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1.2 EIMEE9 (dynamic dispatch)
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class DrawObj {
public:
virtual void draw() { }

};
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DrawObj *o = ...

o->draw();

EWVSDRHDE, BIEOICA>ITWS THED] I L TE®D draw HIFENZ DT T (K
fidsr). TlETfknr 7 A,

class Circle : public DrawObj { « Z Z T ZIEE
private:
Disp *dspl;
Window wini;
int x1, y1, wi, hil;
public:
Circle(Disp *d, Window m, int x, int y, int r);
void draw();

};

Circle::Circle(Disp *d, Window m, int x, int y, int r) {
dspl = d; winl = m; x1 = x-r; yl = y-r; wl = hl = r*2;
}

void Circle::draw() {
XFillArc(dspl->dsp(), winl, dspl->gc(), x1, y1, wl, hl, 0, 360%64);
}
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class Rect : public DrawObj {
private:
Disp *dspl;
Window wini;
int x1, y1, wi, hil;
public:
Rect(Disp *d, Window m, int x, int y, int w, int h);
void draw();

};

Rect::Rect(Disp *d, Window m, int x, int y, int w, int h) {
dspl = d; winl = m; x1 = x; yl =y; wl =w; hl = h;



void Rect::draw() {
XFillRectangle(dspl->dsp(), winl, dspl->gc(), x1, y1, wi, hl);

}
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/* t81l.c --- dynamic dispatch */

#include <X11/X1lib.h>
#include <X11/Xutil.h>

class Counter {
private:
int valuel;
public:
Counter (int n);
int add(int n);
int value();

};

Counter: :Counter(int n) { valuel = n; }
int Counter::add(int n) { return valuel += n; }
int Counter::value() { return valuel; }

class Disp {

private:
Display *dspl;
Screen *scri;
Window rootil;
unsigned long fgl, bgil;
GC gcl, rgcl;

public:
Disp::Disp();
Display *dsp();
Screen *scr();
Window root();
unsigned long fgQ);
unsigned long bg(Q);
GC gcQ;
GC rgc();

s

Disp::Disp() {

dspl = XOpenDisplay(NULL);

scrl = DefaultScreen0fDisplay(dspl);

rootl = DefaultRootWindow(dspl);

fgl = BlackPixelOfScreen(scri);

bgl = WhitePixelOfScreen(scrl);

gcl = DefaultGC(dspl, 0);

XGCValues gcv;

gev.function = GXinvert; gcv.line_width = 3;

rgcl = XCreateGC(dspl, rootl, GCFunction|GCLineWidth, &gcv);
}

Display #Disp::dsp() { return dspil; }
Screen *Disp::scr() { return scril; }
Window Disp::root() { return rootl; }



unsigned long Disp::fg() { return fgl; }
unsigned long Disp::bg() { return bgl; }
GC Disp::gc() { return gcl; }

GC Disp::rgc() { return rgcl; }
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class DrawWin {
private:
Disp *dspl;
Window winil;
Counter *cntil;
int exitil;
DrawObj *objs1[100];
int objusel;
public:
DrawWin(Disp *d, int x, int y, int w, int h, Counter *c);
void destroy();
int handle(XEvent *ev);
void drawall();
};

DrawWin: :DrawWin(Disp *d, int x, int y, int w, int h, Counter *c) {
exitl = False;
cntl = c;
dspl = d;
objusel = 0;
winl = XCreateSimpleWindow(d->dsp(), d->root() ,x,y,w,h,2,d->fg(), d->bg());
XSelectInput(d->dsp(), winl, ButtonPressMask|KeyPressMask|ExposureMask) ;
XMapWindow(d->dsp(), winl);
}

void DrawWin::destroy() {
cntl->add(-1); XDestroyWindow(dspl->dsp(), winl); exitl = True;
}

int DrawWin::handle(XEvent *ev) {
if(exitl || ev->xany.window != winl) return False;
if (ev->type == KeyPress) {
char buf [20];

if (XLookupString(&ev->xkey, buf, 20, 0, 0) == 1 && buf[0] == ’q’) destroy(); 1}
else if (ev->type == Expose)

drawall();
else if (ev->type == ButtonPress) {

DrawQObj *o;

if (ev->xbutton.state&ShiftMask)
o = new Rect(dspl, winl, ev->xbutton.x-20, ev->xbutton.y-20, 40, 40);
else
o = new Circle(dspl, winl, ev->xbutton.x, ev->xbutton.y, 20);
o->draw(); objsl[objusel] = o; ++objusel; }
return True;

}

void DrawWin::drawall() {
XClearWindow(dspl->dsp(), winl);
for(int i = 0; i < objusel; ++i) objsi[i]l->draw();

