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Abstract - Changes in the number of positive COVID-19 patients in Indonesia greatly affect the number of beds in hospitals.
Indonesia as a country that has a large population requires an accurate frequency analysis to make policies in dealing with
changes in the number of patients. This study focuses on analyzing the frequency of COVID-19 patients by using probability
modeling. Probability modeling will be carried out using four probability density functions (pdf) namely Gamma, Amarendra,
Rani, and Sujatha 2 Parameters will be used in this study. The estimated parameter from the pdf used in this study will be
obtained using the maximum likelihood technique. The distribution will be chosen using a few Good of Fit Test techniques,
including graphical (pdf plot and CDF plot) and numerical (Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) methods. The majority of the time, graphical approaches get identical results, however their AIC and BIC
results differ. The distribution with the lowest AIC and BIC values is chosen as the best appropriate outcome. The Sujatha two
parameter distribution has generally been deemed to be the best model.
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1. Introduction

Covid 19 is an infectious disease that spreads quickly and became very viral after it was first discovered in December 2019
in Wuhan City of China [1]. The first case outside China was found in Thailand on 13 January 2020 [2], Quick spread in both
local and international transmissions [3] including Indonesia. The COVID-19 pandemic in Indonesia is part of the ongoing
worldwide pandemic of coronavirus disease 2019 (COVID-19). It was confirmed to have spread to Indonesia on March 2,
2020, after a dance instructor and her mother tested positive for the virus. Both were infected by a Japanese national.[4].
Probability distributions have been used by academics from a range of disciplines to model and analyze the frequency of daily
COVID-19 data cases. Short summaries of the relevant literature are provided below. Soltani-Kermanshahi et al. [5]
investigated the probability modeling of fresh coronavirus data in Iran. Based on daily reported data, this study examines the
normal, log-normal, and weibull distributions of COVID-19 cases, three different forms of parametric distributions. Yusuf et
al. [6] Forecasting monthly data on patients with COVID-19 disease that occurred in Pakistan. Zafar, J. et al [7] Compared
several daily data models of COVID-19 patients in Pakistan. Weibull distribution (WD), Power function distribution (PFD),
Log-Logistics Distribution (LLD), Log-Normal Distribution (LND), Inverse Weibull Distribution (IWD), Gumbel Distribution
(GuD), Burr Il Distribution (BIIID), Burr XII Distribution (BXIID), and Birnbaum Saunders Distribution make up the 2-
parameter probability distribution model that was used (BSD). The Susceptible-Infectious-Recovered model and the log-linear
regression model, two straightforward epidemiological mathematical models, were employed to examine the daily and
cumulative incidence of COVID-19 in Spain and lItaly. [8]. Forecasting the COVID-19 pandemic that occurred in Turkey was
modeled using the Bayesian negative multilevel binomial model with mixed effects [9]. The choosing of the optimal season for
the eradication of this illness is more vulnerable because of the unique nature of the virus. To better manage societal, financial,
social, and general medical issues, transitory deciding is crucial even for the tiniest insight into the upcoming month [10]. The
behavior of pandemies, crop harvesting, commercial data mining, e-commerce fraud, as well as other practical challenges, has
been described using data science methodologies. [11-22]. Scientists have just recently developed or applied proven scientific
and quantifiable methods to forecast the number of COVID-19 cases and associated outcomes. The summed-up strategic model
demonstrates that the spread of the plague in China was exponential [23]. According to the prognosis, the situation will worsen
across all of Europe, and the USA will become the focus of new cases around the middle of April 2020. [24]. In this study,
several probability models will be used to analyze the frequency of positive COVID-19 sufferers in Indonesia. Indonesia is a
country with a very large population that is greatly affected by the outbreak of the covid 19 virus. Not many studies have been
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based on probability modeling on the data of COVID-19 cases, therefore in this study, several probability models will be used
to analyze the frequency of positive COVID-19 cases. 19 in Indonesia. However, research has found that uses a mathematical
model using data on new cases of covid 19 [25]. Simulation of the number of COVID-19 sufferers in Indonesia is also carried
out through a mathematical model [26]. This study aims to select the best model for analyzing the frequency of cases of covid
19 in Indonesia, the model used is the distribution of Gamma, Rani, Amarendra, and Sujatha 2 parameters. The maximum
likelihood method will be used in estimating Parameters. The two best methods in determining the best model, such as the
graphical method and the numerical method, will be carried out in this study. The graphical method will be carried out by
comparing the pdf and CDF of each model while the numerical values of AIC and BIC will complete this research as a
representation of the numerical method. Model selection using the graphical method often gives the same results for each
model but using the numerical method will result in the selection of the best model. easy based on the lowest value generated
by AIC and BIC

2. Data and Study Area

Data on daily new cases of covid 19 obtained for the period March 12 2020 to May 11, 2020, from the public report of the
National Institute of Health, Indonesia. Summary of data presented in descriptive statistics as in table 1. In the table it can be
concluded that the skewness value is very small and the kurtosis value does not exceed 2, this indirectly indicates that some
distributions with 2 parameters such as log-normal, Weibull, and Normal can be used in this modeling

Table 1. Desciptive Statistics of New Cases Positif Covid 19 in Indonesia

Mean Standrard deviasion Minimum Maximum Skewness Kurtosis
222.7 145.72 2.0 533.0 8.94 x 101° 1.80
3. Methods

3.1. Probability Density Function (PDF) and Cumulative Distribution Function (CDF)

The new cases covid 19 modeling require analysis of the number of daily patients with positive covid 19 data over a
number of years. Probability density functions are the main techniques for describing the novel situations with 19 properties.
The two-parameter gamma distribution with shape parameter and scaling parameter  is one of four probability density
functions, the Rani distribution with parameter 6, the Amarendra distribution with parameter Q and Sujatha two parameters
distribution with scale parameters A and shape parameters y associated with modeling daily new cases covid 19, are thought
about in this paper. Table 2 shows the pdf and CDF for each distribution we take into consideration, where y stands for the
observed values of the random variable corresponding to the event of interest. Several researchers have used the probability
density function in this study for various purposes [27-33].

