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Image Processing & Computer Graphics E’
Programming

+  Windows 2D graphics API

« Concept of Context

« 3D programming technologies (Direct3D vs. OpenGL)
« OpenGL functions

« OpenGL context

« Scene, lights and shading

« Transformations and matrix stack

« Rendering objects

« Tutorials
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Image Processing & Computer Graphics II
Windows GDI API

Y/,

‘ System (Windows GUI API)

Program
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Windows and pixmaps are collectively named drawables, and their content data resides on the senver. A client can however request |
the content of a drawable to be transferred from the senver to the client or vice versa

Graphic contexts and fonts [edit]

The client can request a number of graphic operations, such clearing an area, copying an area into another, drawing points, ines.
rectangles, and text. Beside clearing, all operations are possible on all drawables, both windows and pixmaps

Most requests for graphic operations include a graphic context, which is a structure that contains the parameters of the graphic
operations. A graphic context includes the foreground color, the background color, the font of text, and other graphic parameters.
When requesting a graphic operation, the client includes a graphic context. Not all parameters of the graphic context affect the
operation: for example, the font does not affect drawing a line.

The core protocol specifies the use of sever-side fonts ¥/ Such fonts are stored as files, and the senver accesses them either directly
via the local ilesystem or va the network from another program called font server. Clients can request the list of fonts available to the
server and can request a font to be loaded (i not already) or unloaded (f not used by other clients) by the server. A client can request
general information about a font (for example, the font ascent) and the space a specifc string takes when drawn with a specific font.

‘The names of the fonts are arbitrary strings at the

T ) ]
level of the X Window core protocol. The X logical 0 e =T
font description conventions!®! specify how fonts
should be named according to their attributes =
These conventions also specify the values of ABCOEFGHIIKLHNOPQRSTUVHKYZ
optional properties that can be attached to fonts. abcdefghi Jklanoparstuvuxyz

012345678
The x1s£oncs program pints the lst of fonts argEIBREGMGEIDRGD
stored in the senver. The xfontsel program
shows the glyphs of fonts, and allow the user to The xEantasl program allows the user o view the giyphs of a font. &
select the name of a font for pasting it in another
window.

The use of server-side fonts is curently considered deprecated in favour of client-side fonts. " Such fonts are rendered by the client
not by the server, with the support of the Xt or cairo libraries and the XRender extension. No specification on client-side fonts is given
in the core protocol. [
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L :9 Technical details [edit]
Haliano
Lietwiy A Device Gontext (DC) is used to define the attributes of text and images that are output to the screen or printer. The actual context is

maintained by GDI. An HDC, which s a handle to the structure, is obtained before output is witten and released after the elements
Polski have been written

;“c"c“ifs ADC, like most GDI objects, is opaque - its data cannot be accessed directly, but its handle can be passed to various GDI functions
. that will operate on it, sither to draw an object, to retrieve information about it, or to change the object in some way.

Slovenéina
- GDI+ [edit)

With the introduction of Windows XP, GDI was deprecated in favor of its successor, the C++ based GDI+ subsystem. Unlike its
predecessor GDI which did not access the graphics hardware directly, GDI+ provided hardware acceleration by interacting directly with
the graphics device on behalf of the application 'l GDI+ adds anti-aliased 2D graphics, flating point coordinates, gradient shading.
more complex path management, intrinsic support for moder graphics-file formats like JPEG and PNG, and support for composition
of afine transformations in the 2D view pipeline. GDI+ uses ARGB values to represent color. Use of these features is apparent in
Windows XP's user interface and several of it applications such as Microsoft Paint, Windows Picture and Fax Viewer, Photo Printing
Wizard, My Pictures Slideshow screensaver, and their presence in the basic graphics layer greatly simplifies implementations of
vector-graphics systems such as Flash or SVG. The GDI+ dynamic library can be shipped with an application and used under older
versions of Windows.

Because of the additional text processing and resolution independence capabilities in GDI+. text rendering is nearly an order of
magnitude slower than in GDI.?? Chris Jackson, an application compatibility expert working for Microsoft published some tests.
indicating that a piece of text rendering code he had written could render 99,000 glyphs per secand in GDI, but the same code using
GDI+ rendered 16,600 glyphs per second

The Microsoft NET class library provides a managed interface for GDI+ via the System. Drawing namespace.

