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* Cross-language, multi-platform
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OpenGL APIs

OpenGL core library
gl.h, opengl32.lib, opengl32.dll

GLU(OpenGL Utility Library) — part of openGL
glu.h, glu32.lib, glu32.dll

GLUT(OpenGL Utility Toolkit) — not part of openGL
glut.h, glut32.lib, glut32.dl|

openGL extensions
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Freeglut

* GLUT
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Project Setting

* New Visual Studio project

M Start Page - Microsoft Wisual Studio (Administrator)

FILE | EDIT WVIEW DEBUG TEAM  TOOLS  TEST  ANALYZE WINDOW  HELP
Mew * | i® Project. Ctrl+Shift+M
Open * | ‘& web Site_. Shift+Alt+N
Close ‘@ Team Project...
Close Solution B File Ctrl+M
Save Selected Items Ctrl+5 Project From Existing Code... .
R FIUIESSIUNAl ZUL D Discover what
M Save Al Ctrl+Shift+5 . .
o o T You can find informati
Export Template... Start reviewing the followin
Page Setup... b .
: Learn about new features in Bt
i C v Pr t.. ;
Print... Ctrl+p New Projec See what's new in _MET Frame
Account Settings... Open Project... Explore what's new in Team Ft
Recent Eiles » Open from Source Control...
Recent Projects and Solutions 3 Relocate the What's New inforr
K Exit Alt+F4
Recent
OpenaL Announcemer
FaceEditor Updating the news channel...
MYWTK

ConsoleApplication2
Mask

MYVTK
ConsoleApplicationl
MeshOffset




Project Setting

* Win32 Console Application

i T W —— — -—— -_— - Bl
New Project m

b Recent [ .NET Framework 4.5 ~| sort by: [ Default Search Installed Templates (Ctrl+E) @ ~
4 Installed . g
Win32 Console Application Visual C++ Type: Visual C++
4 Templates A project for creating a Win32 console
4 Visual C++ m'j MFC Application Visual C++ application
B3
ATL
I+
CLR Win32 Project Visual Co+
General
I+
MFC & | Empty Project Visual C++
Test
- I+
Win32 DI | Makefile Project Visual C++
TypeScript

b Other Languages
b Other Project Types
Samples

I Online

Click here to go online and find templates.

Name: OpenGL

Location: | DoProjects - | I

Solution name: | [] Create directory for solution
[] Add to source control

[ ok ][ cancel |

%




Project Setting

* Empty project
[ Win32 Application Wizard - OpenGL @g ]

xry  Application Settings

Owerview Application type: Add common header files for:
Windows application AT
Application Settings Ow pel -
I@ Console appli:ﬁﬁnnl MFE
Opu

() Static library

Additional options:

Empty project

Export symbals

| Precom

1]

ompiled header
Security Development Lifecyde (SOL)
checks

Mext = [ Finish ][ Cancel ] |




Project Setting

* Add new item

o C++ file

M OpenGL - Microsoft Visual Studie (Administrator)

FILE EDIT  WVIEW PROJECT BUILD DEBUG TEAM TOOLS TEST  ANALYZE WINDOW  HELP h Installed Templa
- | -2 W ‘ - - | p Local Windows Debugger ~
Type: Visual C++
Selution Explorer > 1 x gl 4 Creates 3 file contzining C++ source
ode
) | - a & ‘ K= st Header File (.h) Visual C++ code
Search Solution Explorer (Ctrl+;) Fe R Data

] Solution 'OpenGL' (1 project)
4 %] OpenGL

45 External Dependencies
Header Files
Resource Files

-

Resource

Web

Utility

Property Sheets
Test

:
"

¥  Class Wizard...

Scope to This
MNew Selution Explorer View

o Copy

X Delete
Rename

A& Properties

Ctrl+Shift+A
Shift+Alt+A

New Item b Online

Ctrl+Shift+X Existing ftem...
Mew Filter
Class...

Ctrl+X
Ctrl=C

Ctrl+v

Resource.