}

main() {



Counter *c = new Counter(3);
Disp *d = new Disp();
DrawWin *a[3];
for(int 1 = 0; i < 3; ++i) al[i] = new DrawWin(d, 100, 100, 400, 200, c);
while(c->value() > 0) {

XEvent ev;

XNextEvent (d->dsp(), &ev);

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

if(a[i]->handle(&ev)) break;
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class DrawObj {
protected:
Disp *dspl;
Window wini;
int x1, y1, wi, hil;
public:
DrawObj (Disp *d, Window m);
virtual void draw() { }

};

DrawObj: :DrawObj (Disp *d, Window m) {
dspl = d; winl = m;
}
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class Circle : public DrawObj {

public:
Circle(Disp *d, Window m, int x, int y, int r);
void draw();

};

Circle::Circle(Disp *d, Window m, int x, int y, int r) : DrawObj(d, m) {
xl = x-r; y1 = y-r; wl = hl = r*2;



void Circle::draw() {
XFillArc(dspl->dsp(), winl, dspl->gc(), x1, y1, wl, hl, 0, 360%64);
}

class Rect : public DrawObj {

public:
Rect(Disp *d, Window m, int x, int y, int w, int h);
void draw();

};

Rect::Rect(Disp *d, Window m, int x, int y, int w, int h) : DrawObj(d, m) {
x1 =x; y1 =y; wl=w; hl = h;

void Rect::draw() {
XFillRectangle(dspl->dsp(), winl, dspl->gc(), x1, y1, wil, hl);
}
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class DrawObj {

protected:
Disp *dspl;
Window winil;
int x1, y1, wi, hil;

public:
DrawObj (Disp *d, Window m);
virtual int getx();
virtual int gety();
virtual int getw();
virtual int geth();
virtual void move(int x, int y);
virtual void resize(int w, int h);
virtual int hit(int x, int y);
virtual void draw() { }
virtual void drawrubber();

};

DrawObj: :DrawObj (Disp *d, Window m) {
dspl = d; winl = m;



int DrawObj::getx() { return x1;
int DrawObj::gety() { return yi;
int DrawObj::getw() { return wi;
int DrawObj::geth() { return hi;
void DrawObj::move(int x, int y) { x1 = x; y1 =y; }
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void DrawObj::resize(int w, int h) { wl = w; hl = h; }

int DrawObj::hit(int x, int y) {

return x1 <= x && x <= x1+wl && yl1 <=y && y <= yl+hil;

<

}

void DrawObj: :drawrubber () {
XDrawRectangle(dspl->dsp(), winl, dspl->rgc(), x1, y1, wl, hl);
}
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class DrawWin {
private:
Disp *dspl;
Window winil;
Counter *cntil;
int exitl;
DrawObj *objs1[100], *movingl;
int objusel;
int dx1, dyi;
public:
DrawWin(Disp *d, int x, int y, int w, int h, Counter *c);
void destroy();
int handle(XEvent *ev);
void drawall();
};

DrawWin: :DrawWin(Disp *d, int x, int y, int w, int h, Counter *c) {
exitl = False;
cntl = c;
dspl = d;
objusel = 0;
movingl = NULL;
winl = XCreateSimpleWindow(d->dsp(), d->root() ,x,y,w,h,2,d->fg(), d->bg());
XSelectInput(d->dsp(), winl, ButtonMotionMask|ButtonReleaseMask

|ButtonPressMask|KeyPressMask |ExposureMask) ;

XMapWindow(d->dsp(), winl);

}

void DrawWin::destroy() {
cntl->add(-1); XDestroyWindow(dspl->dsp(), winl); exitl = True;
}

int DrawWin::handle(XEvent *ev) {
if(exitl || ev->xany.window != winl) return False;
if (ev->type == KeyPress) {
char buf [20];
if (XLookupString(&ev->xkey, buf, 20, 0, 0) == 1 && buf[0] == ’q’) destroy(); %}



else if (ev->type == Expose)
drawall();
else if (ev->type == ButtonPress && ev->xbutton.button == Buttonl) {
DrawQObj *o;
if (ev->xbutton.state&ShiftMask)
o = new Rect(dspl, winl, ev->xbutton.x-20, ev->xbutton.y-20, 40, 40);
else
o = new Circle(dspl, winl, ev->xbutton.x, ev->xbutton.y, 20);
o->draw(); objsl[objusel] = o; ++objusel; }
else if (ev->type == ButtonPress && ev->xbutton.button == Button2) {
for(int i = 0; i < objusel; ++i)
if (objs1[i]l->hit (ev->xbutton.x, ev->xbutton.y)) {
movingl = objsl[i]; movingl->drawrubber();
dxl = movingl->getx() - ev->xbutton.x;
dyl = movingl->gety() - ev->xbutton.y;
break; }

