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OpenGL

• OpenGL is a device independent 2D/3D graphics
library

– source code only needs to be recompiled (Linux/X11,
OS X, Win32)

– modeled as a graphics pipeline (exploits special-
ized hardware)

– OpenGL is a state machine

∗ various states (e.g., current color) can be set/queried
during execution

• OpenGL application programming interface (API)

– collection of constants, data types, and func-
tions

– C programming language bindings are described



GLUT

• OpenGL programs interact with the user via a graph-
ical user interface (GUI).

– GUI’s differ from system to system (OS X Aqua, X11,
Win32, . . . )

– There are a variety of programming toolkits

∗ Motif, Qt, GTK, Cocoa, MFC, . . .

– Programs are event driven

∗ program flow is dictated by a sequence of events (mouse
clicks, key presses, window resizes, menu selections,
etc. . . )

• The OpenGL Utility Toolkit (GLUT)

– API for creating portable GUI components and event han-
dling

– Uses simple callback mechanism for event handling



Sample GLUT events

• window needs to be (re)displayed

– when window first displayed, or

– when portion of window exposed, or

– when window deiconized, or

– when application “posts” a redisplay request

• window resized

• mouse button pressed, dragged, released

• key pressed

• menu item selected

• many more. . .



Display Callback

• The display callback function is the central callback
in an OpenGL/GLUT application.

• Function for installing your own callback function

void glutDisplayFunc(void (*func)(void));

– func is a pointer to your callback function

– func has no arguments so parameters are usually stored in
global variables (yuck)

• Your display function is responsible for rendering
the “current scene” – drawing is (almost) never
performed elsewhere.

• The application requests a “redraw” via glutPostRedisplay()

• multiple “redraw” events in the event queue are
coallesced into a single event.



Portable inclusion of header files

#ifdef WIN32

#include <windows.h>

#endif

#if defined(__APPLE__) || defined(MACOSX)

#include <OpenGL/gl.h>

#include <OpenGL/glu.h>

#include <GLUT/glut.h>

#else

#include <GL/gl.h>

#include <GL/glu.h>

#include <GL/glut.h>

#endif

#include <stdio.h>

#include <stdlib.h>

...



Simple GLUT program to monitor events

/*

* Reshape callback

* first callback invoked (called before display())

* called when application window resized

*/

void reshape(int w, int h) {

printf("reshape(%d, %d)\n", w, h); fflush(stdout);

}

/*

* Display callback

*/

void display(void) {

printf("display()\n"); fflush(stdout);

}



Monitoring keyboard events

/*

* Keyboard callback.

* key: ASCII value of key pressed

* x,y: coordinates of mouse when key pressed

*/

void keyboard(unsigned char key, int x, int y) {

printf("keyboard(");

printf((32 <= key && key <= 127) ? "’%c’" : "%d", key);

printf(", %d, %d)\n", x, y);

fflush(stdout);

#define ESC 27

if (key == ESC) exit(0); /* violent death */

}



Monitoring mouse events

void mouse(int button, int state, int x, int y) {
printf("mouse(");
switch(button) {

case GLUT_LEFT_BUTTON: printf("GLUT_LEFT_BUTTON"); break;
case GLUT_MIDDLE_BUTTON: printf("GLUT_MIDDLE_BUTTON"); break;
case GLUT_RIGHT_BUTTON: printf("GLUT_RIGHT_BUTTON"); break;
default: printf("unknown button?"); break;

}
printf(", ");
switch(state) {

case GLUT_DOWN: printf("GLUT_DOWN"); break;
case GLUT_UP: printf("GLUT_UP"); break;
default: printf("unknown state?"); break;

}
printf(", %d, %d)\n", x, y);
fflush(stdout);

}



main

int main(int argc, char *argv[]) {

glutInit(&argc, argv);

glutInitDisplayMode(GLUT_RGB | GLUT_SINGLE);

glutInitWindowSize(500,500);

glutInitWindowPosition(10,10);

glutCreateWindow("Event Testing...");

glutDisplayFunc(display);

glutReshapeFunc(reshape);

glutMouseFunc(mouse);

glutKeyboardFunc(keyboard);

glutMainLoop();

return 0;

}



Linux/X11/gcc Makefile

header files are assumed to be in /usr/include/GL
(use -I switch if elsewhere)

CC=gcc
COPTS= -g -ansi -pedantic -Wall -Wno-unused

all: events

clean:
-rm -f *.o *~ core

clobber:
-rm -f *.o *~ core events

events: events.o
$(CC) $(COPTS) events.o -o events -L /usr/X11R6/lib \
-lglut -lGLU -lGL -lXmu -lXi -lXext -lX11 -lm

.c.o:
$(CC) -c $(COPTS) $<

events.o: events.c



OS X/Cocoa Makefile

CC=gcc
COPTS = -g -ansi -Wall -Wno-unused
ALL=events

all: $(ALL)

clean:
-rm -f *.o *~ core

clobber:
-rm -f *.o *~ core $(ALL)

LIBS=-framework GLUT -framework OpenGL -framework Cocoa

events: events.o
$(CC) $(COPTS) events.o -o events $(LIBS)

.c.o:
$(CC) -c $(COPTS) $<

events.o: events.c



Building with MS Visual Studio

• Under project/settings/link make sure the following static li-
braries are specified:

glut32.lib Glu32.lib OpenGL32.lib

• The following dynamic link libraries (DLL) should be installed
to execute the program:

glut.dll OpenGL.dll

• Make sure WIN32 is defined in the preprocessor definitions (it
should be by default) see settings/C/C++



Building with Xcode on OS X

• Create a “Cocoa Application” project and add events.c

to it.

