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Abstract – The selection of military personnel
through the recruitment stage must be under planning.
The calculation in this study uses the Markov Chain
method with an error calculation which is the result of
a comparison with the conditions of the number of
recruits in the previous period so that the error value is
known and can be used in the next period using a
computerized system. This study provides an
alternative to determining the error value in predicting
the number of recruits more easily and based on
previous data by considering various aspects, such as
rank, expertise, and job criteria required.
Keywords – Markov Chain, recruitment, military
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1. Introduction
Having personnel who can fill various positions in
military organizations according to their fields and
expertise,
can
support
the
organization's
development. The demands in the defense and
security field have become increasingly complex, so
various methods of personnel recruitment are needed.
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It can use to support obtaining skilled, highly
motivated, and loyal personnel, and the other
problems are not easy, with more opportunities for
young generations to have a career in other fields. [1]
In its development, personnel with the same
qualifications will be different when it relates to
assignment experience, education, skills, and talent
development from the personnel themselves, and
become affect the placement of positions. [2] In this
case, the military sector must also have a conceptual
framework, with the integration of the various parts
contained in it, including the recruitment section in
the field of human resources. [3] Determination of
recruitment is part of the task of the Human
Resources Department, which also contributes to the
evolution
or
development
of
the
organization/company, so that with the use of
information technology, both in planning and
determining career patterns, it will be able to change
automatically dynamically based on the results of
calculations on the system used depending on the
input data. [4]
A personnel career begins with recruitment which
is carried out by fulfilling various aspects that have
been determined because personnel are the most
valuable asset and can provide a competitive
advantage. [5] Recruitment is carried out based on
personnel planning, by covering several areas to fill
the shortage of personnel in several existing corps.
However, recruitment is also carried out at several
levels of rank, which is an early imprint in one's
military career. The implementation of recruitment is
strongly influenced by the number of vacant
positions, with the adjustment of expertise in it. If the
recruitment is carried out in general, coming from the
high school level, then the next stage will be
categorization, based on the corps, education, and
expertise that has been provided during early military
education and experience from assignments, so those
appropriate assignments can be carried out and in
accordance with the abilities of each military
personnel. [3]
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2. Literature Review
Personnel recruitment planning and the complexity
of the procedures carried out are influenced by the
nature of the military organization and the positions
to be filled. In addition,a good and precise analysis of
personnel needs must be carried out in order to
achieve efficiency.[6] In addition,the program plans
in the recruitment strategy used in the recruitment
process must also be prepared properly,because, in
the end, it will affect the quality of the performance
of the organization which depends on the quality of
personnel.[5]

development, the Markov Chain method has been
used on systems in the various calculation according
to user needs, which can see in Table 1.
Table 1. The use of Markov Chain Method in several fields
LITERNO.
ATURE

1.

[15]

2.

[16]

2.1. Recruitment Personnel
The recruitment process is an effort to find
potential personnel/employees, armed with certain
skills/expertise, abilities, and personal characteristics
possessed to fill vacancies in an organization. [5][7]
At the planning stage of the recruitment process,
there must be a determination of the requirements for
potential candidates, which are tailored to the tasks to
be performed. In addition, there must also be a
description of the work offered, such as the scope,
position, main tasks, education, skills, and
responsibilities.[8]The planning process is also an
effort to place the workforce in the right position, in
the right number, so that it can provide good
performance and provide benefits to the organization
in the long term. [9] [10]
2.2. Markov Chain Method
The Markov Chain method is a model that can be
used in various practical problems and for
applications in the fields of telecommunications,
informatics, economics, and engineering, also can be
combined with other methods.[11] In the field of
organizational management, the Markov Chain
method has been widely applied, including in terms
of promotions, demotion in ranks, or career
development paths. It also helps calculate the
manpower needs.[9] For inference on high data sets,
it is a challenge in big data management, but it can
use the Markov Chain Monte Carlo (MCMC)
algorithm.[12] The Markov process is processed in
the form of classical mechanics with analogs
probabilistic, and developments for future predictions
that can be determined by current conditions.[13]
Calculations in the implementation of recruitment
must be appropriate, because it influences the
development of the military organization itself, for
example, the problem of personnel accumulation at a
point at a certain rank. The number of personnel will
reflect how well the personnel career pattern is
handled, as well as support the implementation of
tasks consisting of various missions.[14] This study
uses the Markov Chain method which has been used
in previous studies for prediction and calculating the
number of personnel needed. In addition, in its
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3.