}
else if (ev->type == MotionNotify && ev->xbutton.button == Button2) {
if (movingl) {
movingl->drawrubber();
movingl->move (ev->xbutton.x+dxl, ev->xbutton.y+dyl);
movingl->drawrubber(); }

}
else if (ev->type == ButtonRelease) {
if (movingl) {
movingl->drawrubber(); drawall(); movingl = NULL; }
}

return True;
}
void DrawWin::drawall() {

XClearWindow(dspl->dsp(), winl);

for(int i = 0; i < objusel; ++i) objsi[i]l->draw();
}
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/* t84.c --- print out */

#include <stdio.h>
#include <X11/X1lib.h>
#include <X11/Xutil.h>

class Counter {
private:
int valuel;
public:
Counter (int n);
int add(int n);
int value();

};

Counter: :Counter(int n) { valuel = n; }
int Counter::add(int n) { return valuel += n; }
int Counter::value() { return valuel; }

class Disp {

private:
Display *dspl;
Screen *scri;
Window rootil;
unsigned long fgl, bgil;
GC gcl, rgcil;

public:
Disp::Disp();
Display *dsp();
Screen *scr();
Window root();
unsigned long fgQ);
unsigned long bg(Q);
GC gcQ;
GC rgc();
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Disp::Disp() {

dspl = XOpenDisplay(NULL);

scrl = DefaultScreen0fDisplay(dspl);

rootl = DefaultRootWindow(dspl);

fgl = BlackPixelOfScreen(scril);

bgl = WhitePixelOfScreen(scrl);

gcl = DefaultGC(dspl, 0);

XGCValues gcv;

gev.function = GXinvert; gcv.line_width = 3;

rgcl = XCreateGC(dspl, rootl, GCFunction|GCLineWidth, &gcv);
}

Display #*Disp::dsp() { return dspil; }
Screen *Disp::scr() { return scril; }
Window Disp::root() { return rootl; }
unsigned long Disp::fg() { return fgl; }



unsigned long Disp::bg() { return bgl; }
GC Disp::gc() { return gcl; 7
GC Disp::rgc() { return rgcl; }

class DrawObj {
protected:
Disp *dspl;
Window winl;
int x1, y1, wi, hi;
public:
DrawObj(Disp *d, Window m);
virtual int getx();
virtual int gety();
virtual int getw();
virtual int geth(Q);
virtual void move(int x, int y);
virtual void resize(int w, int h);
virtual int hit(int x, int y);
virtual void draw() { }
virtual void drawrubber();
virtual void postscript(FILE *f);
};

DrawObj: :DrawObj (Disp *d, Window m) {
dspl = d; winl = m;
}

int DrawObj::getx() { return x1;
int DrawObj::gety() { return yi;
int DrawObj::getw() { return wi;
int DrawObj::geth() { return hi;
void DrawObj::move(int x, int y) { x1 = x; y1 =
void DrawObj::resize(int w, int h) { wl = w; hil

T

y; ¥
=h; }

int DrawObj::hit(int x, int y) {

return x1 <= x && x <= xl+wl && y1 <=y && y <= yl+hl;

}

void DrawObj::drawrubber () {

XDrawRectangle (dspl->dsp(), winl, dspl->rgc(), x1, y1, wl, hl);

}

void DrawObj::postscript(FILE *f) {

fprintf(f, "newpath %d %d moveto %d O rlineto\n", x1, yl1, wl);
fprintf(f, "0 %d rlineto -%d O rlineto closepath fill\n", hl, wl);

}

class Circle : public DrawObj {

public:

Circle(Disp *d, Window m, int x, int y, int r);
void draw();

void postscript(FILE *f);

3

Circle::Circle(Disp *d, Window m, int x, int y, int r)

x1 = x-r; y1 = y-r; wl = hl = rx2;
}

void Circle::draw() {
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: DrawObj(d, m) {



XFillArc(dspl->dsp(), winl, dspi->gc(), x1, yl, wil, hl, 0, 360%64);
}

void Circle::postscript(FILE *f) {
int cx = x1 + w1l / 2;
int cy = y1 + hl / 2;
fprintf(f, "gsave %d %d translate %d %d scale\n", cx, cy, wil/2, h1/2);
fprintf(f, "newpath 0 0 1 0 360 arc closepath fill grestore\n");

class Rect : public DrawObj {

public:
Rect(Disp *d, Window m, int x, int y, int w, int h);
void draw();

};

