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ABSTRACT
COVID-19 is a new disease caused by the SARS-CoV-2 virus that first discovered at the end of 2019 in Wuhan, China.
Furthermore, this virus spread to various countries and was first determined to enter Indonesia on March 2nd, 2020.
Markov chain is a method that used to model variables randomly. This research uses Markov chain to model the daily
number of new positive COVID-19 patients in East Java. Markov chain model can be formed for a steady state, which
is a state for a long time and a stable pattern has been obtained without any significant changes. The results formed 8
states in the form of number range. The range shows the number of additions to positive COVID-19 patients in East
Java by January 1st, 2021 to June 22nd, 2021. By Markov chain after we found that these states are steady, we have the
probability of the number of daily positive patients was highest at range 151 to 301, with the probability of 0.446032.
If it is determined as the average number of positive COVID-19 patients in steady state conditions, the median value is
226 patients. By increasing vigilance and discipline in overcoming the spread of the virus by wearing masks, diligently
washing hands and keeping a distance, the number of patients due to the COVID-19 virus can be reduced, especially if
the vaccine is immediately given to all people in East Java.
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1. INTRODUCTION
COVID-19 is an infectious disease caused by the
SARSCoV-2. The SARSCoV-2 is a virus that first
appeared in Wuhan, China on December 1, 2019. The
common symptoms caused by this virus are respiratory
infections, fever, dry cough and fatigue. In early January
2020, Thailand, Japan and South Korea report their first
case of coronavirus infection. On January 21, the
coronavirus had crossed continents by discovering their
first Covid-19 patient in the United States. On January 24
the first case was discovered in Europe. On February 9,
2020, world data showed the number of people infected
with the corona virus in the world exceeded the number
of victims of SARS in 2003-2004. On February 14, 2020
this virus has been detected in Africa. Italy became the
country with the most victims of COVID-19 in Europe
and implemented a lockdown in its country on March 8,
2020. Corona virus has infected almost all countries in
the world. On March 11, 2020, the WHO declared a
global pandemic of COVID-19.

This virus is believed to be spread through the breath
produced in the human body when coughing. This
phenomenon occurs when sneezing and in normal
breathing. Viruses can be spread by touching
contaminated surfaces. Corona virus can be spread by
touching the face and then entering the respiratory tract
through the nose or mouth. In addition to China, this virus
is rapidly spreading in various parts of the country, one
of which is Indonesia.
At the beginning of 2021, which was called the
second wave of the spread of COVID-19 in Indonesia, it
was marked by a surge in the number of new patients who
were confirmed positive for COVID-19. This is
presumably due to the discovery of several new variants
of COVID-19 as well as the behaviour of people who are
still lacking discipline in implementing the health
protocol. The government is increasingly promoting the
discipline of washing hands, wearing masks, and
maintaining social distance through several community
activity regulations. In addition, the provision of vaccines
began to be carried out gradually for the community.
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Markov chain is a method or way of stochastically
modelling the state from time to time or changes in the
value of a variable. The Markov chain has various
applications, one of which is to model an event that lasts
long enough and is continuous. Many studies related to
Markov chains and transmission have been carried out,
including transmission of D. citrus in plants [1], H1N1
pandemic virus [2], and cases of Ebola virus [3]. In the
study, continuous time points were modelled through the
Markov chain and used as a calibration tool to model the
spread of large viruses.
This research uses the Markov chain method to
models the number of daily COVID-19 patient by the
data of Covid-19 patient in East Java from January 1,
2021 until June 22, 2021. This research gets the
probability number of COVID-19 patients in steady state.
Steady state is obtained with the condition that the
number of positive COVID-19 patients in the long term
is steady. Steady state can be reached while the state was
not influenced by an external factor, such as new variant
was founded or the virus mutations that affect the time
pattern of its spread.