[9]

4.

[17]

5.

[18]

6.

[19]

7.

[20]

8.

[21]

RESULTS
Analysis calculation
of the effect of oneway model
substitution
conditions on the
inventory system
influenced by
policies on the
ordering process.
Using Markov Chain
applications in the
Management,
Mathematics
Education, and
Artificial
Intelligence.

RESEARCH
DEVELOPMENT
SUGGESTIONS/DE
SCRIPTION
The addition of lead
time with positive
conditions (ex.
stochastic) in the
analysis with a better
describe the reality
condition.

Review papers.

Research
development by
including controls in
the recruitment
predictions
calculation with case
examples.
Using optimization
methods for more
Predictive
comprehensive
calculations for
producing better
inventory demand.
BPA (Basic
Probability
Assignment) values.
Research with a
longer time and
access to complete
information.
Conduct workforce
Calculations on
planning that focuses
probabilities must
on internal needs for
use sufficient data to
human resources.
minimize the
difference between
the predicted results
and the actual data.
Using a population
The forecasting and
size should be more
estimation of
appropriate so not
infectious diseases
difficult to identify
parameters.
convergence.
The daily rainfall
behavioral
Using the results of
conditions analysis
this study to calculate
with meteorological the temporal and
data stations in the
spatial variability
state of Paraiba,
analysis of rainfall.
Brazil.
The impact of using
The prediction of
coal on its relation to
coal consumption in
the environment, and
Gansu Province,
the predictions of the
China using the gray
use of energy
Markov method.
according to the
The recruitment
predictions
calculation at the
Uyo University at
Nigeria.
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9.

[22]

proportional demand
for coal.
With very diverse
climatic,
geographical and
topological
Calculation of
conditions, the
probability values
potential for natural
for periods of natural disasters that occur is
disasters, which
also diverse,
include probability
including
values for floods,
earthquakes,
landslides, and
tsunamis, and
hurricanes.
hydrometeorological
disasters such as
droughts, tsunamis,
floods, fires,
typhoons, and others.

As for the calculation of errors, there are studies
that use various methods according to the needs of
the research, it can be seen in Table 2 that various
forms of error calculations in the Markov Chain
method for various needs.

4.

[19]

5.

[26]

Table 2. Calculation of errors in the use of the Markov
chain method in previous studies
LITERNO.
ATURE

1.

[23]

2.

[24]

3.

[25]

1726

RESULTS
The estimation
number of
personnel shifts
that including
large
companies with
complex staff
and the need
for the number
of human
resources that
can be
recruited, using
the grayMarkov Chain
method, and
compare the
error rate with
the actual data.
Calculation of
the
approximate
error in pricing
European
options on the
class jump
model
originating
from diffusion
through
subordination
that can occur
in financial
applications.
Using the
method to

RESEARCH
DEVELOPMENT
SUGGESTIONS/DESCRI
PTION

Use this method to guide
human resource
professionals and
business managers.
6.

[27]

inverse
hydrogeophysic
s problems with
Bayesian
solutions with
identification
and elimination
of component
error residues
through a
projectionbased
approach.
Using bias,
RMSE (root
mean square
error), and
coverage in the
assessment of
the fit model.
Bias and
RMSE are
based on the
proportional
error as a form
of log ratio.
Is modeling for
errors on
communication
channels by
testing through
data errors on
IEEE802.11a
based on an
OFDM
(Orthogonal
Frequency
Division
Multiplexing)
system.
Compared with
other models in
the error rate, it
is concluded
that the Markov
model
algorithm has
the highest
accuracy rate
and the lowest
relative error
rate.

methodology in particular
on other inverse
problems, as well as
contexts for other
iterative inversion
techniques.

