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 Pension funds are financial programs established by individuals or 
companies to secure the employees’ retirement years by providing 
them benefits. Accurate interest rate predictions lead to more precise 
calculations of pension fund contributions. Pension funds are built up 
through contributions made by both the participants (employees) and 
the employer. Various methods were used to calculate the amount of 
pension benefits, normal costs, and actuarial liabilities, including the 
constant percent benefit prorate method. A key factor influencing these 
calculations is the interest rate. This study employed the Vasicek 
model, a stochastic interest rate model, to analyze the unfunded 
actuarial liability (UAL) using historical BI-Rate data. The Vasicek 
model is deemed acceptable for interest rate forecasting, even with a 
40.9% mean absolute percentage error (MAPE). The analysis revealed 
that the normal costs and actuarial liabilities for each participants will 
adjust based on the interest rate during their retirement period. The 
amount of UAL is derived from the discrepancy between the total 
amount of actuarial liabilities from all the participant and the 
accumulated funds. The UAL is IDR10,108,184,176, sufficient to 
cover future pension fund payments and there will be profit received 
from the pension fund program.    
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1.  Introduction  
A pension fund program is a system designed to provide individuals with income during their 

retirement years [1]. It is essentially a way to save and invest money during a person’s career to 
ensure financial security after retirement. Pension funds are typically managed by financial 
institutions or government agencies. Pension programs are government-mandated schemes designed 
to ensure financial security in retirement year, as outlined in Law Number 11 of 1992 related to 
Pension Funds [2]. Pension programs come in two main types: defined benefit and defined 
contribution. Defined benefit plans specify a fixed benefit amount, while defined contribution plans 
have predetermined regular contributions [3]. 

Defined benefit pension program can be calculated using various methods, such as accrued 
benefit method, benefit prorate method, and cost prorate method [4]. The benefit prorate method in 
pension fund calculations is a way to allocate pension benefits based on proportion of an employee’s 
service rendered up to a certain point in time. The method evenly distributes pension benefits over 
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time with two approaches to calculate normal costs and actuarial liability: constant dollar and 
constant percent [5]. The constant dollar approach considers years of service until retirement, while 
the constant percent approach is based on the participant’s salary or wage until retirement [6]. The 
normal costs that are calculated using the benefit prorate method of the constant percent type will 
vary each year due to salary increases. 

Pension funds are accumulated through contributions from both pension program participants 
(employees) and employers [7]. These funds are invested to generate returns that can cover future 
pension obligations. A pension fund deficiency occurs when the projected future liability exceeds 
the current accumulated fund balance. Several factors influence pension calculations, including 
mortality rates, survival rates, and interest rates. Interest plays a crucial role in projecting future fund 
growth and determining the size of pension annuities [8]. For the purpose of understanding and 
modeling interest rate dynamics, The Vasicek model provides a mathematical description of their 
evolutionary path. The Vasicek model is stochastic interest rate model that predicts future interest 
rates based on the previous year’s interest rate (past trends) and a mean reversion property, meaning 
it tends to move toward an equilibrium point [9]. 

This study focuses on analyzing the unfunded actuarial liability (UAL) within a defined 
benefit pension program using the constant percent benefit prorate method and the Vasicek 
interest rate model. The benefit prorate method was chosen because pension benefits are 
allocated evenly each year based on participants’ salaries, making it easier to calculate normal 
cost and actuarial liability. In addition, the Vasicek interest rate model accurately reflects 
future interest rates in fluctuating market conditions. An improved evaluation of pension fund 
adequacy, along with the identification of potential funding deficiencies, was sought in this 
study by integrating interest rate based on the Vasicek model into UAL calculations using the 
benefit prorate method. 

