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PT. Cahaya Hermes Indo Abadi is one of the largest non-subsidized gas
distributors in the city of Padang. Gas is a necessity in society. It is necessary
to pay attention to the availability of gas to meet consumer needs, the state of
gas stocks can affect the level of sales revenue. Sales relate to consumer
desires for goods and services that they want to fulfill. Increasing the amount
of gas demand can generate a large income. In predicting gas needs, a
method is needed that is able to overcome society's gas needs. One of the
methods used in this research is the Monte Carlo Method. This method is
able to overcome further gas needs so data is needed to overcome this
problem. The data used is 12 Kg non-subsidized gas sales data for three
years, namely Gas Sales Data for 2021, 2022, and Gas Sales Data for 2023.
The level of prediction accuracy in 2022 is 86.9% and in 2023 the accuracy
is 86.6%. Based on the gas distribution simulation that has been carried out,
the average is 86.75%. By obtaining a greater level of accuracy, this method

is suitable for use and implementation in predicting future gas demand,
making it easier for companies to make decisions in the future.
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1. Introduction

Technological developments are currently increasingly rapid, with this sophisticated technology it
is able to make people think more advanced. With the human ability to consider all possibilities before taking
decisions and actions. One of them is the problem of managing availability. Inventory is a number of
commodities to meet future needs. Having a stable supply of goods can make sales run smoothly. PT Cahaya
Hermes Indo Abadi is one of the largest non-subsidized gas distributors in the city of Padang. The gas sold is
very diverse, starting from 5.5 kg gas, 12 kg gas, and 50 kg gas. Gas is one of the needs that exist in society.
Gas is widely used in everyday life, apart from functioning as vehicle fuel, gas is also used for household
needs.

In managing current gas demand, companies still find it difficult to predict gas demand in the future,
so one method is used that is able to solve demand problems according to consumer needs, namely by using a
prediction. Prediction is the process of estimating possible outcomes. will occur in the future systematically
based on facts obtained from the past to minimize the chance of an error occurring [1]. The facts obtained are
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in the form of information that is relevant and in accordance with the need to find a picture that can make it
easier to carry out the investigation [2]. The existing facts are in the form of past data which is used as a
reference in estimating future demand. The data used is sales data for 2 consecutive years. Sales are the
number of goods purchased or requested at a certain unit price [3]. In predicting demand for goods, a model
is needed. A model is an explanation or picture that cannot be seen directly. A model can also be interpreted
as creating an imitation of an object or system into the form of an object whose form will later resemble the
original form of the system itself.[4]. The method used to make predictions/estimates is the Monte Carlo
method [5]. Simulation is a computer program (software) that functions to imitate the behavior of a certain
real system (reality). The purpose of a simulation is training, study of behavior systems, entertainment, or
games.

Modeling and simulation are tools that are often used by management in studying or analyzing the
work behavior of a system or process [6]. Monte Carlo Simulation Monte Carlo simulation is a type of
probabilistic simulation to find solutions to problems by sampling from random processes [7]. The random
process is carried out by generating numbers randomly, and the resulting numbers are varied so that the
resulting numbers can help determine future demand. In Monte Carlo simulation a model is built based on a
real system. Each variable in the model has a value that has the probability of each variable [8]. Monte Carlo
simulations (Monte Carlo experiments) are a broad class of computational algorithms that use random
sampling to obtain numerical results, usually carrying out the simulation many times to obtain the
distribution of unknown probabilistic entities [9]. The basis of the Monte Carlo method is the experiment of
various elements of probability using random samples. The advantage of the Monte Carlo method is that it is
a powerful numerical calculation tool for simulating statistical data, this simulation obtains accurate values
accurately from the physical form of the system that can be observed [10]. Prediction of sales levels with a
very good average level of accuracy in the following year [11]. The advantage of the Monte Carlo method is
that it makes it easier to predict forecasting in the form of numerical data and is also useful in analyzing costs
and scheduling [12]. In Monte Carlo simulation, random numbers are used. Random numbers in Monte Carlo
can be generated by generating these numbers according to the distribution of sample data [13].

Monte Carlo simulation has the advantage that it is easy to apply and the results are close to actual
values [14]. To make it easier to identify obstacles and problems by using the technique used in predicting
data with Monte Carlo simulation, namely by presenting the problem on a knowledge Base basis [15]. The
Monte Carlo algorithm will determine choices based on probability and density so that it will determine the
best choice [16]. Because this algorithm requires very complex calculations and repetitions, this method
generally uses various computer simulation techniques and is carried out using a computer. The Monte Carlo
algorithm is a numerical method used to find solutions to mathematical problems (consisting of many
variables) that are difficult to solve, such as integral calculus or other numerical methods [17]. The Monte
Carlo method can also be used as a tool to analyze and solve existing problems in mathematical form with
several random statistical examples [18].

