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The dynamics of prisoner population model in Indonesia
with a rehabilitation regulation for drug users to overcome
prison overcapacity issue

Anita Triska1,∗, Muhammad Haekal Dzulfikar2, and Asep Kuswandi Supriatna1

1 Department of Mathematics, Universitas Padjadjaran, Sumedang 45363, Indonesia
2 Undergraduate Study Program of Mathematics, Universitas Padjadjaran, Sumedang 45363, Indonesia

ABSTRACT. This paper is to discuss about a mathematical model of the prisoner population with a new regulation
regarding punishments to the drug users in an effort to overcome the prison overcapacity issue in Indonesia. This new
regulation is launched by the Indonesia government after a fact about overcapacity of prison in Indonesia is revealed
through a fire incident in a prison on 8 September 2021 that causes 41 people died and a number of people were
injured. Besides, prisons in Indonesia are mostly occupied by the drug user. The model is constructed by using a
compartmental model approach. The stability analysis of the equilibrium points is carried out along with its existence
conditions. The analytical studies are equipped by calculating the basic reproduction number. Furthermore, this study
is also equipped by numerical simulations with some scenarios. The results of this study confirm that the new regulation
is able to reduce overcrowded issue in prisons in Indonesia. However, if it compares to recent prisons capacity, this
new regulation has not been able to suppress the number of prisoners below to its capacity limit in the short time so
that it is needed to consider other solutions as the additional regulation and policy.

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of JJBM: Department of Mathematics, Uni-
versitas Negeri Gorontalo, Jln. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction

Overcapacity of prisons is a condition where the occupancy
is disproportionate to its capacity. Recently, Indonesia has a seri-
ous issue regarding the prison overcapacity. The Indonesia gov-
ernment through theMinistry of Law and Human Rights responsi-
ble for the policy-making in this issue. A fire incident on Septem-
ber 8, 2021, resulted in 41 intimates died, eight intimate severe
injuries, and 31 of them experience minor injuries in at Block C,
Class I of Tangerang Prison in Banten [1]. This incident becomes
a concern of many people since it causes a number of casual-
ties. The fire incident also revealed that Class I Tangerang Prison
was overcrowded. The Head of Public Relations and Protocol at
the Directorate General of Corrections, Ministry of Law and Hu-
man Rights, stated that overall the number of prisoner in prisons
in 2021 reached 2,072, while the capacity is only about 600 [2].
Meanwhile, the Minister of Law and Human Rights, Yasonna H.
Laoly, mentioned that Class I Tangerang Prison is overcapacity by
400% [3].

According to the World Prison Brief (WPB) report in [4], the
number of prisoners in Indonesia has been steadily increasing
over the past decade. The WPB recorded that the number of
prisoners in Indonesia reached approximately 275.518 on Octo-
ber 2022, while the national prison capacity is only about 132,007
[5]. The WPB assessed the occupancy rate of prisons in Indonesia
to be 208%. This fact brings Indonesia becomes 21st ranked as
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the most densely populated prisons out of 207 countries world-
wide [4]. Again, according to the report of the Directorate Gen-
eral of Corrections (Ditjenpas), the Ministry of Law and Human
Rights, the majority of prisoner in Indonesian prisons are drug-
related offenders, namely as 145,413 individuals as of August
2021 [4]. Moreover, the latest data states that there are 135,758
drug-related prisoners as of April 2022, consisting of 120,042 as
users and 15,176 as dealers, receivers, or producers [6].