2. Defined Benefit Pension Plans 
Participants salaries are determined by their years of service and salary increases. Salary 

increments are calculated by analyzing the relationship between participant’s incomes, service 
durations, and ages within a specific year, establishing average income growth patterns. This average 
income growth patterns is then formalized into a salary scale, which enables the prediction of future 
participant income. The cumulative salary up to age 𝑥 years is denoted as 𝑆! dan and expressed as 
follows [10]: 
𝑆! = ∑ 𝑠"!#$

"%& 	, 9  (1) 

the entry age is denoted by 𝑒 and	𝑠" is the participant’s annual salary at specified age 𝑡 years. If the 
salaryat age 𝑥	years is subject to an annual increase of 𝑠, then the salary at age 𝑥 + 𝑡	years can be 
determined by: 
𝑠!'" = 𝑠!(1 + 𝑠)" .   (2) 

The salary of the participant at age 𝑥 years is denoted by 𝑠!. The salary function is used to calculate 
the value of the benefits for pension fund participants. 

Benefit function is used to determine the amount of pension benefits that participants will receive 
upon reaching retirement age [10].  The pension benefit amount is denoted by 𝐵#. To calculate 
pension benefits, the average salary earned throughout the employee’s career is considered.The final 
pension amount is determined based on a specific proportion of either the salary at a certain age 
𝑥	years or the cumulative salary up to that age [1]. The total pension benefits accumulated up to 
retirement age at 𝑟	years are defined based on an 𝛼 proportion of the cumulative salary earned until 
that age is calculated using (3).  
𝐵( = 𝛼𝑆( .  (3) 

A whole life annuity-due refers to a series of payments made at the beginning of each period, 
continuing as long as the insured or pension program participant is alive [11]. The payments are 
typically made annually and can be expressed as in (4) [12]. 
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𝑎̈! = 1 + 𝑣𝑝! + 𝑣) 𝑝)	 ! + 𝑣+ 𝑝+	 ! +⋯ =3𝑣, 𝑝,	 !

-

,%.

. (4) 

A defined benefit pension plan is a retirement plan, which an employer promises a spesific 
payment to employees upon their retirement. This plan considers years of service with the company, 
the employee’s final salary, and age at retirement. The present value of future benefits (PVFB) 
represents the current value of the pension benefits that will be paid to a participant in the future, 
starting from their retirement age until their death [13]. Equation (5) is used for calculating PVFB. 
𝑃𝑉𝐹𝐵 = 𝐵(𝑎̈(𝑣(#! 𝑝(#!

	
!	.  (5) 

Normal cost (NC) refers to the regular contributions or amount of money that must be paid by 
active employees to fund their future pension benefits. When using the benefit prorate method with 
a constant percent type, the normal costs is calculated based on a proportion of the current salry (𝑠!) 
compared to the total salary earned until retirement (𝑆#) [14]. Equation (6) is usef for calculating 
normal costs using the benefit prorate method of the constant percent type. 

(𝑁𝐶)! =
/!
0"
(𝑃𝑉𝐹𝐵)!	.  (6) 

The aggregate fund accumulation in a given year 𝑡 is derived by summing the annual normal costs 
payment contributed by all	𝑁 participants, represented by the value of 𝑇𝑁𝐶".This involves summing 
up the individual normal costs of each participant, as shown below: 
𝑇𝑁𝐶" = ∑ 𝑁𝐶!# 	.

1
2%$   (7)	

Actuarial liability (AL) refers to the funds that a pension fund company must set aside to 
guarantee the payment of future pension benefits to participants of the pension program [15]. When 
using the benefit prorate method with a constant percent type, actuarial liabilityis calculated based 
on the proportion of cumulativesalary earned up to the current age compared to the total cumulative 
salary until retirement. The total actuarial liability for group consists of 𝑁participants of the same 
age can be obtained by adding up the individual actuarial liability of each participant in that group.  

