
Development of GamesDevelopment of Games
Lecture 9Lecture 9

Introduction to OpenGLIntroduction to OpenGL
(used slides from (used slides from Ulf Assarsson,

Department of Computer Engineering
Chalmers University of Technology

and Alexey Ignatenko, Moscow State University)
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SGI and GLSGI and GL

Silicon Graphics (SGI) Silicon Graphics (SGI) 
revolutionized the graphics revolutionized the graphics 
workstation by implementing the workstation by implementing the 
pipeline in hardware (1982)pipeline in hardware (1982)
To access the system, application To access the system, application 
programmers used a library called programmers used a library called 
GLGL
With GL, it was relatively simple to With GL, it was relatively simple to 
program three dimensional program three dimensional 
interactive applications interactive applications 
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OpenGLOpenGL

The success of GL lead to OpenGL The success of GL lead to OpenGL 
(1992), a platform(1992), a platform--independent independent 
API that was API that was 
•• Easy to useEasy to use
•• Close enough to the hardware to get Close enough to the hardware to get 

excellent performanceexcellent performance
•• Focus on renderingFocus on rendering
•• Omitted windowing and input to avoid Omitted windowing and input to avoid 

window system dependencieswindow system dependencies
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Architecture of OpenGLArchitecture of OpenGL

Set of librariesSet of libraries
•• E.g. for WindowsE.g. for Windows

ProgramProgram

GLUGLU

GLGL

GLUTGLUT

Win32 APIWin32 API

Frame bufferFrame buffer
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OpenGL ArchitectureOpenGL Architecture

Immediate Mode

Display
List

Polynomial
Evaluator

Per Vertex
Operations &

Primitive
Assembly

Rasterization Per Fragment
Operations

Texture
Memory

CPU

Pixel
Operations

Frame
Buffer

geometry
pipeline



Andrey V.Gavrilov                                   Andrey V.Gavrilov                                   
Kyung Hee UniversityKyung Hee University

66

Software OrganizationSoftware Organization

GLUT

GLU

GL

GLX, AGL
or WGL

X, Win32, Mac O/S

software and/or hardware

application program

OpenGL Motif
widget or similar
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Connecting APIConnecting API’’ss

AGL, GLX, WGLAGL, GLX, WGL
•• Links betweenLinks between OpenGL and Windows OpenGL and Windows 

SystemSystem

GLU (OpenGL Utility Library)GLU (OpenGL Utility Library)
•• Part ofPart of OpenGLOpenGL
•• NURBS, NURBS, tessellatorstessellators, quadric shapes, etc, quadric shapes, etc

GLUT (OpenGL Utility Toolkit)GLUT (OpenGL Utility Toolkit)
•• RemovableRemovable APIAPI
•• Unofficial part ofUnofficial part of OpenGLOpenGL
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What is needed for working with 
OpenGL

What is needed for working with What is needed for working with 
OpenGLOpenGL

.cpp

opengl32.lib gl.h

glu32.lib glu.h

glut32.lib

glut.h

opengl32.dll
glu32.dll

glut32.dll

.exeC++
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PrimitivesPrimitives

PolygonesPolygones
•• EdgesEdges
•• VertexVertex
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Commands ofCommands of OpenGLOpenGL
Description of primitivesDescription of primitives
•• Points, triangles, polygons, vertex Points, triangles, polygons, vertex 

and so onand so on
Description of lightingDescription of lighting
•• PositionPosition, , colorcolor and so onand so on
Definition of attributesDefinition of attributes
•• Color, material, textureColor, material, texture
TransformationsTransformations
•• RotationRotation, , translationtranslation, , cameracamera
Visualization Visualization 
•• Control of output on screenControl of output on screen
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Functions ofFunctions of OpenGLOpenGL

glVertex3fv ( v )

2 – (x, y)
3 – (x, y, z)
4 – (x, y, z, w)

Number of 
components

B – byte
ub – unsigned byte
s – short
us – unsigned short
I – int
ui – unsigned int
f – float

Kind of data

«v» is absent for 
scalar forms

glVertex2f(x,y)

Vector

d – double
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Definition of objectsDefinition of objects in in 
OpenGL by primitivesOpenGL by primitives

glBeginglBegin( prim_type );( prim_type );

glEndglEnd();
glVertex{234}{df}[v]()

();

glBegin (GL_POINTS);
glVertex2f (-0.25, -0.25);
glColor3f (0.0, 0.0, 1.0);
glVertex2f (-0.25, 0.25);
glColor3f (Color [0], Color [1], Color [2]);
glVertex2f (0.25, 0.25);

glEnd;
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PrimitivesPrimitives



Andrey V.Gavrilov                                   Andrey V.Gavrilov                                   
Kyung Hee UniversityKyung Hee University