Under these circumstances, the Indonesia government be-
lieves that it is needed an adjustment to the drugs law by pri-
oritizing rehabilitation approaches over imprisonment for drug
user prisoner as an alternative solution to address the problem
of prison overcrowding. In its implementation, the Law number
35 year 2009 about narcotics has not provided a clear conception
regarding a drugs addict, drugs abuser, and victim of drugs abuse.
Treating a drugs addict, drugs abuser, and victim of drugs abuse
in the same way as drugs dealer or traffickers results in an injus-
tice in sentencing them. The Minister of Law and Human Rights
stated that the treatment of the drugs addict, drugs abuser, and
victim of drugs abuse should focus on rehabilitation [7]. The reha-
bilitation approach instead of imprisonment is a form of restora-
tive justice, which emphasizes the recovery of a victim of drugs
abuse involving various parties. The restorative justice also em-
phasizes that justice should be no longer based on proportional
retaliation from victims to offenders but it must focus on sup-
porting the victims recovery. This rehabilitation-oriented policy
is in line with efforts to reduce prison overcrowding in Indonesia.
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Figure 1. Schematic diagram of the model of prisoner population in Indonesia with new regulations against drugs users.

Several studies have discussed the issue of prison over-
crowding in Indonesia from legal and social perspectives [8].
Those studies state that prison overcapacity issue results in an in-
effectiveness on disciplining the prisoner so it must be addressed
immediately. However, it is needed a accompanying study on the
analysis of a policy implemented by the government in order to
solve those problems. Thus, those problems allows us to conduct
a study of the newly implemented rehabilitation regulations from
a mathematical perspective. This study uses the mathematical
modeling approach [9] which helps to represent a complex sys-
tem in mathematical form for easier understanding. A such study
will give a scientific point of view whether this new rehabilitation
regulation is able to overcome the excess of prison capacity issue.
If it doesn’t then the government may consider other ways.

Generally, the model of prisoner population in Indonesia in
this study uses the epidemiologymathematical models approach,
especially Susceptible, Infected, Treated, and Recovered (SITR)
model. The SITR epidemiological model is a development of the
classic SIR model which assumes a situation where infected indi-
viduals need a treatment to recover [10, 11]. In the present study,
rehabilitation for drugs users instead the imprisonment is consid-
ered as a treatment for their recovery. According to the introduc-
tion above, this study will focus on constructing of a dynamics
prisoner population model in Indonesia with rehabilitation regu-
lations for drug users. Through this model, the effectiveness of
government policies in addressing the prison overcrowding issue
in Indonesia through a new regulations is revealed.

This paper is presented in several sections as follows. In the
next section, we present the constructed mathematical model of
the prisoner population in Indonesia. Subsequently, in Section 3,
an quantitative analysis of the model is conducted, namely the
existence and stability of the equilibrium points and basic repro-
duction number as well. Numerical simulations are carried out to
equip and emphasize the results which is presented in Section 4.
In the last section, we briefly provide conclusions and remarks.

2. The Mathematical Model

In this study, the model is constructed by dividing the pop-
ulation into six subpopulations, i.e., the susceptible population
(S), criminal population (C), population who is going to the ju-
dicial process (J ), rehabilitation population (R), prison popula-
tion (P ), and free population (F ). These six compartments in the
model is used to observe the changes of the number of prisoner

in Indonesia due to the new rehabilitation regulation for drugs
users and its impact. The model works under the following as-
sumptions:
1. The population in the model is assumed to be over 15 years

old and the total population is assumed to be constant.
2. The recruitment rate and natural death rate are assumed to

be constant.
3. The susceptible population S in the model is a subset of the

actual population, representing individuals who are likely to
come into close contact with criminals.

4. Criminals are individuals who violate any applicable laws.
5. Individuals involved in criminal activities can return to the

susceptible population S if they stop engaging in criminal
behavior.

6. Individuals involved in criminal activities, other than drug-
related cases, move into the P compartment to undergo
detention in the prison, while drug users move into the R
compartment as a result of the implementation of the new
regulation.

7. Individuals in the F compartment are those who have com-
pleted rehabilitation or have been released from prison, as-
sumed not to engage in criminal activities again.

8. The number of criminal cases is assumed to represent one
person per case, and the C compartment is used for this
purpose.

9. The number of cases in the Supreme Court (MA) is assumed
to represent one person for each case, and the J compart-
ment is used for this purpose.
Based on the assumptions above, the process of moving

individuals to subpopulations in the model can be described in
a schematic diagram presented in Figure 1. The description of
variables and parameters is displayed in Table 1 and Table 2.

Table 1. Description of variables in the model of prisoner
population with the new rehabilitation regulation.