𝐴𝐿" = ∑
0!#
0"
(𝑃𝑉𝐹𝐵)!#

1
2%$ 	.  (8) 

UAL indicates wheter the pension fund has sufficient amount to cover its future liabilities to their 
participants and is expressed (9) [16]: 
𝑈𝐴𝐿" = 𝑇𝐴𝐿" − 𝐹"	,   (9) 

the total funds accumulated at the end of the year 𝑡, denoted by 𝐹", can be calculated using (10) [17]. 
𝐹" = 𝐹"#$ +	𝑇𝑁𝐶" + 𝐼𝑅" − 𝑇𝐴𝐵" .  (10) 

The benefits distrubuted to participants due to death or resignation during year 𝑡 are denoted as	𝑇𝐴𝐵". 
The total investment return earned in year𝑡, denoted as 𝐼𝑅", can be obtained using (11). 

𝐼𝑅" = (𝐹"#$ × 𝑖) + B𝑇𝑁𝐶" ×
3
)
C − (𝑇𝐴𝐵" × 𝑖).  (11) 

The investment return rate (𝑖) is assumed to be equal to the interest rate. The the UAL can be either 
positive or negative. A positive UAL means that the accumulated funds are insufficient to cover 
future actuarial liabilities; while a negative UAL indicates that the accumulated funds exceed the 
actuarial liabilities. This assessment helps determine the adequacy of the pension funds. 

3. Vasicek Model 
The Vasicek interest rate model is characterized by a mean-reverting stochastic process, wherein 

interest rates exhibit fluctuations around a long-term equilibrium level [18].The Vasicek model is 
characterized by three parameters, such as 𝛽, 𝜃, and	𝜎. The parameter 𝛽 determines how quickly the 
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short-term interest rate 𝑟(𝑡) reverts to its long-term mean. The parameter 𝜃 represents this long-term 
mean, while parameter 𝜎 signifies the volatility of the short-term interest rate. Suppose 𝑊(𝑡) denotes 
a Wiener process, based on the properties of Itô’s integral, the interest rate for each period can be 
predicted using (12) [19]: 

𝑟(𝑡3) = 𝑟(𝑡3#$)𝑒#4(∆") + 𝜃H1 − 𝑒#4(∆")I + 𝜎𝑒#4" ∫ 𝑒48𝑑𝑊(𝑢)"$
"$%&

. (12) 

The parameters of the Vasicek model are estinated through maximum likelihood estimation 
(MLE), a technique that seeks to maximize the likelihood of the observed data [21]. Hence, the log-
likelihood function based on the probability density function is as follows: 

ln 𝐿(𝑟(𝑡3); 𝛽, 𝜃, 𝜎) = ln(2𝜋)#
9
) + ln(𝜎))#

9
) −

1
2𝜎)3B𝑟(𝑡3) − 𝑟(𝑡3#$)𝑒#4∆" − 𝜃H1 − 𝑒#4∆"IC

)
.

9

3%$

 

The log-likelihood function is maximized through differentiation, solving for each parameter. The 
resulting parameter estimates are then calculated using the equations listed following: 

𝛽U = − $
∆"
× Vln ∑ ;(("$)(("$%&)#< ∑ (("$)#< ∑ (("$%&)

'
$(& '9<)'

$(& ='
$(&

∑ ;(("$%&)=
)
#)'

$(& <∑ (("$%&)'
$(& '9<)

W (13) 

𝜃X = ∑ ;(("$)#(("$%&)&%*∆,=
'
$(&

9;$#&%*∆,=
  (14) 

𝜎Y) =
1
𝑛3[𝑟(𝑡3)) − 2𝑒#4∆"𝑟(𝑡3)𝑟(𝑡3#$) + 𝑒#)4∆"𝑟(𝑡3#$))

9

3%$

− 2𝜃H1 − 𝑒#4∆"I B𝑟(𝑡3) − 𝑒#4∆"𝑟(𝑡3#$)C + 𝜃)H1 − 𝑒#4∆"I
)\	 . 

(16) 

The Vasicek model was used to forecast interest rates that were used in calculating normal costs NC, 
AL, and the UAL for pension fund based on the benefit prorate method, as shown in the flowchart 
in Fig. 1.  

