Bl covip

Article

Analyzing the Data of COVID-19 with Quasi-Distribution
Fitting Based on Piecewise B-Spline Curves

Qingliang Zhao !, Zhenhuan Lu 2 and Yiduo Wang *

check for
updates

Citation: Zhao, Q.; Lu, Z.; Wang, Y.
Analyzing the Data of COVID-19
with Quasi-Distribution Fitting Based
on Piecewise B-Spline Curves.
COVID 2022, 2,175-196. https://
doi.org/10.3390/covid2020013

Academic Editors: Florin Avram and

Roger Frutos

Received: 21 November 2021
Accepted: 25 January 2022
Published: 31 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

The College of Economics and Management, Beijing University of Chemical Technology,
Beijing 100029, China; zhaogl@mail buct.edu.cn

Department of Mathematics, Beijing University of Chemical Technology, Beijing 100029, China;
2021201057@buct.edu.cn

Correspondence: victor_wang@yeah.net

Abstract: Facing the worldwide coronavirus disease 2019 (COVID-19) pandemic, a new fitting
method (QDF, quasi-distribution fitting) which can be used to analyze the data of COVID-19 is
developed based on piecewise quasi-uniform B-spline curves. For any given country or district,
it simulates the distribution histogram data which is made from the daily confirmed cases (or the
other data including daily recovery cases and daily fatality cases) of COVID-19 with piecewise
quasi-uniform B-spline curves. After using the area normalization method, the fitting curves could
be regarded as a kind of probability density function (PDF): its mathematical expectation and the
variance could be used to analyze the situation of the coronavirus pandemic. Numerical experiments
based on the data of certain countries have indicated that the QDF method demonstrates the intrinsic
characteristics of COVID-19 data of a given country or district, and because the interval of data used
in this paper is over one year (500 days), it reveals the fact that after the multi-wave transmission
of the coronavirus, the case fatality rate has obviously declined. These results show that the QDF
method is effective and feasible as an appraisal method.
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1. Introduction

In late December 2019, cases of pneumonia with an unknown etiology were reported
in the city of Wuhan, China [1]. The causative agent, identified as the betacoronavirus SARS-
CoV-2, is closely related to SARS-CoV, which was responsible [2] for the outbreak of SARS
between 2002 and 2004. SARS-CoV-2 caused a sizable epidemic of COVID-19 in China, then
spread globally and was declared a pandemic in March 2020 [3]. There have been many
research articles about this pandemic, examining the plague from different angles. Some
compared its pathogenesis with that of Middle East respiratory syndrome (MERS) and
SARS [4] and how COVID-19 pneumonia compromises the distal lung’s ability to perform
essential respiratory functions [5], while others detailed the virological analysis of cases of
COVID-19 that provide proof of active virus replication in tissues of the upper respiratory
tract [6]. Some discussed the COVID-19-related mortality among different ages [7], gen-
ders [8], or races [9], and also shed light on the frequency of asymptomatic SARS-CoV-2
infection [10]. There were also a lot of research works focusing on building mathematical
models to simulate the spread of SARS-CoV-2, such as the metapopulation susceptible-
exposed-infectious-removed (SEIR) model, which integrated fine-grained, dynamic mo-
bility networks simulating the spread of COVID-19 in ten of the largest US metropolitan
areas [11], and the full-spectrum dynamics model, which reconstructed the transmission
mode of COVID-19 in Wuhan between 1 January and 8 March 2020 [12]. The analyses
of data show how anti-contagion polices have significantly and substantially slowed the
growth of COVID-19 infections [13], and the major non-pharmaceutical interventions—and
lockdowns in particular—have had a large effect on reducing transmission [14] in the same
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way. One research group studied the relationship between socio-economic factors and the
COVID-19 pandemic in Germany: analyzing both infections and fatalities showed that the
population of poorer and more socially deprived districts is not necessarily more likely to
get infected with SARS-CoV-2, but combines an average infection rate with a higher than
average death rate [15]. Apart from these social problems caused by COVID-19, it has also
changed people’s everyday life praxis during restriction measures [16].

