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OpenGL & GLUT & GLEW

o OpenGL
= http://www.opengl.org/
m http://www.sgi.com/software/opengl
= Windows95 O|Z OpenGL O] EEC 2 S0{7 /US.
m ftp://ftp.microsoft.com/softlib/MSLFILES/opengl95.exe
o freeglut for Win32
m http://freeglut.sourceforge.net/
m Prepackaged Release (freeglut 3.0.0. MSV()
= freeglut-MSVC-3.0.0-2.mp.zip L{{2{ &t7|
o glew for Win32
= http://glew.sourceforge.net/
= glew-2.0.0-win32.zip L{2{ &7
o glm
m https://github.com/g-truc/glm/releases
= glm-0.9.8.4.zip L] 27|

Installing OpenGL & GLUT & GLEW

Compiling OpenGL Programs

o Libraries A X|
= freeglut.lib
m glew32 lib glew32s.lib glew32mx.lib glew32mxs.lib

O Include EX|
u freeglut.h freeglut_ext.h freeglut_std.h glut.h
u glew.h glxew.h wglew.h
= glm HH| CIHEZ| (2E header THYS
o Dynamically-linked libraries& C:#WWindowstsystem32
(Windows 7 32-bit2 XXl 7|F)0] &K
u freeglut.dll, glew32.dll, glew32mx.dll

= C:WWindowsWSysWOW64 (Windows 7 64-bit2 FH|X| 7|&)0| =
freeglut.dll, glew32.dll, glew32mx.dil & X]|

o Visual Studio 2017 VC++ AH'H

o ZZME MZE 057

= O*5O0 A File->New->Projects

= Win32 Console Application 41 E#

= Z2HE O|F X|F

Include dir X| 7

o Linkerd| library dir & files x|
» OO0 A Project->Settings->link->Object/library modules
(Project->Properties->Linker->Input->Additional dependencies)
= glew32.lib freeglut.libE 2Lt

o Z2ME0| T AZ 27
= 050 A Project->Add to Project-> Files
= It O] & X

o 2E (build) (F7)2F A& (execute) (F5)

a




Compiling OpenGL Programs

Compiling OpenGL Programs

Configuration:  Active(Debug)

4 Confiquration Properties
General
Debugging
VC++ Directories
4 C/C+s
General
Optimization
Preprocessor
Code Generation
Language

Output Files
Browse Information
Advanced
All Options
Command Line

Linker

Manifest Tool

Browse Information
Build Events
Custom Build Step
Code Analysis

v v v v v v v

Precompiled Headers

XML Document Generator|

Iab1-moglclassShaderColorTriangle Property Pages ? X
| Platform: | Active(Win32) ~| | Configuration Manager...
Additional Include Directories _finclude ®
Additional #using Directories
Debug Information Format Program Database for Edit And Continue (/ZI)

Common Language RunTime Support
Consume Windows Runtime Extension

Suppress Startup Banner Ves Unologe)
Warning Level Level3 YW3)
Treat Warnings As Errors Ne (/WX-)
SDL checks

Multi-processor Compilation

Additional Include Directories

Specifies ene or more directories to add to the include path; separate with semi-colons if more than one.
llpath))

Cancel Apply

lab1-moglclassShaderColorTriangle Property Pages 7 x
Configuration: | Active(Debug) | Platform: | Active(Win32) ~ | Configuration Manager...
VCe+ Directories " Output File S(OutDir)S(TargetName)S (TargetExt)
4 C/Cr+ Show Progress Net Set
General Version
Optimization Enable Incremental Linking Yes (/INCREMENTAL)
Preprocessor Suppress Startup Banner es (/NOLOGO)
Code Generation

Ignore Impart Library

Lenguage Register Output
Precompiled Heade
Output Files .
a::::‘;mmam" Link Library Dependencies
Al Options Use Library Dependency Inputs
Command Line Link Status

4 Linker Prevent DIl Binding
e Treat Linker Warning As Errors
Input Force File Output
Manifest File Creste Hot Patchable Image
Debugging Specify Section Attributes
System
Optimization

Embedded IDL
Windows Metadata
Advanced

All Options
Command Line

Additional Library Directories
Allows the user to override the environmental library path. (/LIBPATH:folder)

Cancel Apply

Compiling OpenGL Programs

Windows System

Configuration:  Active(Debug)

VC++ Directories
4 C/Ces
General
Optimization
Preprocessor
Code Generation
Language
Precompiled Heade
Output Files
Browse Information
Advanced
All Options
Command Line
4 Linker
General
Input
Manifest File
Debugging
System
Optimization
Embedded IDL
Windows Metadata
Advanced
All Options
Command Line

Iab1-moglelassShaderColorTriangle Property Pages ? X

| Platform: | Active(Win32) | | Configuratien Manager...

