor-
mation system framework to improve the HRM decision-
making process in a semi-structured and unstructured way.
Hybrid intelligent technologies, such as machine learning
and data mining, were employed to study how this system
solved human resource issues (Masum et al. 2018). Bali
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(2019) added modules, such as personnel performance,
personnel record management, performance and reward
management, corporate communication, and Human
Resource Information System (HRIS) satisfaction, to the
computer-based HRM information system, which greatly
enriched the management system (Bali 2019). Many
scholars believe that most underlying codes require tech-
nologically advanced frameworks to develop the system.
Jawad et al. (2020) pointed out that each research and
development (R&D) organization has its R&D framework,
such as Spring management framework, Hibernate frame-
work, and Web development framework. Due to the dif-
ferent goals to be achieved by HRMS, combining each
different architecture was necessary to implement func-
tions of HRMS in different environments (Jawad 2020).

2.2 Meta-heuristic algorithm management

Usually, heuristic algorithms use a lot of trials and errors to
find the best solution in a huge solution space. In contrast,
the meta-heuristic algorithm is a trade-off between the
global search and the local search. If the algorithm focuses
on the local searchability, it will easily fall into the local
optimal solution. Compared with the heuristic algorithm,
the meta-heuristic algorithm has a wider search range and a
stronger ability to find the optimal solution (Zhao et al.
2019). The meta-heuristic algorithm has advantages in
solving optimization scheduling problems. Duan et al.
(2020) put forward an enhanced meta-heuristic algorithm
for network security energy and data, which could apply to
the operation and management of smart cities. They found
that compared with other meta-heuristic algorithms, this
framework significantly reduced the running time and
improved the solution accuracy (Duan et al. 2020). Shir-
vani et al. (2020) proposed a hybrid meta-heuristic algo-
rithm to solve the parallelizable scientific workflow on the
elastic cloud platform. For this complex problem, a single
method could effectively obtain the optimal solution
(Shirvani 2020). Applications of meta-heuristic algorithms
in management system design are rarely reported. Li et al.
(2021) developed an enterprise HRM evolution strategy
based on the core principles of evolutionary methods. They
used this strategy to improve HRM efficiency, which
converged fast and could jump out of the local optimal
value (Li et al. 2021). Bo et al. (2021) designed a rapid
response collaborative scheduling model based on online
monitoring of cyber-physical production systems to rapidly
repair faults in high-speed train wheelset manufacturing.
They found that the meta-heuristic algorithm could effec-
tively solve the interruption and rapid response problems in
the wheelset production process (Bo et al. 2021).

2.3 Summary of current research progress

The above works reveal that current HRM systems for
enterprises in various fields are not unified and perfected,
with poor adaptability and pertinence. Many enterprises
introduce successful management systems from other
enterprises; however, they do not redeploy the business
process and basic framework of the enterprise according to
these mature systems. Therefore, an HRM system is suit-
able for enterprises & apos; development should be tar-
geted, and enterprises should develop their HRM systems
in this direction. Therefore, the two core functions, namely
corporate organization and personnel management, are
developed and researched profoundly. Meanwhile, impor-
tant procedures, such as recruitment and resignation, have
been optimized, and the data statistics on personnel have
also been expanded further. The meta-heuristic algorithm
can effectively deal with HRM problems and is feasible in
principle. Therefore, problems in current HRM information
systems are analyzed first. Based on the above problems
and corresponding system demands, appropriate modules
are adopted to build the system. Finally, it is implemented
on the corresponding platform.

3 Development of enterprise human
resource information management system
based on meta-heuristic optimization
algorithm

3.1 Survey on information system

In order to further clarify the problems of the current
human resource information management system, a large
enterprise is taken as the research object and research is
conducted in the form of questionnaire and field visit. The
questionnaire includes understanding the current situation
of HRM at all levels, current personnel organizational
structure and strategic layout, influencing factors of HRIS,
relevant business processing capabilities and the demand of
units at all levels for human resources management infor-
mation system. The content of the questionnaire mainly
refers to relevant literature (Shahreki 2019; BariSi¢ et al.
2019; Wang 2020) and adopts a scientific processing
method, where all data are statistically analyzed by SPSS
26.0, and the reliability and validity of the data are ana-
lyzed by Student’s t-test (Bowden et al. 2018). A total of
250 questionnaires were distributed within the enterprise,
and 206 questionnaires were recovered, with an effective
recovery rate of 96.35%. The way of field research mainly
inquires the main managers of different information man-
agement departments.
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The reliability of the questionnaire survey results, or, the
stability or reliability of the measurement results, refers to
the degree to which the results obtained by repeated mea-
surement of the same object with the same method are
consistent with the previous measurement results, namely
the degree to which the test method is not disturbed by
random errors. Validity, or the accuracy and authenticity,
refers to the degree to which the measurement tools or
means can accurately measure the things to be measured.
The Cronbach coefficient is used in the degree analysis.
The Cronbach coefficient Cronbach a measured here is
0.8969 > 0.4, close to 1, indicating that the correlation
between the questionnaire data is high and the reliability is
high. The validity value Kaiser—-Meyer—Olkin (KMO) is
0.8765 > 0.6, indicating that the questionnaire results are
more accurate and reliable.

