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Abstract

The purpose of this research is to construct a generalized linear model (GLM) for forecasting the number
of new COVID-19 cases. The data used in this research is the open-source COVID-19 dataset from DEVAKUMAR
updated on January 30, 2020, from www. kaggle.com. The dataset contains information of infected COVID-19
patients data collected from 187 countries and is composed of 1 responsive variable and 12 explanatory variables.
Through feature engineering, it was found that there were 6 significant explanatory variables only. These variables
provided 7 significant features, which were the number of new deaths, number of new cases in a week, number of
recovered cases, number of newly recovered cases, number of confirmed cases, number of active cases, and the
product of the number of new recovered cases with the number of active cases. The 7 features were used to create
the GLM under the assumption that the data might be classified following one of these three statistical distributions,
normal distribution, negative binomial distribution, and Poisson distribution. After that, the models were modified for
improving their performance by using the stepwise selection technique. The study showed that the GLM by Poisson
distribution provided the best performance. By using all 7 features, the model by Poisson distribution has RMSE =
365.0387 and MAE = 803.0267. However, the GLM by normal distribution provided a marginally lower performance,
RMSE = 365.4591 and MAE = 803.0286, by using 4 features only. The 4 features used for modeling were the
number of new deaths, number of new cases in a week, number of newly recovered cases, and number of active
cases. The result of this implementation allows for a paradigm of applying feature engineering methods to simplify

the creation of generalized linear models for forecasting.
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Table 1 Variables from the personal infection data for the COVID-19

Variable Definition Type
X1 Confirmed explanatory variable (integer number)
Xo Deaths explanatory variable (integer number)
X3 Recovered explanatory variable (integer number)
Xy Active explanatory variable (integer number)
X5 New deaths explanatory variable (integer number)
Xe New recovered explanatory variable (integer number)
X7 Confirmed last week explanatory variable (integer number)
Xg Deaths / 100 Cases explanatory variable (real number)
Xg Recovered / 100 Cases explanatory variable (real number)
X10 Deaths / 100 Recovered explanatory variable (real number)
X11 1 week change explanatory variable (integer number)
X12 1 week % increase explanatory variable (real number)
y New case responsive variable (integer number)

Table 2 Parameterizing the automatic feature engineering process

Parameter Set condition
Mode feature selection
balance for accuracy 1.0
local random seed 1992
maximum generations 30
population size 10
maximum function complexity 20
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1.2 nalfTunawn Automatic Feature Engineering §34tiLaan Operators azuiisdasyamnae Cross Validation

al
v

Tae143% 10 -fold cross-validation L@insz@nEnanaaenistsziingluuunairesouunlinan Tna sy

ANNNTINLRBFAILARS b Table 3

Table 3 Parameterizing the cross validation process

Parameter Set condition
number of folds 10
sampling type automatic
use local random seed selected
local random seed 1992
enable parallel execution selected

o

1.3 nalsdunau Cross validation gadtaan GLM lunisainedauumndaduiziall addudrunisilniaus Training
o o A o L . [y = [ T . a o
LATHIELARN Apply Model NU Performance classification Iumumiwm'aummﬂug TALIAIATNI TN LR ATA
udnslu Table 4 Tan1sAUUANIIRIASS family LAz solver 1w AUTO azvinléldsunsu RapidMiner 1aan family

29INITUANLAI AT ANmNzaNiunsaf iU uLasiesasialunslssiiuAnman s ngadnulds

Table 4 Parameterizing the modeling process to select features

Parameter Set condition
family AUTO
solver AUTO

reproducible selected
maximum number of threads 4
use regularization selected
standardize selected
add intercept selected
missing value handling meanlmputation
max iterations 0
max runtime seconds 0

a Yo o

nnsUlseynelldlilsunsn RapidMiner Studio taALHBUNNIIAINITNAMAN UL Hiunauauisnagllam s

ugnaiumaLdalu Figure 1
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/Feature Engineering\

[ Cross validation J

Import data contains S
_ Significant feature
12 explanatory variables

[ Develop a GLM ]