Additional Dependencies freeglut.libgle 2.lib: itie ies) -

Ignore All Default Libraries
Ignore Specific Default Libraries
Module Definition File

Add Module to Assembly
Embed Managed Resource File
Force Symbol References

Delay Loaded Dls

Assembly Link Resource

Additional Dependencies
Specifies additional items to add to the link command line. [i.e. kemel32.lib]

Cancel Apply

o AR AAH
= Microsoft Windows
= X Window systems
o Y= AAETDF OpenGL A|AEI2 25 2 AH
QA A2
0 OpenGL 222U S 17| oAM=
= AFE ER AL"OM HSSte SfAH A|lLRS J|8ez
e Z2Y 4
o HER Z2IY ZUON FYHC
OpenGL A|AEIZ RIES AAHIO]
= OpenGLO|AM X3dt= &2 A
Z2IYS 53
= A5t OpenGL X 20| X2 SIEOE HO{5tD U= AE
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OpenGL

E

o A2 JdefEHAA(SGHZL ZHES 3RHR 2d
2tO[E2{ 2| API (1992)

o 2XHY e EHA = z52| 42 022 Ma|gh 3%t 9
s+ ez 8

o OpenGL 2 A E‘—’F—E Z2724Y o0
71eLz XZel0 /AZ
= C/C++, Java, Fortran, Python & Ct= 210{2t AFE7ts

o OpenGL2 SHEHO 0| SE XY (Window systemO|L}
Osof| =& X2l APl
= No I/O library
= No specific model loading mechanism
m No hardware specific functions (but available as extensions)
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OpenGL Evolution

o X&7|0| Architectural Review Board (ARB)O]| 2|3l F=
= SGI, Microsoft, Nvidia, HP, 3DLabs, IBM &
= XY= Kronos Group
o OpenGL 3.1
m MEOE Shader 7|BICE ZH &, 2 &
vertex 2} fragment shaderS AtE3]
= [HEE 2.5 2= deprecated (2 E A0[2t AL S HRSHX| &)
o OpenGL ES
= YHICIE A|2EE.
= Ver1.02 OpenGL 2.1 7t£32} Ver2.02 OpenGL 3.18 7t 3t
o WebGL
= OpenGL ES 2.02 Javascript®2 71
O OpenGL 4.1 & 4.2

= Geometry shader®} tesselator &7}

OpenGL 1.0

O OpenGL 1.02 19945 73 12 &8
0 OpenGL 1.09| Z2fH A mHO[Z 2+l fixed-function2 =
OpenGL 1.15E{ OpenGL 2.0 (2004/09)77tX| At&

Vertex

Vertex Transform
Data and
Lighting Primitive Fragment
Setup and Colorin .
Rastsrizati and ’ Blending ‘
) on Texturing
Pixel
Data Texture

Store

OpenGL 2.0 Programmable Pipeline

o OpenGL 202 SAM2E Programmable Shaderg 37t
= Vertex Shader
= Fragment Shader

o J12{L}, Fixed-function pipeline= A& 7ts

Vertex

Vertex Transform
Data and
Lighting

Primitive Fragment
Setup and Coloring i
Rasterizati and Blending
on Texturing

Pixel

Data Texture

Store




OpenGL 3.0

Exclusively Programmable Pipeline

o OpenGL 3.02 deprecation model 2 270
= OpenGL 3.0 O] HH7X|= backward compatibilityE X| 2 3}7]
sto] B2 FIHS 2RI 2 OpenGL 3.05E O 0|4 backward
compatibilityS X[ ¥SHA| 0 MER S+E HIe
o OpenGL 3.1 (2009/03/24)tX| &= J2f & A mto|Z2telo|
EQsIA M2
o = -1 0O

o OpenGL 3.1%H forward compatible contextsE X| &

Includes all features (including those marked depr

Full ecated) available in the current version of OpenGL

Includes all non-deprecated features (i.e., creates
Forward Compatible a context that would be similar to the next versio
n of OpenGL)

o OpenGL 3.12 Fixed-function pipelines K&
» Z2OW2 Q2X| shaderE AHESHOF B

o 7SR, BE HO0|HE GPUO ELHOIH A AtE S
» 2= F7 H0|E = buffer objectsE AFESHY E L0 E

