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The Lotka-Volterra predator prey model.
Let  be the population of the prey at time t 
Let  be the population of the predators at time t

r e s t a r t ;
d e 1  : =  d i f f (  x ( t ) , t )  =  a l p h a 1 * x ( t )  -  b e t a 1 * x ( t ) * y ( t ) ;

d e 2  : =  d i f f (  y ( t ) , t )  =  b e t a 2 * x ( t ) * y ( t )  -  a l p h a 2 * y ( t ) ;

s o l v e (  { r h s ( d e 1 ) = 0 , r h s ( d e 2 ) = 0 } ,  { x ( t ) , y ( t ) }  ) ;

a l p h a 1  : =  0 . 1 ;
b e t a 1  : =  0 . 1 ;
b e t a 2  : =  0 . 0 2 ;
a l p h a 2  : =  0 . 0 5 ;

F  : =  d s o l v e (  { d e 1 , d e 2 , x ( 0 ) = 1 , y ( 0 ) = 0 . 2 } ,  n u m e r i c  ) ;

F ( 0 . 0 ) ;

F ( 0 . 1 ) ;

F ( 2 . 0 ) ;

F ( - 2 . 0 ) ;

w i t h ( p l o t s ) :
o d e p l o t (  F ,  [ t , x ( t ) ] ,  t = 0 . . 1 0 0  ) ;
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o d e p l o t (  F ,  [ [ t , x ( t ) ] , [ t , y ( t ) ] ] ,  t = 0 . . 2 0 0 ,  c o l o r = [ b l u e , b l a c k ] ,  l e g e n d =
[ " p r e y " , " p r e d a t o r s " ]  ) ;

?odeplot
Animation, in 3D, etc.

o d e p l o t (  F ,  [ t , x ( t ) , y ( t ) ] ,  t = 0 . . 2 0 0 ,  t h i c k n e s s = 2 ,  a x e s = f r a m e ) ;



(12)(12)

>  >  
>  >  

>  >  

>  >  

(10)(10)

>  >  

(11)(11)

wi th (DEtoo ls ) :
D E p l o t (  { d e 1 , d e 2 } ,  [ x ( t ) , y ( t ) ] ,  t = 0 . . 1 0 0 ,  [ [ x ( 0 ) = 1 , y ( 0 ) = 0 . 2 ] ,[ x ( 0 ) = 5 , y
( 0 ) = 1 ] ] ,
l inecolor=blue,  numpoints=200,  d i r f ie ld=100,  arrows=comet  ) ;

What happens if we modify the differential equation for the predator to be
d e 2  : =  d i f f ( y ( t ) , t )  =  - b e t a 2 * x ( t ) - a l p h a 2 * y ( t ) ;

Go back and experiment with that
r e s t a r t ;
in te r face ( imag inaryun i t=_ i ) ;

I

I ^ 2 ;

The SIR (Kermack McKendrick) virus spread model
S(t) is the number of succeptibles, I(t) is the number of infecteds, R(t) is the number of 
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recovereds

d e S  : =  d i f f ( S ( t ) , t )  =  - b e t a * S ( t ) * I ( t ) ;
d e I  : =  d i f f ( I ( t ) , t )  =  b e t a * S ( t ) * I ( t ) - a l p h a * I ( t ) ;
d e R  : =  d i f f ( R ( t ) , t )  =  a l p h a * I ( t ) ;

b e t a  : =  0 . 3 ;

a l p h a  : =  0 . 1 ;

The initial values S(0)=0.99, I(0)=0.01, R(0)=0 mean 1% are infected, 99% are succeptible, 
and none have recovered at time 0.

F  : =  d s o l v e (  { d e S ,  d e I ,  d e R ,  S ( 0 ) = 0 . 9 9 ,  I ( 0 ) = 0 . 0 1 ,  R ( 0 ) = 0 } ,  { S ( t ) , I
( t ) , R ( t ) } ,  n u m e r i c  ) ;

w i t h ( p l o t s ) :
o d e p l o t (  F ,  [ [ t , S ( t ) ] , [ t , I ( t ) ] , [ t , R ( t ) ] ] ,  t = 0 . . 1 0 0 ,  n u m p o i n t s = 2 0 0  ) ;

The plot shows that the virus is epidemic, that is, growing since I(t) (in blue) is increasing at
t ime t=0.
We can't take the   to determine what happens to the survivors but the following 

shows that at t=300 the number of infecteds is nearly 0 and hence the virus has died out 
and the number of survivors is 5.88%. 

F ( 3 0 0 ) ;
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Reexecute the above using

b e t a  : =  0 . 1 ;
a l p h a  : =  0 . 3 ;

F  : =  d s o l v e (  { d e S ,  d e I ,  d e R ,  S ( 0 ) = 0 . 9 9 ,  I ( 0 ) = 0 . 0 1 , R ( 0 ) = 0 } ,  { S ( t ) , I ( t ) ,
R ( t ) } ,  n u m e r i c  ) ;

o d e p l o t (  F ,  [ [ t , S ( t ) ] , [ t , I ( t ) ] , [ t , R ( t ) ] ] ,  t = 0 . . 2 0 0 ,  v i e w = [ 0 . . 2 0 0 , 0 .
.0 .05 ] ,  numpoin ts=200  ) ;


