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=G(x,y,.v,,W,)
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({xf’ Vi Vi W; )

X, +lh,yj. +lhkl,v}. +lhml,wi +lhn1J
2 2 2 2

\

n=H
n,=H

(
n,=H

X, +lh,y}. +lhk2,v}. +lhm2,wf +1Im2]
\ 2 2 2 2
n,=H(x,+hy, +hlc;,v, + hmy,w, + hn,)
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Vin = Vi +%(k1 +2k, + 2k, +k, ) h
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L=V, +%(ml +2m, +2m, +m4)h
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dR “ ‘
—:a]R—Fl{R,F) F fox
dgf - R Rabbit
— =—a,F + F,(R.F) Gl SEG Jaas ca

F(R.F)=bRF & F,(R,F)=b,RF Al Gge Juas a2

Il e Gialaddl wie il Ciga Juas :BIRF
=6l ae Jlaladdl wie cdlaill SIS Jume :b2RF

R _ +a,R — b RF
dt
d—F =—a,F +b,RF
dt
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R0=100;
F0=10;
al=0.4;
b1=0.4;
a2=2;
b2=0.1;
h=0.1;
f=al*y-bl*v*y;
g=-a2*v+b2*v*y;
X(1)=0;
Y(1) = RO;
V(1)=Fo0;
xf =50;
for i=1:(xf-X(1))/h
x=X(i);
y=Y(i);
v=V(i);
k1=subs(f);
m1l=subs(g);

x=X(i)+0.5*h;
y=Y(i)+0.5*h*k1;
v=V(i)+0.5*h*m1;
k2=subs(f);
m2=subs(g);

x=X(i)+0.5*h;
y=Y(i)+0.5*h*k2;
v=V(i)+0.5*h*m2;
k3=subs(f);
m3=subs(g);

x=X(i)+h;
y=Y(i)+h*k3;
v=V(i)+h*m3;
k4=subs(f);
md=subs(g);

Y(i+1)=Y(i)+(1/6)* (k1+2*k2+2*k3+k4)*h;
V(i+1)=V(i)+(1/6)*(m1+2*m2+2*m3+m4)*h;
X(i+1)=X(i)+h;

end

figure

plot (X,Y,'r',X,V,'b",'LineWidth',2) % numerical solution

xlabel('Time')

ylabel('Predator-Prey')

grid
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k =v
k,=v. +0.5hm
ky=v,+0.5hm,
k,=v, +hm,

ml - f(r(xf’.}?f?v!‘)

1 | ] 1 1 1
m, =f>xf. +Eh,yf +Eh:’r1,vf +5hmlJ= f[xf +5hjyl. +Ehvf,vf +5hmlJ
m,=f x+lh f+lhk v+lhm =f x+lh *+lhv +lh3m v+lhm
3 l\fzﬁ.}izlﬁfz 2 1'2?.}?2:'4 .1:52 2
m, :f(xr+h,yf+hk3,vf+hm3):f xf+h,yf.+hv‘,.+ihzmz,vﬁrhmEJ
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Vg =V, +—=(k +2k, + 2k, + Ik, ) h

=y, +—|(v,)+2(v, +0.5hm, )+ 2(v, +0.5hm2)+(1ff+hn13)]h

r—l;_—_h||_n

(@)}

=y, + hv, +6(m +m, +m, )’

Vi, =V, +é(ml +2m, +2m; +my ) h
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Example
o)l bolad Jolay x =1 e Al A8l adll Adls Ja 2af
h=0.1
p"+xy'+y =3+5x%, y(0)=1 y'(0)=0

Jall
Aapall Y olae (e e gane BB Al (e Auoalid) Alaladl) Japas

)

,F’:.F: J‘(O):l
v/ =3+5x -xv -y, v(0)=0

f(x,y,v)=3+5x"—xv -y o ZS
t B y(0)=1 v(0)=0 () uag
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x, =0, v,=1 v,=0, h=0.1 gl i=0 e Y
my = f (X5, ¥, )= F(0.1,0)=3+5x," —x,v, — », =2.000

/
m,=f IJ.—I-%:‘T'}‘;J-’?. +%hvf,vj +%hml]:f(0.05,1;@+1) =2.008
\ Z Z
m, = f| x -I-%h;'}-’j +%hv§ +ihzml,1¢ +%hm3]f(0,05,1.005,1.004) =2.002
\ Z Z
/
m,=f|x+hy +hv +%I?Erﬁ3,vf +hrﬁ3):f(& 1,1.01,0.2002 ) =2.01998
\ Z
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V.., =V, +hv, +g(”f1 + 1, 1y )
|
= v, =V, + v, +g(m1 +m, +m3)}’?2 =1.0100
1
Vi, =V, + g(”"l + 20, + 2my +my ) I

