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package pkgCoviD19;
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* Programmer:

version/Creation Date:

v1.0.1/20200328
Garrett A. Hughes/ModelingComplexSystems.net

Create a discrete event Systems Dynamics model of a COVID-19

epidemic in a general population

See Featured Article on website ModelingComplexSystems.net

COVID-19 Dynamics

Part One: Infection Dynamics
Author: Garrett A. Hughes

java.tim
java.uti
java.lan

e.*,;
1.%;
g.Long;

static java.lang.Math.random;
static java.lang.Math.fToor;
static java.lang.Math.round;

java.io.

o
e ]
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java.nio.charset.StandardCharsets;

java.mat

class CoviD19

{

h.*;

// INSTANCE FIELD(S)

static
static

static

static int
static int
static int
static int
static int

static long
static long
static long
static long
static long
static long
static long
static long

static

minIncPeriod
maxIncPeriod

intRnd;
time

timeHorizon = 2

popTot
popInc
popSus
popPrs
popshl
popRcv
infrR

prsR

[(persons/day)/person]
static double infMmul

static double Pinf

// CONSTRUCTOR(S)

// METHOD(S)

String program
String version

OCOOOOOOO

double MAX_infMmul

"v1.0.1";

=0; //
=0; //
//

=0; //
0; //

~
~

Il
o
o

0.0;
= 0.0;

"covipl9";

Scanner scl = new Scanner(System.in);

minimum incubation period [days]
maximum incubation period [days]
integer random number mapped to range
time [days]

Tength of run [days]

total population [persons]
incubating population [persons]
susceptible population [persons]
presenting population [persons]
sheltered population [persons]
recovered population [persons]
infection rate [persons/day]
presentation rate [persons/day]

// maximum infection multiplier

// infection multiplier [(persons/day)/person]
// probability of infection [dimensionless]

static private int get_timeHorizon()

boolean invalidInput

= false;

String nextToken = ;

do
{
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69 invalidInput = false;

70 try

71 {

72 System.out.printin("\nEnter:");

73 System.out.print (" time horizon (timeHorizon)? ");

74 timeHorizon = scl.nextInt(); //read an integer

75 }

76 catch (InputMismatchException e)

77

78 // clear bad token from System.in

79 nextToken = scl.nextLine();

80 System.out.printTn("\n*****Invalid: value must be an integer");

81 invalidInput = true;

82 }

83 // additional tests

84 if(invalidInput==false & timeHorizon < 0)

85

86 invalidInput = true;

87 System.out.printin("\n*****Invalid: value must be >= 0");

88 };

89

90 } while ( invalidInput );

91 System.out.printf("\nYou entered:\n time horizon = %,d\n", timeHorizon);

92 return timeHorizon;

93 }

94

95

96

97 static private int get_minIncPeriod()

98

99 boolean invalidInput = false;

100 String nextToken = "";

101 do

102 {

103 invalidInput = false;

104 try

105 {

106 System.out.printin("\nEnter:");

107 System.out.print (" minimum incubation period (minIncPeriod)? ");

108 minIncPeriod = scl.nextInt(); //read an integer

109

110 catch (InputMismatchException e)

111

112 // clear bad token from System.in

113 nextToken = scl.nextLine();

114 System.out.printTn("\n*****Invalid: value must be an integer");

115 invalidInput = true;

116 1

117 // additional tests

118 if(invalidInput==false & minIncPeriod < 1)

119

120 invalidInput = true;

121 System.out.printTn("\n*****Invalid: value must be >= 1");

122 };

123

124 } while ( invalidinput );

125 System.out.printf("\nYou entered:\n minimum incubation period = %,d\n",
minIncPeriod);

126 return minIncPeriod;

127 }

128

129

130

131 static private int get_maxIncPeriod()

132

133 boolean 1invalidInput = false;

134 String nextToken = "";

135 do

136 {
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invalidInput = false;

try

{
System.out.printin("\nEnter:");
System.out.print (" maximum incubation period (maxIncPeriod)? ");
maxIncPeriod = scl.nextInt(); //read an 1integer

}

catch (InputMismatchException e)

// clear bad token from System.in
nextToken = scl.nextLine();
System.out.printTn("\n*****Invalid: value must be an integer");
invalidInput = true;
}
// additional tests
if(invalidInput==false & maxIncPeriod < minIncPeriod)

invalidInput = true;
System.out.printin("\n*****Invalid: value must be >= minimum

incubation period");