 
 Fig. 1 Flowchart pension funding calculation using benefit prorate and Vasicek model. 
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4. Results and Discussion 
The initial phase in applying the Vasicek model to interest rate determination involves parameter 

estimation. The parameters 𝛽, 𝜃, and 𝜎 were estimated using historical BI-Rate data, and the resulting 
values are presented in Table 1. 

Table 1. Parameters of the Vasicek Model 

Parameter Value 
𝛽"" 0.1045 
𝜃$ 0.5316 
𝜎& 0.0521 

The parameter 𝛽<  indicates that the interest rate will return to the mean at a rate of 0.1045; 𝜃= interprets 
the average interest rate to be 0.5316; and 𝜎> indicates the fluctuation of the interest rate is 0.0521. 
Hence, the interest rate equation can be derived using the parameter’s value shown in Table 2, such 
as: 

𝑟(𝑡3) = 𝑟(𝑡3#$)𝑒#.,$.?@ + 0,5316(1 − 𝑒#.,$.?@) + 0,0521𝑒#.,$.?@" ∫ 𝑒.,$.?@8𝑑𝑊(𝑢)"$
"$%&

	. (17) 

Equation (17) was used to generated Vasicek model-based interest rate predictions using 
historical BI-Rate data from 1985 to 2023, beginning with an initial interest rate of 13.79%. The 
accuracy of these predictions was evaluated using the MAPE. The model demonstrated suitability 
for interest rate forecasting, with a MAPE of 40.9%. The model is suitable for estimating the interest 
rate of the Vasicek model since the MAPE value is still below 50%. This model was then employed 
to forecast annual interest rates for the next 20 periods, from 2024 to 2044, using an initial interest 
rate of 6%. The result of these Vasicek interest rate estimations is presented in Fig. 2. 

 
Fig. 2 Interest rate forecasting using Vasicek model. 

Fig. 2 shown the actual BI-Rate interest rate during 1985–2023 and the estimated Vasicek model-
based interest rates during 1985–2044. The estimated Vasicek model-based interest rates fluctuate 
during 2024–2044, showing a downward trend from 2034, with the highest estimated rate occurring 
in 2032.  

3.1. Defined Benefit Pension Plans Using Vasicek Model Based-Interest Rates 
The forecasted interest rates graph in Fig. 2 exhibits fluctuations and a downward trend after 

2034. These forecasted interest rates form the basis for determining the whole life annuity-due upon 
retirement year, detailed in Table 2 for 2024–2044. 



 
ENTHUSIASTIC 

International Journal of Applied Statistics and Data Science 
135 

 

https://journal.uii.ac.id/ENTHUSIASTIC p-ISSN 2798-253X 
e-ISSN 2798-3153 

 

Table 2. Whole Life Annuity-Due 

Retirement year Whole Life Annuity 
2024 12.58 
2025 12.92 
2026 11.16 

.

.

.
 

.

.

.
 

2042 15.41 
2043 22.81 
2044 17.07 

Fluctuations in annual interest rates directly impact annuity values through their inverse relationship 
with discount factors. An increase in interest rates lower discount factors, thereby reducing annuity 
amounts. Pension benefits were estimated based on a participant’s salary, assuming an 8% annual 
growth rate, with 2.5% of the salary allocated to pension. PVFB was then calculated, as summarized 
in Table 3. 

Table 3. Present Value of Future Benefits (PVFB) 

Entry 
Age 

Current 
Age 

Current 
Salary 

Final Cumulative 
Salary 

Pension 
Benefits PVFB 

18 56 IDR58,695,581 IDR816,389,143 IDR20,409,728 IDR193,906,676 
18 56 IDR48,213,377 IDR670,593,548 IDR16,764,836 IDR159,277,677 
18 55 IDR46,740,914 IDR699,412,002 IDR17,485,300 IDR268,841,245 .
.
.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

26 42 IDR33,215,806 IDR1,301,250,866 IDR32,531,271 IDR41,904,630 
26 41 IDR32,202,438 IDR1,362,475,621 IDR34,061,890 IDR57,483,482 
27 44 IDR42,589,463 IDR1,419,786,122 IDR35,494,653 IDR25,769,761 .
.
.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