Del
F2

Click here to go online and find templates

Name: main

Location: | De#eroject#OpencLy




Project Setting

* Copy files to project root folder(32-bit)

Copy include, lib folders to root folder

Copy bin\freeglut.dll to root folder

=) B [ |
o -
@\J" |l » ZEH » =T COA3 (D) » Project » OpenGL » ~ [ 44 ||| OpencL z4 o]
——— =
ey  @HETN =21  MEH =~ O @
=2 ax 4 oz : =ET LA 2% 37|
& Dropbox | L. include 2014-09-15 2=.. Y =4 |
i T 2014-09-15 9= oY =0 |
ﬁ_Ewlga 5 % freeglutdll 2013-05-06 2=. 22 =Z=J% 2% 224KB|
A_pm' o main.cpp 2014-08-15 @=..  C++ Source file 1KB
i:t OpenGL.opensdf 2014-09-15 2= OPENSDF 0+ 1KB
g ESQ (75 OpenGL.sdf 2014-09-15 2=..  5QL Server Comp... B4KB
B A 5 8 OpenGLsin 2014-09-15 2=.. Microsoft Visual ... 1KB
> 2; =| 4 openGLviZsuo 2014-09-15 2= Visual Studio Sol. OKB
= ] OpenGL.vcxproj 2014-09-15 @=.. VC++ Project 4KB
_ 71 OpenGL.vexproj filters 2014-08-15 2=..  VC++ Project Filt... 1KB
M aEy
&=z023
s B3 023 (D)
&) DVD RW S2t0]
NI 2
ol 370 55 HEHSLUCH S35 9 2013-05-06 2= 454 - 2014-09-15 2= 1240
———— |

If you want to make a 64-bit program, it’s different(see next page)
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Project Setting

* Copy files to project root folder(64-bit)
Copy include folder (same!)
Copy lib\x64\freeglut.lib to lib folder
Copy bin\x64\freeglut.dll to root folder

* Note: You can make a 32-bit program on a 64-bit system.




Project Setting

* Project properties

n OpenGL - Microsoft Visual Studic (Administrator)
FILE EDIT WIEW | PROJECT | BULD DEBUG TEAM TOOLS TEST ANALYZE WINDOW  HELP

O |8 -8 % AddClas. ito ~| & - [pebug -] [win32 -] =
B*  Class Wizard... Cirl=Shift+X
Solution Explorer
- ‘O Add New Item... Ctrl+Shift+A
@ o-a, . :
0 Add Existing Item... Shift+Alt+A

Search Solution Explor

= sol Exclude From Project
Solution 'OpenGL ..
“ PENST i@ Show All Files

4 [%] OpenGL
¥5 External D¢ Rescan Solution
¥ Header File Set as StartUp Project
0 Resource F
4 Source Filg

k2

o)

B Manage NuGet Packages...

™ Enable NuGet Package Restore
F

Froperties Alt+F7




Project Setting

* Addition Include Directories

OpenGL Property Pages

A=)

Cenfiguration: ’Active(Debug)

VC++ Directories
4 C/C+s
General
Optimization
Preprocessor
Code Generation
Language
Frecompiled Heade
CQutput Files
Browse Informatior
Advanced
All Options
Command Line
Linker
Manifest Tool
XML Document Gener:
Browse Information
Build Events
Custom Build Step

AR A R

1 1 3

-

m

Code Analysis Ie

v] Platform: [ActiveMinSE] v] ’ Configuration Manager... ]
Additional Include Directories Jinclude E|
Additional #using Directories
Debug Information Format Program Database for Edit And Continue (/2I)

Commeon Language RunTime Suppc
Consume Windows Runtime Extensi

Suppress Startup Banner Yes (/nclogo)
Warning Level Level3 (/W3)
Treat Warnings As Errors Mo (W=
SDOL checks Yes (/sdl)

