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Graphics Hardware APIs

• RenderMan and raytracing are software-based methods for image
generation

• Most computers today have a piece of hardware designed to
accelerate image generation

• Using the graphics processing unit (GPU) requires using a new
programming interface

• DirectX is a Microsoft API available only on Windows

• OpenGL is a cross-platform API and is used for this class

• Knowledge of one API is highly portable to the other API

Wesley Griffin Introduction to OpenGL 3/17



OpenGL Overview

• You can use C or C++ with OpenGL

• OpenGL is a low-level hardware API

• Does not provide support for windows, user interaction, etc.

• GLUT is a simple cross-platform API that provides windows and user
interaction

• For advanced projects, GLUT might be too simple, but for this class
its perfect

• Programs hand execution control over to GLUT which uses
callbacks when the programmust do some work

• Sample program to illustrate basics of OpenGL and GLUT runs on
Mac, Linux, and Windows
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Immediate Mode

• Immediate mode is deprecated functionality in latest OpenGL
specifications

• Most tutorials and examples on the web still use immediate mode

• Commands such as glVertex3f, glColor3f, glNormal3f are immediate
mode commands

• The sample program uses data arrays which add some complexity
but are more suited to modern hardware

• Caveat: data arrays (glVertexPoint, glColorPointer, glNormalPointer)
are also deprecated in the latest specification

• Latest specifications are more complex to program for because they
closely match the latest hardware

• Data arrays are an intermediate step away from old functionality
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Demo
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Header Includes

main.cpp

1 # i n c l ude < c s t d l i b >
2
3 # i f de f ined ( __APPLE__ ) | | de f ined (MACOSX )
4 # i n c l ude <GLUT / g l u t . h>
5 # e l i f de f ined ( _WIN32 )
6 # i n c l ude ” g l u t . h ”
7 # e l s e
8 # i n c l ude <GL / g l u t . h>
9 # end i f

10
11 # i n c l ude ” u se r i npu t . h ”
12 # i n c l ude ” drawcube . h ”
13
14 s t a t i c i n t g_WindowWidth = 1024 , g_WindowHeight = 768 ;
15 s t a t i c i n t g_WindowTopLeftX = 100 , g_WindowTopLeftY = 100 ;
16 s t a t i c char cons t * g_WindowTit le = ”OpenGL I n t r o ” ;
17
18 / / Forward d e c l a r a t i o n s f o r c a l l b a c k f un c t i o n s .
19 ex te rn ”C ” vo id i d l e ( ) ;
20 ex te rn ”C ” vo id reshape ( i n t width , i n t he ight ) ;
21 ex te rn ”C ” vo id d i s p l a y ( ) ;
22
23 vo id in i tGLUT ( i n t * argc , char * argv [ ] ) ;
24 vo id i n i t G L ( ) ;
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Main

main.cpp

24 vo id i n i t G L ( ) ;
25
26 i n t main ( i n t argc , char * argv [ ] ) {
27 in i tGLUT (& argc , argv ) ;
28 i n i t G L ( ) ;
29
30 / / S t a r t the GLUT p roce s s i ng loop .
31 glutMainLoop ( ) ;
32
33 r e t u r n EXIT_SUCCESS ;
34 }
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GLUT Initialization

main.cpp

37 vo id in i tGLUT ( i n t * argc , char * argv [ ] ) {
38 g l u t I n i t ( argc , a rgv ) ;
39
40 / / We want a f u l l co lo r , depth bu f f e r , and double−bu f f e r ed contex t .
41 g l u t I n i tD i s p l a yMode ( GLUT_RGBA | GLUT_DEPTH | GLUT_DOUBLE ) ;
42
43 / / Set the i n i t i a l s i z e and po s i t i o n f o r the window .
44 g lu t I n i tW indowS i z e ( g_WindowWidth , g_WindowHeight ) ;
45 g l u t I n i tW indowPos i t i on ( g_WindowTopLeftX , g_WindowTopLeftY ) ;
46
47 / / C r ea t i ng the window c r e a t e s the OpenGL contex t .
48 glutCreateWindow ( g_WindowTit le ) ;
49
50 / / Set the c a l l b a c k func t i on s , must be s e t a f t e r c r e a t i n g the window .
51 glutKeyboardFunc ( keyboard ) ;
52 glutMouseFunc ( mouse ) ;
53 glutMot ionFunc ( motion ) ;
54
55 g l u t I d l e Fun c ( i d l e ) ;
56 glutReshapeFunc ( reshape ) ;
57 g l u tD i sp l a yFunc ( d i s p l a y ) ;
58 }
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OpenGL Initialization