48 58 IDR0 IDR198,893,679 IDR4,972,341 IDR62,562,400 
49 59 IDR0 IDR278,873,670 IDR6,971,841 IDR0 
49 59 IDR0 IDR176,848,297 IDR4,421,207 IDR0 

The final cumulative salary, pension benefits, and PVFB are directly proportional to the annual 
salary and service durations. Participants who have exceeded the retirement age are entitled to their 
pension benefits, resulting in a zero PVFB. The calculated PVFB was then used to determine the 
normal costs and actuarial liabilities of pension plan participants. In the constant percent prorated 
method, the prorated salary used to calculate the normal contribution is derived from the salary at 
the age of calculation	(𝑠!) divided by the cumulative salary until retirement age (𝑆#). 

 
Fig.  1 Normal contributions for all participants. 
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Fig. 3 illustrates the participants aged 38 to 40 experienced higher contribution rates in 2024 due 
to projected lower interest rates at retirement. Retired participants were not subject to prorated salary 
calculations, resulting in zero normal contributions. The total normal cotribution for 2024 were 
calculated to determine the accumulated funds. The total normal contribtutions for 2024 were 
calculated, amounting to IDR1,293,224,629, with 29 participants reaching retirement in that year. 

Following the determination of the normal contribution, the AL was calculated. Using the 
constant percent prorate method, the prorated salary needed for this calculation was determined by 
dividing the cumulative salary at the current age(𝑆!) by the cumulative salary at retirement (𝑆#). 

 
Fig. 4 Actuarial liability for all participants. 

Upon reaching retirement age, participants become entitled to pension benefits, due to the AL 
being non-zero. After retirement, AL decrease to zero as all pension benefits have been disbursed. 
Next, to determine the UAL, the total actuarial liability for 2024 was calculated (Fig. 4). The total of 
AL for 2024 amounted to IDR17,768,616,418.  

The number of retirees increased significantly, from 6 persons in 2023 to 29 persons in 2024. 
Consequently, the pension benefits for retired participants in 2023 (𝑇𝐴𝐵$%$&) was amounted to 
IDR70,663,366 and in 2024 (𝑇𝐴𝐵$%$')	is amounted to IDR514.257.957. In the UAL calculation, a 
5.77% investment returns assumed, reflecting the 2024 interest rate. The accumulated funds from during 
1985-2024 using the Vasicek interest rate estimations are shown in Table 5. 

Table 5. Accumulated Funds 

Year Interest 
Rate Total Normal Costs 

Total Pension 
Benefits for 

Retired 
Participants 

Investment Accumulated Value 

1985 13.79% IDR0 IDR0 IDR0 IDR0 
1986 21% IDR544,522 IDR0 IDR56,152 IDR600,674 
1987 16% IDR1,274,274 IDR0 IDR203,029 IDR2,077,977 
1988 6% IDR2,618,505 IDR0 IDR196,704 IDR4,893,187 
1989 14% IDR5,937,771.34 IDR0 IDR1,080,770 IDR11,911,729 .
.
.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

2004 9.61% IDR84,790,550 IDR0 IDR124,434,144 IDR1,461,059,979 
2005 10.42% IDR95,643,610 IDR0 IDR157,280,733 IDR1,713,984,324 
2006 5.69% IDR114,930,022 IDR0 IDR100,874,181 IDR1,929,788,528 .
.
.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

.

.

.
 

2021 9% IDR1,211,230,741 IDR0 IDR1,710,037,767 IDR20,405,899,835 
2022 4% IDR1,382,036,087 IDR0 IDR835,491,020 IDR22,623,426,942 
2023 6% IDR1,493,750,402 IDR70,663,366 IDR1,397,978,326 IDR25,444,492,304 
2024 5.77% IDR1,293,224,629 IDR514,257,957 IDR1,487,454,245 IDR27,876,800,594 
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The accumulated fund in 1985 is IDR0 because based on the data obtained, the pension program 
started in 1986. Total normal costs generally rise each year, however, in 2024, a reduction occurred 
because 29 participants reached retirement age so they stopped paying normal costs. The investment 
rate fluctuates with the prevailing interest rate. Changes in normal costs and accumulated value 
during 1985–2024, as effected by the Vasicek model-based interest rates shown in Fig. 5.   

