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Joood, 1991.

[0 OO 0ONumerical RecipesinCO OO OO0

[0 Netlib O LAPACK,BLASO OO OO O
O http://wwv. netlib.org/

[0 gsl(GNU Scientific Library) O 0O 0O O O
O http://ww. gnu. or g/ sof t ware/ gsl/

U bbbobobobobuodddddnngi

(0 O0O0O00OMatlab, Octave, Scilab O OO0 OO0 OO OOOO
ERERERERERERERE
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[l X11000oO0o0Oooooooooooooooooooo
[l OpenGLUODOOODOO0OOO0ODDOOOOODOOO

OpenGLUOOOOOOOOOOMO

[1 GLUT — The OpenGL Utility Toolkit

[] OpenGL + X11 — glx

[1 OpenGL + SDL

[l 000000000000 oDo0o0ooooo0oooooooo
OpenGLO O OOOOO

[l MESA—DO0O0OOO0O0000OO00 OpenGLOOOOOOO
DirectX — Windows [

xgl(X11 over OpenGL) — O O O Linux [
JO0O0OPOV-RayO oo

I I
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E.Lengyel(D 0 0)00OODO0OODODDODDODODODOODODO 3DO
N000000000000000D0D00OO, 2002.

D.F. Rogers&J. A.Adams(L 0 O O0)0 OO OooOoOO
DOooDoooooooooaa, 1993.

OpenGLO OO DD (0O 0)JOpenGLO DO OO OO0
00 0500000000000000,2006.

gix 000000
$ man gl Xintro

SDLO0OO0O00O00o0oooooon
http://ww. |1 bsdl.org/ O OpenGL OO OO
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0-1/4

voi d ode_rk4(double p[], double delta_t, int N,
void (*dvdt)(double p[], double t, double v[],
doubl e t, double vO[], double v1[])

{
int i;
doubl e dv[ N, di[N], d2[N], d3[N, va[N;
dvdt (p, t, vO, dv);
for (i=0; i<N, i++) {
di[i] = delta_txdv[i];
va[i] = vO[i] + 0.5+xd1[i];
}
dvdt (p, t + 0.5«delta_t, va, dv);
for (i=0; i<N i++) {
d2[i] = delta_txdv[i];
va[i] = vO[i] + 0.5xd2[i];
}
dvdt(p, t + 0.5+delta_t, va, dv);
for (i=0; i<N, i++) {
d3[i] = delta_txdv[i];
va[i] = vO[i] + d3[i];
}
dvdt (p, t + delta_t, va, dv);
for (i=0; i<N i++)
vi[i] = vO[i] + (di[i]+d2[i]=*2+d3[i]*2+delta_t=*dv[i])/6;
}

doubl e dvdt[]),
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000 odeDODO0O0ODODODOOODOODODOODODODODODOOOO

struct ode {
int K N,
void (*init)(double p[], double vO[]);
void (xoptions)(int argc, char *=argv[], double p[], double vO[]);
voi d (*dvdt) (double p[], double t, double v[], double dvdt[]);
1
void lorenz_init(double p[], double v[])
{
#defi ne sigma p[0]
#define b p[1]
#define r p[2]
#define x v[O]
#define y v[1]
#define z v[2]
sigma = 10.0; b =8.0/3; r =28.0; x =10.0; y = 20.0; z = 30.0;
}
void | orenz_dvdt (double p[], double t, double v[], double dvdt[])
{
dvdt[ 0] = -sigmaxx + signa*y,;
dvdt[1l] = -X*Z + r*x - vy,
dvdt[2] = x*y - b*z;
}
void |l orenz_options(int argc, char rargv[], double p[], double v[])
struct ode |l orenz_ode = {
3, 3, lorenz_init, lorenz_options, |orenz_dvdt
}, *ode = & orenz_ode;
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ode J000O0O0ODODODOODODODODODODODODODODODO odeset JOODOODOOOODODODODO

struct odeset {
struct ode =*ode;
doubl e delta t, *p, *v0, =*vl
b
voi d odes wite(struct odeset =*odes)