Variable Description Unit
S Population of susceptible individuals (Susceptible) Person
C Population of criminal offenders (Criminal) Person
J Population of individuals undergoing court (Justice) Person
R Population of individuals undergoing rehabilitation

(Rehabilitation)
Person

P Population of individuals serving sentences in prisons
(Prisioner)

Person

F Population of free individuals (Free) Person
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Table 2. Description of parameter in the model of prisoner
population with the new rehabilitation regulation.

Parameter Description Dimension

A The recruitment rate person
time

α The crime rate resulting from the interaction
between the Susceptible population and crim-
inals

1
time

ϕ The rate of transition of a criminal back to the
Susceptible population

1
time

β The justice rate, i.e., the rate at which the ju-
dicial process is carried out to determine pun-
ishment

1
time

γ The rate of drug users undergoing rehabilita-
tion

1
time

θ The rate of recovery of drugs users after taking
the rehabilitation treatment

1
time

τ The rate of freedom of the criminals after tak-
ing sentences in prisons

1
time

µ The natural death rate 1
time

From the schematic diagram above, a mathematical model
is constructed in the form of a system of differential equations as
follows:

dS

dt
= A−

αSC

N
+ ϕC − µS,

dC

dt
=

αSC

N
− ϕC − βC − µC,

dJ

dt
= βC − γJ − (1− γ) J − µJ,

dR

dt
= γJ − θR− µR,

dP

dt
= (1− γ) J − τP − µP,

dF

dt
= θR+ τP − µF.

(1)

System (1) is then normalized by dividing each subpopulation by
the total population (N ) for simplification, where N = S +C +
J +R+ P + F . Redefining

S∗ =
S

N
, C∗ =

C

N
, J∗ =

J

N
,

R∗ =
R

N
, P ∗ =

P

N
, F ∗ =

F

N
, and Λ =

A

N
, (2)

then system (1) can be transformed into a normalization model
by substituting eq. (2) into system (1) and remove the asterisk
for simplification of writing. Thus, it is obtained a normalization
model as follows

dS

dt
= Λ− αSC + ϕC − µS,

dC

dt
= αSC − ϕC − βC − µC,

dJ

dt
= βC − γJ − (1− γ) J − µJ, (3)

dR

dt
= γJ − θR− µR,

dP

dt
= (1− γ) J − τP − µP,

dF

dt
= θR+ τP − µF.

3. Quantitative Analysis of the Model
3.1. Positive Invariant

All variables of system (1) denote the number of subpopu-
lation so that all of them must be non-negative for time t ≥ 0
when the initial conditions are also non-negative to have biolog-
ical meaning. From the first equation in system (1), dS

dt ≥ −µS
for all non-negative initial conditions. Therefore,

S(t) ≥ S0e
−µt ≥ 0. (4)

It means that S(t) remains non-negative for all times t > 0.
Analogous results hold for the other variables C(t), J(t), R(t),
P (t), and F (t).

The summation of all equations in system (1) yields a dif-
ferential equation for the total population N(t) as follows

dN

dt
= Λ− µN. (5)

We can solve eq. (5) to yieldN(t) = Λ
µ +(N(0)− Λ

µ )e
−µt, where

N(0) is the initial total population. As t → ∞, then N(t) → Λ
µ .

Hence, the feasible domain of system (1) is

Ω =
{
(S,C, J,R, P, F ) ∈ R6

+ : 0 ≤ N ≤ Λ

µ

}
, (6)

which is positively invariant. Thus, system (1) is well-posed.

3.2. Equilibrium Points
The equilibrium point is obtained when the population

growth rate in system (3) does not change or experiences ”zero
growth rate.” Mathematically, the equilibrium point of system (3)
can be determined when each equation in system (3) equals zero
[12]. Thus, the equilibrium points of system (3) is obtained which
consist of two points, which is named as a criminal-free (E0) and
criminals equilibrium point (E1).