Fig. 5 Trends in contributions and investments. 

The accumulated funds in 2024 and the total actuarial liability in that year are used to calculate the 
UAL. The calculation results show that the UAL in 2024 was sufficient to finance the payment of 
retirement benefits to participants, with a surplus of IDR10,108,184,176; indicating that the pension 
fund is stable and able to fulfill the requirement to pay benefits in the future. 

5. Conclusion 
Using the Vasicek interest rate model, conclude that higher interest rates at the time of retirement 

lead to smaller pension benefits for participants. An increase in the interest rate by 2% correlates 
with a 3%–5% increase in normal costs and a corresponding decrease in the present value of future 
pension benefits, thereby lowering the required reserve fund. The unfunded actuarial liability using 
the Vasicek interest rate shows a significant surplus, indicating that the pension fund is well-
positioned to meet its future liabilities. The fluctuating nature of Vasicek interest rate aligns with 
real-world economic conditions in Indonesia, enabling  the company to make more informed 
financial decisions. For more consistent-interest rate estimation with less fluctuation, the Cox-
Ingersoll-Ross (CIR) model can be employed. The CIR model is ensuring that interest rates remain 
non-negative. 

Acknowledgment 
The authors gratefully acknowledge Institute Technology of Sumatera for the facilities, 

resources, and academic environment that have supported this research. Sincere appreciation is also 
extended to the lecturers of the Actuarial Science Department, whose dedication to teaching and 
research has provided a strong foundation for this study. The author is especially thankful to the 
supervisors for their expert guidance, critical insights, and valuable suggestions, which have 
significantly contributed to refining and strengthening the findings of this research. 

References 
[1] D.P. Sari, “Pembentukkan dana pensiun dengan metode benefit prorate constant percent,” J. Gener. 

Kampus, vol. 6, no. 2, 2013, doi: 10.21009/JGK.062.03. 
[2] Presiden Republik Indonesia, Undang-Undang Presiden Republik Indonesia Nomor 11 Tahun 1992 

tentang Dana Pensiun. Jakarta: Pemerintah Republik Indonesia, 1992. 
[3] M. Ahyar, N. Satyahadewi, and H. Perdana, “Metode projected unit credit dan individual level premium 

dalam perhitungan dana pensiun,” Bimaster, vol. 10, no. 1, pp. 151–158, 2021, doi: 
10.26418/bbimst.v10i1.44769. 



 
ENTHUSIASTIC 

International Journal of Applied Statistics and Data Science 
138 

 

https://journal.uii.ac.id/ENTHUSIASTIC p-ISSN 2798-253X 
e-ISSN 2798-3153 

 

[4] T.J. Mega, N. Satyahadewi, and H. Perdana, “Optimalisasi waktu pengembalian manfaat pensiun 
menggunakan metode benefit prorate tipe constant percent,” Bimaster, vol. 9, no. 3, pp. 351–360, 2020, 
doi: 10.26418/bbimst.v9i3.40890. 

[5] A.R. Wijaya, N. Satyahadewi, and S.W. Rizki, “Perbandingan metode benefit prorate tipe constant dollar 
dan tipe constant percent pada pendanaan pensiun manfaat pasti (studi kasus: Data guru kontrak Kec. 
Nanga tayap kab. Ketapang),” Bimaster, vol. 6, no. 3, pp. 177–182, 2017, doi: 
10.26418/bbimst.v6i03.21857. 

[6] R.I. Sari and N. Satyahadewi, “Penerapan metode cost prorate tipe constant percent untuk perhitungan 
nilai kewajiban aktuaria dana pension,” Bimaster, vol. 3, no. 3, pp. 223–226, 2014, doi: 
10.26418/bbimst.v3i03.7441. 