/

Figure 1 Characterization algorithm for feature screening by RapidMiner Studio program
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wwaAanslszynsldldsunsn RStudio ieaBunsaivdanuudaduianall Aduneauannsnagy 8@

uARITUABLAT I Figure 2
dupaunslszensldidsunsu RStudio amiliunisadesanuudaduminsioll Iassialld
2.1 mathdayatszinn csv anldlunisadedauuuaiiiunislaaindeyadunldsaulsnniun
2.2 mautvdayaieiFauiuaznageunisdiulgalss@nininaesdouuulunis@nmnil Ineld3ansquuisgadaya
, = R I A =g 9 o Ay v o o |
lu 2 dow Ae ganldFaugineainiouuuuazganldnaaaunanisvinunaildainsauuy ludhsdau 70:30
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¥ ¥
o

Tnasan dumeudsaiuniside luaistannnsnagmsdudenwld fsuanslu Figure 3

# Process 2.1 Import the data into the data variable

from the csv format.
data = read.csv(the name of the file.csv)

-

# Process 2.2 Generate train and test sets from the dataset.

The ratio is 70:30 ratio.
Tibrary(dplyr)
train <- sample_frac(data,0.7)
sid <- as.numeric(rowname(train))
test <- data[-sid]

-

# Process 2.3 Create a GLM (Generalized Linear Model).
RV=Responsive Variable, EV=Explanatory Vvariable

# Creation of a generalized linear model with a negative binomial probability distribution.
glmNegbi<-gIlm.nb(RvV ~ EV1 + EV2 +...+ the last of EvV, data=train)

# Creation of a generalized linear model with a Poisson probability distribution.

glmPoisson<-gIm(RV ~ EV1 + EV2 +...+ the last of Ev,
family=poisson(1link="1og"),data=train)
# Creation of a generalized linear model with a normal probability distribution.

glmNormal<-gIm(RV ~ EV1 + EV2 +...+ the last of Ev,
family=NOo(1link="1indentity"),data=train)

-

# Process 2.4 The models were modified applying the stepwise selection technique.

Tibraary(MASS)

glmmodel <- glm (RV ~ EV1 + EV2 +...+ the last of EV ,data=train ,
family=Statistical Distribution(link="Link Function™))

modelF <- stepAIC(gimmodel, direction= "forward")

mode1B <- stepAIC(glmmodel, direction= "backward™)

mode1BOTH <- stepAIC(glmmodel, direction= "both")

-

# Process 2.5 Evaluating a generalized linear model's predictive performance

predictmodel <- predict(the name of the model, data = test, type = "response™)
RMSE <- sqrt(mean((testS$RV - predictmodel)/2 / test$RVA2))
MAE <- meagn(abs(testSRV - predictmodel))

Figure 2 Algorithm for constructing a generalized linear model to forecast the number of COVID-19 new

cases and an example set of R language instructions
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Consider the potential the data's variables.

individuals who have the corona virus in 2019.

outcomes:xl,xz, X3,X4,X5,Xg,X7,Xg,Xg9,X10,X11,X12, Y

Utilize the process of Feature Engineering.

Determine the features that are significant for modeling.

outcomes: X1, X3, X4 ,Xs5,Xg,X11,X4 " Xg

-

/ Identify significant features for modeling by using Stepwise Selection \

The probability distribution of variable is Negative Binomial: X1, X3, X4, X5, Xg , X111, X4 * Xg

The probability distribution of variable is Poisson (X1, X3,X4,X5,Xg,X11,X4 " Xg

Q’i probability distribution of variable is Normal : xx% X4,X5,X6,X11, XW

Create a GLM (Generalized Linear Model)

I (E(¥)) = 5.286 — 5.153 X 107°x; + 6.827 X 10™0x3 + 1.364 X 107%x, + 4.392 x 1073x;
+7.558 X 107%x, + 1.952 X 1075x;; — 8.031 x 10~ *%x, - x,

Groisson(E(Y)) = 5.286 — 5,157 X 107%x; + 6.832 X 107%x3 + 1.365 x 10~°x, + 4.392 x 10~ %x;
+7.584 X 1075x4 + 1.946 x 1075xy; — 8.024 x 1071%, - x4

Gnormar(E()) = 11.07756 + 8.56 x 1073x, + 19.94740x5 + 1.2065 X 10~ x4 + 7.64 x 1073x,,

-

[MAE and RMSE are implemented to evaluate performance]

