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The Application of Baltamatica in the Numerical Solution
of Differential Equations

XIAO Jian'?, GONG Qu*?, WEN luo Sheng
(1. College of Mathematics and Statistics,Chongqging University, Chongqing 401331;

2. Chongging Experimental Teaching Demonstration Center for Mathematics,Chongging 401331)
Abstract: In the field of scientific computing, MATLAB software holds a monopolistic position, and
its use in domestic research and teaching may be restricted. Baltamatica is a domestic alternative
software that can meet the needs of domestic scientific computing. This paper takes the numerical
solution of differential equations as an example, and uses the Baltamatica software to program and
implement the third-order Runge-Kutta method for numerical solution. The results obtained are
consistent with those of MATLAB software. The Baltamatica software can be promoted and used in
domestic numerical computing teaching and research practice.
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FERY TR FESCBLH, MATLAB B2 MY, (EIZE A DR, RIEH % &)
51, Er A R TEEE M AEK I TR E B B IR RS R G0 AR, 4T
[ AMFESEEAME (MATLAB) R0, Dy E N R el i B = e 5 A0 %6 fEdER
RICHIIES SR 23 A <Al e B Y R AT A AR T R R R R e I 3 Ty g
(2, 1) SR AL AR R TC/ 3 Te B B8 REVR R BT VR ZE BT AE R G (ABS) L. V1 E .
FMAMFRE T AER R TTAESUE TS iR r P S A MY CH AT R SCHRIGE R G, JERK
TE B RBIT S EIE A2, ARpE— PR R

AT AR RICHAT XS i R BB MR AT Se e, 00 =B leks - ik, 45t
KRTCEEF?, [FIN ) MATLAB £ 1F) ode23 eRE i 24T EL, 1 WAL R R ST A AE Ry
3R B SRR AT ) A R

1 JERRITREAN

AER R ICAE 2022 48 KA 1 — ki AR AT S TRE VS (0 [E ™8 P BB T S, B
A B EFIR AL ZEAF AL UK B OB T e BB T 5 S = AT, SEEL T AR
BT BISCHAZ LR I 58 A0 3 B . 2024 4F R AT ALK K IT V3.5 A E— 50 R Th
REIL T, Brig(E S4B, Siitt ot MRS ET W T HA . IERRITHAR SR S AL T
R AAT 5 — e REIE I BORHE) H 3%, FR AR B 5 S A R B O iR &
AR KT BUIEAN 1 E AEREATH RO 2 B, 9 E PR T RIR TSI B
EL, SRS A B TR SRR E

2 W TTRERER

5 RE — i oy T RE AL i)

d
d—§= F(X, ), Y(%) = Yo. (D

SINEA R AI{X ), h=x, =X BB K, Mo missimc s {y(x,)}, &
—EAFIE. AT FR (X)) MHEME Y, BB Y, By, AR
Yo = Yo T0(X,, Yo h) (2)
FIRZA LI (X,, Y, ) SR04 77 BB A -

3 WHk-FEIEERE

A B AR y (X +h) 7 X AT, I B AT T ORI AL y (X + h) M3 2140 2
e
y(x+h) = y(x) +he(x, y(x),h). (3
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4 Z=Hrsk-EER R

¥y (x, +h) 7E x AbrZe i Ut 21 =k

2 3

y(x, +h)=y +hy +%h"+% y"+0(h*).
Horh ST LLER f Fos
Yo =f(X,,¥.),

n—d—f—f+fy—f+ff
, d2f
Yo = v
i 3 B RK JTVEAH LR IEA
k = f(X,Yn),

k,=f(x, +c,hy +a,hk),

= f+2ff, + £2f + £ f +ff

k, = f (X, +¢c;h, y, +a,hk +a,hk,),
yn+1 yn+h(b1k1+bk +bk)
Bk, Firky 72 (X, Y,) AT

k, = f +c,hf, +a,hff, AL (c2 fo +20,a, ff +ay f2f )+O(h%),

21 " xy
k, = f+C;f, + (ay, +a,)hff,
2

—J;[3W+20@m+%gﬁw+@ﬂ+%gf f,, +2a5,C,(f, f, + ff”) |+ O(h*)

4y, HFIER T

yn+l yn+h(b1k1+bk +bk)

W SRR ZE BRI EE, Bk hy h2 F1 R RKUTE, 5300 F 7 fe.
(1) —Br UL

b +b,+b, =1,



mﬂKiEXEﬁ http://www.paper.edu.cn

(2) —HropLm
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1
b2a21 + b3(a31 + asz) = E )

100 (3) =HrmpLm
1
b,cZ +b,c2 ==,
vy T Mglg 3
1
bzczazl + b3C3 (831 + asz) = 5 )
1
b.a,.c, ==.
183,C, 5
e R ! 1
IZ/—\EQIJ\/_\Eﬁ%EEZE_; ﬁ%éﬂﬁ‘?o Jﬁ*%%ﬁﬁa@géﬂiﬁéﬁ ?CZZE’ C3:17 a21257
105 ay=-1, a,=2, nfi:
1 2 1
= b =T b ==
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B ZAR BN T REBUE SR AR 3 B RK A
h
yn+1:yn+6(k1+4k2+k3)- 4
/\EP:
110 kizf(xn,yn)’
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ks = f (%, +h,y, —hk,+2hk, ).