The criminal-free equilibrium point is

E0 = (S0, C0, J0, R0, P 0, F 0) =

(
Λ

µ
, 0, 0, 0, 0, 0

)
,

which represents a condition that there is no criminals in the pop-
ulation. Roughly speaking, E0 = always exist since all variables
are non-negative without any condition. Meanwhile, the crimi-
nals equilibrium point is E1 = (S∗, C∗, J∗, R∗, P ∗, F ∗) where

S∗ = β+µ+ϕ
α , (7)

C∗ = Λα−βµ−µ2−µϕ
α(β+µ) , (8)

J∗ =
β(Λα−βµ−µ2−µϕ)

α(β+µ)(µ+1) , (9)

R∗ =
βγ(Λα−βµ−µ2−µϕ)
α(β+µ)(µ+1)(µ+θ) , (10)
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P ∗ = −β(γ−1)(Λα−βµ−µ2−µϕ)
α(β+µ)(µ+1)(τ+µ) , (11)

F ∗ = −β(γµτ−γµθ−µτ−τθ)(Λα−βµ−µ2−µϕ)
α(β+µ)µ(µ+1)(µ+θ)(τ+µ) . (12)

The criminal equilibrium point represents a situation where there
are criminals in the population which results in other subpopula-
tions exist. The existence conditions ofE1 can be calculated from
each variable in Sections 3.2 to 3.2 to be non-negative. However,
we prefer to represent it in term of the basic reproduction num-
ber for simplicity which is discussed in the next section.

3.3. Basic Reproduction Number
The basic reproduction numberR0 of system (3) can be in-

terpreted as the expectation of the average number of the new
criminals due to contact between the susceptible and criminal in-
dividuals [11]. Here, the contact implies the influences transmit-
ted by the criminals to susceptible. In system (3), onlyC compart-
ment affects the crime. Thus, we can easily guess the element of
F and V matrices which correspond to the emergence of a new
criminal and all other transitions, respectively, namely

F =
[
αΛ

µ

]
, and V =

[
β + µ+ ϕ

]
. (13)

Thus, the basic reproduction number of system (3)R0 is obtained
as follows

R0 = ρ
(
FV−1

)
=

αΛ

µ (β + µ+ ϕ)
. (14)

Moreover, the criminals equilibrium point E1 can be ex-
pressed in term of R0, namely

S∗ = β+µ+ϕ
α ,

C∗ = µ(β+µ+ϕ)(R0−1)
α(β+µ) ,

J∗ = βµ(β+µ+ϕ)(R0−1)
α(β+µ)(µ+1) ,

R∗ = βγµ(β+µ+ϕ)(R0−1)
α(β+µ)(µ+1)(µ+θ) ,

P ∗ = βµ(1−γ)(β+µ+ϕ)(R0−1)
α(β+µ)(µ+1)(τ+µ) ,

F ∗ = (µτ(1−γ)+γµθ+τθ)(β+µ+ϕ)(R0−1)
α(β+µ)µ(µ+1)(µ+θ)(τ+µ) .

(15)

Therefore, the existence conditions of E1, i.e., the con-
ditions to yield all variables are non-negative so that they have
biologically meaning, become easier to determine. From Equa-
tion (15), it is obvious that when R0 > 1 then all variables are
non-negative. Thus, the criminals equilibrium point exist when
R0 > 1.

3.4. Local Stability Analysis of the Equilibrium Points
In this section, the local stability analysis of system (3) is

carried out by using the eigenvalue approach which is obtained
by substituting each equilibrium point into the following Jaco-
bian matrix

J =


−Cα− µ −Sα+ ϕ 0 0 0 0

Cα Sα− β − µ− ϕ 0 0 0 0
0 β −µ− 1 0 0 0
0 0 γ −µ− θ 0 0
0 0 1− γ 0 −τ − µ 0
0 0 0 θ τ −µ

 .

(16)

3.4. Criminals-free Equilibrium Points

Theorem 1. The criminals-free equilibrium pointE0 of system (3)
is locally asymptotically stable ifR0 < 1 and unstable otherwise.

