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Homework 20

Charles Griebell

DO NOT USE SIRS Demo to get the answer. SIRS demo in the print statement appears to have its own 
values of bata predetermined? 

Note: For PRoblem 1, seeing all the numbers got really confusing and I was mixing them up in my head 
while reading. I am assuming that there interesting differences between the problems.

read `C:/Users/cgrie/Dynam Models Bio/Homeworks/HW21/DMB.txt` ;
read `C:/Users/cgrie/Dynam Models Bio/Homeworks/HW19/M19.txt` ;

First Written: Nov. 2021 

This is DMB.txt, A Maple package to explore Dynamical models in Biology (both discrete and 
continuous)

accompanying the class Dynamical Models in Biology, Rutgers University. Taught by Dr. Z. (Doron
Zeilbeger) 

The most current version is available on WWW at:
 http://sites.math.rutgers.edu/~zeilberg/tokhniot/DMB.txt .

Please report all bugs to: DoronZeil at gmail dot com .

For general help, and a list of the MAIN functions,
 type "Help();". For specific help type "Help(procedure_name);" 

------------------------------
For a list of the supporting functions type: Help1();

For help with any of them type: Help(ProcedureName);

------------------------------
For a list of the functions that give examples of Discrete-time dynamical systems (some famous), 

type: HelpDDM();
For help with any of them type: Help(ProcedureName);

------------------------------
For a list of the functions continuous-time dynamical systems (some famous) type: HelpCDM();

For help with any of them type: Help(ProcedureName);

------------------------------
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Question 1:

Use each of the following procedures:

--- SIRS

---EquP

---SequP

---TimeSeries

---PhaseDiag

to
(i) compute equilibrium points
SIRS()
(ii)compute stable equilibrium points
(iii) plot

of the SIRS model that has a total of 1000 people at the start with 800 susceptible and 200 infected and 
none removed yet.

We will have our mesh size equal 0.01

 
Help(SIRS);
HelpCDM();

SIRS(s,i,beta,gamma,nu,N): The SIRS dynamical model with parameters beta,gamma, nu,N (see  
section 6.6 of Edelstein-Keshet), s is the number of

Susceptibles, i is the number of infected, (the number of removed is given by N-s-i). N is the total 
population. Try:

SIRS(s,i,beta,gamma,nu,N);
The  procedures giving the underlying transformations, followed by the list of variables used are:

 ChemoStat, GeneNet, Lotka, RandNice, SIRS , SIRSdemo, Volterra, VolterraM 

print(SIRS);

For 
print(SIRSdemo);
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For each of the following choices 
(i)  

t1b1 := SIRS(800,200,0.3*2/1000,7,2,1000);
t1b2 := SIRS(800,200,0.9*2/1000,7,2,1000);
t1b3 := SIRS(800,200,3.9*2/1000,7,2,1000);

print(`If we used SIRSdemo`);

t1b1 := SIRSdemo(1000,200,7,2,0.01,10);
t1b2 := SIRSdemo(1000,200,7,2,0.01,10);
t1b3 := SIRSdemo(1000,200,7,2,0.01,10);

#Equilibrium Points

If we used SIRSdemo
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the long-term behavior is

the long-term behavior is

the long-term behavior is

Help(SIRS);
TimeSeries(SIRS(800,200,1,beta,N),[1,N],evalf([1,1]),0.01,10,1);

SIRS(s,i,beta,gamma,nu,N): The SIRS dynamical model with parameters beta,gamma, nu,N (see  
section 6.6 of Edelstein-Keshet), s is the number of

Susceptibles, i is the number of infected, (the number of removed is given by N-s-i). N is the total 
population. Try:

SIRS(s,i,beta,gamma,nu,N);
Error, invalid input: SIRS uses a 6th argument, N, which is missing 
|C:/Users/cgrie/Dynam Models Bio/Homeworks/HW19/M19.txt:93|

(ii) 

t2b1 := SIRS(800,200,0.3*3/1000,3,6,1000);
t2b2 := SIRS(800,200,0.9*3/1000,3,6,1000);
t2b3 := SIRS(800,200,3.9*3/1000,3,6,1000);

#Equilibrium Points

(iii)

t3b1 := SIRSdemo(800,200,0.3*4/1000,4,1,1000):
t3b2 := SIRSdemo(800,200,0.9*4/1000,4,1,1000):
t3b3 := SIRSdemo(800,200,3.9*4/1000,4,1,1000):

#Equilibrium Points
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the long-term behavior is

the long-term behavior is

(iv)

t4b1 := SIRS(800,200,0.3*7/1000,7,10,1000);
t4b2 := SIRS(800,200,0.9*7/1000,7,10,1000);
t4b3 := SIRS(800,200,3.9*7/1000,7,10,1000);

#Equilibrium Points

The Time Series
TimeSeries(t

The 

PROBLEM 2
do NOT WORK on any random functions until after completing the other problems. The answers will 
not make sense, because the problems change

d

PROBLEM 3
Carefully read, and understand, the Maple code for Orbk, and use it to find, numerically, the stable 
equilibrium point of the difference equation
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First, Convert to canonical form