main.cpp

61 vo id i n i t G L ( ) {
62 / / Set the co l o r to c l e a r the sc reen to .
63 g l C l e a r C o l o r ( 0 . 0 f , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
64
65 / / Enable depth t e s t i n g .
66 g lEnab le ( GL_DEPTH_TEST ) ;
67 glDepthFunc ( GL_LEQUAL ) ;
68 g lC lea rDepth ( 1 . 0 ) ;
69
70 / / Enable f a ce c u l l i n g .
71 g lEnab le ( GL_CULL_FACE ) ;
72 g l Cu l l F a c e ( GL_BACK ) ;
73 }
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Support Functions

main.cpp

75 / / Request a redraw anyt ime the loop i s i d l e .
76 vo id i d l e ( ) {
77 g l u t Po s t R ed i s p l a y ( ) ;
78 }
79
80 / / Handle window reshape events .
81 vo id reshape ( i n t width , i n t he ight ) {
82 / / Rese t the v iewpor t .
83 g lV iewpor t ( 0 , 0 , width , he ight ) ;
84
85 / / Set up the p r o j e c t i o n mat r i x .
86 glMatr ixMode ( GL_PROJECTION ) ;
87 g l L o ad I d en t i t y ( ) ;
88
89 g l uPe r s p e c t i v e ( 4 5 . 0 , width / s t a t i c _ c a s t <GLdouble >( he ight ) , 0 . 1 , 1 0 0 . 0 ) ;
90 }
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Rendering

main.cpp

92 / / Per form a l l r ende r ing .
93 vo id d i s p l a y ( ) {
94 / / C l e a r the co l o r and depth bu f f e r s .
95 g l C l e a r ( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT ) ;
96
97
98 / / Set up the model view mat r i x .
99 glMatr ixMode ( GL_MODELVIEW ) ;

100 g l L o ad I d en t i t y ( ) ;
101
102 g l T r a n s l a t e d ( g_Pos i t ionX , g_Pos i t ionY , g_Pos i t i onZ ) ;
103 g lRo ta ted ( g_AngleX , 1 . 0 , 0 . 0 , 0 . 0 ) ;
104 g lRo ta ted ( g_AngleY , 0 . 0 , 1 . 0 , 0 . 0 ) ;
105 g lRo ta ted ( g_AngleZ , 0 . 0 , 0 . 0 , 1 . 0 ) ;
106
107 / / Draw a cube .
108 drawCube ( ) ;
109
110 / / Swap the f r o n t and back bu f f e r s .
111 g lu t SwapBu f f e r s ( ) ;
112 }
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Drawing the Cube

drawcube.cpp

61 vo id drawCube ( ) {
62 / / Spe c i f y the ve r tex , co lo r , and normal data .
63 g l V e r t e x P o i n t e r ( 3 , GL_FLOAT , 0 , g _Ve r t i c e s ) ;
64 g l E n a b l e C l i e n t S t a t e ( GL_VERTEX_ARRAY ) ;
65
66 g l C o l o r P o i n t e r ( 3 , GL_FLOAT , 0 , g_Co lo r s ) ;
67 g l E n a b l e C l i e n t S t a t e ( GL_COLOR_ARRAY ) ;
68
69 g lNo rma lPo in te r ( GL_FLOAT , 0 , g_Normals ) ;
70 g l E n a b l e C l i e n t S t a t e ( GL_NORMAL_ARRAY ) ;
71
72
73 / / Draw the s p e c i f i e d t r i a n g l e s .
74 i n t t r i a n g l e s = s i z e o f ( g_ I nd i c e s ) / s i z e o f ( g_ I nd i c e s [ 0 ] ) ;
75 glDrawElements ( GL_TRIANGLES , t r i a n g l e s , GL_UNSIGNED_INT , g_ I nd i c e s ) ;
76
77
78 / / Rese t what we turned on .
79 g l D i s a b l e C l i e n t S t a t e ( GL_NORMAL_ARRAY ) ;
80 g l D i s a b l e C l i e n t S t a t e ( GL_COLOR_ARRAY ) ;
81 g l D i s a b l e C l i e n t S t a t e ( GL_VERTEX_ARRAY ) ;
82 }
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Specifying Geometry

• OpenGL supports a small set of primitive types

• The most common primitive is the triangle: GL_TRIANGLES

• Primitives are described using an array of vertices

• Indexed vertices are the most efficient way to draw primitives

• The array of vertices holds a single position for each vertex
(i.e. there are no overlapping vertices)

• An array of indices indicates which vertices from the vertex array to
use to create a primitive
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Defining the Vertices

drawcube.cpp
9 / / A se t o f v e r t i c e s f o r a t r i a n g l e .