} while ( invalidInput );

System.out.printf("\nYou entered:\n maximum incubation period = %,d\n",
maxIncPeriod) ;

return maxIncPeriod;

}

static private long get_popTot()

boolean invalidInput = false;

String nextToken = ;

do

{

invalidInput = false;

try

{
// Get total population: popTot
System.out.printin("\nEnter:");
System.out.print (" total population (popTot)? ");
popTot = scl.nextLong(); //read in a 64 bit integer

catch (InputMismatchException e)
{
// clear bad token from System.in
nextToken = scl.nextLine();
System.out.printTn("\n*****Invalid: value must be an integer");
invalidInput = true;

// additional test
if(invalidInput==false && popTot <0)

invalidInput = true;
System.out.printin("\n*****Invalid: value must be >= 0");

3
} while ( invalidInput );
System.out.printf("\nYou entered:\n popTot = %,d\n", popTot);
return popTot;

static private double get_MAX_infmul ()

{

o
w

/*****************

this is the maximum number of people that a single individual from the
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incubating population - popInc - can infect in one day.

* units are [ (persons/day)/person ]

******************/

boolean 1invalidInput = false;

String nextToken = ;

do

{

invalidInput = false;

try

{
// Get maximum infection multiplier: max_infmul;
System.out.printin("\nEnter:");

System.out.print (" maxmum infection multiplier (MAX_infmMul)? ");

MAX_infMul = scl.nextDouble(); //read in a double
catch (InputMismatchException e)

// clear bad token from System.in
nextToken = scl.nextLine();
System.out.printTn("\n*****Invalid: value must be a double");
invalidInput = true;

}

// additional test

if(invalidInput==false && MAX_infmMul < 0)

invalidInput = true;
System.out.printTn("\n*****Invalid: value must be >= 0");

};
} while ( invalidInput );
System.out.printf("\nYou entered:\n MAX_infMul = %,5.2f\n", MAX_infMul);
return MAX_infmul;

static private long get_popInc()

boolean invalidInput = false;

String nextToken = ;

do

{

invalidInput = false;

try

{
// Get initial value of incubating population: popInc;
System.out.printin("\nEnter:");
System.out.print (" incubating population (popInc)? ");
popInc = scl.nextLong(); //read in a 64 bit integer

catch (InputMismatchException e)
// clear bad token from System.in
nextToken = scl.nextLine();
System.out.printTn("\n*****Invalid: value must be an integer");
invalidInput = true;

// additional tests
if(invalidInput==false && popInc < 0)

invalidInput = true;
System.out.printTn("\n*****Invalid: value must be >= 0");

if(in&a]idlnput==fa1se && popInc > popTot)

invalidInput = true;
System.out.printin("\n*****Invalid: value must be <= popTot");
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} while ( invalidInput );
System.out.printf("\nYou entered:\n popInc = %,d\n", popInc);
return popiInc;

static public int get_Random(int minIncPeriod, int maxIncPeriod)

(doubTle)minIncPeriod;
(doubTle)maxIncPeriod;

double min
double max

double rnd = random(Q);

double r2 = (rnd * (max +1 -min) + min); // convert to range [min, max]

// Initialize the incubating population queue to zero
for(int i=0; i<= maxIncPeriod; i++)
incQuel[i] = 0;

// Distribute initial arrivals to the popInc queue
for(long i=0; i<popInc; i++) // for each arrival

intRnd = get_Random(minIncPeriod, maxIncPeriod);
incQue[intRnd]+=1;
};

/ s N
w s

* With service times of minIncPeriod to maxIncPeriod

*

* We need to set the values of popInc and Max_InfMmul
* large enough to yield an infR >= 1 to
* have the contagion kick off

double rf = floor(r2); // convert to a whole number <= r2
int r3 = (int)rf; // covert to an integer
return (r3);
}
/* MAIN */
public static void main(string[] args)
{
LocalDateTime LDT = LocalDateTime.now();
System.out.printin("\nPROGRAM: " + program + " " +version + " " + LDT +
Il\nll ) ;
Tong sum = 0;
File file = new File("COVID19.txt");
/************BEGIN: INITIALIZATION OF THE MODEL***********/
timeHorizon = get_timeHorizon();
minIncPeriod = get_minIncPeriod();
maxIncPeriod = get_maxIncPeriod();
popTot = get_popTot();
popInc = get_popInc();
popSus = popTot - popInc;
Tong [] incQue = new long[maxIncPeriod+1]; // incubating pop queue
MAX_infMul = get_MAX_infMul(Q);

values of intRnd are currently drawn from a uniform distribution
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maxIncPeriod]