Estimating the size of the coronavirus disease 2019 (COVID-19) pandemic is made
challenging by inconsistencies in the available data [17], so it is very important to an-
alyze the COVID-19 data of a given country or district, including the number of daily
confirmed cases, daily recovery cases, and daily fatality cases. In this paper, we use a
quasi-distribution fitting method based on piecewise quasi-uniform B-spline curves to
investigate the consistency of infection and therapy patterns across multiple countries. It
is established by fitting the distribution histogram data made from the COVID-19 data
of a given country or district with piecewise quasi-uniform B-spline curves; then using
the area normalization process, the fitting curves can be regarded as a kind of probability
density function (PDF) of the data, then the mathematical expectation and the variance can
be calculated as the evaluation result.

2. Theoretical Considerations

In computer-aided geometric design, the B-spline form is widely used in representing
a polynomial curve. B-spline curves have optimal shape preserving properties, and a B-
spline curve of order 7 is evaluated by the de Casteljau algorithm with a computational cost
of O(n?) elementary operations [18]. However, B-spline curves also have shortcomings;
they are a kind of curve whose control polygon is not combined with the curve itself at the
endpoints, which means by changing just one control point the majority of the curve will
be changed. Thus, in this paper we will use piecewise quasi-uniform B-spline curves to
fulfill the fitting works.

2.1. Histogram Distribution

Because of the delay in epidemiology statistics systems of different countries or dis-
tricts, we needed to precondition the data before the fitting process. Table 1 shows five
daily confirmed cases data of four countries: from the first column, we can see that the
daily confirmed cases in Finland from 4 November 2020 to 6 November 2020 was around
200 per day, but on 7 November 2020 it was down to zero, and then was back to 412 on
8 November 2020, almost twice that of the previous data.

Table 1. Daily new cases of different countries in five days.

Finland France Korea Ecuador
11/4/2020 293 7/2/2020 659 1/15/2021 513 7/13/2020 589
11/5/2020 189 7/3/2020 582 1/16/2021 1099 7/14/2020 0
11/6/2020 266 7/4/2020 0 1/17/2021 0 7/15/2020 1870
11/7/2020 0 7/5/2020 0 1/18/2021 389 7/16/2020 1036
11/8/2020 412 7/6/2020 1375 1/19/2021 386 7/17/2020 1079

The most probable explanation is that the data of the daily confirmed cases from
7 November 2020 were delayed and then combined with the data of the following day. The
same happened in the data from France, Korea, and Ecuador; the simple way to avoid
this issue was to use adjacent average data instead of the original data. In this paper, we
use 7-day moving average data to fulfill our research plan, which means in order to get
the 7-day moving average data, we needed an extra three days of data on both sides of
the data interval. For example, the data interval for Italy we used in this paper was from
21 February 2020 to 4 July 2021, containing 500 days of data, but the actual data we used
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were from 18 February 2020 to 7 July 2021. For a given country or district, Dy denotes the
7-day moving average of the number of daily confirmed cases on day k; letting N be the
data interval (in this paper N = 500), for Italy, D is 7-day moving average of the daily
confirmed cases of February 21st, which is the average of the daily confirmed cases from
18 February 2020 to 24 February 2020.

D
Assume D, = 511 D;, let fP = D—(’;, then we have Z]Ij:l fP=1
This means fP can be regarded as a kind of probability distribution, which can be

called a histogram distribution. Table 2 show the beginning date and the ending date of the
COVID-19 data from the countries used in our fitting process.

Table 2. Beginning date and ending date of different countries” COVID-19 data.