To fin the 

#This is put in maple language. It is very very very likely 
correct after referring to the OrbK documentation
genTerm := (3+z[2]+z[3]+z[4])/(1+z[1]+z[3]);

QUESTION: Do I need to move the  from the LHS to the RHS, or do ignore and only put the RHS 
into OrbK

Remember, for OrbK there cannot be any equals sign in the
#Help(Orbk);

print stuff

help(rand);

RNG := rand(-10.0..10.0);
RNG();

Norm();

x

#INITIAL CONDITIONS
#print(Arbitrary); 
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#INI1 := [RNG(),RNG(),RNG(),RNG()];
#Orbk(4,z,genTerm,evalf(INI1),1000,1010);
#print(`All Positive`);
#all positive
#INI2 := [abs(RNG()),abs(RNG()),abs(RNG()),abs(RNG())];
#Orbk(4,z,genTerm,evalf(INI2),1000,1010);
#print(`All negative`);
#INI3 := [-1*abs(RNG()),-1*abs(RNG()),-1*abs(RNG()),-1*abs(RNG())
];
#Orbk(4,z,genTerm,evalf(INI3),1000,1010);
#print(`close to zero`);
#INI4 := [-0.01*abs(RNG()),-0.02*abs(RNG()),0.03*abs(RNG()),0.08*
abs(RNG())];
Orbk(4,z,genTerm,evalf(INI4),1000,1010);

print(`alleged equilibrium`);
Orbk(4,z,genTerm,evalf([0,0,0,-3]),1000,1010);

bad input
FAIL

alleged equilibrium

We will try to find the fixed points:

This is when 

Help(EquP);
EquP(F,x): Given a transformation F in the list of variables finds all the Equilibrium points of   the

continuous-time dynamical system x'(t)=F(x(t))
EquP([5/2*x*(1-x)],[x]]);

EquP([y*(1-x-y),x*(3-2*x-y)],[x,y]]);

EquP(genTerm,[z[1],z[2],z[3],z[4]]);
bad input

FAIL

We will try to find our fixed points and possible stable fixed points.
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> > Help1();
Help(JAC);

The SUPPORTING procedures are
IsContStable, IsDisStable, JAC, RandNice, ToSys

JAC(F,x): The Jacobian Matrix (given as a list of lists) of the transformation F in the list of 
variables x. Try:

JAC([xCy,x^2Cy^2],[x,y]); 

If we want to look at stability more closely, we can take the jacobian, substitute numerical values of the 
equilibrium point for x and y,  and see what happens

FIRST, convert 4th order difference equation into a first-order system

Help(ToSys);
ToSys(k,z,f): converts the kth order difference equation x(n)=f(x[n-1],x[n-2],...x[n-k]) to a first-

order system
x1(n)=F(x1(n-1),x2(n-1), ...,xk(n-1)), it gives the unerlying transormation, followed by the set of 

variables
Try:

ToSys(2,z,z[1]Cz[2]);

firstOrder := ToSys(4,z,genTerm);

This is enough information to find the equilibrium points

EqPts := evalf(EquP(firstOrder));

EqPts[1][1];
0.
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Then, find the jacobian matrix of the first order system to determine stability

jm := JAC(firstOrder);

Then USe the subs commant to replace the values of z[1] , z[2], z[3], z[4]   with numerical values.

j1 := subs({z[1]= EqPts[1][1],z[2]=EqPts[1][2],z[3]=EqPts[1][3],z
[4]=EqPts[1][4]},jm[1]);

Putting this back into matrix form we get

J := Matrix([j1,evalf(jm[2]),evalf(jm[3]),evalf(jm[4])]);

Now we need determine if the fixed point is stable by finding the eigenvalues

evalf(abs(Eigenvalues(J)));

Here, we see that is not a stable fixed point because at least one of the real parts of 
the eigenvalues is greater than 1

I dont think theres any equilibrium points because

Made more progress above    i just kept getting bugs below
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#Try the SFPe command
Help11();
#Dose SFPe need fully algebraic? is SFP the remedy to this issue
SFPe(genTerm,[z1,z2,z[3],z[4]]);

 SFPe(f,x), Orbk(k,z,f,INI,K1,K2) 
Error, (in Engine:-Dispatch) badly formed input to solve: not fully 
algebraic |C:/Users/cgrie/Dynam Models Bio/Homeworks/HW19/M19.
txt:278|

Help9();
 Orb(f,x,x0,K1,K2), Orb2D(f,x,x0,K) , FP(f,x) , SFP(f,x) , Comp(f,x)  

print(SFP);

SFP(FirstOrder[1],[z[1],z[2],z[3],z[4]]);
Error, (in FP) invalid input: solve expects its 1st argument, eqs, to
be of type {`and`, `not`, `or`, algebraic, relation(algebraic), (
{list, set})({`and`, `not`, `or`, algebraic, relation(algebraic)})}, 
but received FirstOrder[1] = [z[1], z[2], z[3], z[4]] 
|C:/Users/cgrie/Dynam Models Bio/Homeworks/HW19/M19.txt:359|

#DISREGARD the 