Monte Carlo is able to simulate a system repeatedly by assigning random numbers to each variable
from its probability distribution [19]. Other previous research in applying the Monte Carlo method was a
simulation in increasing sales of Tiens sharia calcium products. The data used in this research is calcium
sales data from 2018 to 2019. The results obtained in this research show an accuracy level of 91% and 93%
and are able to predict demand for goods and sales in the following year. The results of predicting the number
of requests and sales revenue can help leaders in making decisions [20]. In research conducted by Hasanah,
W.P., et al in 2020. Based on the results of a Monte Carlo simulation with 30 replications, it is known that the
total minimum storage cost for PRC blood components for blood type AB is IDR 31,390,500 and there is a
decrease in shortage from 18 blood bags to 4 blood bags with service level of 99.02% [21]. In research
conducted by Simangunsong, A, in 2023, data obtained from Putri Deli Elementary and Middle School can
be processed by applying the Monte Carlo method to obtain results with an accuracy level of around 77% to
93%, wherewith this level of accuracy it can predict stationery supplies. in the following year[22]. In
research conducted by Triananda, et al. Inventory control performance is reviewed from total inventory costs
and service level attainment. The results of the 1518512 spare parts simulation show that the total inventory
cost has decreased from Rp. 127,129,418.59 to Rp. 38,615,585.93 and service level achievement has
increased from 97.83% to 98.71% [23]. In research conducted by Efendi, G. et al., Simulation results for
January 2023. The optimal level of blood supply based on blood groups A, B, AB, O, respectively, is 27, 27,
4, and 46 bags. For February 2023, blood groups A, B, AB, O are 28, 27, 5 and 45 bags respectively. The
level of accuracy of this data processing is the prediction of the average demand for each blood type with a
percentage of 90% for January 2023 and 81% for February 2023 [24]. In research conducted by Sari. I,Y. et
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al,. simulations in predicting demand and use of blood components as well as accuracy values can be
increased to be greater so that the average accuracy percentage is 93.1% [25]. With this research, the author
aims to help PT. Cahaya Hermes Abadi to solve problems regarding gas availability. The author uses the
Monte Carlo method to solve the problem because implementing this method can help the company estimate
product availability in the future, and get accurate results based on the level of accuracy produced. The
results of this research are expected to be a consideration for companies in determining the amount of gas
inventory for 2024, based on data from the previous 3 years. This research is expected to provide information
about gas availability in the future.

2. Research Method

The method that will be used in this research is the Monte Carlo method. Several stages will be
carried out to overcome the problem. The steps that will be taken in solving the problem can be seen in the
research framework in Figure 1

| Identification of problems |

4

Problem analysis

ies

| Determining Research |

VoY NP

| Studying Literature |
10

| Data collection |

iy
Processing data
Monte Carlo Method
U
| Analyzing and Designing |
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| Testing Implementation |
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Results and Discussion

Figure 1. Research Framework
2.1. ldentifying Problems
This step is the first step to determine the formulation of the problem that occurs at PT. Cahaya Hermes Indo
Abadi, namely the implementation of the Monte Carlo method in determining predictions of future gas
demand.

2. 2 Analyzing the Problem

The next step is to analyze the problem to understand the problems that have been determined in the previous
scope or limitations. In this problem analysis, we describe the process for estimating gas demand that will be
faced in the future based on past data that has been collected.

2.3.Determining Research Objectives

Research objectives are something that must be achieved in a study. The aim of this research is the ideal final
result that is expected to be achieved after the research is carried out. At this point, it provides an indication
of the direction in which the search is to be conducted or what data and information should be gathered from
the search. This step clarifies the scope and boundaries of the problem. Determine what goals will be
achieved at the end of the research, so that the research is more focused and useful.

2.4. Studying Literature
To achieve the objectives, several literatures were studied which were used to support this research. This
literature is selected which will be used in the research. Literature is taken from various sources, namely in
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the form of scientific works, articles, proceedings on the Monte Carlo method and other supporting reading
materials.

2.5.Data collection

The data collected in the research is gas sales data for two consecutive years. The data is used as a reference
in making predictions using the chosen method. The data obtained is real data. The data needed is gas sales
data for 2 years.