Use of Bayesian Prior
suitable for use in real
applications.

Implementation of the
method with a case of
small samples.

Markov's model to build
a smarter system in
human resource
management.
As well as using more indepth and accurate
predictive analysis on
personnel, thus providing
a better analysis as a
basis for decision making
in human resources in
future family businesses.

3. Calculation Model in Recruitment
Development and use for
classes in other jump
models with different
representations to get a
sharper level of
convergence.

Application development
by testing this

In carrying out the calculation of recruitment, the
Markov Chain method will be combined directly by
entering the length of service and other error factors.
For the error variable, it can consist of death either
due to an accident in service or illness and other
causes, as well as early retirement that was not taken
into account previously, also including being
dishonorably or respectfully issued related to
problems faced by personnel. The determination of
the error value, which is adjusted to the comparison
of real conditions in the previous years, will make the
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calculation method easier, especially if the aspects
that become the error variable do not have clear data
values.
3.1. Calculations with Markov Chain
In the Markov Chain method, there are several
conditions that must be met, namely: (1) the sum of
the transition probabilities in an initial state has a
value equal to 1, and (2) the probability conditions
will apply to all data in the system, (3) the
occurrence of probability transition is always
constant, (4) conditions are independent.[28]
Markov chain is a form of a mathematical model
using a probabilistic method, with a stochastic
process. By characterizing a series of experiments
that depend on the results of the last previous
experiment. From this situation, a calculation process
will be carried out to move to another state. So, if a
state is in position si, then it will move to position sj
in the next state. Then there is a transition probability
denoted Pij, and there is no dependence on the
probability state of the last state.[29]
There is a conditional opportunity that exists in a
process if it is in a state i to j after an n-step transition
occurs, then it becomes:[28]
𝑃

𝑃 𝑋

𝑗 |𝑋

𝑖

------------

= 0, applies to all i and j with
n = 1, 2, 3, ….. -------------

∑

𝑃

(2)

1, applies to all i with

n = 1, 2, 3, ….

-----------

(3)

----------------

(4)

3.2. Calculation with Error Condition
For the number of personnel who are not included
in the calculation of the transition matrix, before
entering the calculation of the transition matrix, the
calculation of the risk of errors that can affect the
final result of determining the number of recruitment
is carried out first. The risk of errors that occur
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2019

2020

2021

2022

2022

2022

2022

2022

20,265

405 411 410 405

4,053
2,026

Figure 1. Error prediction comparison
Table 3. Comparison of error prediction
MANUAL DATA

ERROR PREDICTION
2022
2019 2020 2021
0.001 0.005 0.01
0.05
0.1
405 411 410
405 2,026 4,053 20,265 40,529

𝑏
𝑏

So that when n = 1, then it becomes
P=𝑃

40,529

(1)

If a time from t in the stochastic process is in state
i (Xt, with t = 0, 1, 2, 3, ….), then this state is Xt = i.
To meet the conditions for the probability of being
non-negative on a state change, the following
properties must be met:
𝑃

includes several things, in particular the risk of losing
personnel due to various things, in this case, such as
entering retirement, passing away, and taking early
retirement. The category of taking early retirement is
a condition in which personnel applies to quit their
service before retirement age, influenced by several
aspects, namely health, work, finances, and
family.[30]
Thus, in this study, an error (∈) value of 0.001 was
used, because, after the testing process, it was closer
to the final result in the conditions according to
reality when compared to the results of manual
calculations. It can be seen in Figure 1, the
comparison of error value with manual calculations.
By using a simple linear regression formula called
the LSE (least squares estimators), namely:[31]

∑

------------ (5)

∑

𝑌

𝑏𝑋

∈

-------------- (6)

where
X is the independent variable(s), predictor or
covariate(s)
Y is the dependent variable(s), and the response
b1 and b0 are undefined variables called regression
coefficients
b0 can be called intercept (value of EY when X = 0);
b1 is a variable that shows a change from Y on
average when X increases one unit
∈ is the error variable
At this stage, the forecast for the number of
recruitments in the following year known. The results
can change every year depending on the valuable
data.
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4. Discussion

Table 7. Matrix Personnel addition period 2019-2021

In this example, the calculation using the Markov
Chain method, with six states and carried out at the
strata level from high officers to enlisted, with a
result to predict the number of recruits for the
following year, even though the number used is not
the actual number of existing personnel.
There are several stages in the calculation, namely:

No.