=V, =V, + é (’”1 +2m, +2m, +m, ) =0.2007
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x,=0.1, »=101 1, =02007, 7=01 Glti=1 puas: Ll

m, = f(x,y,v,) =2.020
(1 1 1
m,=f .1:1.+—h,yr.+—hvj.,vf+—hml} =2.047
. 2 2 2
(1 1 1, 1
my=f|x+=hy +—vh+—h m,,,vi.+—hm2]:2.{]42
. 2 2 4 2
/
m, = f xi.+h,y?.+vfh+%h2m3,vj +hm3):2.079
\
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Vinn = Vs T hvf +g(ml +m2 +m3)h

=y, =V, +hy, +%(ml +m, +m, ) h* =1.0403

J
1.5+l

:1.»3.+%(:v:=lil+2m2 +2my +m, ) h

=V, =V +%(ml +2m, +2m; +m, ) h =0.4053
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1.0913, v, =0.6176
1.1642, v, =0.8410
1.2600, v, =1.0783
1.3804, ve =1.3318
1.5270, v, =1.6028
1.7015, v, =1.8921
=1.9060, Vv, = 2.1996

=2.1420, v, =2.5246
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h = input('step size=');

f = input(‘the function f(x,y,v)=");
X(1) = input('x0=");

Y(1) = input('y(x0)=");

V(1)= input('v(x0)=");

xf = input('xf="); step size=0.1
for i=1:(xf-X(1))/h the function f(x,y,v)=3+5*x"2-x*v-y
y=Y(i); x0=0
=X(i);
::v((li)) ; yix0)=1
m1=subs(f); v(x0)=0
x=X(i)+0.5%h; xf=1

y=Y(i)+0.5*h*V(i);
v=V(i)+0.5*h*m1;
m2=subs(f);
x=X(i)+0.5*h;
y=Y(i)+0.5*h*V(i)+0.25*hA2*m1;
v=V(i)+0.5*h*m2;
m3=subs(f);
x=X(i)+h;
y=Y(i)+h*V(i)+0.5*h"2*m?2;
v=V(i)+h*m3;
m4=subs(f);
Y(i+1)=Y(i)+h*V(i)+(1/6)*(m1+m2+m3)*h"2;
V(i+1)=V(i)+(1/6)*(m1+2*m2+2*m3+m4)*h;
X(i+1)=X(i)+h;
end
subplot(1,2,1)
plot (X,Y,'b.") % numerical solution
subplot(1,2,2)
plot (X,V,'b.") % numerical solution
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0"+(0.3)8 +sin@=0, 6(0)=45", 6(0)=0
ch =01 o)sia syhdll g ol Jlie) e
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g=-0.3*v-sin(y);
V0o
Y(1) = pi/4; [ :
V(1)=(§);I 'I:IJLLI:L”
xf =15; [T a—
for i=1:(xf-X(1))/h

x=X(i);

- S adll e ) Aaal el sl e Ao gene ) Aslaall Jigads agis

1=subs(f); =

mi=subs(g); i ./

=V = pr/'4

x=X(i)+0.5*h; HI ) * - i 9'( 0) p
V(40,5 kL; v ==0.3v —sin@, v(0)=0
v=V(i)+0.5¥*h*m1;

k2=subs(f);

m2=subs(g);

symsfgxyv
h=0.1;
f=v;
deol o

x=X(i)+0.5*h; 0.8

y=Y(i)+0.5*h*k2;

v=V(i)+0.5¥h*m?2; \

k3=SUbS(f),‘ 0.6 0.4

m3=subs(g);

x=X(i)+h; \ /\
0.4 0.2

y=Y(i)+h*k3;

v=V(i)+h*m3;
ka=subs(f); \ /\ / \ //\
0.2 o

md=subs(g);

0.6¢

Y(i+1)=Y(i)+(1/6)* (k1+2*k2+2*k3+kd)*h;
V(i+1)=V(i)+(1/6)*(m1+2*m2+2*m3+m4)*h; 0 _
X(H+1)=X(i)+h; N e

end

subplot(1,2,1)

plot(X,Y,'r','LineWidth',2) -0.4

xlabel('t")

ylabel('teta')

grid -0.4 -0.6 \/
subplot(1,2,2) V

plot(X,V,'b",'LineWidth',2)
xlabel('t') 06" F L L o8t L L L
ylabel('v') o 5 10 15 (6] 5 10 15
grid t t

teta
/
v
——
/
\
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