• Add the following frameworks:

GLUT.framework OpenGL.framework



Displaying a “poly-line”

#define MAX_VERTS 500
int numVerts = 0;
struct {GLfloat x, y;} verts[MAX_VERTS];

void display(void) {
glClear(GL_COLOR_BUFFER_BIT); /* clear frame buffer */
if (numVerts > 1) {

int i;
glColor3f(1.0, 1.0, 0.0); /* set current color to yellow */
glBegin(GL_LINE_STRIP); /* begin line-strip primitive */
for (i = 0; i < numVerts; i++)

glVertex2f(verts[i].x, verts[i].y); /* next vertex in line-strip */
glEnd(); /* end primitive */

}
glFlush(); /* execute all pending GL commands */

}



boiler-plate 2D reshape callback

void reshape(int w, int h) {

glViewport(0,0, w,h); /* use full window */

glMatrixMode(GL_PROJECTION); /* simple 2D projection */

glLoadIdentity();

glOrtho(0,w, h,0, -1,1); /* flip y-axis around */

}



Adding new vertices via mouse clicks

void mouse(int button, int state, int x, int y) {

if (button == GLUT_LEFT_BUTTON && state == GLUT_DOWN )

if (numVerts < MAX_VERTS) {

verts[numVerts].x = x;

verts[numVerts].y = y;

numVerts++;

glutPostRedisplay(); /* request a redisplay */

}

}



Killing the program

void keyboard(unsigned char key, int x, int y) {

#define ESC 27

if (key == ESC) exit(0);

}



main

int main(int argc, char *argv[]) {

glutInit(&argc, argv);

glutInitDisplayMode(GLUT_RGB | GLUT_SINGLE);

glutInitWindowSize(500,500);

glutInitWindowPosition(10,10);

glutCreateWindow("Polyline Editor");

glutDisplayFunc(display);

glutReshapeFunc(reshape);

glutMouseFunc(mouse);

glutKeyboardFunc(keyboard);

glClearColor(0.0, 0.0, 0.0, 1.0);

glutMainLoop(); /* process event loop */

return 0;

}



“Rubber-banding”

• User holds down left mouse button while “dragging mouse.”

• Last line segment is continually redrawn while mouse is in
motion.

• User commits to last point when mouse is released.

• Note that the application retains focus even when mouse
leaves the viewport.

• We storing dragMouse flag and mouse coordinates in global
variables:

GLboolean dragMouse = GL_FALSE; /* currently dragging mouse? */
int mousex, mousey; /* last mouse position during drag */



Rubberband mouse callback

(only called on button press and release)

void mouse(int button, int state, int x, int y) {
if (button == GLUT_LEFT_BUTTON) {

if (state == GLUT_DOWN ) { /* on button press... */
dragMouse = GL_TRUE; /* ...set dragMouse flag, and */
mousex = x; /* ...record mouse position */
mousey = y;

} else if (state == GLUT_UP && dragMouse) { /* on release... */
if (numVerts < MAX_VERTS) { /* ... record vert */

verts[numVerts].x = (GLfloat) mousex;
verts[numVerts].y = (GLfloat) mousey;
numVerts++;

}
dragMouse = GL_FALSE; /* ...clear flag */
glutPostRedisplay(); /* ...request redisplay */

}
}

}



Rubberband mouse motion callback

(called repeatedly on mouse movement)

void mouseMotion(int x, int y) {

if (dragMouse) { /* if dragging mouse... */

mousex = x; /* ...record mouse position */

mousey = y;

glutPostRedisplay(); /* ...request redisplay */

}

}

Install “mouse motion” callback:

int main(int argc, char *argv[]) {

...

glutMotionFunc(mouseMotion);

...

}



Rubberband mouse display callback

void display(void) {

int i;

glClear(GL_COLOR_BUFFER_BIT);

glColor3f(1.0, 1.0, 0.0);

glBegin(GL_LINE_STRIP);

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

glVertex2f(verts[i].x, verts[i].y);

if (dragMouse) /* if dragging mouse then draw last line */

glVertex2f((GLfloat) mousex, (GLfloat) mousey);

glEnd();

glFlush();

}



Adding a pop-up menu

enum {
MENU_WRITE = 1,
MENU_QUIT

};

void menu(int option) {
switch(option) {

case MENU_WRITE: writeFile(); break;
case MENU_QUIT: exit(0);

}
}

int main(int argc, char *argv[]) {
...
glutCreateMenu(menu);
glutAddMenuEntry("Write poly.in", MENU_WRITE);
glutAddMenuEntry("Quit", MENU_QUIT);
glutAttachMenu(GLUT_RIGHT_BUTTON);
...

}