Table 2. Probability Density Function (pdf) and distribution function (cdf) four distributions

Distribution pdf(f(y))dan cdf(F(y))
1 | Gamma (y;a,
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The choice of the model design and parameter estimation techniques is crucial for choosing the best fit model. The
maximum likelihood approach is used to calculate the parameter estimation of the distribution function. We won't go into detail
in this work on the implicit and complex maximum likelihood function for this model. The Newton Rapshon numerical
approach must be used to solve the non-linear equation produced by the maximum log-likelihood function (In L). However, the
iteration system has used this approach to obtain the answer. For this technique, several beginning values have been examined.
It is thought to be the selected estimated parameter if the starting value falls within the range of the same value. Both
numerically and graphically, the process of goodness of fit testing for model selection is presented

3.2. Maximum Likelihood Estimate (MLE) and Goodness of Fit Tests (GOF)
Let (¥4, Y2, -+, V) be a random sample from four PDFs, The natural log likelihood (In L) is presented in Table 3. The

MLE 8 of 6 is the solution of the equation % = 0 and thus it is the solution of the following nonlinear equation. The best
distribution is determined utilizing the findings from various goodness-of-fit tests. The GOF tests taken into consideration are
based on numerical criteria and the graphical inspection probability density function (PDF). To ascertain the distributions'
goodness-of-fit standards, Akaike's information criterion (AIC) and Bayesian information criterion (BIC) were used. The
majority of the time, graphical inspection produced the same outcome, however the AIC and BIC findings varied. The
distribution with the lowest AIC and BIC values was determined to be the best fit outcome. The following is the formula for

calculating AIC and BIC:
AIC=-2InL + 2k,
BIC=-2InL+klInn,

where k = the number of parameters, n = the sample size

Table 3. Log Likelihood function (In L)

Distribution InL
Gamma nalog(B) + (a — 1) Z log(x) — BZ x —nlog(T'(a)
Rani nlog (95?}-%) + Z log(@ + y*) —noy
Q4
Amarendra n (log <Q3 T Z 1207 6)) + Z log(1 +y+y2+y%) —nQy
Sujatha n(3log() — log(y2? + 1+2)) + Z logly +y +y%) —niy

4. Results and Discussion

In this study, the daily data histogram of new Covid 19 cases in Indonesia will be approximated by the four distributions or
probability density functions used in this study. This of course can be obtained based on the estimated parameter values as
presented in table 2. The maximum likelihood estimation approach is used to estimate the distributional parameters..

Table 4. Computed parameters of different distribution

s Parameters
Distribution p B 0 Q X y
Gamma 1.20 0.0054
Rani 0.022
Aramendra 0.018
Sujatha 2 Parematers 7432.36 0.011

Figure 1 shows that the Gamma distribution is not good in approaching the frequency of daily Covid-19 case data in
Indonesia, while the Rani and Amarendra distributions are also not very good at capturing the frequency of these data.
Different results are shown by the 2-parameter Sujatha Distribution, this distribution is able to approach the histogram or the
frequency of daily Covid-19 case data that occurs in Indonesia.
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Furthermore, the plot of the cumulative distribution function will be used to make more convincing conclusions in
choosing the best distribution in this study. Figure 2 is thus provided for this purpose as well. From the figure 2, it is very clear
that the Gamma, Rani, and Amarendra distributions are not good in approaching the observed distribution function, while the
opposite result is shown by a 2-parameter Sujatha distribution. The resulting distribution function is very good at capturing the
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Fig. 1 Pdf plot for comparisons Predicted and observed daily new cases covid 19 in Indonesia
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From the goodness of fit test of the model using this graphical method, it is very clear that the pdf and CDF plots give very
clear results that the 2-parameter Sujatha distribution is the best model in analyzing the frequency of covid 19 cases in
Indonesia. Numerical methods such as AIC and BIC values for the goodness-of-fit test were also used in this study. These two
values for each distribution used will be presented in table 3. Based on the values in the table, it can be concluded that the
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Fig. 2 Cdf plot for comparisons Predicted and observed daily new cases covid 19 in Indonesia

Sujatha 2 parameter distribution is the best model because it has the smallest AIC and BIC values.
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Table 5. The Goodness and fit test result of the daily new cases covid 19 in Indonesia

Gamma Rani Amarendra Sujatha 2 Parameters
AIC 809.8525 936.1560 887.3286 798.6539
BIC 810.0525 936.2216 936.2216 798.8539

5. Conclusion

In order to choose the 4 most suitable models or distributions that may be used to represent the distribution of the daily
number of new COVID-19 cases, this study will investigate the daily case data for the disease in Indonesia. Conclusion: When
compared to other well-known distributions, the Sujatha 2 parameters distribution produced better results. This judgment is
supported by popular goodness-of-fit test models like AIC and BIC.. The graphical technique namely pdf and CDF plots were
also observed comparing the empirical distributions with the adjusted by the Sujatha 2 parameters distribution. In addition,
through the best model in this study, we can use the distribution of the quantile function to simulate the number of daily new
cases of covid 19 in the future. These results are interesting for estimating the number of hospital beds during resource
allocation planning or social isolation policies.
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