[7] S. Cahyani and R. Kusumawati, “Metode benefit prorate constant dollar untuk penghitungan dana 
pensiun menggunakan suku bunga model Vasicek,” J. Kaji. Terap. Mat., vol. 7, no. 1, pp. 62–72, 2018, 
doi: 10.21831/jktm.v7i1.10553. 

[8] F. Willieardan, I.N. Widana, and I.P.W. Gautama, “Penggunaan metode projected unit credit pada 
asuransi pensiun gabungan model Vasicek dan CIR,” E-J. Mat, vol. 12, no. 1, pp. 44–51, 2017, doi: 
10.24843/mtk.2023.v12.i01.p398. 

[9] S. Artika, I.G.P. Purnaba, and D.C. Lesmana, “Penentuan premi asuransi jiwa berjangka menggunakan 
model vasicek dan model Cox-Ingersoll-Ross (CIR),” J. Mat. Its Appl., vol. 17, no. 2, pp. 129–139, 2018, 
doi: 10.29244/jmap.17.2.129-139. 

[10] H.E. Winklevoss, Pension Mathematics With Numerical Illustrations, 2 ed. Philadelphia, PA, USA: 
Pension Research Council and University of Pennsylvania Press Philadelphia, 1993. 

[11] I.G.A.K.K. Wardhani, I.N. Widana, dan N.K.T. Tastrawati, “Perhitungan dana pensiun dengan metode 
projected unit credit dan individual level premium,” E-J. Mat., vol. 3, no. 2, pp. 64–74, 2014, doi: 
10.24843/MTK.2014.v03.i02.p067. 

[12] S. Sofiyani dan Y. Permanasari, “Penerapan metode cubic spline interpolation untuk Menentukan 
Peluang Kematian pada tabel mortalita,” J. Ris. Mat., vol. 3, no. 1, pp. 29–36, Jul. 2023, doi: 
10.29313/jrm.v3i1.1735. 

[13] T. Futami, Matematika Asuransi Jiwa, 1 ed. Japan: Incorporated Foundation, 1993. 
[14] N.L Bowers, H.U. Gerber, J.C. Hickman, D.A. Jones, and C.J. Nesbitt, Actuarial Mathematics. 

Schaumburg, IL, USA: Society of Actuaries, 1997. 
[15] D.C.M. Dickson, M.R. Hardy, and H.R. Waters, Actuarial Mathematics for Life Contingent Risks. 

Cambridge, United Kingdom: Cambridge University Press, 2009. 
[16] S. Manullang, D.T. Siahaan, F.D. Saribu, J. Pasaribu, and F.N. Trurnip, “Perhitungan manfaat pasti 

dengan metode spreading gains and losses pada program pensiun,” Innovative, vol. 4, no. 2, pp. 5211–
5219, Apr. 2024, doi: 10.31004/innovative.v4i2.9968. 

[17] G. Ayrancı, “Distributions of the parameters in Vasicek model,” M.S. thesis, Dept. Actuar. Sci., Yasar 
Univ., İzmir, Turkey, 2013. 

[18] Z.D. Nastiti, “Implementasi model tingkat suku bunga Cox Ingersoll Ross (CIR) untuk menentukan iuran 
normal pensiun program manfaat pasti,” B.S. thesis, Faculty Mat. Sci., Institut Teknologi Sepuluh 
Nopember, Surabaya, Indonesia, 2015.  

[19] S.M. Ross, Sthocastic Process, 2 ed. Berkeley, CA, USA: University of California, Berkeley, 1996. 
[20] W. Ekasasmita, N.F. Adhalia, and A. Lawi, “Simulasi pergerakan harga saham menggunakan model 

Brownian motion,” Sem. Nas. Teknik Elekt. Inform. (SNTEI), vol. 8, no. 1, pp. 249–253, 2022. 
 