* Select a random integer in the interval [minIncPeriod,

getting a random value the service time

* Put that person in an array position whose value
* is equal to their associated service

time
* Later we treat this service queue like a register and
* shift the contents toward the zeroth position each day
* effectively reducing the occupants' incubation period by one day
* We are currently using the uniform distribution to generate
* random integers for the incubation period. You can change this by
* introducing a different function and renaming it get_ExpRandom or
* something Tike that to reflect the distributon you want to use.
* You may have to increase the size of the incQue to hold additional
* days if the new distribution has a Tonger tail or shorter
* minimum incubation period
*****/
/**********END: INITIALIZATION OF THE MODEL**********/
/**********BEGIN: SIMULATION**********/
// Start by opening a file to store time dependent state variables
try (Filewriter fw = new Filewriter(file);
Bufferedwriter bf = new Bufferedwriter(fw);
PrintWriter out = new Printwriter(bf) )
{
out.printf(" time popTot popsus
popInc popPrs Pinf infR infMul\n");
do // BEGIN: OUTER LOOP OF SIMULATION
{

%6.4f\n", time,

// Indicate state variable at beginning of day (24 hour period)

out.printf(" %3d %,14d %,14d %,14d %,14d
popTot, popSus, popInc, popPrs, Pinf, infR, infMmul);

// COMPUTE RATES AND AUXILIARIES AT THE BEGINNING OF THE DAY

// Compute the infection multiplier (infmMul) [ (persons/day)/person ]

infMul = MAX_infMul * (double)popSus/(double)popTot;

JORORORCRCN
wRw

* Note: The infection multiplier varies

o
=

population decreases.

* We assume that each person who is infected but asymptomatic,

*

affects a number of the susceptible poulation
* equal to the infection multiplier

Yk n/
// Compute the infection rate (infR) [persons/day]

infR = Math.round((infMul * (double)popInc));

/*****

o
=

* the number infected on any given day

/

as the ratio of the susceptible population to the total

Note: We multiply the total number of members of the
* incubating population by the infection multiplier to get
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population

// Compute the probability of becoming infected on this day
Pinf = infR/(double)popsus;

// Advance time to the end of the day

for (int i = 0; i < (maxIncPeriod); i++)
incQue[i] = incQueli+1];

// COMPUTE NEW LEVELS BASED ON THE RATES FOR THAT DAY

// get the presentation rate

prsR = incQue[0]; // Get increment to the presenting
incQue[0] = 0; // Clear the head of the queue
{*****

* Note: The presentation rate is determined by the number of people

*

at the head of the incubation queue

JORORORONKN /
WRRNW™

// zero out the tail
incQue[maxIncPeriod] = O0;

// Compute new susceptible population
popSus = popSus - Math.round(infR);

/*****

* Note: the Math.round() method rounds to the nearest Tong.

* pon't cast infR to a Tong this way, (long)infR

* because it will truncate the double!! Nor use (int) either.

JORORORCRKN
WRRN™

// Update incubating population with infected individuals
for(int i=0; i<infR; i++) // for each arrival
{
intRnd = get_Random(minIncPeriod, maxIncPeriod);
incQue[intRnd]+=1;
v ddt

* Note: Adds new arrivals to the incubating population
* with randomly chosen incubation periods
* This could take a 1ittle time for a billion entries

"/

// Compute new size of the incubating population
sum = 0;

for (int i = 1; i<= maxIncPeriod; i++)
{
sum = sum + incQueli];
};
popInc = sum;
// Compute the new presenting population

popPrs = popPrs + prsR;

// Compute checksum of total population

// Should always be the same name as the initial total population

popTot= popSus + popInc + popPrs + popShl + popRcv;
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473

474

475 // Increment time by one day

476 time+=1;

477

478 } while (time <= timeHorizon); // END: OUTER LOOP OF SIMULATION
479

480 // close Bufferedwriter and Printwriter
481 bf.close();

482 out.close();

483 LDT = LocalbateTime.now();

484 System.out.printin("Ssuccessful completion at: " + LDT);
485 } // END - try

486

487 catch (IOException e)

488 {

489

490 } // END - CATCH

491

492 } // END - Main

493

494 } // END - class CoviD19

495

496

497

498
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