Proof. First, the Jacobian matrix J in (16) is evaluated at the
criminals-free equilibrium point E0, than we obtain

J (E0) =



−µ −
Λα

µ
+ ϕ 0 0 0 0

0
Λα

µ
− β − µ− ϕ 0 0 0 0

0 β −µ− 1 0 0 0
0 0 γ −µ− θ 0 0
0 0 1− γ 0 −τ − µ 0
0 0 0 θ τ −µ


.

(17)

The eigenvalues of the matrix J (E0) can be obtained by solving
the characteristic polynomial |J (E0)− λI| = 0. Thus, the char-
acteristic polynomial of matrix (17) is yielded as follows

(λ+ µ+ 1) (λ+ µ)
2
(λ+ µ+ θ) (λ+ µ+ τ)(
Λα− βµ− λµ− µ2 − µϕ

)
= 0. (18)

The eigenvalues of the matrix (17) are the solutions of
eq. (18), which are λ = −µ (with multiplicity is 2),−µ− 1,−µ−
θ,−µ− τ , and

λ =
Λα− βµ− µ2 − µϕ

µ
.

It is clear that the first five eigenvalues are real negative
values since all parameters are positive, while the last eigenvalue
will be negative

Λα− βµ− µ2 − µϕ

µ
< 0,

Λα

µ (β + µ+ ϕ)
< 1,

R0 < 1.

(19)

Therefore, the criminals-free equilibrium point is locally
stable asymptotic when R0 < 1 and unstable otherwise.

3.4. Criminals Equilibrium Points

Theorem 2. The criminals equilibrium point E1 of system (3) is
locally asymptotically stable if R0 > 1 and unstable otherwise.

Proof. The local stability of the criminals equilibrium points of
system (3) is analyzed in the same way as before, by substituting
the criminals equilibrium points into the Jacobian matrix (16), re-
sulting in

J (E1) =


a11 −β − µ 0 0 0 0
a21 0 0 0 0 0
0 β −µ− 1 0 0 0
0 0 γ −µ− θ 0 0
0 0 1− γ 0 −µ− τ 0
0 0 0 θ τ −µ

 . (20)
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where a11 = −Λα−βµ−µ2−µϕ
µ+β − µ and a21 = Λα−βµ−µ2−µϕ

µ+β .
Thus, the characteristic polynomial of matrix (20) is given as fol-
lows

(λ+ µ) (λ+ µ+ 1) (λ+ µ+ θ) (λ+ µ+ τ)
(
(β + µ)λ2

+(Λα− µϕ)λ+
(
Λα− βµ− µ2 − µϕ

)
(β + µ)

)
= 0. (21)

By solving eq. (21) respect to λ, the eigenvalues are obtained as
listed as the following, λ = −µ,−µ− 1,−µ− θ,−µ− τ and the
roots of polynomial

h1λ
2 + h2λ+ h3 = 0, (22)

where

h1 = (β + µ) ,

h2 = (Λα− µϕ) ,

h3 =
(
Λα− βµ− µ2 − µϕ

)
(β + µ) .

Since all parameters are positive than h1 > 0. From the previous
results, it is known that the existence condition of E1 is R0 >
1 which implies that αΛ > µ (β + µ+ ϕ). It is also hold that
αΛ > µ (β + µ+ ϕ) > µϕ so that αΛ > µϕ. Thus, under this
circumstances h2 > 0. Meanwhile, the h3 term can be written as
follows

h3 =
(
Λα− βµ− µ2 − µϕ

)
(β + µ) ,

= (Λα− µ (β + µ+ ϕ)) (β + µ) µ(β+µ+ϕ)
µ(β+µ+ϕ) ,

= µ (β + µ+ ϕ)
(

Λα
µ(β+µ+ϕ) −

µ(β+µ+ϕ)
µ(β+µ+ϕ)

)
(β + µ) ,

= µ (β + µ+ ϕ) (R0 − 1) (β + µ) .

Due toR0 > 1, it can be concluded that h3 > 0. Since all coeffi-
cients of eq. (22) are positive, then it has two real negative roots
as the consequences [13]. Therefore, when the criminals equilib-
rium point of system (3) exists in term of biologically meaning,
i.e. R0 > 1, then it is locally asymptotically stable and unstable
otherwise.