Country Beglg;;\:leing Ending Date Country Be%i;l:leing Ending Date
Austria 3/01/2020 7/13/2021 Brazil 3/06/2020 7/18/2021
Canada 2/28/2020 7/11/2021 Chile 3/04/2020 7/16/2021
The US 2/29/2020 7/12/2021 Denmark 3/02/2020 7/14/2021
France 2/26/2020 7/09/2021 Germany 2/29/2020 7/12/2021
India 3/02/2020 7/14/2021 Iran 2/19/2020 7/02/2021
Israel 3/06/2020 7/18/2021 Italy 2/21/2020 7/04/2021
Japan 1/29/2020 6/11/2021 Korea 2/17/2020 6/30/2021
Lebanon 2/26/2020 7/09/2021 Phil?;l;ines 3/07/2020 7/19/2021
Poland 3/04/2020 7/16/2021 Portugal 2/24/2020 7/07/2021

2.2. Piecewise Quasi-Uniform B-Spline Curve

For those histogram distribution data fP, they can be simulated with a function P(x),
which has the properties of a probability density function (PDF). Thus, the histogram
distribution data f,? can be analyzed from the respective probability theory. In this paper,
we fit fP with piecewise quasi-uniform B-spline curve, which is more flexible in curve
modeling. A piecewise quasi-uniform B-spine curve is a kind of parameter curve (here
the parameter is denoted as t € [0,1]) that is obtained from a uniform B-spline curve.
First, we give the base functions of five-order quasi-uniform B-spline curves defined on
interval [0, 1], whose node vector divides [0, 1] into ten subintervals evenly, denoting them
as Ni,i = 0,1, --14. The concrete expression of those base functions Ni can be found in
Appendix A. Second, we define the base functions of the piecewise quasi-uniform B-spline
as follows:

. N14(£ teOaJ)
te[w1] P01 Nl4(t>_{ ( )te (w,1]

te 0,w)

N, 14( ) e 1] i=15,---,28, where w € (0,1) is the segmentation point.

Assuming C;,i = 0,1, --28 are the points in a two-dimensional plane, then the
definition of a quintic piecewise quasi-uniform B-spline curve is as follows:
28
B(t) = ) _ N;(t)Cit € [0,1] 1

i=0

where C; are the control points of the curve defined by Equation (1).
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3. Fitting Process

Given a histogram distribution data f,”, we need to find the corresponding quintic
piecewise quasi-uniform B-spline curve B(t) = Y22 N;(t)C; to fit it. The most important
part is to calculate the unknown control points C;.

3.1. Least Square Approximation Method

In this paper, we use the least square approximation to deal with this problem. First, pa-
rameterize the data f;” by the cumulative chord length parameterization method to match a pa-
rameter #;. for every f0, thus obtaining a parametric sequence 0 =t < «++# < -+- < ty = L.
Second, assume Py = (k, f2), k =1,2,--- N, then build a vector equation group which has
N equations to solve the unknown control points C;:

28 —
B(tk) = Zi:o Ni(tk)ci = Pk/k = 1,2, ...N (2)

Equation (2) can be solved as follows:

Co Py
G P,
T : =¢T| . |, where¢ =
C28 ﬁN (3)
No(t1) Ni(t1) --- Nog(t)
No(t2) Ni(t2) --- Nag(t)
NO(‘tN) N (‘tN) e stktN)

In order to decide the segmentation point w, we need to figure out how to evaluate
the goodness of a fitting result. As a parameter fitting curve, B(t) need to be discretized
into a standard discrete signal By to match with fP. Divide parameter interval (0, 1) into n
uniform parts (n > N), obtaining a discrete signal sequence B; = (Bl?‘, Biy ),i =1,2,---n.
As the x-coordinate of Py is k, we then have By = Bz,, if Bf, = max{B¥ <k}k=1,2,---N.

1
After that, we evaluate the goodness of the simulation result with mean square deviation
(MSE), calculated as follows:

£, (B - £P)°

MSE(E, fD) = N

4)
Denote the standard discrete signal B which is obtained with the segmentation point
w' as B . Then, the best segmentation point w can be decided as follows:
w=«'| min MSE(Ew,fD) ()
w'e(0,1)
3.2. Quasi-Distribution

The fitting signal By is an approximation to the histogram distribution £, and thus
the sum of By may not be 1. Nevertheless, we can fulfill it through an adjustment factor v,
as follows:
1

- 211(\121 Ek
Let By = By, then By satisfies the property of a probability density function; however,

as its expression is not like any existing probability density functions, we can call it a
quasi-distribution.