2. MATHEMATICAL MODELLING
2.1

Markov chain

Stochastic process 𝑋 = {𝑋(𝑡), 𝑡 ∈ 𝑇} is a collection
of random variables that map a state space or other state
space to an example space. Therefore, it can be said that,
for every value of 𝑡 in the index set 𝑇, 𝑋(𝑡) is a random
variable. For 𝑡 in time, 𝑋(𝑡) is the state or process at time
𝑡. Therefore, 𝑋 = {𝑋(𝑡), 𝑡 ∈ 𝑇} is a state process 𝑥 in
time 𝑡, if the event {𝑋(𝑡) = 𝑥} has already occurred [4].
Markov chain can be defined as a stochastic model
that describes the sequence of all possible events that
gives the probability of each event depending only on
certain conditions achieved in the previous event [5].
This stochastic model can be a discrete time model or a
continuous time model.
Suppose {𝑋(𝑛), 𝑛 = 0,1,2, … } is a discrete time
stochastic process with time parameter (𝑛) with value
𝑛 = 0,1,2, … and state space 𝑖 = 0,1,2, …. In other
words, 𝑋(𝑛) = 𝑖 defines that the process is in state 𝑖 at
time 𝑖 so the future probability (𝑛 + 1) in state 𝑗 only
depends on the state of state 𝑖 at time 𝑛. Then the process
is called a discrete-time of Markov chain. The probability
is denoted by 𝑃𝑖𝑗 . We call 𝑃𝑖𝑗 as the transition probability
[6] which determines the transition probability from state
to state. If given the chronological times 𝑡𝑜 , 𝑡1 , … , 𝑡𝑛 , the
family of random variables {𝑋𝑡𝑛 } = {𝑥1 , 𝑥2 , … , 𝑥𝑛 } is a
Markov process if 𝑃{𝑋𝑡𝑛 = 𝑥𝑛 |𝑋𝑡𝑛−1 = 𝑥𝑛−1 , … , 𝑋𝑡0 =
𝑥0 }. In a Markovian process with 𝑛 exhaustive and
mutually exclusive states, the probabilities at a specific
point in time 𝑡 = 0, 1, 2, … are defined as 𝑝𝑖𝑗 =

𝑃{𝑋𝑡 = 𝑗|𝑋𝑡−1 = 𝑖}, 𝑖 = 1, 2, … , 𝑛, 𝑗 = 1, 2, … , 𝑛 and
𝑡 = 0, 1, 2, … , 𝑇
This is known as one-step transition probability of
moving from state 𝑖 at time 𝑡 − 1 to state 𝑗 at 𝑡. By
definition [7], we have:
∑𝑗 𝑝𝑖𝑗 = 1 , 𝑝𝑖𝑗 ≥ 0

2.2

(1)

Ergodic State

A Markov chain can be analyzed if it has an ergodic state.
State is ergodic if the state satisfies the properties of
aperiodic, recurrent, and communicate [7]. If the states
only one communication class, a process in a Markov
chain is said to be irreducible. So the states in the process
are connected so that they can transit from each state to
every other state in as many steps as possible.
State 𝑖 can be said to be aperiodic if and only if 𝑑 (𝑖) =
1, 𝑑 (𝑖) is defined by 𝑑(𝑖) = 𝑔𝑐𝑑 {𝑛|𝑛 ≥ 1 , 𝑃𝑖𝑖 (𝑛) > 0}
where 𝑃𝑖𝑖 represents that the probability of state 𝑖
returning to state 𝑖 and 𝑔𝑐𝑑 is greatest common divisor.
In other words, 𝑑 (𝑖) is the great common divisor (gcd)
of all n possibilities that allow the process in state 𝑖 to
return to the same state 𝑖 in 𝑛 steps.
State 𝑖 can be said to be recurrent if it starts in the process
from state 𝑖 and will return to state 𝑖. can be defined as
follows:
𝑛
𝑓𝑖𝑖 = ∑∞
= 𝑓𝑖𝑖 1 + 𝑓𝑖𝑖 2 + 𝑓𝑖𝑖 3 …
𝑛=1 𝑓𝑖𝑖