Determine the number and composition of
personnel lists

Table 4. Shows the total number of personnel in the
previous years

1
2
3
4
5

Periods
2019
2020
High Officer
7.436
7.503
Middle Officer 101.797 102.194
First Officer
45.621 46.344
Noncommissioned 130.833 131.816
Officer (NCO)
Enlisted
109.063 110.304
Total
394.750 398.161

Total
2021
7.581
22.519
102.567 306.558
47.187 139.152

111.629 330.996
401.803

High Officer

2019
59

Periods
2020
67

2021
78

2

Middle Officer

356

397

373

1,126

3

First Officer
Noncommissioned
Officer (NCO)
Enlisted

824

723

843

2,390

937

983

1,023

2,943

1,121

1,241

1,325

Total

3,297

3,411

3,642

1

4
5

0,28

0,29

0,28

0,28

0,34
1,00

0,36
1,00

0,36
1,00

0,36
1,00

Total
0,02
0,11
0,23

 Calculation of the total recruitment forecasting
coefficient value for the following year

Total
Y(x) personnel
394.750

xY(x)

x2

2019

Period
(x)
1

394.750

1

2020

2

398.161

796.321

4

2021

3

401.803

1.205.408

9

Total

6

1.194.713

2.396.479

14

Total
204

3,687

 Performing personnel
calculations

The matrix for the addition of personnel is shown
in Table 7, this matrix will change as the period of
the following year progresses.

recruitment

forecasting

From the coefficient values b1 and b0, then the next
year recruitment forecast is calculated, the error
value used 0.001, using the formula :
𝑥

𝑏

𝑏 .𝑡

𝑏

𝑏 .𝑡

∗ 𝐸𝑟 ----- (7)

Adjustment of error level based on the reduction in
the number of personnel from the previous year
which manually calculated. FIGURE 1 shows a
comparison of the error values for several values so
that using an error value of 0.001. Table 9 shows the
prediction of the number of additional personnel to
replace the reduced personnel. The value-added in
2023 and beyond will readjust to the actual data in
2022 and beyond.
Table 9. Forecasting the total recruitment period for the
following year
Year

1728

2021
0,02
0,10
0,23

132.839 395.488

Table 6. Additional personnel period 2019-2021
Category

5

Year

Table 6 shows the addition of personnel each year
in the rank category, to form a matrix in predicting
the increase in the number of personnel in the
following year period in each of the existing rank
categories.

No.

4

Periods
2020
0,02
0,12
0,21

Table 8. Calculation by linear regression method

Table 5. The composition of the number by rank
personnel from 2019 to 2021
Category

High Officer
Middle Officer
First Officer
Noncommissioned
Officer (NCO)
Enlisted
Total

2019
0,02
0,11
0,25

Calculation of determining the value of the
coefficients b1 and b0 based on the values contained
in Table 8, using a simple linear regression formula,
then found the value of b1 = 3,527 and b0 = 391,185.

Year Number of personnel
2019
394.750
2020
398.161
2021
401.803

No.

