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OpenGL & GLUT & GLEW

o OpenGL
m http://www.opengl.org/
m http://www.sgi.com/software/opengl
m Windows95 0|2 OpenGL O] EECE S0{7 /U S.
m ftp://ftp.microsfot.com/softlib/MSLFILES/opengl95.exe
o freeglut for Win32
m http://freeglut.sourceforge.net/
m freeglut-MSVC-2.8.0-1.mp.zip L{j2{&t7|
o glew for Win32
m http://glew.sourceforge.net/
m glew-1.9.0-win32.zip Lj2{ &t 7|

Installing OpenGL & GLUT & GLEW

O LibrariesE Visual C++2| C:#WProgram FilesWMicrosoft
SDKsWWindows¥v7.0AWibWo0| 4 X|
u freeglut.lib
= glew32.lib glew32mx.lib

o Include filesg Visual C++2| C:WProgram Files¥Microsoft
SDKsWWindowsWv7.0AWincludeWGLW 0f AdX|
u freeglut.h freeglut_ext.h freeglut_std.h glut.h
= glew.h glxew.h wglew.h

o Dynamically-linked librariesE C:WWindowst#system32
(Windows 7 32-bit& N A 7|Z=)0| AX|
m freeglut.dil, glew32.dll, glew32mx.dll

m CWWindowsWSysWOW64 (Windows 7 64-bit G| A 7|=)0 =
freeglut.dll, glew32.dll, glew32mx.dll & X|
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Compiling OpenGL Programs

o Visual Studio 2010 VC++ Al3H
0 T2HME MZE QST
» 07Ol A File->New->Projects
= Win32 Console Application 4 EH
m TZEHNE 0|2 X|H
o Linker0 library filesg X|78
» 0750l A Project->Settings->link->Object/library modules
(Project->Properties->Linker->Input->Additional dependencies)
m glew32.lib freeglut.libE 2 =C}
0 Z2MEO It Mz 27|
» 0550 M Project->Add to Project-> Files
= I+ Ol & A8

o 2E (build) (F7)2} AlSH (execute) (F5)




Windows System

o A= AAHE
= Microsoft Windows
= X Window systems
o =2 A|AEH D} OpenGL A|AHIE2 = BAEH
RETEESNPNCY
O OpenGL Z2 2 Z S}7| M=
= AL BER ALHEIOM MSSte 2iAH AlL-E 7|Htez
e D2y 3
= AR ZRIHY UM FHEl
OpenGL A|AHIS A2 A|AHIQ
= OpenGLO|M | Sot= &+52 A
Z21Ye >3
= 25t= OpenGL 20| X Z SIEOE H oSt A= A&
QEQ A|ABIO| EEMOZ 03T

HAE AIAEQ
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OpenGL

o A2 J2j=AA (SGD)Z}F 7jetst 3K 2j
2}0|E 2{2| API (1992)

02X defEHA = (52| ¢f2 022 Xe[oh 3K 9
L

0 OpenGL J2j T4 Bt maaia olojo] S0l
JeL 2 XFEof JUS
m C/C++, Java, Fortran, Python & Ct= A0t AFE TS

O OpenGL2 StEQ|O 0 ZEA A (Window systemO|Lt
OSoj| =&% 2l API)
= No I/O library
= No specific model loading mechanism
m No hardware specific functions (but available as extensions)

JH
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OpenGL Evolution

o X%H7|0f| Architectural Review Board (ARB)O]| 2|3} ==
= SGI, Microsoft, Nvidia, HP, 3DLabs, IBM S
» A Xf= Kronos Group
o OpenGL 3.1
m MEOZ Shader 7|Hto2 Zt =, 2 E 22T 2 ]2 HIEA|
vertex 2 fragment shaderE Ar-&3|0F &
m CHEE 25 &= deprecated (2
O OpenGL ES
= AUH|ICIE AXHIE.
m VerlO2 OpenGL 212 743} Ver2.02 OpenGL 312 7tA 3}
o WebGL
m OpenGL ES 2.02 JavascriptZ 131
O OpenGL 4.1 & 4.2

m Geometry shader@} tesselator =7}

OpenGL 1.0

O OpenGL 1.02 19944 78 19 25
o0 OpenGL 1.09| JA2jE A mo|=2}ol2 fixed-function@ 2
OpenGL 1.1EE OpenGL 2.0 (2004/09)77t K| 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 2.02 3489 2 Programmable ShaderE =7}
= Vertex Shader
= Fragment Shader

o 12{L}, Fixed-function pipeline= AtE 7ts

Vertex
Vertex Transform
Data and
Lighting Primitive Fragment
Setup and Coloring )
Rasterizati and Blending
on Texturing
Pixel
Data Texture