10 s t a t i c G L f l o a t g _Ve r t i c e s [ ] = {
11 0 .500000 f , 0 .500000 f , 0 .500000 f ,
12 −0.500000 f , 0 .500000 f , 0 .500000 f ,
13 0 .500000 f , −0.500000 f , 0 .500000 f ,
14 −0.500000 f , −0.500000 f , 0 .500000 f ,
15 0 .500000 f , 0 .500000 f , −0.500000 f ,
16 −0.500000 f , 0 .500000 f , −0.500000 f ,
17 0 .500000 f , −0.500000 f , −0.500000 f ,
18 −0.500000 f , −0.500000 f , −0.500000 f
19 } ;

(0.5, -0.5, 0.5)

(-0.5, 0.5, 0.5)

(-0.5, -0.5, 0.5)

(0.5, 0.5, 0.5)
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Normals and Colors for the Vertices

drawcube.cpp

21 / / A s e t o f normals f o r the v e r t i c e s .
22 s t a t i c G L f l o a t g_Normals [ ] = {
23 0 .577350 f , 0 .577350 f , 0 .577350 f ,
24 −0.333333 f , 0 .666667 f , 0 .666667 f ,
25 0 .666667 f , −0.333333 f , 0 .666667 f ,
26 −0.666667 f , −0.666667 f , 0 .333333 f ,
27 0 .666667 f , 0 .666667 f , −0.333333 f ,
28 −0.666667 f , 0 .333333 f , −0.666667 f ,
29 0 .333333 f , −0.666667 f , −0.666667 f ,
30 −0.577350 f , −0.577350 f , −0.577350 f
31 } ;
32
33 / / A s e t o f v e r t e x c o l o r s f o r the v e r t i c e s .
34 s t a t i c G L f l o a t g_Co lo r s [ ] = {
35 0 . 0 f , 0 . 0 f , 0 . 0 f ,
36 0 . 0 f , 0 . 0 f , 1 . 0 f ,
37 0 . 0 f , 1 . 0 f , 0 . 0 f ,
38 0 . 0 f , 1 . 0 f , 1 . 0 f ,
39 1 . 0 f , 0 . 0 f , 0 . 0 f ,
40 1 . 0 f , 0 . 0 f , 1 . 0 f ,
41 1 . 0 f , 1 . 0 f , 0 . 0 f ,
42 1 . 0 f , 1 . 0 f , 1 . 0 f
43 } ;
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Triangle Indices

Inside void drawcube():
73 / / Draw the s p e c i f i e d t r i a n g l e s .
74 i n t t r i a n g l e s = s i z e o f ( g_ I nd i c e s ) / s i z e o f ( g_ I nd i c e s [ 0 ] ) ;
75 glDrawElements ( GL_TRIANGLES , t r i a n g l e s , GL_UNSIGNED_INT , g_ I nd i c e s ) ;

drawcube.cpp
45 / / A se t o f i n d i c e s f o r 4 t r i a n g l e s to form a cube .
46 s t a t i c GLu int g_ I nd i c e s [ ] = {
47 0 , 1 , 2 ,
48 3 , 2 , 1 ,
49 0 , 2 , 4 ,
50 6 , 4 , 2 ,
51 0 , 4 , 1 ,
52 5 , 1 , 4 ,
53 7 , 5 , 6 ,
54 4 , 6 , 5 ,
55 7 , 6 , 3 ,
56 2 , 3 , 6 ,
57 7 , 3 , 5 ,
58 1 , 5 , 3
59 } ; (0.5, -0.5, 0.5)

(-0.5, 0.5, 0.5)

(-0.5, -0.5, 0.5)

(0.5, 0.5, 0.5)
0

1

2

3
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