Vertex Vertex
Data Shader —
Primitive
Setup and Fragment )
Rasterizati Blending
on

Pixel Texture
Data Store

More Programmability

More Evolution — Context Profiles

o OpenGL 3.2 (2009/09/03)2 Geometry Shader A&

=7he

Vertex Vertex .
Data Shader Primitive
Setup
|| Fmament | | ‘
Geometry Rasteriza
Shader

tion

Pixel Texture
Data Store

o OpenGL 3.2 context profile i8S 274
= ProfileO|2t SEZE 10| N featuresE MEAS
fl5to H3

= X 27tXK| profileO] EXH: core & compatible

" core All features of the current release
Fu
compatible All features ever in OpenGL

Forward Compa €°re All non-deprecated features

tible compatible Not supported




OpenGL 4.1 & 4.3

OpenGL Libraries

o OpenGL 4.1 (2010/07/25)0| M= tessellation-control
shader®} tessellation-evaluation shaderES 37}

o 7H &2 A2 OpenGL 4.3

Vertex Vertex -
Data Shader Pgn:mve
eup Fragment .
Tessellation Tessellation Rasterizat
o ; Geometry ion.
Control Evaluation chader
Shader Shader

Pixel Texture ‘
Data Store

o OpenGL core library

» AR A[LEO| M= OpenGL32

» FH2/ESA AL-OME libGLa
o OpenGL Utility Library (GLU)

= OpenGL coreE F7} X| 4%t
0 OpenGL Windows Toolkit

= Different platforms have different ways to integrate OpenGL with

their windowing environment

X Window System (GLX)

Apple (AGL)

Windows (WGL)

IBM OS/2 (PGL)

Cross-platform (GLUT — OpenGL Utility Toolkit)

Freeglut & GLEW

OpenGL & GLSL

o FreeglutE GLUTE 7HMSH A
= X7| GLUTE 2252 § Of&f HMElX] B2 U=,
= freeglut= GLUTE 7HM8t A2 FIMEQl 7|5 M3E.
0 GLEW (OpenGL Extension Wrangler Library)
= SHEQ0{QF 20| £[0] U= OpenGLE AHESH?| O3 2.
St OIHE Y O{LHOF St Extensiont A ZMOF Bt
» GLEWE GLSLZ2 OpenGL extensiong HZ|SIAH AtEE &=
Ne= o
= OpenGL SEZZI-MO0|A #include <glew.h>2} glewlnit)E

MHI
il
>
Pt
N
_}9_|. 0
Ot
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o 0| 7|8Fe| OpenGL
= OiE 29| state variables, attributes and related pre 3.1
functions O| I O|&} AFEE|X| 2.
= 2= 20| Ho|HE &3l o|F0H
o GLSL (OpenGL Shading Language)
= Nvidia®| CgLt Microsoft HLSLD} H| =8t C 210{Qt S AL

OpenGL
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=
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OpenGL/GLUT Programming

o thed| RERE Ol 23 Of |

#include <GL/glew.h>

#include <GL/freegluth>

#include <GL/freeglut_ext.h>

void display (void)

{

}

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

{
glutinit(&argc, argv);
glutinitDisplayMode(GLUT_RGBA);
glutinitWindowSize(512, 512);
glutCreateWindow(argv(0]);
glewlnit();
glutDisplayFunc(display);
glutMainLoop();
return O;

OpenGL/GLUT Programming

o AERE MR SiofMo 2 Aot T2 Of A
void display (void) {
glClear(GL_COLOR_BUFFER_BIT);
glFlush();

}

void init (void) {
glClearColor(1.0, 1.0, 1.0, 1.0);

}

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

{
glutinit(&argc, argv);
glutinitDisplayMode(GLUT_RGBA);
glutinitWindowsSize(512, 512);
glutCreateWindow(argv([0]);
glewlnit();
init();
glutDisplayFunc(display);
glutMainLoop();
return O;

OpenGL/GLUT Program /g 0

o glVertexg O| &% OpenGL 2.x Z= 17

void display (void)

