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Abstract: 

Infectious diseases initially affect only one specific region, but they quickly spread to all parts of the 



2 

 

 

world and may eventually become a pandemic or epidemic, as was the case with the COVID-11 pandemic. 

The primary contribution of this study is to model the epidemic in Egypt and to be able to make predictions 

about the number of infected, deaths, and recovered cases in Egypt over the long term. This was achieved by 

using a specialized epidemiological modeling model and a deep learning model. 

This study aimed to find a suitable model for predicting the evolution of COVID-11 epidemic in Egypt. 

Therefore, the study applied the following models in forecasting: The SIR epidemic model, and The Multi-

Layer Perceptron (MLP) neural network model. 

Comparison between these models has been done to reach the best model that can be used in prediction. 

These methods were compared using prediction accuracy measures, and it was found that the MLP model for 

predicting the COVID-11 epidemic was more efficient than the SIR model. 

Keywords: 
Epidemiological Modeling, SIR model, Artificial Intelligence, Neural Networks, MLP Model, COVID-11 

Epidemic, Basic Reproduction Number. 
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 Overshoot 

:( 

Nguyen, M. M., 0702) 
Overshoot=Proportion of Total Infections – HIT 
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Daily Active Cases = Total Infected – [ Total Recovered + Total Deaths]

 

Optimization Algorithm 

 

  Ordinary Least Squares 

 Maximum Likelihood Method

 Euler Method 

OLSγ, 

γ, α,βµ, OLS

(S, I, R, D) (Sebbagh, A., & Kechida, S. ( ), 
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Epidemic Time= ln ( ) / λ
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9 

 

 

   
   

 
 

   

 
 

  
 

        ̂ 
   

  
      

        ̂ 
   

  
            

                    

                       

            

MLP

ANNs

ANNs

Non – Linear Relations 

Multilayer Perceptron (MLP)

Multilayer Perceptron

MLP  Minsky  Papert 

 sPerceptron

Perceptron

MLP

 (Azeem, Muhammad, et al., , p )MLPdynamic 

memory

Input Layer



01 

 

 

Hidden Layers

Output Layer

supervised trainingunsupervised 

trainingreinforcement training or 

hybrid trainingdelay learning

MLP

(MLP)

SPSS

 (I, R, D) Lagged Values 

D (n – )] R (n – ) [I (n – )

(MLP) 



00 

 

 

  Separate Network for Each Variable
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WHOWorldometer Our World in Data

MoHP،

 COVID – 

COVID –  

  Wave 1   Wave 2   Wave 3  

Measures I R D I R D I R D 

Mean 3..956 36.9.1 23912 6119115 421 42 5569.6 533 2.916 

Median 12.95 142 14 622 4..915 46 56. 4.59.. 31 

Max 1224 1216 .2 1411 113 64 12.3 1..5 61 

Min . . . 351 62 11 . 23 . 

Sd 422921. 3.59.21 24916 256952 12.9.4 1392666 31.952 2249..6 1.9521 

Sum 112626 1.1222 6353 1.455 52111 546. 1.125. ..262 5336 

 
  Wave 4   Total  

Measures I R D I R D 

Mean 361942 342914 139.2 44.926 3.. 2192 

Median . 342 . 161 322956 13 

Max 5516 1112 132 5516 1112 132 

Min . . . . . . 

Sd 623923 2.496. 2192... 565923 3139.3 23936 

Sum 21224. 1.2423 24.. 516.23 442121 2413. 

( ) 
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 Packages 

(EpiModel, reshape , ggplot , Covid – . analytics, desolve)

SIR

OLS

R

OV 

 

Pc and Vc Ro Epidemic 

Time 

λ β µ γ  α Waves 

. 21932 1922 3. .9.23 .9.13 .9..5 .9.21 .91.5 A 

. 62922 2961 6 .9116 .9.6. .9.52 .9.112 .9115 B 

. 35. .2 1956 1 ...3 .9165 .9.51 .91.2 .9251 C 

. . .923 . -..3 .91.5 .9.5 .9.55 .9.22 D 

. 3295 % 
1941 3 .92.3 .9422 .912 .9252 .9625 Total 

 

Aα=70175  β=707.0

β=707.0 = 1000 Ro 

002 
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B α=701.5 β=707.1 نلاحظ

 Ro =00.. 

.0002.