{

int i, j;

for (i=0; i<10000; i++) {
ode_rk4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,
odes->delta_t+*i, odes->v0, odes->vl);
for (j=0; j<odes->ode->N, j++)
printf("%\t", odes->vO[j]);
printf("\n");
for (j=0; j<odes->ode->N, j++)
odes->v0[]] = odes->vi[]];

guoodouooooooobbbbbbboboooooogo
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000 odeset DO00OO0DO0ODODOODOODOODODODOOOO

int main(int argc, char xargv[])
{
struct odeset odeset = {
ode,
0. 01,
mal | oc(si zeof (doubl e) xode- >K)
mal | oc(si zeof (doubl e) *ode- >N)
mal | oc(si zeof (doubl e) *ode- >N)
}, *odes = &odeset;

odes- >ode- >i ni t (odes- >p, odes->v0);

odes- >ode- >opti ons(argc, argv, odes->p, odes->v0);
odes_write(odes);

return O;

$ ./v_lorenz00 > | orenz. dat
$ echo "splot "lorenz.dat" notitle with |ines; pause nouse;’ | gnuplot -
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$ diff -uv_ lorenz00.c v_lorenzOl.c # ODO00OOOOD0OOODOOODOOOOOO

#i
#i
#i
+H#i

b

{

@-1,6 +1,7 @@

ncl ude <stdio. h> [* printf =*/
ncl ude <stdlib. h> [+ atof =/
ncl ude <string. h> [ * strcnp */
ncl ude <X11/ Xl'i b. h>

@@ - 35, 14 +36, 14 @@
* |
struct ode {

int K N

void (*init)(double p[], double vO[]);

void (*init)(double p[], double vO[], double Ib[], double ub[]);
void (*options)(int argc, char »argv[], double p[], double vO[]);
voi d (*dvdt) (double p[], double t, double v[], double dvdt[]);

-void lorenz_init(double p[], double v[])
+void lorenz_init(double p[], double v[], double Ib[], double ub[])

#define sigma p[ 0]
#define b p[1]

gpooooooo
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@ - 50,12 +51,21 @@

#define x v[O0]
#define y v[1]
#define z v[ 2]
- sigma = 10.0; b =8.0/3; r =28.0; x =10.0; y = 20.0; z = 30.0;
+ if (p) {
+ sigma = 10.0; b =8.0/3; r = 28.0;
+ }
+ if (v) {
+ x = 10.0; y = 20.0;, z = 30.0;
+ }
+ if (I'b &k ub) {
+ | b[0] = -20; ub[0] = 20;
+ | b[ 1] = -30; ub[1] = 30;
+ | b[2] = 5; ub[2] = 50;
+ }
}
voi d | orenz_dvdt (doubl e p[], double t, double v[], double dvdt[])
{
@ - 96, 20 +106, 97 @@
struct odeset {
struct ode =*ode;
doubl e delta t, *p, *v0, vl

+ double *IDb,

+};

*Uub:;

gpooooooo
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+struct view {

+ int w h;

+ Display =display; int screen_nunber; Wndow parent_w ndow, w ndow, Pixmap pixmap;
+ GC gc; Colormap cmap; |ong event mask; XEvent event;

3

-voi d odes_wite(struct odeset =*odes)

+void view init(struct view *v)

H

if (!(v->display
exit(l);
V- >screen_nunber Def aul t Scr een(v->di spl ay) ;
v->par ent _wi ndow = Root W ndow( v- >di spl ay, v->screen_nunber);
v->W ndow = XCr eat eSi npl eW ndow( v- >di spl ay, v->parent_w ndow,
0, 0, v->w, v->h, O,
Bl ackPi xel (v->di spl ay, v->screen_nunber),
Wi t ePi xel (v->di spl ay, v->screen_nunber));
v->pi xmap = XCreat ePi xmap(v->di spl ay, v->w ndow, v->w, v->h
Def aul t Dept h(v->di spl ay, v->screen_nunber));
v->gc = Defaul t &C(v->di spl ay, v->screen_nunber);
v->cmap = Def aul t Col or map(v->di spl ay, v->screen_nunber);
XSet For egr ound(v->di spl ay, v->gc, Bl ackPi xel (v->display, v->screen_nunber));
v->event _mask = ExposureMask;
v->event _mask | = KeyPressMask
v->event _mask | = StructureNotifyMask
XSel ect | nput (v->di spl ay, v->w ndow, v->event_mask);
XMapW ndow v- >di spl ay, v->w ndow) ;
XFl ush(v->di spl ay) ;

XOpenbDi spl ay(NULL) ))