{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 0.0, 0.0);
glBegin(GL_LINE_LOOP);
glVertex3f(-0.75, -0.75, 0.0);
glVertex3f(0.75, -0.75, 0.0);
glVertex3f(0.75, 0.75, 0.0);

glEnd();
glFlush();
}
void init (void)
( ,EgYsy
}
int main(int argc, char *argv[])
( ,Egeey

}

OpenGL/GLUT Programming

o glVertexE 0| &% OpenGL 2.x =217

void display (void)

{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 0.0, 0.0);
glBegin(GL_POLYGON);
glVertex3f(-0.75, -0.75, 0.0);
glVertex3f(0.75, -0.75, 0.0);
glVertex3f(0.75, 0.75, 0.0);
glEnd();
glFlush();




OpenGL/GLUT Program /g 0f

o OpenGL 3x Z2 13
void display (void)
{
glClear(GL_COLOR_BUFFER_BIT);

/0l £22 HOIHZ By ¥

glFlush();

OpenGL 3.x Simplified Rendering Pipeline

Application GPU Data Flow Framebuffer
Vertices Vertices Fragments Pixels
Vertex . Fragment
. Rasterizer ;
Processing Processing

Vertex Fragment
Shader Shader

Modern OpenGL Programming in a
Nutshell

O Modern OpenGL (OpenGL 3.x) Z212{Y2 Ch=0t &
CHAZ T
1. Shader T2 g DtELC}
2. Vertex Xt2E Vertex Buffer Object (VBO)2t Vertex Array Object
(VAO)E ZH=1 O] At=E #0|H0| = F et
3 O A= Q| fX|2t HO|Ee| H==2F "X A (Connect)” SHEY.
4 HEHYS Aot

rlo

OpenGL 3.x Program Structure

O OpenGL 3x ZE2120| AHIA Ol X
= main(): 2# 29 ot XE 5
Specifies the callback functions
Opens one or more windows with the required properties
Enters event loop (last executable statement)
= init(): ENH= (state variables) XY
Viewing
Attributes
m initShader(): read, compile and link shaders
= callbacks
Display function
Input and window functions




OpenGL/GLUT Programming

OpenGL/GLUT Programming

#include <GL/glew.h>
#include <GL/freeglut.h>
#include <GL/freeglut_ext.h>

int main(int argc, char** argv)

{
glutinit(&argc,argv);
glutinitDisplayMode(GLUT_SINGLE|GLUT_RGB);
glutinitWindowsSize(512,512);
glutinitWindowPosition(0,0);
glutCreateWindow(argv([0]);
glutDisplayFunc(display);
glewlnit();
init();
glutMainLoop();

o void glutinit(int *argc, char **argv)
= GLUT2t OpenGL &td& x7|2}. 2l=0l&= maine| QI8 02
A4 =,
o void glutinitWindowSize(int width, int height)
void glutlnitWindowPosition(int x, int y)

n (R A7|E XEE =R YK E -
o int glutCreateWindow(char *name)

n AERE o= & 21 name2 1 {I=29| 0|E0| EfO|E HtO
HAE.

o void glutDisplayFunc(void (*func)(void))

» Q== funce E2 AER Lo C|2Z20|5t= (5,
callback® EQIE A=27F Ha[AHL} Ct
YAER7F ChA| C|AZ(0|E [)f O] gh4=7F

o void glutMainLoop(void)

" GLUT 2Z 0| g0l 552 T2 OMEE J|Ct2|&
AFE
o .

mg i
o

OpenGL/GLUT Programming

Immediate Mode Graphics

o void glutinitDisplayMode(unsigned int mode)
= C|AE 0o HA|ZREE 47 Model| GLUT RGBAS X|HIS
ZE Mo| X Y2 RGBE ArRES X|H. 1 Hof oA
ZE2tRE (GLUT_INDEX)E X|8olEH 288 SdAIZ & US.

o void glClearColor(Glclampf R, Glclampf G, Glclampf B,

Glclampf A)
» ERE ME A ol M3 X|H. R G, B, A= 0~1 AIO|Q| gf2
7H8. (0, 0,0, NE X|’45IH dEMe| =2FFES 18l

o void glClear(Glbitfield mask)

n FERE ME A Mask0|= & ESt= HIHE X|FBHCEH
OpenGLO| #2|3t= 2 A S| HIH(H Z2|)0= color buffer,
depth buffer, stencil buffer, overlay buffer, 50| ZMA =Xt
GL_COLOR BUFFERE A|HUES M= HAHEHT TFE H{F.