Rect::Rect(Disp *d, Window m, int x, int y, int w, int h) : DrawObj(d, m) {
x1 =x; yl =y; wl=w; hl = h;
}

void Rect::draw() {
XFillRectangle(dspl->dsp(), winl, dspl->gc(), x1, y1, wil, hil);
}

class DrawWin {
private:
Disp *dspl;
Window winil;
Counter *cntil;
int exitl;
DrawObj *objs1[100], *movingl, *resi;
int objusel;
int dx1, dyi;
public:
DrawWin(Disp *d, int x, int y, int w, int h, Counter *c);
void destroy();
int handle(XEvent *ev);
void drawall();
};

DrawWin: :DrawWin(Disp *d, int x, int y, int w, int h, Counter *c) {
exitl = False;

cntl = c;

dspl = d;
objusel = 0;
movingl = NULL;
resl = NULL;

winl = XCreateSimpleWindow(d->dsp(), d->root() ,x,y,w,h,2,d->fg(), d->bg());
XSelectInput(d->dsp(), winl, ButtonMotionMask|ButtonReleaseMask
|ButtonPressMask|KeyPressMask |ExposureMask) ;
XMapWindow(d->dsp(), winl);
}

void DrawWin::destroy() {
cntl->add(-1); XDestroyWindow(dspl->dsp(), winl); exitl = True;
}

int DrawWin::handle(XEvent *ev) {
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if(exitl || ev->xany.window != winl) return False;
if (ev->type == KeyPress) {

char buf [20];

if (XLookupString(&ev->xkey, buf, 20, 0, 0) != 1)

else if (buf[0] == ’p’) {
FILE *xf = fopen("out.ps", "w");
fprintf(f, "20 500 translate 1 -1 scale 0.5 setgray\n");
for(int i = 0; i < objusel; ++i) objsi[i]->postscript(f);
fprintf(f, "showpage\n"); fclose(f); }

else if (buf[0] == ’q’)
destroy();
}
else if (ev->type == Expose)
drawall();
else if (ev->type == ButtonPress && ev->xbutton.button == Buttonl) {
DrawObj *o;

if (ev->xbutton.state&ShiftMask)
o = new Rect(dspl, winl, ev->xbutton.x-20, ev->xbutton.y-20, 40, 40);
else
o = new Circle(dspl, winl, ev->xbutton.x, ev->xbutton.y, 20);
o->draw(); objsl[objusel] = o; ++objusel; }
else if (ev->type == ButtonPress && ev->xbutton.button == Button2) {
for(int i = 0; i < objusel; ++i)
if(objs1[i]l->hit (ev->xbutton.x, ev->xbutton.y)) {
movingl = objs1[i]; movingl->drawrubber();
dx1 = movingl->getx() - ev->xbutton.x;
dyl = movingl->gety() - ev->xbutton.y;
break; }
}
else if (ev->type == MotionNotify && ev->xbutton.button == Button2) {
if (movingl) {
movingl->drawrubber () ;
movingl->move (ev->xbutton.x+dxl, ev->xbutton.y+dyl);
movingl->drawrubber(); }
}
else if (ev->type == ButtonPress && ev->xbutton.button == Button3) {
for(int i = 0; i < objusel; ++i)
if(objs1[i]l->hit (ev->xbutton.x, ev->xbutton.y)) {
resl = objsi[i]; resl->drawrubber();
dxl = resl->getx()+resl->getw() - ev->xbutton.x;
dyl = resl->gety()+resl->geth() - ev->xbutton.y;
break; }
}
else if (ev->type == MotionNotify && ev->xbutton.button == Button3) {
if(resl) {
resl->drawrubber();
int wl = ev->xbutton.x + dxl - resl->getx(); if(wl < 10) wil 10;
int hl = ev->xbutton.y + dyl - resl->gety(); if(hl < 10) hl = 10;
resl->resize(wl, hl); resl->drawrubber(); }

}
else if (ev->type == ButtonRelease) {
if (movingl) {
movingl->drawrubber(); drawall(); movingl = NULL; }
if (res1) {
resl->drawrubber(); drawall(); resl = NULL; }
}

return True;
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void DrawWin::drawall() {
XClearWindow(dspl->dsp(), winl);
for(int i = 0; i < objusel; ++i) objsi[i]l->draw();

}

main() {
Counter *c = new Counter(3);
Disp *d = new Disp();
DrawWin *a[3];
for(int i = 0; i < 3; ++i) al[i] = new DrawWin(d, 100, 100, 400, 200, c);
while(c->value() > 0) {
XEvent ev;
XNextEvent (d->dsp(), &ev);
for(i = 0; i < 3; ++1i)
if(a[i]->handle(&ev)) break;
}
}
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