1
2
3

Category

2022
2023
2024

No error
405.291
408.817
412.344

Number of forecasts
Additions
Total recruitment
for errors
405,29
405.696
408,82
409.226
412,34
412.756
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 Calculate the details of personnel recruitment
At this stage, the calculation uses the transpose
transition probability matrix obtained from the
transition probability matrix from state 1 to state 5.
Table 10 shows how the transition probability matrix
becomes a transpose transition probability matrix.
Table 10. Transformation of transition probability matrix
into transpose transition probability matrix
R

5

R

1

2

3

4

5

C
1 1,00 0,00 0,00 0,00 0,00
2 0,00 1,00 0,00 0,00 0,00
3 0,00 0,01 0,99 0,00 0,00
4 0,00 0,00 0,01 0,99 0,00
5 0,00 0,00 0,00 0,01 0,99

1

2

3

4

C
1
2
3
4
5

1,00
0,00
0,00
0,00
0,00

0,00
1,00
0,00
0,00
0,00

0,00
0,01
0,99
0,00
0,00

0,00
0,00
0,01
0,99
0,00

0,00
0,00
0,00
0,01
0,99

After that, calculations carried out based on the
composition of personnel numbers in the previous
years. It will show the personnel composition at the
end of 2022 and the number of personnel for each
rank category that recruits in 2022.
Table 11. Forecasting the number of personnel before the
addition in the year 2022
R

Personnel
2021

Personnel
2022

From
the
1 1,000,000,000,000,00
7.581
7.649
results
2 0,001,000,010,000,00 X 102.567
of
the
102.889
matrix
3 0,000,000,990,010,00
47.187 = 47.606
calculati
4 0,000,000,000,990,01
132.839
132.867
on,
it
5 0,000,000,000,000,99
111.629
110.634
found
that the number of existing personnel in 2022 at the
number before the addition of personnel. When
compared with the number of personnel forecasting
based on the calculation of the personnel forecasting
coefficient value, there is a difference of total 4,051
personnel.

C

1

2

3

4

5

 Calculate the breakdown of the overall number of
personnel forecasters in 2022
Based on the forecasting calculation and the details
of the number of additional personnel in 2022, the
composition of the total number of personnel
founded.
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Table 11. Forecasting the number of personnel and
addition in the year 2022
Forecasting
Number of
State Category Personnel
before
addition
High
1
7,649
Officer
Middle
2
102,889
Officer
First
3
47,606
Officer
Noncommis
4
sioned
132,867
Officer
(NCO)
5
Enlisted
110,634
TOTAL

401,645

Number of
Personnel
Addition
based on
Matrix

Number of
Personnel and
Additions in
the year 2022

80

7,729

441

103,330

935

48,541

1,152

134,019

1,443

112,077

4,051

405,696

In addition, the use of this error rate also reduces
the matrix calculation for the state of personnel
reduction. With the implementation of this
calculation pattern, it will be able to help the
personnel department to determine the number of
personnel recruitment, both for initial recruitment
personnel and determining the number of personnel
who must promote to the next rank or class.
5. Conclusion
Determination of military personnel recruitment
must have the correct calculation and error rate. It
can assist the organization in recruiting, which
affects the personnel positions and throughout the
personnel career until termination or retirement. This
calculation can more detail in determining the
recruitment of military personnel, such as at the level
of rank, type of corps, expertise, and others
according to the need for the development of military
organizations. The use of the Markov Chain Method
with adjustments to errors in this research, in the
personnel recruitment planning, can provide
predictions with results closer to reality, even in this
research used data sample for the calculation.
Following the data calculated in the previous period,
adjustments were made with simple calculations and
can easily be applied. However, it is important to
develop the calculation method for other needs in the
field of personnel that are simple and easy to
implement. It is important because the military
organization continues developing according to the
needs of operations and tasks.