Thus, from the local stability analysis of the model of prison
population in Indonesian with rehabilitation regulations for drug
users, the local stability conditions of its equilibrium points are
obtained as shown in Table 3.

Table 3. Local stability condition of the equilibrium points of
system (3).

Equilibrium point Locally asymptotically stable conditions
E0 R0 < 1.
E1 R0 > 1.

Figure 2 shows bifurcation diagram of C subpopulation as
a representation of the equilibrium points of system (3) with re-
spect to α parameter and other parameters value based on Ta-
ble 4. Figure 2 illustrates that when values of α result in R0 < 1
then there is only one equilibrium point exist, i.e., E0, and it
is locally stable denoted by the red solid curve. As value of α
increases so that R0 is greater than 1, E0 lose its stability (red-
dashed curve) and emerge other equilibrium point, i.e., E1 (blue
solid curve), and it is locally stable.

Figure 2. The Bifurcation diagram of of prison population of
system (3) with parameters value is in Table 4 and
varying values of γ.

4. Numerical Simulations Results

In this section, we perform numerical simulation with some
scenarios to get a better understanding. Numerical simulations
are conducted to observe the population dynamics of system (3)
based on the initial value of variables and parameters value in
Table 4. All of the initial value of variables shown in Table 4
are based on related data, whereas some of parameters are as-
sumed. The following is given simulation results with some sce-
narios which present several circumstances. The first scenario
depicts a situation before the implementation of rehabilitation
regulations, assuming a value of γ = 0, 3. This parameter value
represents the rate at which the subpopulation undergoes to re-
habilitation treatment following the court decision. Before the
new rehabilitation regulation exist, sometimes judges decide to
punish a drugs users with rehabilitation.

However, the second scenario illustrates a situation where
the new rehabilitation regulations is implemented so that the val-
ues of γ is gradually increased to observe the impact of the new
regulations. Here, the γ values are set as 0, 5, 0, 6 and 0, 7 to rep-
resent the variations of implementation rigidity level of the new
regulation for drug users. Subsequently, the simulation results
of both scenarios is compared, especially between the number
of prison subpopulation and number of its capacity to assess the
impact of the new regulations in addressing prison overcrowding
issue in Indonesia.

4.1. Numerical Simulation Before the Implementation of the New
Rehabilitation Regulation

The first scenario in the numerical simulation uses param-
eters and initial values of variable based on Table 4 with γ = 0.3.
Beforehand, the initial values for each of the subpopulation pre-
sented in Table 4 are normalized with total population, i.e.,N =
S +C + J +R+P +F , which is accordance with system (3) in
all simulations. Parameters γ = 0.3 is chosen in order to capture
the current situation where prison in Indonesia is overcapacity
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(a) (b)

Figure 3. (a) The dynamics of system (3) with parameters value is in Table 4 and γ = 0, 3. (b) The dynamics of J,R and P of system (3)
with parameters value is in Table 4 and γ = 0, 3.

Table 4. Parameters value and initial value of variables

.

Variables/
parameters

Value Unit Reference

S 208.544.086 person [14]
C 247.218 person [15]
J 28.284 person [16]
R 14.122 person [17]
P 275.518 person [5]
F 58.054 person [18]

Λ Nµ
person

year
-

α 0,1
1

year
Assumed

β 0,001
1

year
Assumed

ϕ 0,01
1

year
Assumed

γ 0,4
1

year
Assumed

θ 0,25
1

year
[19, 20]

τ 0,34
1

year
Assumed

µ
1

73, 83

1

year
[21]

about 208%. The dynamics of each subpopulation of system (3)
under this circumstance are shown in Figure 3.

From Figure 3, it can be observed that the population dy-
namics of system (3) is asymptotically stable which converge
to the criminals equilibrium point for a long time period. The
dashed black line in Figure 3(b) denotes the total capacity of all
prison in Indonesia which is 132,107 individuals [5]. Figure 3(b)
shows that the number of P subpopulation is over the capacity.
Under this circumstances, the numerical simulation is conducted
to represent the initial state when the rehabilitation process for
drug users is low. As the consequences, the criminal individuals

which over half of them are the drug users [2, 3] are punished by
the prison sentence leading to overcrowded of the P subpopu-
lation.