+ 4+ + + + + 4+ 4+ ++++++ A+ ++

+
—
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+voi d view draw(struct view *v, void *0)
{
+ struct odeset *odes = (struct odeset x)o;

int i, j;
+ int x0, y0, x1, yl;
+ XSet For eground(v->di spl ay, v->gc, WitePixel (v->display, v->screen_nunber));
+ XFi |l Rectangl e(v->di splay, v->pixmap, v->gc, 0, 0, v->w, v->h);
+ XSet For egr ound(v->di spl ay, v->gc, Bl ackPi xel (v->di splay, v->screen_nunber));
+ odes->o0de->init(NULL, odes->v0O, NULL, NULL);

for (i=0; i<10000; i++) {

ode_rk4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,
odes->delta_t*i, odes->v0, odes->vl);
- for (j=0; j<odes->ode->N, j++) printf("%\t", odes->vO[j]); printf("\n");
+ if (i == 0) {
+ X0 = (odes->v0O[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0]) * v->w
+ y0 = (odes->vO[1] - odes->ub[1])/(odes->Ib[1l] - odes->ub[1l]) * v->h
+ }
+ el se {
+ x0 = x1;
+ y0 = y1;
+ }
+ x1 = (odes->v1[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0]) * v->w
+ yl = (odes->v1[1] - odes->ub[1l])/(odes->Ib[1l] - odes->ub[1l]) * v->h;
+ XDr awLi ne(v->di spl ay, v->pixmap, v->gc, x0, y0, x1, yl);
for (j=0; j<odes->ode->N, j++) odes->vO0[j] = odes->vl[j];

}

+ XCopyArea(v->display, v->pixmap, v->w ndow, v->gc, 0, 0, v->w, v->h, 0, 0);

+

+}

XFl ush(v->di spl ay) ;

gpooooooo
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+voi d view_ | oop(struct view *v, void *0)

H

++ 4+ ++++++++++++

+}

while (!10) {

XNext Event (v->di spl ay, &v->event);

swtch (v->event.type) {

case Expose: view drawmv, 0); break;

case KeyPress: return; break;

case ConfigureNotify:
v->wW = v->event. xconfigure.w dt h;
v->h = v->event. xconfi gure. hei ght;
XFreePi xmap(v->di spl ay, v->pi xmap);

v->pi xmap = XCreat ePi xmap(v->di spl ay, v->w ndow, v->w, Vv->h,

Def aul t Dept h(v->di spl ay,
view draw(v, 0);
br eak;
}
}

+void view tern(struct view *v)

+
+
+

}

XUnmapW ndow( v- >di spl ay, v->w ndow);
XC oseDi spl ay(v->di spl ay) ;

V- >screen_nunber));

gpooooooo
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int main(int argc, char =*argv[])

@ -120, 10 +207,17 @@
mal | oc(si zeof (doubl e) xode- >K)
mal | oc(si zeof (doubl e) *ode- >N)
mal | oc(si zeof (doubl e) *ode- >N)

+ mal | oc(si zeof (doubl e) xrode- >N)

+ mal | oc(si zeof (doubl e) xrode- >N)

}, *odes = &odeset;

+ struct view view = {

+ 600, 600,

+ }, *v = &view

- odes->o0de->init(odes->p, odes->v0);

+ odes->o0de->init(odes->p, odes->v0, odes->|b, odes->ub);
odes- >ode- >opti ons(argc, argv, odes->p, odes->v0);

- odes_wite(odes);

+ view.linit(v);

+ view_ | oop(v, odes);

+ view_ternm(v);
return O;

}

$ ./v_lorenzOl

gpooooooo
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$ diff -uv_lorenzOl.c v_lorenz02.c # O0OOOODOOO

@ - 154, 6 +154,13 @@
XFi | | Rect angl e(v->di spl ay, v->pixmap, v->gc, 0, 0, v->w, v->h);
XSet For egr ound(v->di spl ay, v->gc, Bl ackPi xel (v->di splay, v->screen_nunber));
odes- >ode- >i ni t (NULL, odes->v0, NULL, NULL);

{
char str[ 256];

snprintf(str, sizeof(str)/sizeof(char), "sigm=%, b=%, r=%g",
odes->p[ 0], odes->p[1l], odes->p[2]);
XDrawsSt ri ng(v->di spl ay, v->pi xmap, v->gc, 8, 16, str, strlen(str));
}
for (i=0; i<10000; i++) {
ode_rk4(odes->p, odes->delta t, odes->ode->N, odes->ode->dvdt,
odes->delta_t i, odes->v0, odes->vl);

+ + + 4+ + + +

$ ./v_lorenz02
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$ diff -uv_ lorenz02.c v_lorenz03.c # ODO00OOOOOO0OODOOOO