3.2 System demand analysis

Results of field visits are analyzed, revealing some sig-
nificant problems in the current HRM information systems.
Moreover, different departments have varying require-
ments for the information system. First, the system must
meet the economic feasibility. The purpose is to reduce the
expenditure in the HRM process, realizing a paperless
office. During analysis, it is necessary to consider various
aspects such as requirements, system development, system
operation, and system maintenance to reduce investment
and development costs. Secondly, it needs to be technically
feasible. HRM systems developed by other scholars are
analyzed; on this basis, the following development tools
are determined: the browser/server (B/S) architecture (Ma
et al. 2019), the model-view—controller (MVC) develop-
ment model, and the Oracle database for data storage
(Almeida et al. 2019). Hence, the system needs to have
good compatibility. At the technical level, the difficulty is
reduced, which is conducive to the development, testing,
and later maintenance of the system. Finally, the system
needs to be professional and efficient in operation. In daily
works, it is necessary to send professional technical per-
sonnel for the maintenance work. In the meantime, it is
necessary to formulate corresponding emergency plans
according to various possible problems and conditions to
improve work efficiency (Samsai et al. 2018). The actual
working environment and demands of current enterprise
managers are understood; afterward, the HRM system is
finally divided into 5 modules, namely login management
module, organization development module, personnel team
management, contract information management, and
logistics service guarantee. The detailed functional divi-
sions of the five modules are summarized in Fig. 1.
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3.3 System design and development

As per the above demands and corresponding modules, an
enterprise HRM information framework is constructed, as
shown in Fig. 2. This framework includes four layers. The
presentation layer displays the login interface of different
user managers; the business logic layer stores and collects
different businesses reasonably; the data access layer
handles data processing and simple calculations; the data-
base implements the docking and sharing of data between
different users (Margatama 2017). This system adopts the
B/S architecture. The operator only needs to log in with a
browser when the computer is connected to the Internet and
follow the prompts to operate.

The login module: users must fill in the usernames and
password correctly and check the input information care-
fully to ensure the consistency of the input. After con-
firming the submitted information, the system performs the
retrieval function, looking for the same information as the
input data in the database. Once the information is
retrieved, users can log in to the system smoothly. The
detailed login steps are summarized in Fig. 3A. Organi-
zational development module: organizational development
management deals with the structural relationship between
personnel, involving position management, workability
efficiency management, and department management.
Personnel working in the unit can inquire about their
information through the system, such as the affiliation,
departmental system status, the network of personnel in
which they are located, and the type of work information.
The organization management operation is taken as an
example in the organization development module, and the
flowchart is presented in Fig. 3B. Personnel management
module: the human resources department manages the
personnel. There are lots of operations to manage the
personnel, such as observation period processing, trainee
management, formal employment management, leaving
and retirement management, and job change management.
The flowchart of internal job change management is shown
in Fig. 3C. Contract management module: contracts and
agreements require general management operations, such
as signing contract agreements, changing contract agree-
ments, handling expired contract agreements, rescinding
contract agreements, viewing contract agreements, main-
taining contract agreements, and managing contract change
records. The flowchart of processing expired contract
operations is illustrated in Fig. 3D. Logistic management
module: the functions are interrelated and affect each other.
Users can change one item and also change the attribute
operations of other items. Each function module can update
the system information in time, which is an advantage
(Anwar and Riyanto 2019; Paredes et al. 2018).
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The Oracle database manages this system. The design of
the system serves human resources to manage information
better. Therefore, the database plays a major role in the
working process of the system, and the reliability of the
system is greatly affected by the database. Therefore, the
common entity—relationship (E-R) diagram is used to
accurately explain the database. The overall E-R of the
system is demonstrated in Fig. 4.