Multi-processor Compilation

Additional Include Directories

Specifies one or more directories to add to the include path; separate with semi-colons if more
than one.  (/I[path])

go0 || 52 || =mam




Project Setting

* Addition Library Directories
OpenGL Property Pages @g1

Configuration: [Active([.‘tebug] v] Blatform: [ActivefWinS?_] vl [ Cenfiguration Manager... ]
- Common Properties -~ Qutput File $(CutDir) $(TargetMame) $(TargetExt)
4 Configuration Properties | | Show Progress Mot Set
General Version
Debugging Enable Incremental Linking Yes (/INCREMENTAL)
VC++ Directories Suppress Startup Banner Yes (fNOLOGO)
b C/Ce+ Ignore Import Library Mo
I 4 Linker Register Cutput Mo
N Sili Per-user Redirecticn Mo
Inpu*l: . E Additional Library Directories Jlib E
Bﬂ;;::;:;le Link I_.ibrar}r Dependencies Yes
System U.se Library Dependency Inputs Mo
Optimization Link Status
Embedded IDL Prevent DIl Binding
Windows Metadata Treat Linker Warning As Errors
Advanced Force File Cutput
All Options b Create Hot Patchable Image
Command Line Specify Section Attributes

I Manifest Tool
I XML Document Gener it

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

R N
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Project Setting

* Add three files to Addition Dependencies:

opengl32.lib, glu32.lib, freeglut.lib
erenGL Property Pages m1

Configuration: [Active(Debug] vl Flatform: ’ActiveMinSE] v] [ Configuration Manager... ]
WC++ Directories - Additional Dependencies pengl32.Iib:glu32.Iib:freeg|ut.lib|kernel3z.lib:userE
b C/C++ Ignore All Default Libraries
4 Linker Ignore Specific Default Libraries
General i Madule Definition File
Input Add Module to Assembly
Manifest File

Ermnbed Managed Resource File

Debugging Force Symbol References
System Delay Loaded Dlls
Optimization

Embedded DL Assembly Link Resource

Windows Metadata
Advanced
All Options
Command Line
Manifest Tool
XML Document Gener;
Browse Information
Build Events

Custom Build Step Additional Dependencies
Code Analysis Specifies additicnal items to add to the link command line [i.e. kernel32.lib]

m
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Project Setting

* (64-bit only)

Change configuration

=

HELP
|Debug  ~| win32 - | i

Win32
i Configuration Manager...
main(int argc, ck

r = b
Configuraticn Manager m

il N
Active solution configuration: Active solution platform NEW SGIUtl'Dn Plaﬂ:ﬂrm M
Debug -] [winz2 =
Win32
Project contexts (check the project configurations to build or dc .
Project Configuration <Edit...> T}fpf:" or ‘E‘ElECt thE new El-ﬂﬂDrm.
OpendL Debug [=] winz2 [=] K54| -
Copy settings from:
| win32 |

Create new project platforms

ok || Cancel |

4




Code example

#include <gl/freeglut.h>

(5710 ESREC
void display() | OpenGL |

{

glClearColor(l.0f, 1.0f, 1.0f, 1.0f);
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(@.0f, 0.0f, 1.0f);

glBegin(GL_POLYGON);
glvertex2f(-0.5f, -0.5f);
glvertex2f(0.5f, -0.5f);
glvertex2f(0.5f, 0.5f);
glvertex2f(-0.5f, 0.5f);
glEnd();

glFinish();

int main(int argc, char** argv)

glutInit(&argc, argv);
glutCreateWindow("OpenGL");
glutDisplayFunc(display);
glutMainLoop();

return 0;




OpenGL Primitives

glBegin(GL_xxxx); ~~ glEnd();

GL_LINES % G

GL_LINE STRIP GL_LINE_LOOP

D L 4

GL_TRIANGLES

J‘IIII.'P' GL_QUADS

GL_QUAD STRIP

GL_POLYGON
GL_POINTS

GL_TRIANGLE STRIP GL_TRIANGLE FAN




Drawing Primitives

glVertex3fv( v )

Number of Data Type Vector
components b - byte el e Bop
2 - (x,y) :b g :ziignad o o scalar fB8rm
3 - (x,y,%) us - unsigned short
4 - (x,y,2,w) § kas glVertex2f( x, y )
ui - unsigned int
f - float
d - double