+doubl e deg2rad(doubl e deg)

+

+ return deg*M PI/ 180;

+}

+voi d xrot_rmat 3(doubl e a, double n{3][3])
+

+ double ¢ = cos(a), s = sin(a);

+ nmO][0] =1; n{O][1] =0; nO][2] = O;
+ nm1][0] =0; n{1][1] =c; n1][2] = -s;
+} nt2][0] = 0; nm2][1] =s; nm2][2] = c;
+

+voi d yrot mat 3(doubl e a, double ni3][3])
+

+ double ¢ = cos(a), s = sin(a);

+ nfO][0] = c¢; nfO][1] =0; nfO][2] =s;
+ nf1][0] = O; nf1][1] =1; n{1][2] = O;
+} nM2][0] =-s; n{2][1] =0; n{2][2] = c;
+

+voi d zrot _mat 3(doubl e a, double ni3][3])
+

+ double ¢ = cos(a), s = sin(a);

+ nf0][0] =c; nO][1] =-s; nO][2] = O;
+ nm1][0] =s; n{1][1] = c; n{1][2] = O;
+} n2][0] =0; n2][1] = 0; n2][2] = 1;
+

gobobooob «pooobDbOogd)-pas37



3-2/4

+void mat 3_nult _mat 3(doubl e a[3][3], double b[3][3],

H

+ int i, j, k;

+

+ for (i=0; i<3; i++)

+ for (j=0; j<3; j++)

+ for (c[i][j] = 0, k=0; k<3; k++)
+} clill[i]l += al[i][k]*b[k][j];

+

+void mat 3_nult_vec3(double a[3][3], double b[3],
+{

int i, j;

+
+
+ for (i=0; i<3; i++)
+ for (c[i] =0, j=0; j<3; j++)
+ c[i] +=a[i][j]*b[j];
+}
struct view {
int w, h;
+ doubl e deg[ 3], s;
Di splay =*di spl ay;
I nt screen_nunber;
W ndow par ent _w ndow, w ndow;

doubl e c[3])

double c[3][3])

gpooooooo
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@ -149,6 +199,7 @@
struct odeset *odes = (struct odeset x)o;
int i, j;
int x0, yO, x1, yl1;

+ double mat[3][3];

XSet For egr ound(v->di spl ay, v->gc, WhitePixel (v->display, v->screen_nunber));
XFi | | Rect angl e(v->di spl ay, v->pixmap, v->gc, 0, 0, v->w, v->h);
@ -161, 19 +212,36 @@
odes->p[ 0], odes->p[1l], odes->p[2]);
XDr awSt ri ng(v->di spl ay, v->pixmap, v->gc, 8, 16, str, strlen(str));
}

{
double matx[3][3], maty[3][3], matz[3][3], matw 3][3];

xrot _mat 3(deg2rad(v->deg[0]), matx);
yrot mat 3(deg2rad(v->deg[1l]), mty);
zrot _mat 3(deg2rad(v->deg[2]), matz);
mat 3_mult _mat 3(mat x, maty, matw);
mat 3 mult _mat 3(matw, matz, mat);

+ + 4+ + + 4+ + + +
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for (i=0; i<10000; i++) {

+ double p[3], r[3];

ode_rk4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,

odes->delta_t+*i, odes->v0, odes->vl);

if (i == 0) {
- x0 = (odes->vO[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0]) * v->w
- y0 = (odes >v0[ 1] - odes->ub[1])/(odes->Ib[1] - odes->ub[1]) * v->h
+ p[0] = (odes->v0[O0] - odes->Ib[0])/(odes->ub[0] - odes->IDb[0])* 2 - 1
+ p[ 1] = (odes->vO0[1l] - odes->IDb[1])/(odes->ub[1l] - odes->Ib[1])* 2 - 1;
+ p[2] = (odes->v0[2] - odes->IDb[2])/(odes->ub[2] - odes->IDb[2])* 2 - 1
+ natS_nuIt_vecS(nat p, r);
+ X0 = (r[0]*v->s + 1)*v->wW2; y0O = (-r[1]*v->s + 1)*v->h/2