1414

Primitives in OpenGLPrimitives in OpenGL

GL_POINTS GL_LINES GL_LINE_STRIP

GL_QUADS

GL_TRIANGLE_STRIP GL_QUAD_STRIPE

GL_TRIANGLES

GL_POLIGON
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TrianglesTriangles

glBegin(GL_TRIANGLES);
glColor2f(0.0f,1.0f);
glVertex2f(150.0f, 50 .0f);
glVertex2f(50.0f, 150 .0f);
glVertex2f(200 .0f, 200 .0f);

glEnd();
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GL_QUAD_STRIPE
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Sample pseudoprogram
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Matrices of transformationsMatrices of transformationsMatrices of transformations

void glTranslated(GLdouble x,
GLdouble y,
GLdouble z);

void glScaled(GLdouble x,
GLdouble y,
GLdouble z);

void glRotated(GLdouble angle,
GLdouble ax,
GLdouble ay,
GLdouble az);

void gluPerspective(GLdouble fov,
GLdouble aspect,
GLdouble znear,
GLdouble zfar);
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PipelinePipeline

Per-vertex operations and 
primitive assembly
Per-vertex operations and 
primitive assembly

Rasterization and per-
fragment operations
Rasterization and per-
fragment operations

Pixel operationsPixel operations

Frame-bufferFrame-buffer

TexturesTextures

Sources of lightSources of light

Attributes of 
vertex
Attributes of 
vertex

The vertex of any object at 
moment of definition 
immediately is putting to 
pipeline and is passed all 
stages of processing
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The GL state machineThe GL state machine
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Controlling the stateControlling the state
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Attributes of vertexAttributes of vertex

Every vertex besides Every vertex besides positionposition may may 
have some other attributes:have some other attributes:
•• MaterialMaterial
•• ColorColor
•• NormalNormal
•• Texture coordinatesTexture coordinates

Always current values of attributes Always current values of attributes 
are usedare used
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Process of visualizationProcess of visualization
Define window for drawingDefine window for drawing
Define constant attributes and properties Define constant attributes and properties 
(sources of lights, textures and so on)(sources of lights, textures and so on)
For every frameFor every frame
•• Clear frameClear frame--bufferbuffer
•• Define position of cameraDefine position of camera
•• For every objectFor every object

Define transformationDefine transformation
Get attributesGet attributes
Get geometryGet geometry

•• Update windowUpdate window
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Define windowDefine window

glViewport(xglViewport(x,, y, width, height)y, width, height)



Andrey V.Gavrilov                                   Andrey V.Gavrilov                                   
Kyung Hee UniversityKyung Hee University

2525

Operations with frameOperations with frame--bufferbuffer

definition of color for filling of definition of color for filling of 
frameframe--bufferbuffer
•• glClearColor(redglClearColor(red, green, blue, alpha), green, blue, alpha)

Fill screen buffersFill screen buffers
•• glClear(GL_COLOR_BUFFER_BITglClear(GL_COLOR_BUFFER_BIT);

]1,0[∈alphablue,green,red,

);
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Transformation of coordinatesTransformation of coordinatesTransformation of coordinates
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Matrices of transformationsMatrices of transformationsMatrices of transformations
select the matrix for transformation:

void glMatrixMode(Glenum mode);
mode={GL_MODELVIEW|GL_PROJECTION}

void glLoadIdentity();

Two main operations on matrices:

EM =
void glMultMatrixd(GLdouble c[16]);

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⋅=

]15[]11[]7[]3[
]14[]10[]6[]2[
]13[]9[]5[]1[
]12[]8[]4[]0[

cccc
cccc
cccc
cccc

MM



Andrey V.Gavrilov                                   Andrey V.Gavrilov                                   
Kyung Hee UniversityKyung Hee University

2828

Stack of matricesStack of matricesStack of matrices
E

glLoadIdentity();
glTranslated(…);

glPushMatrix();
glRotated(…);
glPopMatrix();

glPushMatrix();
glRotataed(…);
glPopMatrix();

T

T
T*R1

T

T
T*R2
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TransformationsTransformations

mdlview MMM ⋅=

Mmdl - glTranslate, glRotate, glScale

Mview - gluLookAt( eyex, eyey, eyez, 
aimx, aimy, aimz,
upx, upy, upz)

Eye – coordinates of camera
Aim – coordinates of target
Up – direction to up
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Transformations (2)Transformations (2)

glMatrixMode(GL_MODELVIEWglMatrixMode(GL_MODELVIEW););
gluLookAtgluLookAt(..);(..);

glTranslateglTranslate((……););
glRotateglRotate((……););
glTranslateglTranslate((……););
glBeginglBegin((……););
……
glEndglEnd();

Camera 

Model 
transformation

Geometry
();
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Camera and projection matrixCamera and projection matrix
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Perspective projectionPerspective projection

glMatrixModel(GL_PROJECTIONglMatrixModel(GL_PROJECTION););

gluPerspectivegluPerspective((……))
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gluPerspectivegluPerspectivegluPerspective

X

Y

Z

0

O1

O2

A1

B1

C1 D1

A2

B2

C2
D2

void gluPerspective(GLdouble fov,
GLdouble aspect,
GLdouble znear,
GLdouble zfar);

fov = D1OA1 (in degrees)
aspect = C1D1/D1A1
znear = |OO1|
zfar = |OO2|
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ColorColor
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LightLight
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Example of lightingExample of lighting
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MaterialMaterial
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ShadingShading
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TexturesTextures
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Textures (2)Textures (2)
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