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with| Lineardigebra) :

L == RandomMatrix(2, 2)

44 —31
92 67

S := dsolve({diff (x(1),1) =L(1. 1) - x(1) + L(1,2) - 3(1), diff (¥(2). 1) = L(2,2) - p(1) + L(2,1) x(r),x(0) = 1, ¥(0) =1}, {x(r), (1) });

plot([subs(S, x(1)), subs(S, (1)), t=0_10])
558 /10879 [ @]
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with(Lineardlgebra) -

L := RandomMatrix(2, 2)

50 80
—98 85

S = dsolve( {diff(x(t). 1) =L(1.1) - x(f) + L(1,2) - ¥(¢), diff (M(¢). 1) =L(2.2) - y(1) + L(2,1) x(£).x(0) =1, p(0) =1}, {x(7), ¥(1)});
plot( [ subs(S. x(1)), subs(S.¥(1)).t=0.10])

L =

7J615 ¢ E[ 736 615 sin[ : 215 ') 160:05[ ?,{315 r) ]
135 | 25615 sin| ———— e B
il o s 81—' [ M[ . ] + cos[ (AL ok yt) = — - 861 7
' 361 > " _
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with( Lineardlgebra) -
L == RandomMatrix(2, 2)

10 =350
—99 -—11
S = dsolve( {diff(x(r), 1) =L(1,1) - x(1) + L(1,2) -3(0), diffi3(0). 1) =L(2.2) - M1) + L(2.1) (1), x(0) = 1,3(0) =1}, {x(r). () }):
plot( [ subs(S. x(t)), subs(S. y(t)),t=0_10])

L=

| 1+3,.r"m'§']r
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F1:+= evalf(Lothn(1.5,5,2.5,6,04.0.7, NLN2)) :
X = Dis(FI,[NI,N2].[7.0,4.0].0.01,10) :

Nlcwrve = [ seg( [ X[i][1].X[i][2][1] )i=1 _nops(X) ) ]:
N2curve = | seg( [ X[i][1].X[7][2][2] Li=1.nops(X) ) |:

plot([N1curve, N2curve), color = [red, blue], Jegend= ["N1(t)", "N2(t)" ], axes = boxed, size= 200, 200]);

-

12345678910
[— N1t) — N2 |

SEquP(F1, NI N2]);

{[3.611111111, 3.472222222]}



F2 := evalf(Lotka(0.6,4,2.5,3,0.2,0.8, N1, N2)) :

X == Dis(F2, [N1,N2],[6.0,5.0],0.01,10) :

Nlcwrve = [ seq( [ X[i][1].XTi][2][1] }.i=1 .nops(X)
Ncurve = | seg( [ X[i][1].X[#][2][2] Li=1 _nops(X)
plot([N1curve, N2curve), color = [red, blue], Jegend= ["

]:
]

)
)
N1(t)", "N2(t)" ], axes = boxed, size= [ 200, 200]);

12345678910

[— N1 — N2(1)

SEquP(F2 NI, N2]);
{[4.0.]}



F3 := evalf{Lotka(2.0,8.0.7.9,0.5,0.1. N1, N2) ) :

X = Dis(F3,[N1,N2],[8.0,3.0],0.01,10) :

Nlcurve = [ seg( [ X[i][1].XTi][2][1] .i=1 _.nops(X) ) ]:

N2curve = | seg( [ X[7][1].XTi][2][2] }.i=1.nops(X) ) |:

plot( [ N1curve N2curve], color = [red, blue], /egend= ["N1(t)", "N2(t)" ], axes = boxed, size = [200, 200]);

123456782910

[— N1 — M)

SEquP(F3,[NI,N2]);
{[3.684210526, 8.631578947]}



F == evalf( Volterra(1.5,0.1,1.0,0.05,xv) ) :

X:=Dis(F,[x.v¥].[10.0,3.0].0.01,10) :

Nlcurve = [ seg( [ X[i][1], XTi][2][1] }.i=1 .nops(X) ) ]:

N2curve = [ seg( [ X[i][1].X[i](2][2] L.i=1 .nops(X) ) ]:

plot([N1curve N2curve), color = [red, blue], Jegend= ["N1(t)", "N2(t)" ], axes = boxed, size= [ 200, 200]);
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3

1

12345678%10

[— N1() — N2@1)]

SEquP(F, [NI,N2]);



F2 == evalf(Volterra(12.02.10.0.1.xv)) :

X = Dis(F2, [x,y].[5.0,2.0],0.01,10) :

Nlcwrve:= [ seg( [ X[#][1].XT][2][1] L.i=1 . nops(X) ) ]:

N2cwrve = | seg( [ X[7][1].XTi][2][2] }.i=1.nops(X) ) |:

plot( [ N1curve N2curve], color = [red, blue], /egend= ["N1(t)", "N2(1)" ], axes = boxed, size = [200, 200]):

2
2
1
1

12345678910

[— N1 — M)

SEquP(F2,[N1,N2]).



F3 == evalf(Volterra(1.8.0.05.06.0.02.x.v)) :

X = Dis(F3, [x v], [8.0, 1.01,0.01, 10) :

Nlcurve:= [ seg( [ X[i][1].XTi][2][1] .i=1 _.nops(X) ) ]:

N2ciave = [ seg( [ X[1][1]. X[#][2][2] ].i=1 .nops(X) ) ]:

plot( [ N1curve N2curve), color = [red, blue], /egend= ["N1(t)", "N2(t)" ], axes = boxed, size = [200, 200]);

30
20
10
12345678910
[— N1() — N2 ()]

SEquP(F3,[N1,N2]).



FIM := evalf( VolterraM(1.5,0.1,1.0,0.05.5.x. y) ) :

X = Dis(FIM, [x,¥],[2.0,2.0],0.01,10) :

Nlcurve = | seg( [ X[i][1]. X[7]1[2][1] Li=1.nops(X) ) ]:

N2cwrve:= [ seq( [ X[1][1].X[7][2][2] Li=1_nops(X) ) |:

plot( [ N1curve, N2curve), color = [red, blue], legend= ["N1(t)", "N2(t)" ], axes = boxed, size= [200, 200]);

12345678910

[—N1t) — N2

SEquP(FIM, [NI,N2);



F2M = evalf( VolterraM(1.2,02,1.0,0.1,6.xv)) :

X = Dis(F2M, [x,y].[3.0,2.0].0.01,10) :

Nlcurve:= [ seq( [ X[i][1].X[i][2][1] Li=1 .nops(X
N2curve = | seg( [ X[i][1].X[7][2][2] Li=1.nops(X
plot( [ N1curve, N2curve), color = [red, blue], Jegend= [

1z
]:

))
))
"N1(t)", "N2(t)" ). axes = boxed, size=[200, 200]);

12345678910

[— N1 — N2(0)

SEquP| F2M, [N1,N2]);



F3M := evalf( VolterraM(1.0,0.05,0.6,0.05,.6,x,v)) :
X == Dis(F3M, [x,v].[3.0,1.5],0.01,10) :

)
Nlcwrve:= [ seg( [ X[i][1].X[i][2][1] Li=1 .nops(X)) ]:
N2curve = [ seq( [ X[i][1]. X[7][2][2] Li=1.n0ps(X) ) |:
plot([N1curve N2curve), color = [red, blue], legend= ["N1(t)", "N2(t)"], axes = boxed. size= [200, 200]);
2.
:
0.
12345678910
[— N1 — ™)

SEquP(F3M, [NI,N2]);