C α=7005. β=701.5 

  Ro 

Ro =105. 02/1/0701 

02/1/0701 

  

D  

 

Ro = 7000 

HIT =

=

(λ=α –β) > 7

 Epidemic Time ln 

(0) / λ0

 0، وكرلك الىقت المقدز لانتهاء الىباء هى 70070

 0/75/07000أيام فقط أي ينتهي الىباء في 
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 Overshoot

  

لذا فإنه لا يوجد فرق بين تقديرات مستوي ، E = 1772تم افتراض أن فعالية اللقاح  ملحوظة:
 فكلاهما واحد. Vcالتطعيم المطلوب، ومستوي HITالمناعة الجماعية 

(S, I, R, D)

 :SIRD  

SIR  Wave 1   Wave 2   Wave3 

Measures 
I R D 

I R D I R D 

Mean 4.2911 32.941 24924 231966 4529.4 4491. 5569.5 561.23 3.916 

Median 1259..2 152942 149.5 641932 44.912 41963 6..924 565.16 32922 

Max 126.925 11.69.3 1..95. 1141926 123694 62951 13..9.5 2434941 219.1 

Min . . . 23.961 .1 11963 . 34936 . 

Sd 4219.2 4.4962 25911 2119.3 15193. 14925 315922 3.29.2 2.962 

Sum 113612912 1.4455926 613696. .5115925 5.415 524494. 1.1252942 1.34249.4 5641924 

SIR Wave 4 Total 

Measures I R D I R D 

Mean 361942 364952 1391. 4459.4 44...63 22936 

Median . 351 . 16.9.1 412913 1396.6 

Max 5516 3.2591. 13.951 5516 3.2591. 13.951 

Min . . . . . . 

Sd 664912 343912 239.2 565924 345911 24951 

Sum 2122..954 2....496.6 2.4.91.6 5221.2916 42221.95 26121954 

 SIRD

I
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MLP

(I, R, D)

 MLP 

MLP  Wave 1   Wave 2  
 Wave 3  

Measures 
I R D 

I R D I R D 

Mean 17.631 703683 33678 08063 134 1363 .37 331 71 

Median 31163 373 13 083633 11360. 74613 3476433 38161.3 3063.3 

Max 1..4 13.4 01 1784 3.4 34 1370 043 .1 

Min 3 48 1 7.8 131 17 8 171 3 

Sd 13763. 341671 386.40 371631 174631 11643 747601 384681 136.3 

Sum 137137 184114 .304 181.03 33331 3131 180.00 433.3 3333 

 

MLP  Wave 4  
 Total  

Measures I R D I R D 

Mean 778687 703 11671 1146.3 37063. 33.373 

Median 3 731631 3 37463 113 11 

Max 3338 1700 43 3338 1700 43 

Min 8 04 1 8 04 1 

Sd 313601 331683 3861. 103673 373611 38603 

Sum 148134 313471 0333 33.433 13141. 31413 

MLP  

 SIR

MLP

SIR MLP

 

(I, R, D)SIRMLP
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 Actual SIR MLP 

Waves Peak 

Active 

Cases 

Peak Active 

Cases Date 

Peak Active 

Cases 

Estimation 

Peak Active 

Cases Date 

Estimation 

Peak Active 

Cases 

Estimation 

Peak Active 

Cases Date 

Estimation 

A 12.5 6/1./2.2. 1212944 6/2./2.2. 1.21 6/16/2.2. 

B .23 12/25/2.2. 1.4495 12/31/2.2. 111 12/26/2.2. 

C 154 5/25/2.21 11.19.3 ./3./2.21 622 5/./2.21 

D 41.3  3/1./2.22 41.3 3/2./2.22 1413 3/22/2.22 

Total 4..65  11224912  22122  
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SIRMLP

MEA)MSERMSE (MAPE

MLPSIR 

(I, R, D) MLP 

 R
0

MLP

( , , )

)SIRMLP

 SIR MLP 

Measures I R D I R D 

R
2
 .925 .952 .914 .9.1 .. .2 .9.4 

R .916 .925 .9.1 .9.11 .9.16 .9.6.. 

MSE 1..9.5 131439.6 2951 3292.6 .9...2 .922 

RMSE 1.944 112966 1951 6915 .9.26 .942 

MAE 14912 2494. 11496. 3922 13933 5956 

MAPE 2931 1.19.3 1941 1932 .9..3 .911 
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R, MATLAB, Python 

(Liao, Zhifang, et al., ).  (Wang, X., Lin, X., & Dang, X., )
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