1729

TEM Journal. Volume 11, Issue 4, pages 1724 ‐1731, ISSN 2217‐8309, DOI: 10.18421/TEM114‐38, November 2022.
References
[1]. Grigorov, G., & Spirdonov, S. (2018, June). Research
on the motivation for choosing the military career.
In International Conference of Knowledge-Based
Organization, 24(1), 302-307.
https://doi.org/10.1515/kbo-2018-0048
[2]. Staniland, P., Naseemullah, A., & Butt, A. (2020).
Pakistan’s military elite. Journal of Strategic
Studies, 43(1), 74-103.
https://doi.org/10.1080/01402390.2018.1497487
[3]. Setyaningrum, L., Supangkat, S. H., Warnars, H. L.
H. S., Abraham, J., & Abdurachman, E. (2020,
November). Personnel System Development with
Integrated Military Education Information System
(MEIS) in Supporting the Personnel Position and
Career. In 2020 International Conference on ICT for
Smart Society (ICISS) (pp. 1-8). IEEE.
https://doi.org/10.1109/ICISS50791.2020.9307577
[4]. Dhamija, P. (2012). E-recruitment: a roadmap towards
e-human
resource
management. Researchers
World, 3(3), 33-39.
[5]. Oaya, Z. C. T., Ogbu, J., & Remilekun, G. (2017).
Impact of recruitment and selection strategy on
employees performance: A study of three selected
manufacturing companies in Nigeria. International
Journal
of
Innovation
and
Economic
Development, 3(3), 32-42.
https://doi.org/10.18775/ijied.1849-75517020.2015.33.2003.
[6]. Wolniak, R. (2018). Methods of recruitment and
selection of employees on the example of the
automotive industry. Zeszyty Naukowe. Organizacja i
Zarządzanie/Politechnika Śląska, 2018(128), 475483.
https://doi.org/10.29119/1641-3466.2018.128.35
[7]. Abdullahi, U. U., & Madaki, A. M. (2018). The
Influence of Planning and Recruitment as Human
Resource
Management
Practices
on
Sport
Development in Tertiary Institutions of Kano State.
Journal of Research in Health and Sports Sciences,
17(1), 34–52.
[8]. Kuryło, P., Idzikowski, A., Cyganiuk, J., &
Paduchowicz, R. (2019). Recruitment, selection and
adaptation of staff in enterprise. System Safety:
Human-Technical Facility-Environment, 1(1), 10201027. https://doi.org/10.2478/czoto-2019-0129
[9]. Ezugwu, V. O., & Ologun, S. (2017). Markov chain:
A predictive model for manpower planning. Journal
of
Applied
Sciences
and
Environmental
Management, 21(3), 557-565.
https://doi.org/10.4314/jasem.v21i3.17
[10]. Igbinosun, L. (2020). Analysis of manpower system
using multi-absorbing states Markov chain Analysis
of manpower system using multi-absorbing states
Markov chain. International Journal of Statistics and
Applied Mathematics, 5(2), 92–99.
[11]. Bányai, T., Landschützer, C., & Bányai, Á. (2018).
Markov-chain simulation-based analysis of human
resource structure: How staff deployment and staffing
affect
sustainable
human
resource
strategy. Sustainability, 10(10), 3692.
https://doi.org/10.3390/su10103692