2.6. Processing Data Using the Monte Carlo Method
At this stage, the data that has been collected will be processed. The data to be processed is data obtained
from observations. Steps taken in the Monte Carlo method:
a.Create a probability distribution
b. Construct a cumulative probability distribution
c. Determine the random number interval
d. Generate random numbers
e. Carrying out simulation experiments
2.6 Analyzing and Designing
At this stage, analysis and design of existing problems will be carried out based on the data collected.

2.7 Implementation and testing

At this stage, implementation and testing of the processed data have been carried out using a programming
language. It is hoped that the designed model will be useful for users so that the application of the Monte
Carlo simulation method can predict possible future gas demand.

2.8 Results and Discussion

At this stage, the results of processing and testing data are presented to obtain prediction results. The results
are compared with real data to see the percentage (%) accuracy. Gas sales data for 2021 is used as test data to
predict gas sales in 2022, then 2022 data is used as test data to predict gas sales in 2023. Data for 2023 is
used as a test to predict gas sales in 2024.

3. Result and Discussion

3.1. Analysis and Design Stages

In this research, the data used is gas sales data from 2021 to 2023. The gas sales data was processed
using the Monte Carlo method. Gas sales data for 2021 is used as test data to predict gas sales in 2022, then
2022 data is used as test data to predict gas sales in 2023. Data for 2023 is used as a test to predict gas sales
in 2024.
Gas sales data in 2021-2023 are presented in Table 1.

Table 1. Gas sales data for 2021-2023
Frequency (Years)

No  Month 2021 2022 2023
1 January 630 750 900
2 February 1700 1400 1100
3 March 450 800 1250
4 April 1150 1150 1200
5 May 550 750 900
6 June 1400 450 1552
7 uly 1600 1600 1300
8  August 1.450 1450 1440
9  September 900 1250 1440
10  October 1300 1300 998
11 November 950 1350 1227
12 December 870 1100 990
12.950 13.350 12.857
Total

Based on the data in Table 1, it is then analyzed using the Monte Carlo method with the following stages:
a. Determining Probability Distribution (DP)
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The probability distribution is obtained from dividing the variable by the total number of frequencies. with
Equation:

Dp= Fr/Tf (1)

Where Dp is the probability distribution, Fr is the frequency, and Tf is the total frequency. Gas Probability
Distribution in 2021-2023 is presented in Table 2.

Table 2 Cumulative Probability Distribution for 2021-2023

Distribusi Probabilitas

No Month

2021 2022 2023

1 January 0.05 0.06 0.09
2 February 0.13 0.10 0.09
3 March 0.04 0.06 0.10
4 April 0.09 0.09 0.06
5 May 0.04 0.06 0.07
6  June 0.11 0.03 0.05
7 July 0.13 0.12 0.09
8  August 0.11 0.11 0.09
9  September 0.05 0.09 0.10
10 October 0.10 0.10 0.07
11 November 0.08 0.10 0.10
12 December 0.07 0.08 0.09
Total 1 1 1

b. Determining the Cumulative Probability Distribution

Cumulative distribution is the second step carried out in the Monte Carlo stage. In implementing this
second step, it can be used as a reference or guideline in finding cumulative distribution results. Cumulative
distribution is obtained by adding the probability distribution with the next cumulative distribution. but not
for the first value, because the first value of the cumulative distribution is its own value.

Table 3 Cumulative Probability Distribution for 2021-2023
Year 2021 Year 2022 Year 2023

No  Month  — — Dr DKk DP DK
1T Janiary 005 005 006 006 009 009
2 February 0.13 018 010 016 0.09 0.18
3 March 004 022 006 022 010 028
4 April 009 031 009 031 006 034
5 May 004 035 006 037 007 041
6  June 011 046 003 040 005 046
7 July 013 059 012 052 009 055
8 August 011 070 011 063 009  0.64
9  September 005 075 009 072 010 0.7

10 October 0.10 085 010 082 0.07 0.81

11 November 0.08 093 010 0.92 0.10 0.91

12 December  0.07 1 0.08 1 0.09 1
Total 1 1 1

c. Determining Random Number Intervals

The third step in the Monte Carlo method is to determine the random number interval. The random
number interval value is obtained from the cumulative probability number value in the previous stage. The
function of the random number value is to limit the value between one variable and another variable which
functions as a reference value for the simulation results. As for determining the limiting value for the random
number variable, it is:

a. The initial limit value for the first variable starts with the value 1.

b. The final limit value is determined by multiplying the cumulative probability value of each variable by
the number 100 and rounded then reduced by the number 1.

c. The initial limit value for the second variable and so on is obtained from the final limit value of the
previous variable. Random Number Interval Results are presented in Table 4 for 2021, 2022 and 2023.