}

{
- = (odes->v1[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0]) * v->w
- = (odes->v1l[1l] - odes->ub[1l])/(odes->Ib[1l] - odes->ub[1l]) * v->h;
+ p[O] = (odes->v1[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0])* 2 - 1;
+ p[1]] = (odes->v1[1l] - odes->Ib[1])/(odes->ub[1l] - odes->Ib[1])* 2 - 1;
+ p[2] = (odes->v1[2] - odes->Ib[2])/(odes->ub[2] - odes->Ib[2])* 2 - 1
+ nat3_nu|t_vec3(nat, p, r);
+ x1 = (r[0]*v->s + 1)*v->wW 2; y1l = (-r[1]*v->s + 1)*v->h/2

}

XDr awLi ne(v->di spl ay, v->pixmap, v->gc, x0, y0, x1, yl);

$

./Iv_lorenz03

gpooooooo
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$ diff -uv_lorenz03.c v_lorenzO4.c # ODODOODOOOO

+doubl e vec_dist(int N, double a[], double b[])

+

+ int i;

+ double d = 0;

+

+ for (i=0; i<N i++)

+ d += (a[i] - b[i])*(a[i] - b[i]);
+ return sqrt(d);

+}

+voi d HSV2RGB( doubl e h, double s, double v, double *r, double *g, double =*b)
+

+ double R, G B, f, i, m n, k;

+

+ hx=6; f = nodf (h, &);

+ m=v*x(1l - s); n=v*x(1 - s*xf); k = v*x(1 - s*(1 - f));
+ switch ((int)i) {

+ case 0: R=v; G=k; B=m break;
+ case 1: R=n; G=v; B=m break;
+ case 2. R=m G=v; B = k; break;
+ case 3: R=m G=n; B = v; break;
+ case 4. R=k; G=m B = v; break;
+ case 5: R=v; G=m B = n; break;
+ }

+ *xr = R *g = G *pb = B;

+}
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+

Ib[3] = 0: ub[3] = 400;

@ - 169, 6 +207,7 @@

b

Pi xmap pi xmap;

GC gc;

Col ormap cmap;

XCol or col ors[1024];
| ong event nask;
XEvent event;

@ -186,6 +225,19 @@

+ + 4+ + + 4+ ++++ 4+ ++

Def aul t Dept h(v->di spl ay, v->screen_nunber));
v->gc = Defaul t GC(v->di spl ay, v->screen_nunber);
v->cmap = Def aul t Col or map(v->di spl ay, v->screen_nunber);

{

int ¢, ncolors = sizeof (v->col ors)/sizeof (XCol or);

for (c=0; c<ncolors; c++) {
double R, G B;

HSV2RGB( (doubl e)c/ ncolors, 1, 1, &R, &G &B)
v->col ors[c].red = 65535*R;

v->col ors[c].green = 65535+xG

v->col ors[c] . blue = 65535«B;

XAl | ocCol or (v->di spl ay, v->cmap, &v->colors[c]);

gpooooooo
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- int x0, y0, x1, yl1;

- double mat[3][3];

+ int x0, yO, x1, yl, c, ncolors = sizeof(v->col ors)/sizeof (XCol or);
+ doubl e velocity0l1l, mat[3][3];

XSet For egr ound(v->di spl ay, v->gc, WhitePixel (v->display, v->screen_nunber));
XFi | | Rect angl e(v->di spl ay, v->pixmap, v->gc, 0, 0, v->w, v->h);

ode_r k4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,
odes->delta txi, odes->v0, odes->vl);

+ vel ocity0l = vec_di st (odes->o0de->N, odes->v0, odes->vl)/odes->delta_ t;
if (i == 0) {
p[ O] (odes->v0[ 0] - odes->Ib[0])/(odes->ub[0] - odes->|b[O0]

1
1

)* 2 -
p[ 1] (odes->v0O[ 1] - odes->Ib[1])/(odes->ub[1l] - odes->Ib[1l])* 2 -

mat 3_rmult_vec3(mat, p, r);
x1 = (r[0]*v->s + 1)*v->wW2; yl1 = (-r[1l]*v->s + 1)*v->h/2
}
+ c = (velocity0l - odes->Ib[3])/(odes->ub[3] - odes->Ib[3]) * ncolors;
XSet For egr ound(v->di spl ay, v->gc, (0<=cé&&c<ncolors)?
+ v->col ors[c]. pi xel : Bl ackPi xel (v->di spl ay, v->screen_nunber));
XDr awLi ne(v->di spl ay, v->pixmap, v->gc, x0, y0, x1, y1l);

+

$ ./v_lorenz04
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$ diff -uv_ lorenzO4.c v_lorenz05.¢c # OO00OOOOOODOOODOOOO