Figure 3 Algorithm for forecasting the number of COVID-19 new cases utilizing feature engineering, stepwise

selection, and generalized linear model

NANNSIAE

uadLnsilaelilsunsy RapidMiner lunnsmpmuansnieiauduiusiusaulsauudfndasalud
(New case) aeineluiad1Any wudﬂﬁ@mﬁﬂwmx 7 2819 A1n 6 Faulsasuny LanvAaTable 5 ﬁqﬁwudﬁﬂmﬁﬂwm:

' [

= 4 Y o A 9wy iAo o o Y o = o o Ao
‘V]Qﬂ@ﬁ‘V]‘ﬂu‘ﬂ‘ﬂﬂblﬂLNﬂV]ﬂ@ﬂUiuﬂq?@?qqmqLL'1_|'1_|LU@QmuLLﬂQ1NNuﬂ@qﬁﬁymﬂﬂq?@?f]\imqLLUULﬂQLﬁuuﬂV]qllﬂV]ﬂqﬁum
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Table 5 Features produced by the analysis's application of the feature engineering technique

Feature Variable Definition
1 X1 number of confirmed cases
2 X3 number of recovered cases
3 Xy number of active cases
4 X5 number of new deaths
5 Xg number of newly recovered cases
6 X11 number of new cases in a week
7 X4 " Xg product of the number of new recovered cases with the number of active cases

AdnLsrAnsaesnmudneusitsnglunissfedauuidaduieialinidssdninmanaasdaallsunsy RStudio tne

o

315U AIC BWAZAIAALABNFAILUTLLILANA LI RANTNANNNNTUANLAIN AT ALAAI A S Table 6 09 Table 8 At

Table 6 Features selected stepwise selection with negative binomial distributions

Variable Coefficient Pr(>|z|)
Intercept 5.286 0.0131
X1 -0.000005153 0.6983
X3 0.000006827 0.8594
Xy 0.00001364 0.2377
Xs 0.004392 0.0811
X 0.00007558 0.9161
X11 0.00001952 0.9074
X4 * Xg -0.0000000008031 <2x10™°

Table 7 Features selected stepwise selection with Poisson distribution

Variable Coefficient Pr(>|z)
Intercept 5.286 <2x10™°
Xq -0.000005157 <2x107°
X3 0.000006832 <2x10™°
Xy 0.00001365 <2x107°
Xs 0.004392 <2x10™°
X 0.00007584 <2x10™°
X11 0.00001946 <2x10™°
X4 * Xg -0.0000000008024 <2x10™°
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Table 8 Features selected stepwise selection with normal distribution

Variable Coefficient Pr(>[t])
Intercept 11.07756 0.736
X4 0.00856 4.70x10™
Xs 19.94740 8.75x10™°
X6 0.12065 <2x107°
X11 0.00764 5.44x107°

AN Table 6-8 azls

aunssuuudduizrialudmiudeyaninisuanuamadAuuumivinay Ae

gnp(E(y)) = 5.286 — 5.153 X 1076x; + 6.827 x 107 °x3 + 1.364 X 10™%x, + 4.392 X 10 3x;
+7.558 X 107 °x, + 1.952 X 1075x;; — 8.031 x 107 %, - x,

aunssuuudduiarialudmindeyaninisuanuameatfuuution As

Ipoisson(E(¥)) = 5.286 — 5.157 x 1076x; + 6.832 x 107 °x3 + 1.365 X 10™°x, + 4.392 X 10 3x;5
+7.584 x 107 x, + 1.946 X 10™5x;; — 8.024 x 107 10x, - x,

aunsFuunGaduiaraliduiudeysfifinnsuanuamisadifnuuylng Ae
Inormai(E(®)) = 11.07756 + 8.56 x 1073x, + 19.94740x5 + 1.2065 X 107 xg + 7.64 X 1073xy,

NAN139LAINZYLIANBNINAYE RMSE WAz MAE 289A2LULMY 3 LAAIAILKY Diagram 1

Generalized linear model performance measurement

1853.0133

2000
1800
1600
1400
1200
1000
800
600
400
200

803.0287

803.0%67

365.0387 365.4591

# Negative binomial % Poisson M Normal

Diagram 1 Display of generalized linear model performance measures
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