0 void glFlush(void)
m O] 2= OtA MAHE|X| A2 OpenGLEE S M7 M,

31

o Geometry= B8 (vertices) 22 X[
= 2AHY = 3Kt S0 o X[ EHo| dEHez X|E
m Points, lines, circles, polygons, curves, surfaces
o Immediate mode
= SEZZI/MOIM O FFO| X|ZEl2, 2 fIX] 240] GPUO
EUWoy




Retained Mode Graphics

o BE HH(vertex)t &M (attribute) EE Hi L(array) 2
INES

o Of BiEE GPUO| 2O Mot HEHF 0 AtEe

Display Callback

void display()

{
glClear(GL_COLOR_BUFFER_BIT);
glDrawArrays(GL_TRIANGLES, 0, 3);
glFlush();

o glDrawArrays& AH&35t0 OE[7| & +=de
o O, Bl (arrays)= S HHi S(vertex arrays)= 7t&
HIH 24X (buffer objects)

Vertex Arrays

o & (Vertices) S8 =
= Position
= Color
m Texture Coordinates
m Application data

const float vertexPositions[] =
{
-0.75f, -0.75f, 0.0f, 1.0f,
0.75f, -0.75f, 0.0f, 1.0f,
0.75f, 0.75f, 0.0f, 1.0f,

Vertex Array Object

o Vertex Array Object= 2= 87 At&(positions, colors,
)% FO=.
StLEel VAOO] o 2f 72| Buffer Object2 7tE = US. O£,
TIII YL Hoet MYYEE 9IS HIHE VAOO ALE.
= 2& 5tLt2| MeshDOtL} StLE2] VAOE AtE&¢
o VAOE ‘4-d3t1, bindgt
GLuint vao; // vertex array object
glGenVertexArrays(1, &vao);
glBindVertexArray(vao);
= O|Z2 Vertex Array2t2 ZHEICH=E 90| 2 OFF| MX|
H|O|E{(content) & 2AS.




Buffer Object

0 Buffer object= LHEE A2 E GPUO| EUE + U=.
o HEHE MdstD, bindst, AIRZE O E.
GLuint buffer; // vertex buffer object
glGenBuffers(1, &buffer);
glBindBuffer(GL_ARRAY_BUFFER, buffer);
glBufferData(GL_ARRAY_BUFFER, sizeof(vertexPositions),
vertexPositions, GL_STATIC_DRAW);

o 2|1 glVertexAttribPointerE 2 E60 Hf| HIQIE =
HIH7 & HRY Attribute HHIH QIX| O{H £dS Z=X]
2 2{E. CHS glEnableVertexAttribArray(index) &
SEOOF oY HIe HEZI HEHY &,
glVertexAttribPointer(0, 4, GL_FLOAT, GL_FALSE, 0, 0);
glEnableVertexAttribArray(0);

Initialization

o init() Ol A Vertex Array Objects®t Buffer Objects X|°d
o P YEPM O 2 GLO| clear color@t parametersT K|S
o S shaderse X7

= Read

m Compile

= Link

Shader Functions

o glCreateProgram — Z2 12 (vertex shader, geometry
shader, fragment shaderS Z&5l= IH0|Z2}Ql) 4o

o glCreateShader — GLO||A 40| &7t BHS0| EEtd
23 X 372 d4485t7] ot &

o glShaderSource - &9t #|0|H S2HdF #|0]H A
oS Ao E2 HIHE AZE

o glCompileShader — 40| & ALt

o glAttachShader — ALY E 0| E =270

o gllinkProgram — @33t 08 X3, 37 t=E|H
=70l TH| 2= E A

o glUseProgram — O| T2 1S ALE

OpenGL/GLUT Programming

// Create a NULL-terminated string by reading the provided file
static char* readShaderSource(const char* shaderFile)

{
FILE* fp = fopen(shaderFile, "r");
if (fp == NULL ) { return NULL; }

fseek(fp, OL, SEEK_END);
long size = ftell(fp);

fseek(fp, OL, SEEK_SET);
char* buf = new char[size + 1];
fread(buf, 1, size, fp);

buf[size] = "WO0";
fclose(fp);

return buf;