Y (6)
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3.3. Experimental Results

In this paper, we investigated eighteen countries’ COVID-19 data with the data interval
of 500 days, and the quasi-distribution fitting results are shown in the following figures. In
those figures, the green-colored signal denotes the 7-day moving average of the original
data (called histogram data), including daily confirmed cases, daily recovery cases, and
daily fatality cases. With the algorithm just presented, we obtain the corresponding quasi-
distribution fitting results of those data, and put them together to find the inner trend of
the pandemic. Figure 1 shows the experimental results of Austria. In Figure 1a, the red
curve is the quasi-distribution fitting of the histogram data of daily confirmed cases; based
on the previous definition, it could be regarded as the probability density function of daily
confirmed cases if it was assumed to be a random variable. We can see from Figure 1a
that the quasi-distribution curve fit the histogram data of daily conformed cases perfectly.
Similarly, in Figure 1b, the blue curve is the quasi-distribution fitting of the histogram
data of daily recovery cases, while in Figure 1c, the black curve is the quasi-distribution
simulation of the histogram data of daily fatality cases. In Figure 1d, we put three fitting
curves in the same coordinate: apparently, they all have three peaks, but at the first peak,
the fatality curve is higher than the other two, while at the second peak there is no obvious
difference, and at the third peak the fatality curve is quite a bit lower than the other two.
This could mean that, as time goes on, even in the situation of the virus mutation, the case
fatality rate of COVID-19 is continuing to decline, or it could be that this situation is only
occurring in Austria, and the data of more countries need to be analyzed.

In the following figures, for every fitting scenario, the horizontal axis of the coordinate
frame denotes the number of days, and the longitudinal axis denotes the percentage of the
corresponding day’s data compared to the total data (sum of the whole 500 days of data),
which is Pk = 1,2, - -500 as mentioned previously in this paper.

1%
VYar  6732.519337
Exp:  317.334048

0.67%

0.33%]

200 250 300 350 400 450 500 o

e
50 100 150 200 250 300 350 400 450 500

Figure 1. Cont.
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Figure 1. Histogram data and quasi-distribution fitting of Austria. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

In Figure 2, we performed the same procedures on the data of Brazil, but the results
were not similar to those of Austria, especially in Figure 2d, where the fatality peak around
day 400 seems quite a bit higher than the previous peak around day 100, though the trend
of quasi-distribution fitting curves of daily confirmed cases and daily recovery cases were
still quite similar, so more countries’ data need to be included.

1% 191
var  14913.202021 1 van 14542.234383
Exp: 318.224093 ] Exp: 321.776833

0.67% 0.67%7

0.33%
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Figure 2. Cont.
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Figure 2. Histogram data and quasi-distribution fitting of Brazil. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

Figure 3 shows the experimental results of Canada, which shows the same results as
Austria: in Figure 3d the third peak of the fatality curve is much lower than that of the
daily confirmed cases and daily recovery cases, and in Figure 3b, around day 140 there is
a boom in the daily recovery cases. Apparently, this is not because of a sudden increase
in the medical system, but is rather due to the release of accumulated data; thus, we did
not use the histogram data (7-day moving average data) to discover the inner trend of the
pandemic, but instead used the corresponding quasi-distribution fitting curves.

1%
Var: 9488.422587
Exp: 337.207704
0.67%]
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Figure 3. Cont.
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Figure 3. Histogram data and quasi-distribution fitting of Canada. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

Figure 4 shows the situation in Chile; demonstrating the same results as those in
Austria and Canada, the peak of the fatality curve in the later time is obviously lower
than the peaks of the daily confirmed cases and daily recovery cases, showing the trend
of the case fatality rate declining. Based on the value of “Var” (denoting the variance of
the quasi-distribution fitting curve) in Figure 4a—c, the pandemic mode of Chile is quite
similar to that of Brazil rather than that of Austria and Canada, perhaps because they are
both located in South America and their geographical locations share the same climatic
environment, affecting the spread of the epidemic.