(2)

The state 𝑖 is recurrent if the probability of 𝑓𝑖𝑖 = 1
State 𝑖 is said to be positive recurrent if 𝜇𝑖 < ∞, where
represents the average recurrence time of the state.
State 𝑖, 𝑗 can be said to communicate if 𝑖 can be accessed
from 𝑗 and 𝑗 can be accessed from 𝑖 , 𝑗 → 𝑖 and 𝑖 → 𝑗
then 𝑖 ↔ 𝑗.
State types:
1. 𝑖 ↔ 𝑖 , for every 𝑖 (reflex)
2. 𝑖 ↔ 𝑗 then 𝑗 ↔ 𝑖 (symmetric)
3. 𝑖 ↔ 𝑗, 𝑗 ↔ 𝑘 then 𝑖 ↔ 𝑘 (transitive)
2.3

Steady State Probability

The data that forming the states is taken from [8] web
https://COVID19.go.id/peta-sebaran. The data used is
from January 1, 2021 to June 22, 2021 with a total of 173
daily records of data on the addition of positive COVID19 patients. Markov chain can be analyzed if it has an
ergodic state. State is formed by grouping data into class
intervals so that each class interval is a state in the
Markov chain. The grouping of data into class intervals
is used Sturge’s rule [9] as follows:
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𝑘 = 1 +𝑙𝑜𝑔 𝑙𝑜𝑔 𝑛

(𝑛)

(3)

𝑘 = the number of class interval

These probabilities are independent of {𝑠𝑗 }, can be
determined from the equations :

𝑛 = the number of observations in the data set

𝑆 = [𝑆1 𝑆2 𝑆3 . . . 𝑆9 ] 𝑃𝑖𝑗

An ergodic state must meet the aperiodic, recurrent, and
communicate.
States of a Markov chain can be classified based on the
transition probability 𝑝𝑖𝑗 of 𝑃 .
A state 𝑗 is recurrent if the probability of being revisited
from other states is 1.
A state 𝑗 is aperiodic or not periodic. A periodic state
with 𝑡 > 1 if a return is possible only in 𝑡, 2𝑡, 3𝑡, … steps.
(𝑛)
This mean that 𝑝𝑖𝑗 = 0 when 𝑛 is not divisible by 𝑡.
A closed set of state is communicate, that is possible to
go from any state to every other state in the set in one or
(𝑛)
more transitions. That means, 𝑝𝑖𝑗 > 0 for all 𝑖 ≠ 𝑗, and
𝑛 ≥ 1.
Transition probability is a change from one state to
another at the next time, is a random process or random
represented by probability. 𝑃𝑖𝑗 defined as the probability
of adding positive patients and recovering COVID-19
patients in state 𝑖 at 𝑥 + 𝑡 and running up to state 𝑗.
𝑆1 , 𝑆2 , . . . , 𝑆𝑛 is the state of increasing the number of
patients, and the vector 𝑆 = [𝑆1 𝑆2 𝑆3 . . . 𝑆𝑛 ] is called the
steady state distribution for the Markov chain.
𝑆1 + 𝑆2 + 𝑆3 + . . . + 𝑆𝑛 = 1

(4)

Discrete Markov chains used in predicting the value or
vector S from time 𝑡 = 1,2,3, . . . , 𝑛 where n is a large
number (𝑛 → ∞ ).
𝑆

(2)

= 𝑆

(1)

𝑃𝑖𝑗

𝑆 (3) = 𝑆 (2) 𝑃𝑖𝑗
. ..
𝑆 (𝑛) = 𝑆 (𝑛−1) 𝑃𝑖𝑗
The transition probability matrix

𝑷𝑖𝑗

𝑃11
𝑃
= [ 21
⋮
𝑃91

𝑃12
𝑃22
⋮
𝑃92

⋯
⋯
⋱
⋯

𝑃19
𝑃29
]
⋮
𝑃99

(5)

Steady state is a state of equilibrium in the Markov chain.
It is said to be steady state, that is, if something happens
after the Markov process runs for several cycles, then the
probability value of a state is fixed. In an ergodic Markov
chain, steady state probabilities are defined as
(𝑛)

𝑆𝑗 = 𝑠𝑗 , 𝑗 = 0,1,2, . ..