5-1/2

struct view {

int w, h;
doubl e deg[ 3], s;

+ int pointer[2];
D spl ay =*di spl ay;
I nt screen_nunber;
W ndow par ent _w ndow, w ndow,

@ -241,6 +242,7 @@
XSet For egr ound(v->di spl ay, v->gc, Bl ackPixel (v->di spl ay,
v->event _mask = Exposur eMask;

v->event _mask | = KeyPressMask;
+ v->event_mask | = ButtonPressMask| ButtonMbti onMask;
v->event _mask | = StructureNotifyMask;

XSel ect | nput (v->di spl ay, v->w ndow, v->event_ mask);
XMapW ndow v- >di spl ay, v->w ndow) ;

v->screen_nunber));

gpooooooo
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@-312,6 +314,17 @@
XNext Event (v->di spl ay, &v->event);
switch (v->event.type) {
case Expose: view drawv, o0); break;

case ButtonPress:
v->poi nter[0] = v->event. xbutton. x;
v->poi nter[1] = v->event.xbutton.y;
br eak;

case MdtionNotify:
v->deg[ 0] += (v->event.xnotion.y - v->pointer[1])*180/v->h;
v->deg[ 2] += (v->event.xnotion.x - v->pointer[0])=*180/v->w,
v->poi nter[ 0] = v->event.xnotion. Xx;
v->poi nter[ 1] v->event . xnotion.y;
view draw(v, 0);
br eak;
case KeyPress: return; break
case ConfigureNotify:
v->wW = v->event. xconfigure.w dth;

+ + + + + + + + + + +

$ ./v_lorenz05
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$ diff -uv_ lorenz05.c v lorenz.c # O000O0OD0OODOOOOOODOOODO

+voi d co_qua(doubl e q[4], double qo[4])

+voi d qué_nult_qua(double gl[ 4], double g2[4], double go[4])

+voi d qué_nult_vec3(doub|e g[ 4], double v[3], double qo[4])

+voi d ané_to_qua(double a[ 3], double q[4])

+voi d qué_rot_vecS(double g[ 4], double v[3], double qo[4])
doubl e qv[4], coq[4];

co_qua(qg, coq);

+

+

+ qua_mult_vec3(q, v, qv);

+

+ qua_nult _qua(qv, coq, qo);

+void mat 3_to_ang(double n{3][3], double a[3])
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struct odeset
int i, j;
int x0, yO, x1, yl, c;
- double velocity0l, mat[3][3];
doubl e vel ocity0l1, mat[3][ 3],

XSet For egr ound( v- >di spl ay,
XFi | | Rect angl e(v->di spl ay,
@ -267,13 +364,15 @@
XDrawSt ri ng(v->di spl ay,
}

{
- doubl e mat x[ 3] [ 3],

doubl e mat x[ 3] [ 3],

mat y[ 3] [ 3],
mat y[ 3] [ 3],

xrot _mat 3(deg2rad(v->deg[0]),
yrot _mat 3(deg2rad(v->deg[ 1]),
zrot _mat 3(deg2rad(v->deg[2]),
mat 3_rnult_mat 3(mat x, maty,
mat 3_rult _mat 3(matw, nat z,
mat 3_to_ang(mat, ang);
ang_to_qua(ang, qua);

*odes = (struct odeset

V->gc,
V- >pi xmap,

V- >pi xmap,

*)0;

qual 4] ;

Wi t ePi xel
V- >gcC,

V- >gc,

mat z[ 3] [ 3],
mat z[ 3] [ 3],
mat X) ;

maty) ;
mat z) ;

mat wj ;
mat ) ;

(v->di spl ay,
0, 0, v->w,

v->screen_nunber))
v->h);
8, 16,

str, strlen(str));

mat w 3] [ 3] ;

matw 3] [3], ang[3];

gpooooooo
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for (i=0; i<10000; i++) {
double p[3], r[3];
+ double p[3], r[4];

ode_rk4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,
odes->delta_t*i, odes->v0, odes->vl);
@®-285,7 +384,7 @@

p[0] = (odes->vO0[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0])* 2 - 1
p[ 1] = (odes->vO[1l] - odes->Ib[1l])/(odes->ub[1l] - odes->Ib[1l])* 2 - 1
p[2] = (odes->v0[2] - odes->Ib[2])/(odes->ub[2] - odes->Ib[2])* 2 - 1

- mat3_mult_vec3(mat, p, r);