Figures 5-10 show the fitting results of epidemic data in Denmark, France, Germany,
Italy, Iran, and the US, respectively, and they are almost the same as those in Austria and
Canada, which demonstrates the fact that the third peak of the quasi-distribution fitting
curve made by daily fatality cases obviously declined. Accordingly, it shows the fact that
even with the spread of the epidemic, the fatality rate has clearly decreased.
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Figure 4. Cont.
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Figure 4. Histogram data and quasi-distribution fitting of Chile. (a) Histogram data of daily con-
firmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 5. Histogram data and quasi-distribution fitting of Denmark. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 6. Histogram data and quasi-distribution fitting of France. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 7. Histogram data and quasi-distribution fitting of Germany. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 8. Histogram data and quasi-distribution fitting of Italy. (a) Histogram data of daily confirmed

cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery cases

and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and the

corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed

cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 9. Histogram data and quasi-distribution fitting of Iran. (a) Histogram data of daily confirmed

cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery cases

and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and the

corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed

cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 10. Histogram data and quasi-distribution fitting of the US. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

Figure 11 shows the fitting results of India, from Figure 11a—c. For the daily confirmed
cases, daily recovery cases, or daily fatality cases, the histogram data and their correspond-
ing quasi-distribution fitting curves both only have two peaks, which does not mean that
COVID-19 rarely spread during the first 50~70 days, but rather is due to the data around
day 200 and day 430 (about the two peak points of the abscissa) are too large to make the
early data obvious. In Figure 11d, we see that the second peak of the quasi-distribution
fitting curve of daily fatalities is lower than that of the daily confirmed cases, showing the
declining fatality rate of the pandemic. The same is true in Poland, as shown in Figure 12.
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Figure 11. Histogram data and quasi-distribution fitting of India. (a) Histogram data of daily

confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery

cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and

the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed

cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 12. Histogram data and quasi-distribution fitting of Poland. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

Figure 13 shows the fitting results of Israel, based on Figure 13d; even though the
last peak of the quasi-distribution fitting curve of daily fatalities is lower than that of
the daily confirmed cases (though not very obviously), so is the peak before the last one;
therefore, we can draw the conclusion that, as time has gone on, the mortality rate has not
increased in Israel. The epidemic situation in Japan and the Philippines is similar, as shown
in Figures 14 and 15, respectively.
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Figure 13. Histogram data and quasi-distribution fitting of Israel. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 14. Histogram data and quasi-distribution fitting of Japan. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 15. Histogram data and quasi-distribution fitting of the Philippines. (a) Histogram data
of daily confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of
daily recovery cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily
fatality cases and the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of
daily confirmed cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the
same coordinate.

Figure 16 shows the fitting results of Korea; based on Figure 16d, the penultimate
peak of the quasi-distribution fitting curve of daily fatalities is much higher than the other
two fitting curves, but at the last peak, the quasi-distribution fitting curve of daily fatalities
is obviously lower, which means the case fatality rate is declining at last. The epidemic
situation in Lebanon and Portugal is similar, as shown in Figures 17 and 18, respectively.
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Figure 16. Histogram data and quasi-distribution fitting of Korea. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 17. Histogram data and quasi-distribution fitting of Lebanon. (a) Histogram data of daily
confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery
cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and
the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed
cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.
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Figure 18. Histogram data and quasi-distribution fitting of Portugal. (a) Histogram data of daily

confirmed cases and the corresponding quasi-distribution fitting. (b) Histogram data of daily recovery

cases and the corresponding quasi-distribution fitting. (c) Histogram data of daily fatality cases and

the corresponding quasi-distribution fitting. (d) Quasi-distribution fitting results of daily confirmed

cases (red), daily recovery cases (blue), and daily fatality cases (black) show in the same coordinate.