5 MRS 1

Ko I
dy
dx
W44 AN y(0) =0.5, KX EA[0,1] -

=y>+X,

(1) AERRITSEBLI LM 5 R = Jehs e S iR AR -

% JEARKRIC RK3 S

f=@(x\y) y"2+x;

x0=0; y0=0.5;

x_end=1,;

h=0.025;

X_rk3=x0:h:x_end,;

y_rk3=zeros(size(x_rk3));

y_rk3(1)=y0;

for i=1:length(x_rk3)-1

k1=f(x_rk3(i),y_rk3(i));

k2=f(x_rk3(i)+h/2,y_rk3(i)+h/2*k1);

k3=f(x_rk3(i)+h,y_rk3(i)-h*k1+2*h*k2);

y_rk3(i+1)=y_rk3(i)+h*(k1+4*k2+k3)/6;

end

figure;

plot(x_rk3,y_rk3,'b*";

xlabel('x"); ylabel('y(x)");

title('b K K7t RK3 45 % (h=0.025)";

grid on;

disp(RK3 7E x=1 4L [1IfiE:"); disp(y_rk3(end));
132 IR BB A T 1 -
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2.2

y(x)

JLAXTLRK3IS R (h=0.025)

1 AER R TT A i h 2k
Fig. 1 Numerical solution curve of Baltamatica

(2) X Fdi 757, F MATLAB [ 0ode23 kR iR, F2FWITR:

% MATLAB ode23 K fi#
f=@(x)y) y."2+x;
xspan=[0 1];

y0=0.5;

options=odeset('RelTol',1e-6,'AbsTol',1e-8); % W EIxZKIR

[x_ode23,y_ode23]=0de23(f, xspan, y0, options);

figure;
plot(x_ode23,y_ode23, 'r-0");
xlabel('x"); ylabel('y(x)");

title(MATLAB ode23 sRfi#4s HY):

grid on;

disp(ODE23 7t x=1 AbrIfiE:"); disp(y_ode23(end));

R i 2:
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MATLAB ode23:k fif 25 5L

2.2 T T

D4 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1

X

2 MATLAB % {H fiff i 2%
Fig. 2 MATLAB Numerical Solution Curve

(3) % RK3 5 ode23 f45 R utfrtuse, w53

ODE23 5 RK3fif AT LE

22

m— ODE23
21 |= = RK3(h=0.025)

i} 0.1 0.2 0.3 Df4 D.IS D.IE 0.7 0.8 0.9 1
160 x
B 3 dbKKIt5 MATLAB ${E fif ih 26 %7 L

Fig. 3 Comparison of Numerical Solution Curves between Baltamatica and MATLAB
7E x=1 4t, RK3 5 ode23 7531145 KN 2.1279, 7E[0,1] IX[A], RK3 5 ode23 [ K
Yk TN 1.26x107, I FRSE AN 3 7] LLE HAL KR TG RK3 75 511145 515 MATLAB
165 AR

6 RLFSEH 2

SRf# Van der pol 572
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X"(t) — (L— X)X (M) + x() =0, x(0)=2,x(0)=0, HeAifHH u=1.
DU SRELEAR, o R By — W s R AL

B TR

Ay =X(),y, =X (), LUK BT o O R R

by, (0) =2, y,(0)=0

{yl, =Y,
Yo = u(=Y7)Y, — Y,

(1) AERR TSI T7 FE =R S P B SR A

function vdp_solver()

% SERE
mu=1.0;
t_start=0;
t_end=20;
y0=[2; 0];
h=0.01;

% TTHEER

% ZHiE
% HEaREE)

%
%
%

t=t_start:h:t_end;

n=length(t);
Y=zeros(2, n);
Y(:.1)=y0;

% RK3 753%
for i=1:n-1

2 1 )
a5 Iy1(0); y20)]
K

k1l=vdp_der(t(i), Y(:,i), mu);
k2=vdp_der(t(i)+h/2, Y (:,i)+h/2*k1, mu);

k3=vdp_der(t(i)+h, Y(:,i)-h*k1+2*h*k2, mu);

% FEI#R

Y G i+1)=Y (i) /6% (KL+4*Kk2+k3);

end

% LHER

draw_results(t, Y);

end

function dydt=vdp_der(t, y, mu)

dydt=zeros(2,1);
dydt(1)=y(2);

(5)
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dydt(2)=mu*(1-y(1)"2)*y(2)-y(1);

function draw_results(t, Y)

end

% SIEE— T EEEO
figure(1);

% RLFGHE AT B AL
subplot(2,1,1);

plot(t, Y(1,:), 'b");
xlabel (8] t);
ylabel(‘irF% y);
title(NrF% A (8] F51);
grid on;

% IR BERA AT E) AL
subplot(2,1,2);

plot(t, Y(2,)), ');
xlabel (8] t);
ylabel(3& & dy/dt);
title("3& A (8] FF5);
grid on;

% BIRE_NEREA
figure(2);

plot(Y(1,:), Y(2.2), K);
xlabel(z#% y);
ylabel(ZR & dy/dt);
title(4EE");

grid on;

B4 AR R AN A A vdp_solver.m, 1247 G il 1545

ES
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Fig. 4 Numerical solutions of differential equations and phase diagrams (Baltamatica)
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Fig. 5 Comparison of the numerical solution curves and phase diagrams of Baltamatica and MATLAB
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