(6)

3. RESULT
3.1

States in Markov Chain

The prediction of the increase in the number of
positive COVID-19 patients using the Markov chain
method used data on the daily increase in COVID-19
patients in East Java on January 1, 2021 until June 22,
2021. The Markov chain can be analyzed if it has an
ergodic state, that is, if it meets 3 conditions, recurrent,
aperiodic and communicate. State classification is based
on the requirements of the ergodic Markov Chain being
met or not. A state is formed through trial and error, until
an ergodic state is finally found.
Absorbing chain analysis requires that a state does not
need to review the state in the future. The absorbing chain
model cannot be used to analyze the data. To overcome
this problem, an approach method can be used where
several conditions that represent an increase in positive
COVID-19 patients can be formed. Data on the increase
in COVID-19 patients for 6 months amounted to 173
data, determined by the number of interval classes using
(3) is 𝑘 = 1 +𝑙𝑜𝑔 𝑙𝑜𝑔 173 ≈ 8
The data is arranged in 8 interval classes, and then
each interval class is translated as states formed in the
Markov chain. The eight states formed in the Markov
chain are presented in table 1.
Table 1. Number of COVID-19 patient
Value interval

State

0 – 150

1

151 – 301

2

302 – 452

3

453 – 603

4

604 – 754

5

755 – 905

6

906 – 1056

7

≥ 1057

8

The interval class in the data above is used as a state in
the Markov chain so that there are 8 cases of the number
of additional COVID-19 positive patients in East Java.
The group of states in Table 1 is then determined by the
transition frequency of adding positive COVID-19
patients by determining the number of transitions
between states with the transition scheme formed as
figure-1.
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𝑷
0.5
0.5
0
0
0
0
0
0
0.0135 0.8918 0.0946
0
0
0
0
0
0
0.1944 0.6944 0.0833 0.0279
0
0
0
0
0
0.1429
0.5
0.3571
0
0
0
=
0
0
0.1333 0.1333 0.5334 0.1333 0.0667
0
0
0
0
0.1429 0.1429 0,4285 0.2857
0
0
0
0
0
0
0.3846 0.3846 0.2308
[ 0
0
0
0
0
0
0.75
0.25 ]

Figure 1. Transition scheme between states

States in Markov chain is ergodic because the states are
recurrent, aperiodic dan communicate.

Transition is a state change in the data at 𝑖 with the data
at (𝑖 + 1). A state change between data can be a
transition to the same state. For example, from S-1 to S1 there was 1 transition that occurred, that is happened on
May 13, 2021 to May 14, 2021, the number of positive
patients increased from 148 (in state 1) to 141 patients (in
state 1). Likewise, for the transition from state 2 to state
3 and we write S-2 to S-3, there are 7 transitions from
these existing data rows. The transition from S-2 to S-3
is marked by a change in the data at 𝑖 to state (𝑖 + 1),
there are 7 transitions. The complete transition between
states is presented in table 2.

State transition in Markov chain is recurrent because for
every transition 𝑖 → 𝑗 and 𝑗 → 𝑖 so 𝑖 ↔ 𝑗 .

