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#
# VOLTERRA MODELS
#

# Volterra Model - Set 1: a=1.5, b=0.8, c=1.2, d=0.6, x(0)=2, y(0)=1.5
Sl:=dsolve({diff(x(t),t)=1.5%x(t)-0.8%x(t)*xy(t),diff(y(t), t)=-1.2xy(t)+0.6xx(t)*y(t),x(0)=2,y(0)=1.5},{x(t),y(t)}, numeric):
odeplot(S1,[[x(t),y(t)1],0..50);

# Volterra Model - Set 2: a=2.0, b=1.0, c=1.5, d=0.8, x(0)=3, y(0)=2
S2:=dsolve({diff(x(t),t)=2.0%x(t)-1.0%x(t)*xy(t),diff(y(t),t)=-1.5%y(t)+0.8xx(t)*y(t),x(0)=3,y(0)=2},{x(t),y(t)}, numeric):
odeplot(S2,[[x(t),y(t)1],0..50);

# Volterra Model - Set 3: a=1.2, b=0.5, c=0.8, d=0.4, x(0)=1.5, y(0)=1
S3:=dsolve({diff(x(t),t)=1.2%x(t)-0.5%x(t)*y(t),diff(y(t), t)=-0.8%y(t)+0.4%x(t)*y(t),x(0)=1.5,y(0)=1},{x(t),y(t)}, numeric):
odeplot(S3, [[x(t),y(t)1],0..50);

# Volterra Stable Equilibrium Points

print(’ P
print( Volterra Set 1 Stable Equilibria:’);

print( Parameters: a=1.5, b=0.8, c=1.2, d=0.6");
eql:=SEquP([1.5%x-0.8%xxy, —1.2%y+0.6%x*y]l, [x,yl);
print(eql);

print(’ Vg
print( Volterra Set 2 Stable Equilibria:’);
print( ' Parameters: a=2.0, b=1.0, c=1.5, d=0.8");
€q2:=SEqUP([2.0%x-1.0%x*y, —1.5%y+0.8%x*xy]l, [x,yl);
print(eq2);

print (" i
print( Volterra Set 3 Stable Equilibria:’);

print( Parameters: a=1.2, b=0.5, c=0.8, d=0.4");
eq3:=SEquP([1.2%x-0.5%xxy, —0.8%y+0.4*x*y]l, [x,y1);
print(eq3);

#
# MODIFIED VOLTERRA MODELS
#

# Modified Volterra — Set 1: a=1.5, b=0.8, c=1.2, d=0.6, K=10, x(0)=2, y(0)=1.5
SM1:=dsolve ({diff(x(t),t)=1.5%x(t)*(1-x(t)/10)-0.8%x(t)*y(t),diff(y(t),t)=-1.2%y(t)+0.6xx(t)*y(t),x(0)=2,y(0)=1.5},{x(t),y(t)}, numeric):
odeplot(SM1, [[x(t),y(t)]1],0..50);

# Modified Volterra — Set 2: a=2.0, b=1.0, c=1.5, d=0.8, K=15, x(0)=3, y(0)=2
SM2:=dsolve ({diff(x(t),t)=2.0%x(t)*(1-x(t)/15)-1.0xx(t)*y(t),diff(y(t),t)=-1.5%y(t)+0.8xx(t)*y(t),x(0)=3,y(0)=2},{x(t),y(t)}, numeric):
odeplot(SM2, [[x(t),y(t)]11,0..50);

# Modified Volterra — Set 3: a=1.8, b=0.7, c=1.0, d=0.5, K=12, x(0)=4, y(0)=1.5
SM3:=dsolve ({diff(x(t), t)=1.8%x(t)*(1-x(t)/12)-0.7*x(t)*y(t),diff(y(t),t)=—1.0%y(t)+0.5xx(t)*y(t),x(0)=4,y(0)=1.5},{x(t),y(t)},numeric):
odeplot(SM3,[[x(t),y(t)]]1,0..50);

# VolterraM Stable Equilibrium Points

print(’ 1
print('VolterraM Set 1 Stable Equilibria:’);

print( Parameters: a=1.5, b=0.8, c=1.2, d=0.6, K=10");
eqml:=SEquP ([1.5%x*(1-x/10)-0.8%x*y, —1.2xy+0.6xxxyl, [x,y]1);
print(egml);

print(’ P

print( VolterraM Set 2 Stable Equilibria:’);

print( Parameters: a=2.0, b=1.0, c=1.5, d=0.8, K=15");
eqm2:=SEquP ([2.0%x*(1-x/15)-1.0%x*y, —-1.5%xy+0.8xxxyl, [x,yl);
print(egm2);

print(® )5

print( VolterraM Set 3 Stable Equilibria:’);
print( ' Parameters: a=1.8, b=0.7, c=1.0, d=0.5, K=12");
eqm3:=SEquP ([1.8%x*(1-x/12)-0.7%x*y, —-1.0%y+0.5xxxyl, [x,y]l);
print(eqm3);