3.4 Meta-heuristic algorithm optimization

Meta-heuristic algorithms can deal with complex problems
and find the optimal processing approach from multiple
implementation routes, which is feasible in solving prob-
lems in the HRM system (Jahannoosh et al. 2021). The

system structure is designed using the genetic algorithm
(GA). Due to the single-point search of the algorithm, the
transmitted individuals should be set to a smaller amount.
The adaptive design is adopted, and the specific equation is
as follows:

. popsizeTS
mize =
popsizeTS * A x exp(1 — g)/(max +1 — g)

(1)

In (1), N represents the interval of the grading function,
A denotes the fixed coefficient, max describes the maxi-
mum evolutionary algebra, g represents the number of
transfers, and popsize TS denotes the number of popula-
tions. The particle swarm optimization (PSO) algorithm is
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Fig. 3 Workflows of different management modules (A. detailed login steps; B. flowchart of organization management operation; C. flowchart of
internal work change management; D. flowchart of processing expired contracts)

employed to collect and sort out the data. First, the parti-  particle swarm will be expressed as the time for each step
cles are coded. Before a decision is made, particles in the  and its priority. Then, the fitness value of the function is
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obtained, and the position of each particle is expressed as a
decision. The PSO algorithm is improved, and the inertia
weight in the algorithm is optimized. The state equation is
as follows:

2
W = Wimin + (Wmax — Wmin) X €Xp l_m( ¢ > 1 (2)
tmax

In Eq. (2), m is the control factor for controlling the
smoothness of the change curves w and t, whose value is 3.
Wmax Tepresents the maximum value of inertia weight, wi,
denotes the minimum value of inertia weight, Wiax — Wimin
means the difference between the extreme values of inertia
weight, and #,,x refers to the maximum iteration time. To
prevent the particles in the population from stagnation in
the iteration process, a mutation mechanism is added in the
whole process of the algorithm, if it occurs before the
algorithm stops. In case of stagnation, mutation treatment
shall be carried out. The specific calculation is as follows:

if(x:(¢)) = xi(t — 1) = x;(t — 2) = x;(t — n) and x;(r # )
(3)
then x;(t +m + 1) = xpin + rand (0, 1) X (Xmax — Xmin)
(4)
where x; represents the population at any time, ¢ is the
iterative time, 5 refers to the minimum value of the fitness

function in the whole population, the maximum number of
iterations allowed to stagnate, and (Xmax — Xmin) denotes

the search range. Set the maximum number of iterations to
1500, the number of runs of the algorithm to 20, and take
the average value as the final result. Hardware environ-
ment: CPU: Intel R) core (TM)2DuoC-
PUE8400@3.00 GHz; memory: 2 GB DDR3 1066 MHz,
hard disk: 320 GB SATA, graphics card: GeForce GTX
460, quantity: 3. Software environment: operating system:
Linux, windows 10, browser: Microsoft IE8, Mozilla
Firefox, Google browser.

4 Results and analyses
4.1 Current status of information system

Figure 5A illustrates the age distribution of HRM in the
enterprise, and Fig. 5B indicates the education distribution
of HRM in the enterprise. Managers are generally older,
accounting for 60% over the age of 40, while only 25%
under the age of 35. Human resource managers generally
have long working years and poor acceptance of new
knowledge.

The educational level of management personnel is low,
and the educational level of bachelor degree or above
accounts for only 15%. The educational level of most
personnel is at the college level. With the continuous
improvement of the demand for the cultural level of talents,
the professional quality level of human resources
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management personnel in the enterprise has been far from
meeting the requirements.

Figure 6A signifies the training of personnel of the
enterprise, and Fig. 6B illustrates the attitudes of different
management levels of the enterprise toward the HRIS. The
proportion of personnel receiving system education is less
than 50%.

Most human resources still rely on past work experience
to complete their daily work. Most of the respondents think
that they can meet the requirements, with a proportion of
70%, especially the top management. The company exec-
utives have a certain understanding of informatization.

As shown in Fig. 7, Fig. 7A displays the investigation
results of the reasons for the low efficiency of the existing
management information system, and Fig. 7B presents the
implementation effect of human resources informatization.
The imperfect function is the main factor affecting work
efficiency, accounting for 86.7%.

According to the feedback of employees on the imple-
mentation effect of human resources informatization, they
generally feel that the improvement effect of personnel
data management is obvious, greatly improve work effi-
ciency, and the scores of recruitment system, training
system and performance system are generally low. There-
fore, the work of the enterprise in this field needs to be
further improved.