4.2. Numerical Simulation After the Implementation of New Drug
Regulation

Next, numerical simulations are then conducted to illus-
trate the scenario after the implementation of the new rehabili-
tation regulations for drug users by varying the parameter values
of the rate of drug users undergo rehabilitation treatment, i.e.,
γ = 0.5, 0.6, and 0.7. The variations of γ parameter describe
the implementation rigidity level of the new rehabilitation regu-
lation. A bigger value of γ parameter implies that the new regu-
lation is able to be implemented wider. By varying the value of
γ, the populations dynamics of system (3) are observed to assess
the impact of the new regulation in addressing the issue of prison
overcapacity in Indonesia, specifically on P subpopulation.

Table 5. The variations of γ parameter value to describe the
implementation rigidity level of the new rehabilita-
tion regulation.

Parameter Value Description
γ 0,3 without the rehabilitation regulation
γ1 0,5 with the rehabilitation regulation
γ2 0,6 with the rehabilitation regulation
γ3 0,7 with the rehabilitation regulation

Figure 4 shows variations of the P subpopulation dynamics
of system (3) with respect to the several values of γ. According to
simple logical thinking, the simulation results also confirm that as
the value of γ increases, the population of prisoner (P ) decreases.
However, from Figure 4 it can be observed that not all values of
γ is able to suppress the number of P subpopulation below the
prison capacity. The number of P subpopulation decreases until
below to the prison capacity denoted by dashed black line when

JJBM | Jambura J. Biomath Volume 4 | Issue 1 | June 2023
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Figure 4. The dynamics of prison population of system (3)
with parameters value is in Table 4 and varying val-
ues of γ.

γ value is high enough, i.e., about 0.7 or higher. In mathematical
calculation, it can be interpreted that this new regulation is able
to address the issue of prison overcapacity through rehabilitation
policy instead of prison sentence if it can lead many cases re-
lated to the using of drugs to rehabilitation treatment. However,
Figure 4 also indicate that the prison overcapacity issue has not
been fully resolved, as the numerical simulations conducted on
system (3) show that it would take hundreds of years to achieve
the steady state. In real-life scenarios, the results of the new reg-
ulation implementation is less efficient since it would require a
significantly long time to experience its benefits.

In addition, numerical simulations are also conducted by
varying the values of ϕ parameter and fixing γ = 0.5. Figure 5
shows that when the increasing of γ is followed by the increasing
of ϕ parameter value then number of P subpopulation decrease
below to the Indonesian prison limit capacity faster. Therefore,
under the circumstances in this present study, the new regula-
tion for drug users in addressing prison overcapacity in Indone-
sia is still insufficient to solve the issue. The government need
to consider other policies to overcome the prison overcapacity
issue, such as an approach to the criminals include drug user to
repent so that it decrease the number of C subpopulation. The
decreasing of the criminals number will also decrease the number
of prisoner indirectly.

5. Conclusion

A mathematical dynamics population model of prisoner in
Indonesian with the new regulation for drug users to overcome
the issue of prison overcapacity is constructed. The new regu-
lation, i.e., rehabilitation, directs the model so that it consists
of six compartments which represent the stages of an individual
becoming a criminal, undergoing punishment or rehabilitation
until they are released and becomes a free individual. Based on
the analytical and numerical studies in this paper, as long as the
assumptions and conditions in the model are met, it can be con-

Figure 5. The dynamics of prison population of system (3)
with parameters value is in Table 4, γ = 0.5 and
varying values of ϕ.

cluded that the new regulation is certainly able to reduce the
number of prisoners in Indonesia to below the existing capacity
limit, but it takes a long time to experience the results. There-
fore, it is needed to add and consider other regulations that can
expedite the resolution of the prison overcrowding issue in In-
donesia.
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