#
# LOTKA COMPETITION MODELS
#

# Lotka - Set 1: rl1=1.2, k1=10, r2=1.5, k2=12, b12=0.8, b21=0.6, N1(0)=3, N2(0)=4
SL1:=dsolve({diff(N1(t),t)=1.2%N1(t)*(10-N1(t)-0.8%N2(t))/10,diff(N2(t),t)=1.5%xN2(t)*(12-N2(t)-0.6*N1(t))/12,N1(0)=3,N2(0)=4}
{N1(t),N2(t)},numeric):

odeplot(SL1, [[N1(t),N2(t)1]1,0..50);

# Lotka - Set 2: rl=1.5, k1=15, r2=1.8, k2=14, b12=1.2, b21=1.0, N1(0)=5, N2(0)=6
SL2:=dsolve({diff(NL(t),t)=1.5%N1(t)*(15-N1(t)-1.2%N2(t))/15,diff(N2(t),t)=1.8%N2(t)*(14-N2(t)-1.0%N1(t))/14,N1(0)=5,N2(0)=6}
{N1(t),N2(t)}, numeric):

odeplot(SL2, [[N1(t),N2(t)1]1,0..50);

# Lotka - Set 3: rl1=2.0, k1=20, r2=1.6, k2=18, b12=0.5, b21=0.7, N1(0)=8, N2(0)=7

SL3:=dsolve ({diff(N1(t),t)=2.0%N1(t)*(20-N1(t)-0.5%N2(t))/20,diff(N2(t),t)=1.6%N2(t)*(18-N2(t)-0.7%N1(t))/18,N1(0)=8,N2(0)=7}
{N1(t),N2(t)}, numeric):

odeplot(SL3, [[N1(t),N2(t)]11,0..50);

# Lotka Stable Equilibrium Points

print(’ "8

print( Lotka Set 1 Stable Equilibria:’);

print( Parameters: r1=1.2, k1=10, r2=1.5, k2=12, b12=0.8, b21=0.6");
eql1:=SEquP([1.2%N1%(10-N1-0.8%N2)/10, 1.5%N2x(12-N2-0.6%N1)/12], [N1,N2]);
print(eqll);

print(’ D5

print('Lotka Set 2 Stable Equilibria:’);

print( Parameters: ril=1.5, k1=15, r2=1.8, k2=14, b12=1.2, b21=1.0");
eql2:=SEquP([1.5%N1*(15-N1-1.2%N2)/15, 1.8%N2x(14-N2-1.0%N1)/141, [N1,N21);
print(eql2);

print(" 1

print( Lotka Set 3 Stable Equilibria:’);

print( Parameters: rl1=2.0, k1=20, r2=1.6, k2=18, b12=0.5, b21=0.7");
eql3:=SEquP([2.0%N1*(20-N1-0.5%N2) /20, 1.6%N2x(18-N2-0.7%N1)/181, [N1,N2]);
print(eql3);
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Voiterra Set 1 Stable Equilibria:
Parameters: a=1.5, b=0.8, c=12 d=06
eql == &
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Volterra Set 2 Stable Equilibria:
Parameters: a=2.0, b=1.0, c=1.5, d=0.8
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Volterra Set 3 Stable Equilibria:
Parameters: a=1.2 b=0.5, c=038, d=04
eq3 = I
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VolterraM Set 1 Stable Equilibria:
Parameters: a=15, b=08, ¢=1.2 d=06 K=10
egml = (|2, 1.500000000])

{[2, 1.500000000])

VolterraM Set 2 Stable Equilibria:
Parameters: a=2.0, 5=1.0, c=1.5, d=0.8, K=15
2= {[1.875000000, 1.750000000]}
{[1.875000000, 1.750000000] )
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VolterraM Set 3 Stable Equilibria:
Parameters: a=1.8, 5=0.7, ¢=1.0, @=0.5, K=12
egm3 = {[2.2.142857143])
([2.2.142857143])



Lotka Set 1 Stable Equilibria:
Parameters: r1=12, kI=10, r2=15, k2=12, 512=0.8, b21=0.6
egqll = {[0.7692307692, 11.53846154])
{[0.7692307692, 11.53846154]}

Lotka Set 2 Stable Equilibria:
Parameters: ri=1.5, kI=15, r2=1.8, k2=14, b12=12, b21=1.0
egl2'= {[0,14.], [15,0.]}
{[0,14.], [15.,0.])
Lotka Set 3 Stable Equilibria:
Parameters: r1=2.0, kI=20, r2=1.6, K2=18, b12=0.5, 521=0.7
eql3 = {[16.92307692, 6.153846154])
{[16.92307692, 6.153846154])