Table 4 Distribution of Random Number Intervals for 2021-2023

Month Yegr 2021 Yea_r 2022 \_(ear 2023
No Beginning  End Beginning End Beginning End
1 January 1 5 1 6 1 9
2 February 6 18 7 16 10 18
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3 March 19
4 April 23
5 May 32
6 June 36
7 uly 47
8  August 60
9  September 71
10  October 76
11 November 86
12 December 94

d. Generating Random Numbers

The fourth step in Monte Carlo is by generating random numbers. At this stage several random numbers will
be generated to carry out a simulation. The method used is the Linear Congruent Generator (LCG) method.
This method is very suitable for use in simulations. This method requires 4 parameters whose values must be
set first, namely a, zi, c and m. These 4 parameters are integer. To generate random numbers, use the formula

in equation (2).
Zi+l=(a*Z1l+c)mod M (2)
Where :

a = Multiplier number (a < m),
c=Displacement number (c <m,
m= Modulus number (m > 0)

Zi = Initial number (integer > 0, Z0< m). Where i starts from 0.

Table 5 Random Numbers

value

e —
BhBowo~vwourwNhr

Based on the table above, several random numbers are obtained, where these random numbers or numbers
will be used as a reference or guideline for carrying out the simulation process.

e. Prediction and Testing Simulation

The final step in the simulation process is to create a series of simulations based on random numbers and
random number intervals. The results of these simulations are presented in Table 7 for 2021, Table 8 for
2022, and Table 9 for 2023. The data in Table 7 is used to make a comparison of predicted data with real

data.
Table 7 Comparison of Simulation Results and Presentation of Accuracy Levels 2022
No Month Accurate Real Data Accuracy (%)
1 870 750 86
2 January 1300 1400 93
3 February 950 800 84
4 March 1400 1150 82
5  April 650 750 93
6 May 550 450 82
7 June 1700 1600 94
8 July 1700 1450 85
9  August 1600 1250 78
10  September 1150 1300 88
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11 October 1450 1350 93
12 November 1300 1100 85
Total 15420 13350 86.9

Based on the table above, the real data for 2021 is 13,350 gas cylinders. After carrying out simulation
experiments, the results obtained in 2022 are 15,420 products, with an accuracy level of 86.9%.

Table 8 Comparison of Simulation Results and Presentation of Accuracy Levels 2023

No Month Accurate Real Data AC((:OL/IOr)acy
1 January 950 900 93
2 February 1300 1100 93
3 March 900 1250 80
4 April 1600 1200 72
5 May 850 900 93
6 June 1050 1552 85
7 July 1400 1300 93
8  August 1400 1440 97
9  September 1600 1440 86

10 October 1150 998 90

11 November 1450 1227 80

12 December 1300 990 78

Total 15650 13350 86.6

Based on the table above, the real data for 2022 is 13,350 gas cylinders. After carrying out simulation
experiments, the results obtained in 2023 are 15,650 products, with an accuracy level of 86.6%.

Table 9 Prediction Simulation Results for 2024

Random Simulation

No Month Numbers Result
1 January 94 1227
2 February 79 998
3 March 88 1227
4 April 43 680
5 May 70 1440
6 June 34 900
7 July 16 1250
8  August 7 900
9  September 52 1552
10 October 25 1250
11 November 61 1400
12 December 79 998
13.822

The results in Table 9 are for 2024 and the accuracy cannot be found, because there is no real data for 2024.
The results obtained are predictions of what will happen to sales. The results of this prediction become a
reference for PT Cahaya Hermes Indo Abadi in preparing for future gas demand.

4. Conclusion

The results of this research show that the Monte Carlo Method is very optimal in helping PT.
Cahaya Hermes Indo Abadi to estimate gas sales based on past sales frequency and help companies in
making decisions in the future. The accuracy rate in predicting 2022 is 86.9% and in 2023 with an accuracy
of 86.6%. The average level of accuracy obtained from simulation experiments in 2022 and 2023 is 86.75%.
The prediction of gas demand in 2021 was then compared with real data in 2022, so an accuracy of 86.9%
was obtained. Then, the predicted data for 2022, was compared with real data for 2023, and a percentage of
86.75% was obtained. Based on the percentage obtained, the overall percentage is above 85%, and this
Monte Carlo method is very appropriate to use because it produces a high level of accuracy and can be used
by companies in predicting future needs.
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