Store

OpenGL 3.0

o OpenGL 3.02 deprecation model & 27|
m OpenGL 3.0 O|™ HFNX| = backward compatibilityE X|&5}7|
250 & +E F7tl|2EX| 2 OpenGL 3.082 K 0|4 backward
compatibilityE X|23}X| &0 MEL &+=5 a3
0 OpenGL 3.1 (2009/03/24)7}X|= 2§ A mo|=a}olo|
Zosty M2
o = -1 0O

o0 OpenGL 3.18 K forward compatible contextsE X| &l

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)

Exclusively Programmable Pipeline

O OpenGL 3.12 Fixed-function pipelineg X gt
m T2 9 ZX| shaderE ArE38|0f T

0 F7MHQ 2, B & HO|H= GPUO| ELHO{ M A AtEet
» 25 7 O 0|H = buffer objectsE AI2510] EL{O{

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

Pixel Texture
Data Store

More Programmability

o OpenGL 3.2 (2009/09/03)2 Geometry Shader HHAE
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Vertex Vertex .
Data Shader Primitive
Setup
and F?If’a':"::“ Blending ‘
Geometry Rasteriza
Shader

tion

Pixel Texture
Data Store




More Evolution — Context Profiles

OpenGL 4.1 & 4.3

0 OpenGL 3.2= context profile 7HEZ2 27|
m Profile0|2t 22T 2 20| A featuresE ,j S
fl5to] M
m XY 27}X| profileO] ZXY: core & compatible

21 EA 521

core All features of the current release
Ful compatible All features ever in OpenGL
Forward Compa €Ore All non-deprecated features
tible compatible Not supported

o OpenGL 4.1 (2010/07/25)0{| M= tessellation-control
shader?} tessellation-evaluation shaderE =7}

o 7t X2 H™ 2 OpenGL 4.3

Vertex Vertex .
Data Shader Prslmtltlve
eup Fragment .
Tessellation Tessellation Rasterizat
oo : Geometry ion
Control Evaluation Shader
Shader Shader

Pixel Texture ‘
Data Store

OpenGL Libraries

Freeglut & GLEW

o OpenGL core library

n 2AE 2 A|AHIO|ME OpenGL32

m QUA/EIEA A|AHOAMLE libGLa
o OpenGL Utility Library (GLU)

= OpenGL coreZ 7} X| gt
o 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)
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O Freeglute= GLUTE 7 Mot A
m X7 GLUTE @&l § o4 ZHME|X] &1 AUS.
» freeglute= GLUTE 7fMSt Ao 2 FIIAQl 7|5 HaE.
0 GLEW (OpenGL Extension Wrangler Library)
= SLEQ0{QF 20| £[0] U= OpenGL2 ALESHZ| O3 2.
ST OIEHE A O{LHOF HIH Extensionz= Al Z4MOF &

» GLEWE= GLSLZ2 OpenGL extensiong HE|StA AFRE 4=
OIEE o|-

m OpenGL SEZZ WY M #include <glew.h>2} glewlnit()&
=2{AM x7|325HH F
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OpenGL & GLSL

OpenGL/GLUT Programming

o 4]0/5 7|Ee] OpenGL
m CfE E 9| state variables, attibutes and related pre 3.1 OpenGL
funtions O| O O|AF AR E|X| 4.
= ZE 0| HOo|HE Sl O|FO{H
O GLSL (OpenGL Shading Language)
m Nvidia®| CgLt Microsoft HLSLI}f H|==3t C A0t SAtE
= ZE+= 40|z ELHO{MM GPUE &3l HIEE 0| =&

0
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O thed| AERE = 2213 oA

#include <GL/glew.h>

#include <GL/freeglut.h>

#include <GL/freeglut_ext.h>

void display (void)

{

}

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

{
glutlnit(&argc, argv);
glutInitDisplayMode(GLUT_RGBA);
glutlnitWindowsSize(512, 512);
glutCreateWindow(argv([0]);
glewlInit();
glutDisplayFunc(display);
glutMainLoop();
return O; 18

OpenGL/GLUT Programming

OpenGL/GLUT Program %4 0f

0 AERE MR SierMoz Aot Z2 3 O K

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[])