4. Conclusions

In this paper, we developed a new method, called the QDF method, to evaluate
the spread of the epidemic caused by COVID-19 based on piecewise quasi-uniform B-
spline curves. By fitting the distribution histogram data made from the daily confirmed
cases, daily recovery cases, and daily fatality cases of eighteen countries, we came to
the conclusion that with the spread of the epidemic, even in the situation of the virus
mutation, the case fatality rate of the COVID-19 continues to decline. From the fitting
results, the shape of the fitting curves of the daily recovery cases are very similar to the
fitting curves of the daily confirmed cases, as shown in Figure 1a,b, Figure 2a,b, Figure 3a,b,
Figure 5a,b, Figure 7a,b, Figure 8a,b, Figure 9a,b, Figure 11a,b, Figure 12a,b, Figure 13a,b,
Figure 14a,b, Figure 16a,b, Figure 17a,b and Figure 18a,b; the corresponding fitting curves
of daily recovery cases have delayed for certain days compared with their daily confirmed
cases’ fitting curves, which means the treatment of the epidemic caused by COVID-19 has
stabilized, and in the near future, the world will reopen.
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Appendix A
Assuming T; =t —i x0.1i =0,1,- .-, 10, then:

~ [ —10°Ty te€[0,0.1)
No = { 0 otherwise

104 (10T T + 5To T3 To + S ToT?T2 + 3ToTh T3 + 3ToTs)  t €[0,0.1)
Ny =({ —6250T5 t €[0.1,0.2)
0 otherwise

—104(5TRT? + STRT? Ty + STRTATE + 3T3Ts + STRTeTs + STV o T + S TRTETs + 3ToTh T2 + S TR T T2 + 5 T3T5)  t€1[0,01)

5 100G T+ SToBT+ STTETi + 5T T3 + 5 T T3) t€10.1,0.2)
=
— X0 Te t€[0.2,0.3)
0 otherwise
10T 4 3TN+ ST+ ST Ts + ST+ 2 TiT + SToTi T+ 5 T3 TaTs+ S ToTs Ty + 5 T5T?) t€1[0,0.1)
—104 (ST + STAT3Ts + 5 TR TE + ﬁToTng + 2T+ 2L LT+ 2 T T T+ 5 TR LT3+ 3 Toh T T + 5 T2T3)  t€[0.1,0.2)
Ny =1 1043 TTf + 2 T3 Ta+ 3 ToT2T; + 5T LT; + 3 T.TY) te [0.2,03)
—AB 75 te [03,04)
0 otherwise
10 ST+ 5 Tah+ 2T+ 5 TaT + 513 Ts) t€0,0.1)
1SR+ 2 TLh+ 2R+ S TSN s+ TN T+ S ToTPT2 4+ S T3TeTs + S TeTi T Ts + & ToT2TuTs + 5 ToT2) t€10.1,0.2)
5 —104 (23T + ST + 2 ToT T TE + ST T + 5 TRT3Ts + 5 ToTi B LTs + 5 To T TeTs + 5 TATT2 + ST TLTE + 5 T2T2) €1[0.2,0.3)
=
104 (S ToT{ + ﬁToTst + 5 TTiTE + ﬁTZTJ; + 5 T=TE) €103,04)
—B0T8 t€[0.4,0.5)
0 otherwise
B te [0,0.1)
— B0 (T4T, + T3 Ts + TeT2Ts + To T3 Ts + T3 Ts) te€0.1,02)
253& (TSTSZ + T§T1T3T4 + TgTsz + T(]T%T;;Ts + Toh T TuTs + T0T22T52 + T13T3T6 + T]2T2T4T6 + T]T22T5T6 + TSTS) te [02,03)
Ns=q BT+ TNTTs + ToLTyT2 + O TE + TPTiTe + T o TaTs To + I T2 Te + TA T2 + LT T T2 + T2T2) ¢ € [0.3,04)
B0 (ToTs + ThT3Ts + ToT2T2 + Ts Ts T2 + TuT§) t €[04, 0.5)
- B0T18 t €[0.5,0.6)
0 otherwise
_ Ne(t) = Ns(t—0.1), Ny(t) = N5(t —0.2), Ng(t) = Ns(t —0.3), No(t) = N5(t —0.4),
Z/\fm(t) = Ny(1— i’), Nll(t) = N3(1 — 1), Npa(t) = Na(1 — i’), ng(t> =N (1 —t), N14(t) =
No(1—1+#).
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