OpenGL/GLUT Programming

OpenGL/GLUT Programming

// Create a GLSL program object from vertex and fragment shader files
GLuint InitShader(const char* vShaderFile, const char* fShaderFile)

{

struct Shader { const char* filename; GLenum type; GLchar* source; }

shaders[2] = { { vShaderFile, GL_VERTEX_SHADER, NULL },
{ fShaderFile, GL_LFRAGMENT_SHADER, NULL } };

GLuint program = glCreateProgram();
for (inti=0;i<2; ++i){

Shader& s = shaders|i];

s.source = readShaderSource( s.filename );

if ( shaders]i].source == NULL ) {
std:cerr << "Failed to read " << s.filename << std:end|;
exit( EXIT_FAILURE );

}
GLuint shader = glCreateShader( s.type );

glShaderSource( shader, 1, (const GLchar**) &s.source, NULL );
glCompileShader( shader );

/] S dEEL
delete [] s.source;
glAttachShader( program, shader );
}
glLinkProgram(program);
GLint linked;
glGetProgramiv( program, GL_LINK_STATUS, &linked );
if (Nlinked ) {
std::cerr << "Shader program failed to link" << std:endl;
GLint logSize;
glGetProgramiv( program, GL_INFO_LOG_LENGTH, &logSize);
char* logMsg = new char[logSize];
glGetPrograminfoLog( program, logSize, NULL, logMsg );
delete [] logMsg;
exit( EXIT_FAILURE );
}
glUseProgram(program);
return program;

GLUT (OpenGL Utility Toolkit)

GLUT Program Structure

o Mark J. KilgardZ} 7H&$t portable windowing and
interaction API

Prefix “glut"2 A|Z}

CHE-22| window systemOll 2 HZ Ol 7|55 wrapping®t 49
interfaceX| 3 (portable across all PC and workstation OS
platforms)

OpenGLO| M &dt= HRILELH &9 +=F2| utility functionk M-S
UNIX/X-windowOll A 7§ El codeE A E THALE 7ts

Win32, MFC, Xlib& & 87} 9l

J2{Lt Window system?| 7|5 MetH 2 =0t 0| & 7}

or

(O@en window )

L i
(Define draw callback)

L i
(Define other callbacks)

L J
Main loop:

Keyboard func

CHeck for event
Call callback




GLUT Callbacks

GLUT Callbacks

O GLUT defines a basic program structure - an event
loop, with callback functions.

O Callback, a function that you provide for other code
to call when needed; the "other code" is typically in
a library

O GLUT uses callbacks for drawing, keyboard &
mouse input, and other events.

o Whenever the window must be redrawn, your
drawing callback is called.

o Whenever an input event occurs, your
corresponding callback is called.

glutDisplayFunc
glutPostRedisplay
glutldleFunc
glutTimerFunc
glutGetModifiers
glutignoreKeyRepeat
o glutkeyboardFunc

o glutkeyboardUpFunc
o glutSpecialFunc

o glutSpecialUpFunc

a
O
a
a
a
a

GLUT Callbacks

The Reshape Event Callback

o Handling Disp/ay Callbacks
m glutDisplayFunc(void (*func)(void))
Specifies a function that would draw the graphical contents
Argument: display function name
o Handling /nput Events
m glutReshapeFunc(void (*func)(int w, int h))
What action should be taken when the window is resized
m glutKeyboardFunc(void (*func)(unsigned char key, int x, int y))
m glutMouseFunc(void (*func)(int button, int state, int x, int y))
Handle keyboard key and mouse button
m glutMotionFunc(void (*func)(int x, int y))

What to do when the mouse is moved while a mouse button is
pressed

o This callback sets up OpenGL to display images in a
window of the new size

O The value w is the new width, and the value h is the
new height

void reshape(int w, int h)
{

glViewport(0, 0, w, h);
}




The Keyboard Event Callback

o This callback simply causes the program to exit when
the user hits the ESC key

void keyboard(unsigned char key, int x, int y)
{
switch (key): /* ESC-key & g-key exits the program */
{
case 27:
case 'q"
exit(0);

GLUT Functions

o glutMainLoop(void)
= Enter the GLUT event processing loop
o glutPostRedisplay()

= Ensures that the window gets drawn at most once each time
GLUT goes through the event loop.

= In general, never call the display callback directly, but rather use

the glutPostRedisplay() whenever the display needs to be
redrawn.