{
glutlnit(&argc, argv);
glutlnitDisplayMode(GLUT_RGBA);
glutlnitWindowSize(512, 512);
glutCreateWindow(argv[0]);
glewlnit();
init();
glutDisplayFunc(display);
glutMainLoop();

19
return O;

o glVertexZ 0|23} OpenGL 2.x T2 1

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)
{ /X HZAS

O HATO
}

int main(int argc, char *argvl])
{ /* H7Z4 oo */

Lo HAO
}

20




OpenGL/GLUT Programming

o glVertexZ 0|23t OpenGL 2.x T2 124

void display (void)

{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 0.0, 0.0);
g!Begin(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();
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OpenGL/GLUT Program %4 0f

O OpenGL 3x ZTZ 124
void display (void)

{
glClear(GL_COLOR_BUFFER _BIT);

/* 0] RS HO[HZ = */

glFlush();
}
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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) T2 CtSat &2
CHA 2 T
1. Shader T2 1ML Ot=C},
2. Vertex X2 & Vertex Buffer Object (VBO)2Q} Vertex Array Object
(VAO)E Tt=11 o] At E 400l 2YTHCE
3 O] Xt=2| fX|2F Hlo|E 2| #Ha=2f "H A (Connect)” BHCL.
4. dHEE =L




OpenGL 3.x Program Structure

OpenGL/GLUT Programming

O OpenGL 3.x T2 3O QXN O] JAX
= main(): 2H S ot X|H S
Specifies the callback functions
Opens one or more windows with the required properties
Enters event loop (last executable statement)
= init(); AFEJ 2= (state variables) X| ™
Viewing
Attributes
m initShader(): read, compile and link shaders
= callbacks
Display function
Input and window functions

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

int main(int argc, char** argv)

{
glutlnit(&argc,argv);
glutlnitDisplayMode(GLUT_SINGLE|GLUT_RGB);
glutInitWindowSize(512,512);
glutInitWindowPosition(0,0);
glutCreateWindow(argv[0Q]);
glutDisplayFunc(display);
glewlInit();
init();
glutMainLoop();

OpenGL/GLUT Programming

OpenGL/GLUT Programming

o void glutlnit(int *argc, char **argv)
m GLUTQ} OpenGL 2tAE2 x7|3}. 20= mainl| 2l+& A2
a4 =
o void glutlnitWindowSize(int width, int height)
void glutInitWindowPosition(int x, int y)

» PR AV|E XEE AER /IXE XEE
o int glutCreateWindow(char *name)
n YERE 0ols T4 Q4 name2 11 AL 20| 0|20 EFO|E HtOf|
HA=.

o void glutDisplayFunc(void (*func)(void))
= Q= funce S8 BE2 Ol CIASe0[5h=(5, d3S 12| =)
callbackgts= EZOIE. =7t He|AHLt CHE A =R0| o5 =A%
YE=R7F CHA| CIAE2 0|2 U O] 22t HA
o void glutMainLoop(void)

m GLUT X 0| &40 =2 T2 UL O|HEE 7if|2|=
AI-EHOI

o0 void glutlnitDisplayMode(unsigned int mode)

= C|AZ 0|0 EA|ZEES MA. Mode0| GLUT RGBAZ X| &3S
Ao L Mo| X|HS RGBE Al-_Q_ol-O K|, 1 Hhof| ol A

QE}EE (GLUT_INDEX)E X|HolH 2 &S '@QAP’E' —’,\— ALE.
o void glClearColor(Glclampf R, Glclampf G, Glclampf B,

GIcIampf A)

YUERE NME AL Ijo| MZ X|H. R G 0~1 AtO|Q| gt2
7HE. O 0,0, )2 X|Z5IH HdZPMo| FHES 18
o void glClear(Glbitfield mask)

n AERE M2 Ay Mask0= M5 Hdl= HIE XYLt
OpenGLO| &tE2|38l= 3 Ao H-|u1 |E NOj|+= color buffer,
depth buffer, stencil buffer, overlay buffer, S0| ZAX{A =X}&t.
GL_COLOR_BUFFERE X| M3l [[H_ ZY T M2 Ay E.

o void glFlush(void)
m 0| gt== OtE] HBE|X| 42 OpenGLYHS ME HA.
28




Immediate Mode Graphics

Retained Mode Graphics

O Geometry= M (vertices)2 2 X|H™
= 2KHY = 3XHE S0 oF X[ "o §ELE XF
m Points, lines, circles, polygons, curves, surfaces
o Immediate mode
= SELZI/MOIAM O ZHO| XFE2, O X[ 240 GPUO|
LAY RS
m 1}H0|| glVertexE AI3MAUS
= CPURL GPU Zto]| H= si4fo] Eeet
= OpenGL 3.1 B Af2}7E

o BE MH(vertex) D} &M (attribute) HEE Hij H(array) 2

NES
o O] Hi €S GPUO| £LH0 MFst

AEHEY AL

Display Callback

Vertex Arrays

void display()