+ gua_rot_vec3(qua, p, r);
X0 = (r[0]*v->s + 1)*v->wW2; y0 = (-r[1]*v->s + 1)*v->h/2
}
el se {

@ -295,7 +394,7 @@

p[0] = (odes->v1[0] - odes->Ib[0])/(odes->ub[0] - odes->Ib[0])* 2 - 1
p[1] = (odes->v1[1l] - odes->Ib[1])/(odes->ub[1] - odes->Ib[1])* 2 - 1,
p[2] = (odes->v1[2] - odes->IDb[2])/(odes->ub[2] - odes->IDb[2])* 2 - 1

- mat 3_rmult_vec3(mat, p, r);
+ gua_rot _vec3(qua, p, r);
x1 = (r[0]*v->s + 1)*v->wW2; yl1 = (-r[1l]*v->s + 1)*v->h/2
}
c = (velocity0l - odes->Ib[3])/(odes->ub[3] - odes->Ib[3]) * ncolors;

$ ./v_lorenz

gpooooooo
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gsl(GNU Scientific Library)

Ogd OODODOOODOOO
OO00d00d0o00dDd0obOO0oo0oodoDo0Do0Do0oDooDoOobOo0oDooDooonon
OO0O00O0D0OO000O00O (BLAS: TheBasic Linear AlgebraSubprograms) 0 D OO0 0000000
OO0000O000O0o0bOo0ooooobooobooNDOODOOO0ODDOOoOoOoobDoOoonn
O00000O000bOoOo0o0bOo0oooooDooobooooobobooboooobooooooDon
OO0000000o0o0o0ooooooo0oooo0ooo0ooooO00oOIEEEODODOOO

Ogd OOODOOODOO

$ wget -N ftp://ftp.gnu.org/gnu/gsl/gsl-1.8.tar.gz
$ tar tvzf gsl-1.8.tar.gz | |less

$ tar xvzf gsl-1.8.tar.gz

$ cd gsl-1.8

$ ./configure --help | less

$ ./configure --prefix=$HOVE/ | ocal

$ nake

$ nmake install

Ogd OODODOOODODOOO

$ nmake uninstall
$ make -n uninstall | less
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$ cd ../x11+gsl
$ diff -u../x11/v_lorenz.c v_lorenz.c # gsl OOOOO

#i ncl ude <string. h> [ * strcnp =/

#i ncl ude <nmat h. h> /* sin, cos, sqgrt, nodf =/
#i ncl ude <X11/ Xli b. h>

+#i ncl ude <gsl/gsl_matrix. h>

+#i ncl ude <gsl/gsl _odeiv. h>

struct ode {
int K N,
void (*init)(double p[], double vO[], double Ib[], double ub[]);
void (*xoptions)(int argc, char *argv[], double p[], double vO[]);
voi d (*dvdt) (double p[], double t, double v[], double dvdt[]);

+ int (*dvdt4gsl)(double t, const double v[], double dvdt[], void *p);

b

+int |orenz_dvdt4gsl (double t, const double v[], double dvdt[], void *p)
+

+ lorenz_dvdt((double *)p, t, (double *)v, dvdt);

+ return GSL_SUCCESS,

+}

struct ode |lorenz_ode = {

- 3, 3, lorenz_init, lorenz_options, |orenz_dvdt

+ 3, 3, lorenz_init, lorenz options, |orenz_dvdt, |orenz_dvdt4gsl
}, *ode = & orenz_ode;

gpooooooo
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[-212

void view drawstruct view *v, void *0)

{
struct odeset r*odes = (struct odeset =*)o;
+ const gsl_odeiv_step type *T = gsl _odeiv_step_rk4;
+ gsl _odeiv_step *s = gsl _odeiv_step_alloc(T, odes->ode->N)
+ gsl _odeiv_systemsys =
+ { odes->ode->dvdt4gsl, NULL, odes->ode->N, (void =*)odes->p };
+ doubl e verr[ odes->ode->N|;

int i, j;
int x0, y0, x1, yl1l, c, ncolors = sizeof (v->col ors)/sizeof (XCol or);
doubl e velocity0l, mat[3][3], qua[4];
@ -374, 11 +387,13 @@
mat 3_t o_ang(mat, ang);
ang_to_qua(ang, qua);

}

+ for (j=0; j<odes->ode->N |++)
+ odes->vl1l[j] = odes->vO[j];

for (i=0; i<10000; i++) {

double p[3], r[4];