1730

[12]. Bardenet, R., Doucet, A., & Holmes, C. C. (2017).
On Markov chain Monte Carlo methods for tall
data. Journal of Machine Learning Research, 18(47),
1-43.
[13]. Nastase, A., Comandaru, A. M., Stanescu, S. G.,
Peichea, M., Coman, D. M., & Ionescu, C. A. (2019).
Statistical prediction using to forecast the theory of
Markov chains. Journal of Science and Arts, 19(2),
415-424.
[14]. Setyaningrum, L., Suparta, W., Trisetyarso, A., &
Abbas, B. S. (2020, March). Development of
Education Information System in Personnel
Deployment. In 1st International Multidisciplinary
Conference on Education, Technology, and
Engineering (IMCETE 2019) (pp. 341-344). Atlantis
Press. https://doi.org/10.2991/assehr.k.200303.082
[15]. Deflem, Y., & Van Nieuwenhuyse, I. (2011). A
discrete time markov chain model for a periodic
inventory system with one-way substitution. Available
at SSRN 1868085.
https://doi.org/10.2139/ssrn.1868085
[16]. Voskoglou, M. G. (2016). Applications of finite
Markov chain models to management. arXiv preprint
arXiv:1601.01304.
[17]. He, Z., & Jiang, W. (2017). A new belief Markov
chain model and its application in inventory
prediction. International Journal of Production
Research, 1–18.
https://doi.org/10.1080/00207543.2017.1405166.
[18]. Li, P., Liu, F., & Li, C. (2018, February). Markovbased forecasting model for enterprise human
resources internal supply. In 2018 International
Conference on Computer Science, Electronics and
Communication Engineering (CSECE 2018) (pp. 427430). Atlantis Press.
[19]. Li, M., Dushoff, J., & Bolker, B. M. (2018). Fitting
mechanistic epidemic models to data: A comparison
of
simple
Markov
chain
Monte
Carlo
approaches. Statistical
methods
in
medical
research, 27(7), 1956-1967.
[20]. da Silva Jale, J., Júnior, S. F. A. X., Xavier, É. F. M.,
Stošić, T., Stošić, B., & Ferreira, T. A. E. (2019).
Application of Markov chain on daily rainfall data in
Paraíba-Brazil from 1995-2015. Acta Scientiarum.
Technology, 41, e37186.
https://doi.org/10.4025/actascitechnol.v41i1.37186
[21]. Jia, Z. Q., Zhou, Z. F., Zhang, H. J., Li, B., & Zhang,
Y. X. (2020). Forecast of coal consumption in Gansu
Province
based
on
Grey-Markov
chain
model. Energy, 199, 117444.
https://doi.org/10.1016/j.energy.2020.117444
[22]. Novianti, A., & Utari, D. T. (2021). Implementation
of Markov Chain in Detecting Opportunities for
Natural Disasters in Klaten (Case Study: Number of
Floods,
Landslides,
and
Hurricanes
20192020). Enthusiastic: International Journal of Applied
Statistics and Data Science, 58-67.
https://doi.org/10.20885/enthusiastic.vol1.iss2.art2
[23]. Du, W. Y., & Li, S. (2015, July). Application of
Markov model in human resource supply forecasting
in enterprises. In 2015 International Conference on
Computational Science and Engineering (pp. 151156). Atlantis Press.

TEM Journal – Volume 11 / Number 4 / 2022.

TEM Journal. Volume 11, Issue 4, pages 1724 ‐1731, ISSN 2217‐8309, DOI: 10.18421/TEM114‐38, November 2022.
[24]. Li, L., & Zhang, G. (2017). Error Analysis of Finite
Difference and Markov Chain Approximations for
Option Pricing. Forthcoming in Mathematical
Finance, 1-43. https://doi.org/10.1111/mafi.12161
[25]. Köpke, C., Irving, J., & Elsheikh, A. H. (2018).
Accounting for model error in Bayesian solutions to
hydrogeophysical inverse problems using a local basis
approach. Advances in Water Resources, 116, 195207. https://doi.org/10.1016/j.advwatres.2017.11.013
[26]. Kordnoori, S., Mostafaei, H., & Behzadi, M. H.
(2019). Testing The Order of Markov Dependence in
Error Data of IEEE802. 11a Standard. Pakistan
Journal of Statistics and Operation Research, 15(3),
617-625.
[27]. Cao, J. (2022). An Analysis of the Optimal
Allocation of Core Human Resources in Family
Enterprises Based on the Markov Model. Journal of
Mathematics, 2022, 1-11.
https://doi.org/10.1155/2022/7619293

TEM Journal – Volume 11 / Number 4 / 2022.

[28]. Hillier, F. S., & Lieberman, G. J. (2010).
Introduction to Operations Research (Ninth). The
McGraw-Hill Companies,
[29]. Saad, S. A., Adnan, F. A., Ibrahim, H., & Rahim, R.
(2014, July). Manpower planning using Markov
Chain model. In AIP Conference Proceedings (Vol.
1605, No. 1, pp. 1123-1127). American Institute of
Physics.
https://doi.org/10.1063/1.4887748
[30]. Munnell, A., Rutledge, M., & Sanzenbacher, G.
(2019). Retiring Earlier than Planned: What Matters
Most?. Center for Retirement Research.
[31]. Bingham, N. H., & Fry, J. M. (2010). Regression:
Linear models in statistics. Springer Science &
Business Media.
https://doi.org/10.5860/choice.48-4532

1731