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

0 glDrawArraysS AFESHO 12|7| 8 433,
o O|Mf, Hi G (arrays)= & b E(vertex arrays)= 7+
H1H 24X (buffer objects)

o MA™ (Vertices) &HE
m Position
m Color
Texture Coordinates
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= ™H® X} =Z(positions, colors,
DE FOE.
= SILEO| VAOO| of2f 7i2| Buffer Objects 7t& £ /US
X & HEH MAYTFEE 2ot HIHE VAOO| ALE.
= 2& StLto| MeshOtrCt 5tLES| VAOE AtE¢t
o VAOE MAMsta, bindg.
GLuint vao; // vertex array object
glGenVertexArrays(1, &vao);
glBindVertexArray(vao);
= O|Zd 2 Vertex ArrayZt2 7TICH= 2|02 Ot& AK|
G| O|E{ (content)= 9l 2.

Buffer Object

O Buffer objecte= Ci22F XAIEE GPUY| ELE 5= /US.
o HIHE MAM3stD, bindstd, AIEE S0{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 12|10 glVertexAttribPointerE @ E3510] S1Xf HIQIE &
HINZF & A Attribute HHIH QIX| OH &4 A=K
2 24&. Ct2 glEnableVertexAttribArray(index) &
D=0 Y Ko HEZI HEE &,
glVertexAttribPointer(0, 4, GL_FLOAT, GL_FALSE, 0, 0);
glEnableVertexAttribArray(0);

Initialization

O init() 0| A Vertex Array Objects@}t Buffer Objects X| ™
Lol Yt o 2 GLO| clear color®t parameters® X|7d
O EESH shaderskE K| ™

= Read

m Compile
= Link

a

Shader Functions

o glCreateProgram — 2 713 (vertex shader, geometry
shader, fragment shader& L atsl= LtO|Z2}Ql) 24

o glCreateShader — GLO|AM #|0|H &7t 2H50] &2t
Q¥ £x B2 MAst7| Slg B

o glShaderSource — & &tst 40| 37t0F l0|H AA
TS 0159l HIE A

o glCompileShader — #|0|H & ALY

o glAttachShader - ZIt =l 0| E =2 340 ¢

O glLinkProgram — 2335} o2 M| 2. 237t b= | H
ZE2OWO| FH| 2=z FE AY

o glUseProgram — O] T2 03 ALE




OpenGL/GLUT Programming

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;

// 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_FRAGMENT_SHADER, NULL } };
GLuint program = glCreateProgram();
for (inti=0;i<2 ++i){
Shader& s = shaders]i];
s.source = readShaderSource( s.filename );
if ( shadersJ[i].source == NULL) {
std::cerr << "Failed to read " << s.filename << std:endl;
exit( EXIT_FAILURE );

}
GLuint shader = glCreateShader( s.type );

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

OpenGL/GLUT Programming

GLUT (OpenGL Utility Toolkit)

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

o Mark J. KilgardZt 7l{&t5t portable windowing and
interaction API
= Prefix "glut"2 A|%}
= CHEE 9| window system0f| EHA Q| 7| 552 wrapping®t 42|
interfaceM| & (portable across all PC and workstation OS
platforms)

OpenGLO| X|&St= HELCH 42| =F9| utility functionk XS
UNIX/X-windowO|| A 7=l codeE ACHZE MAIR 7S

Win32, MFC, Xlib& & €7 g2

2L} Window system@| 7| &2 HetX S 20t 0|8 7t

olr




GLUT Program Structure

(O@en window )

2
(Define draw callback)

L
(Define other callbacks)

|

Main loop:

Shsck for event Keyboard func

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.

GLUT Callbacks

o glutDisplayFunc

O glutPostRedisplay

o glutldleFunc

o glutTimerFunc

o glutGetModifiers

o glutlgnoreKeyRepeat
0 glutKeyboardFunc

o glutKeyboardUpFunc
o glutSpecialFunc

o glutSpecialUpFunc

GLUT Callbacks

o Handling Display 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




The Reshape Event Callback

The Keyboard Event Callback

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);

}

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()

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

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

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