- ode_rk4(odes->p, odes->delta_t, odes->ode->N, odes->ode->dvdt,
- odes->delta_t+*i, odes->v0, odes->vl);
+ gsl _odeiv_step _apply(s, odes->delta txi, odes->delta t, odes->vl, verr,
+ NULL, NULL, &sys);

+ gsl _odeiv_step free(s);

}

gpooooooo
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gIx(OpenGL + X11)

O gix(OpenGL + X11) DO O O
DO00000000O0000O000oo00oo0ooooooooooooooooooo
OO000000000ODOO000000ooDooooDoOoOoO0o0oooooooOn OpenGL OO

X11ooog

OgxOOOODDODOOO0OODOoOoooooood

$ gl xgears
$ glxinfo
$ xdpyinfo | |ess

4 : N\
nunber of extensions: 26

Bl G REQUESTS

DEC- XTRAP

DOUBLE- BUFFER

Ext ended- Vi sual - | nf or mati on
Font Cache

GLX
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$cd../glx
$less vlorenz.c # glx OOOOO

#i ncl ude <@/ gl x. h>
#i ncl ude <@G./gl. h>

void view drawmstruct view *v, void *0)

gl XMakeCurrent (v->di spl ay, v->w ndow, v->ctXx);

gl Vi ewport (0, 0O, v->w, v->h);

gl Loadl dentity(); gl Ortho(-1/v->s, 1/v->s, -1/v->s,
glCearColor(1, 1, 1, 1); gldear(G._COLOR BUFFER BIT);
gl Rot at ed(v->deg[ 0], 1,0,0); gl Rotated(v->deg[1],0,1,0);
gl Begi n(GL_LI NE_STRI P);

for (i=0; i<10000; i++) {

gl Col or3d(r, g, b); gl Vertex3d(x, v,
for (j=0; j<odes->ode->N, j++)
odes->v0[j] = odes->vi[j];

z);

}
gl End() ;

gl Flush(); gl XSwapBuffers(v->di splay, v->w ndow);

1/ v->s,

kodes->v0[0] - odes->IDb[0])/(odes->ub[0] - odes->IDb[0])

X = * 2 - 1
y = (odes->vO[1l] - odes->Ib[1l])/(odes->ub[1l] - odes->Ib[1l])* 2 - 1,
z = (odes->v0[ 2] - odes->IDb[2])/(odes->ub[2] - odes->Ib[2])* 2 - 1;
HSV2RGB( (vel ocity0l - odes->Ib[3])/(odes->ub[3] - odes->Ib[3]), 1, 1, &, &g, &b);

-1/v->s, 1/v->s);

gl Rot at ed(v->deg[ 2], 0,0, 1);
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OpenGL + SDL

[ OpenGL + SDL O 0O O O
J00oodooooooooooooosSbLoodooooooooooooon
J0000000000000 O000000OpenGL +GLUT

OSbL OO0 0o0ooon

make i nstall

$ wget -N http://ww. |ibsdl.org/release/ SDL-1.2.11.tar. gz
$ tar tvzf SDL-1.2.11.tar.gz | |ess

$ tar xvzf SDL-1.2.1l1.tar.gz

$ cd SDL-1.2.11

$ ./configure --help | less

$ ./configure --prefix=$HOVE/ | ocal

$ nake

$

OSbLOO00o0ooooog

$ nmake -n uninstall | less
$ make uninstall
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$ cd ../sdl +gl
$ less v_lorenz.c # QpenGL + SDL OOOOO

#i ncl ude <SDL. h>
#i ncl ude <SDL_opengl . h>

void view.init(struct view *v)

{
if (SDL_Init(SDL_INIT_VIDEOQ < 0)
exit(1);
v->info = SDL_Get Vi deol nfo();
v->screen = SDL_Set Vi deoMode(v->w, v->h,
SDL_OPENGL) ;
}
void view draw(struct view *v, void *0)
{
SDL_GE._SwapBuffers();
}
void view | oop(struct view *v, void *0)
{
}
void view tern(struct view *v)
{
SDL_Quit();
}

v->i nf o->vf nt - >Bi t sPer Pi xel

gpooooooo
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HRERERERERN

U bbb ooob oo
U bbb ooobod
U oo nod

Jdooboddobobodddobtddobdddoboddon
0000000000000 00000000000GPL(General
Public License) O gsl(GNU Scientific Library) DO OO0 OO0 OO
HERERERERERERE
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