[




Modelview & Projection matrix

* Modelview Matrix * Common

The relative _transformation glMatrixMode()
between object and camera glLoadldentity()

ITranslate
& Y glPushMatrix()

glRotate() _
glScale() glPopMatrix()

gluLookAt()
* Projection Matrix

Clipping volume (viewing
frustum)

Projection to screen
glOrtho()
gluOrtho2D()
glFrustum()
gluPerspective()




Projection transformation

Projection transformation

World=space view Scraan-space view

gluPerspective

World-space view Screen-space view

glOrtho




Code example(2)

#include <gl/freeglut.h> void display() int main(int argc, char** argv)
{ {

void drawBox() glClearColor(1.0f, 1.0f, 1.0f, 1.0f); glutInit(&argc, argv);

{ glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB);
glColor3f(l.0f, 0.0f, 0.0f); glClear(GL_COLOR_BUFFER_BIT); glutInitWindowSize (500, 500);
glBegin(GL_LINE_LOOP); glutInitWindowPosition(250, 250);
glvertex3f(-1.0f, -1.0f, -1.0f); glColor3f(e.0f, @0.0f, 1.0f); glutCreateWindow("OpenGL Example 2");
glVertex3f(l.0f, -1.0f, -1.0f);
glVertex3f(1.0f, 1.0f, -1.0f); glPushMatrix(); glutDisplayFunc(display);
glVertex3f(-1.0f, 1.0f, -1.0f); glTranslatef(0.0f, 0.0f, -2.0f); glutReshapeFunc(reshape);
glEnd(); glRotatef(45.0f, 1.0f, 1.0f, 1.0f);
glColor3f(0.0f, 1.0f, 0.0f); glScalef(0.5f, 0.7f, 0.5f); glutMainLoop();
glBegin(GL_LINE_LOOP); drawBox(); return 0;
glvertex3f(-1.0f, -1.0f, 1.0f); glPopMatrix(); }
glVertex3f(l.0f, -1.0f, 1.0f); .
glVertex3f(l.0f, 1.0f, 1.0f); glutSwapBuffers(); £ OpenGL Example 2 _ (=]
glVertex3f(-1.0f, 1.0f, 1.0f); }
glEnd();
glColor3f(0.0f, 0.0f, 1.0f); void reshape(int w, int h)
glBegin(GL_LINES); {
glVertex3f(-1.0f, -1.0f, -1.0f); glViewport(@, 0, w, h);
glvertex3f(-1.0f, -1.0f, 1.0f); glMatrixMode (GL_PROJECTION);
glVertex3f(l.0f, -1.0f, -1.0f); glLoadIdentity();
glVertex3f(l.0f, -1.0f, 1.0f); glortho(-1.0f, 1.0f, -1.0f, 1.0f, 0.1f,
glvertex3f(1.ef, 1.ef, -1.0f); 50.0f); I
glvertex3f(1.0f, 1.0f, 1.0f); glMatrixMode (GL_MODELVIEW);
glvertex3f(-1.e0f, 1.0f, -1.0f); gllLoadIdentity();
glvertex3f(-1.0f, 1.0f, 1.0f); }
glEnd();

}




Reshape funtion

AEG G eEHEEs

* glViewport(GLint x, GLint y, GLsizei w,GLsizei h)

- Viewport
—— L-Graphics window
Clipping window
W) Openit Bumpie 2 - [E=pE—)
.,/"'! I".II \
."I I",
\ '.
i \

4— glViewport(250, 0, w-250, h);




Callback functions

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

glutReshapeFunc(void (*func)(int width, int height));

glutKeyboardFunc(void (*func)(unsigned char key, int x, int y));

glutMouseFunc(void (*func)(int button, int state, int x, int y));

glutMotionFunc(void (*func)(int x, int y));

glutldleFunc(void (*func)(void));




Learning OpenGL

* The Red Book

* opengl.org

* nehe.gamedev.net

¢ lighthouse3d.com/opengl
* Google
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