First set E>=1
	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	b = 1;

k = 1;

c = 1;

d = 1;

e = 2;
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	Four points

two (0,0)

two negative 

	b = 1;

k = 1;

c = 1;

d = 5;

e = 2;
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	b = 1;

k = 1;

c = 1;

d = 1;

e = 1;
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	Four points

two (0,0)

two negative

	b = 1;

k = 1;

c = 1;

d = 5;

e = 1;
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Second set R/(R+1)<=E<1

	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	R=0.5

b = 1;

k = 1;

c = 1;

d = 2;

e = 0.5;
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	R=0.5

b = 1;

k = 1;

c = 1;

d = 2;

e = 0.9;
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one  (positive, 0)
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	R=0.5

b = 1;

k = 1;

c = 5;

d = 10;

e = 0.5;
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	R=0.5

b = 1;

k = 1;

c = 5;

d = 10;

e = 0.9;
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	Four points

one (0,0)
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	R=2
b = 1;

k = 1;

c = 2;

d = 1;

e = 0.75;
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	R=2
b = 1;

k = 1;

c = 2;

d = 1;

e = 0.9;
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	R=2
b = 1;

k = 1;

c = 10;

d = 5;

e = 0.75;
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	R=2
b = 1;

k = 1;

c = 10;

d = 5;

e = 0.9;
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Third set E<R/(R+1) – for 3or 5 steady points；  also case 3-2 since E>R2/(R+1)2
· simulation of R<=1, case 1 when (1-k)/(1+U)^2-E<0
	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	b = 1;

k = 1;

c = 1;

d = 2;

e = 0.25;
	[image: image25.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

[0, 0] [3, 0]

[2.5616, 0.10961]

population of predator against prey

x = prey

y = predator


	[image: image26.emf]0 100 200 300 400 500 600 700 800 900 1000

0

1

2

3

population of prey or predator against time

t

x = prey

0 100 200 300 400 500 600 700 800 900 1000

0

0.2

0.4

0.6

0.8

t

y = predators


	Four points

one (0,0)

one  (positive, 0)

one positive
one negative

	b = 1;

k = 1;

c = 0.5;

d = 1;

e = 0.25;
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	b = 1;

k = 1;

c = 0.25;

d = 0.5;

e = 0.25;
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· simulation of R<=1, case 2 when (1-k)/(1+U)^2-E>0, let Q = (1-k)/(1+U)^2
	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	R=0.5

Q = 2.8293e-005

b = 1.185;

k = 0.8;

c = 0.25;

d = 0.5;

e = 0.005;
	
	
	In the case of k=0.8& e=0.005, if b>1.185, and it is almost impossible to bring e to be lower than Q.

	R=0.5

Q = 0.00001
b = 1.404;

k = 0.6;

c = 0.5;

d = 1;

e = 0.005;
	
	
	In the case of k=0.6& e=0.005, if b>=1.405, the third root is complex from simulation

	R=0.5

Q = 0.0013

b = 1.798;

k = 0.01;

c = 1;

d = 2;

e = 0.005;
	
	
	In the case of k=0.01& e=0.005, if b>1.798 then the third root is complex from simulation

	R=0.5

Q = 7.0202e-005
b = 1.778;

k = 0.01;

c = 1;

d = 2;

e = 0.001;
	
	
	In the case of k=0.01& e=0.001, if b>1.778 then the third root is complex from simulation


Discussion: from the simulations and selected results, it is extremely difficult to get required Q bigger than E, because, with the given set of k & e, b cannot be very large otherwise from simulation, the third root is a complex root. However, lowering e will result in a significant increase in U, hence further lower the value of Q. It seems impossible to meet the requirement for Q>e.
However, since we know the third root of the cubic function must be a real root. (Roots comes in conjugate pairs), and from the simulation, the magnitude of the imaginary parts is very small, (less than 10^-20) hence it might be due to the calculation errors within matlab. If we ignore the imaginary parts, the following simulations were produced

	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	R=0.5

Q = 0.0105
b = 50;

k = 0.9;

c = 1;

d = 2;

e = 0.01;
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	Increasing b alone does not affect the value of Q much, Q=0.0112 when b = 5000

	R=0.5

Q = 0.0973

b = 50;

k = 0.1;

c = 1;

d = 2;

e = 0.09;
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	R=0.5

Q = 0.0106
Dlim = 0.0103

b = 50;

k = 0.9;

c = 0.005;

d = 0.01;

e = 0.01;
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	R=0.5

Q = 0.0973

Dlim = 0.3390

b = 50;

k = 0.1;

c = 0.1;

d = 0.2;

e = 0.09;
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Case 3-1, E<=R2/(R+1)2 and R<=1

If R=0.5 then E<=1/9
Zone 1 ---- k>1-E(R+1/R)2  Let E=0.1, R=0.5 ( k>0.375
	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	b = 1;

k = 1;

c = 0.5;

d = 1;

e = 0.1;
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	b = 0.1;

k = 1;

c = 0.5;

d = 1;

e = 0.1;
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	b = 1;

k = 0.4;

c = 0.5;

d = 1;

e = 0.1;
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	b = 0.1;

k = 0.4;

c = 0.5;

d = 1;

e = 0.1;
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Zone 2 ---- k<1-E(R+1/R)2  Let E=0.1, R=0.5 ( k<0.375

	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	b = 1;

k = 0.3;

c = 0.5;

d = 1;

e = 0.1;
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	b = 0.1;

k = 0.3;

c = 0.5;

d = 1;

e = 0.1;
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	b = 1;

k = 0.1;

c = 0.5;

d = 1;

e = 0.1;
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Dlim is found to be always negative. Hence the third point is always stable
Forth set E<R/(R+1) and R>1
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Case 4-1, E>R2/(R+1)2 and R>1

If R=2 then E>4/9
Zone 1 ---- when either alpha or beta > 0
	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	alpha = 3.3

beta = 1.7
b = 1;

k = 0.3;

c = 1;

d = 0.5;

e = 0.5;
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	alpha = 1.1500

beta = 0.5500

b = 0.45;

k = 0.35;

c = 1;

d = 0.5;

e = 0.5;
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Zone 2 ---- when alpha and beta < 0

	Parameter
	Graph of Y against X
	Graph of Y & X against t
	Comment

	alpha = 3.3

beta = 1.7
b = 1;

k = 0.3;

c = 1;

d = 0.5;

e = 0.5;
	[image: image58.emf]0 2 4 6 8 10 12 14 16

0

0.5

1

1.5

[0, 0][1, 0]

[0.53382, 0.12671]

population of predator against prey

x = prey

y = predator


	[image: image59.emf]0 50 100 150 200 250 300 350 400 450 500

0

5

10

15

20

population of prey or predator against time

t

x = prey

0 50 100 150 200 250 300 350 400 450 500

0

0.5

1

1.5

t

y = predators


	

	alpha = 1.1500

beta = 0.5500

b = 0.45;

k = 0.35;

c = 1;

d = 0.5;

e = 0.5;
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