Table 2. Transition frequency of COVID-19 patient
S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-1

1

1

0

0

0

0

0

0

S-2

1

66

7

0

0

0

0

0

S-3

0

7

25

3

1

0

0

0

S-4

0

0

2

7

5

0

0

0

S-5

0

0

2

2

8

2

1

0

S-6

0

0

0

2

2

6

4

0

S-7

0

0

0

0

0

5

5

3

S-8

0

0

0

0

0

0

3

1

Transition Probability

The transition data between states in table 2 is then used
to determine the transition probability between states in
each state line. For each state line that undergoes a
transition to another state, the total probability is 1.
Example in state 2 there is a transition to state 1, state 2,
and state 3. The probabilities that are formed are from
1
state 2 to state 1 is 𝑝21 = = 0.0135, from state 2 to
state 2 is 𝑝22 =
7

State transition is communicate because for 1 ↔2, 𝑃12 (1)
= 0,5 > 0 so 1→2, 𝑃21 (1) = 0,0135 > 0 so 2→1 then 1 ↔2.
For 2 ↔3, 𝑃23 (1) = 0,0945 > 0 so 2→3, 𝑃32 (1) = 0,1944
> 0 so 3→2 then 2 ↔3. For 3 ↔4,
𝑃34 (1) = 0,0833 > 0 so 3→4, 𝑃43 (1) = 0,1428 > 0 so 4→3
then 3 ↔ 4. For 4 ↔5, 𝑃45 (1) = 0,3571 > 0 so 4→5, 𝑃54 (1)
= 0,1333 > 0 so 5→4 then 4 ↔ 5. For 5 ↔6, 𝑃56 (1) =
0,1333 > 0 so 5→6, 𝑃65 (1) = 0, 1428 > 0 so 6→5 then 5
↔ 6. For 6 ↔7, 𝑃67 (1) = 0,2857 > 0 so 6→7, 𝑃76 (1) =
0,3846 > 0 so 7→6 then 6 ↔7. For 7 ↔8, 𝑃78 (1) =
0,2307> 0 so 7→8, 𝑃87 (1) = 0,75 > 0 so 8→7 then 7↔8.
According to transitive properties i ↔j, j ↔k then i ↔k
so we can conclude that 1 ↔ 8.
Analyzing the steady state on the Markov chain
because it is ergodic. Based on the probability matrix of
positive COVID-19 patients, from equation (7) we get the
following system of equations.

S-i is state to i

3.2

State transition is aperiodic because d (1) = gcd {1,2, 3,
...} then state 1 apperiodic, d (2) = gcd {1,2, 3, ...} then
state 2 apperiodic, d (3) = gcd {1,2, 3, ...} then state 3
apperiodic, d (4) = gcd {1,2, 3, ...} then state 4 apperiodic.
d (5) = gcd {1,2,3,...}then state 5 apperiodic. d (6) = gcd
{1,2, 3, ...} then state 6 apperiodic. d (7) = gcd
{1,2,3,...}then state 7 apperiodic. d (8) = gcd
{1,2,3,...}then state 8 apperiodic.

66
74

𝑆1 = 0.5 𝑆1 + 0.0135 𝑆2
𝑆2 = 0.5 𝑆1 + 0.8918 𝑆2 + 0.1944𝑆3
𝑆3 = 0.0945 𝑆2 + 0.6499𝑆3 + 0.1428𝑆4 + 0.1333𝑆5
𝑆4 = 0.0833𝑆3 + 0.5𝑆4 + 0.1333𝑆5 + 0.1428𝑆6
𝑆5 = 0.0277𝑆3 + 0.3571𝑆4 + 0.5333𝑆5 + 0.1428𝑆6

74

= 0.8919 and from state 2 to state 3 is

𝑝23 = = 0.0946. The probability value above can be
74
seen in the second row P matrix. The probability value of
each state is shown in the following probability matrix P:

𝑆6 = 0.1333𝑆5 + 0.4285𝑆6 + 0.3846𝑆7
𝑆7 = 0.0.666𝑆5 + 0.2857𝑆6 + 0.3846𝑆7 + 0.75𝑆8
𝑆8 = 0.2307𝑆7 + 0.25𝑆8
𝑆1 + 𝑆2 + 𝑆3 + 𝑆4 + 𝑆5 + 𝑆6 + 𝑆7 + 𝑆8 = 1
We get the solution of the above system of equations are:
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