As shown in Fig. 8, Fig. 8A shows the survey results of
module application and Fig. 8B signifies the efficiency of
personnel affairs management module. The use of the
enterprise human resources management information sys-
tem module is not ideal, and only the utilization rate of
personnel affairs management module barely meets the
requirements. Less than 45% of them actually use per-
sonnel affairs management as a tool for daily work.

oot en el people

l.\

Fig. 5 Age and educational background distribution of HRM in the

educational background distribution of HRM in the enterprise)
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Although the utilization rate of personnel affairs man-
agement is very high, it is rare to deal with human
resources affairs. Most of them are supplemented after the
event, and some are not even recorded. It directly leads to
the untimely update of personnel file information of the
enterprise, which is not conducive to the unified scheduling
of personnel by the enterprise.

4.2 Model performance comparison

Figure 9 presents the performance comparison results of
different algorithms.

As shown in Fig. 9, Fig. 9A illustrates the relationship
between the objective function value and work events
under given resource conditions, Fig. 9B denotes the
relationship between CPU time and workpiece events,
Fig. 9C signifies the relative optimization percentage
results of CPU (central processing unit) time, and Fig. 9D
presents the processing time results under different events.

It is not difficult to find that with the increase in the
number of events, the solution time of the objective func-
tion is increasing. When the number of events is greater
than 5, the system time increases sharply, resulting in the
rapid acceleration of the CPU processing speed. However,
the optimization percentage of the objective function value
is generally low, no more than 5%. This shows that there
are some limitations in simply relying on the improved
heuristic algorithm to find a better solution, but it also
shows that the initial solution obtained by the algorithm has
room for further optimization.

The objective function value and optimal curve under
different events and different algorithms are shown in
Fig. 10:

As shown in Fig. 10, Fig. 10A shows the objective
function values of different algorithms under 6 events,
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enterprise (A. the age distribution of HRM in the enterprise; B. the
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Fig. 10B denotes the objective function values of different
algorithms under 12 events, Fig. 10C reflects the objective
function values of different algorithms under 24 events,
and Fig. 10D displays the variation curve of the optimal
objective function value of the current iteration with the
number of iterations. The optimal solution ability of the

algorithm is improving with the increase in the number of
events. Besides, it decreases with the increase in the
number of iterations, and all converge in about 80 gener-
ations, which just reflects the process of intelligent search
optimization of PSO algorithm.
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Fig. 9 Performance comparison results of different algorithms (A. the
relationship between the objective function value and work events
under given resource conditions; B. the relationship between CPU

It shows that after the number of iterations, the pher-
omone of the better solution continues to strengthen, so
that the search gradually converges to the attachment of the
better solution, so that the curve shows a relatively
stable trend. The optimization efficiency of this model
reaches 86.35%; under the same number of iterations, the
system can find the optimal solution in a shorter time,
which is more efficient than the existing research results in
this field.

4.3 information clustering effect

As shown in Fig. 11, Fig. 11A illustrates the employee
performance data before clustering and Fig. 11B shows the
employee performance data after clustering. After cluster-
ing by our system, there are 8 abnormal data and 92 normal
data in the right figure, and the accuracy rate of employee
performance reaches 92%
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result of CPU time; D. the processing time result under different
events)

The results show that most of the performance data are
effective, and the density around the core points is almost
scattered. Eight outliers exist as noise, and the serial
number of noise data will be returned after clustering, so it
can correspond to the number of abnormal data. Therefore,
the system can find the corresponding employee number
and related information in the database. In the HR manager
interface, the employee number with abnormal data will be
prompted to change or maintain employee performance
data. The subsequent data analysis eliminates the occur-
rence of abnormal conditions and provides an additional
layer of insurance measures for the construction of charts
such as performance structure chart, which is consistent
with the existing research results in this field.
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5 Conclusion

A company is taken as an example, based on full investi-
gation, what is found are the problems existing in the
current human resource information management system.
Through analyzation of its needs in HRM, relevant systems
are developed, and construction is realized on an intelligent
enterprise HRM information system by using java pro-
gramming language, web application system and B/S
framework. Aiming at the complexity of enterprise HRM,
the meta-heuristic algorithm is used to optimize the human
resource optimal scheduling module. As a result, the sys-
tem is finally realized. After the system clustering in this
paper, the accuracy rate of employee performance reaches
92%. The practical significance of the research is that
compared with the current research status of algorithms in
HRM system, it is found that our proposed algorithms and
systems have certain advantages, which can effectively
improve the company’s HRM level and HRM develop-
ment, and have reference significance.

Although the corresponding management system is
designed and developed, there are still many problems:
first, carrying capacity of this system is limited. When the
system is too busy, it will lead to a decline in response
speed, which will seriously affect the use satisfaction of
enterprises. Besides, with the continuous increase in
enterprise data, the system has a certain degree of delay. In
the future, the algorithm of deep learning neural network
will be adopted to improve the data processing efficiency
of the system through cloud computing or edge computing.
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