GDI is similar in purpose and structure) to Apple’s Quartz 2D subsystem, and the open-source libart and Cairo libraries,
GDI and GDI+ applications in Windows Vista [edit]

Starting with Windows Vista, all Windows applications including GDI and GDI+ applications run in the new compositing engine, i
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Design Tools Windows GOI
Development Tools and Languages
Mobile and Embedded Development
NET Development
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e Windows GDI Start Page
Servers and Enterprise Development

Switch on low bandwidth view

Web Development Parpose
E] Win32 and COM Development The Microsoft® Windowsd® graphics device interface (GDI) enables applications to use graphics and
Administration and Management | formatted text on both the video display and the printer. Windows-based applications do not access the
Component Development § graphics hardware directly. Instead, GDI interacts with device drivers on behalf of applications.

Data Access and Storage
Development Guides
Diagnostics

Documents

Graphics and Multimedia Developer Audience

Where Applicable

GDI can be used in all Windows-based applications.

[ Audio and Video
[ Direct2D This API is designed for use by C/C++ programmers. Familiarity with the Windows graphical user interface
[ Directwrite and message-driven architecture is required.
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Device independence is one of the chief features of Microsoft Windows. Applications can draw and print output on 2 variety of devices. The software that
supports this device independence is contained in two dynamic-link libraries. The first, Gdi.dll, is referred to as the graphics device interface (GDI); the second
is referred to as a device driver. The name of the second depends on the device where the application draws output. For example, if the application draws
output in the client area of its window on a VGA display, this library is Vga.dll; if the application prints output on an Epson FX-80 printer, this library is

Eps:

An application must inform GDI to load a particular device driver and, once the driver is loaded, to prepare the device for drawing operations (such as
Selecting a line color and width, a brush pattern and color, a font typeface, a clipping region, and o on). These tasks are accomplished by creating and
maintaining a device context (DC). A DC is 2 structure that defines a set of graphic objects and their associated attributes, and the graphic modes that affect
output. The graphic objects include a pen for line drawing, a brush for painting and filling, a bitmap for copying or scrolling parts of the screen, a palette for
defining the set of available colors, a region for clipping and other operations, and a path for painting and drawing operations. Unlike most of the structures, an
application never has direct access to the DC; instead, it operates on the structure indirectly by calling various functions.

£ This overview provides information on the following topics:

Graphic Objects
Graphic Modes

+ Device Context Types

+ Device Context Operations

+ ICM-Enabled Device Context Functions

An important concept is the layout of a DC or a window, which describes the order in which GOI objects and text are revealed (either left-to-right o right-to-
Ieft). For more information, see "Window Layout and Mirroring" in Window Features and the GetLayout and SetLayout functions.

Send commente ahout this tonie tn Micrnsos: I

Image Processing & Computer Graphics I:I

How to create and delete context

/' Window redrawing context
HDC context = BeginPaint(window, &rect);
/I Drawing functions come here
EndPaint(window, &rect);
1/ Printer context
PRINTDLG pd;
PrintDlg(&pd);
HDC context = pd.hDC;
StartPage(context);
/I Drawing functions come here
EndPage(context);
DeleteDC(context);

Lo ut
ErErTE

/I Windows metafile context

HDC context =CreateEnhMetaFile(NULL, “file.emf”, NULL, NULL);
/I Drawing functions come here

CloseEnhMetaFile(context );

KAPITAL LUDZKI
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Modifying context

HPEN pen;

HBRUSH brush;

HGDIOBUJ oldpen, oldbrush;

pen = CreatePen(PS_SOLID, 1, RGB(rp, gp, bp)); // rp, gp, bp sa skiad. koloréw
brush = CreateSolidBrush(RGB(rb, gb, bb)); // rb, gb, bb sq skiad. koloréw
oldpen = SelectObject(context, pen);

oldorush = SelectObject(context, brush);

// Drawing functions come here

SelectObject(context, oldbrush);
SelectObject(context, oldpen);
DeleteObject(brush);
DeleteObject(pen);

Projekt wspéifinansowany przez Unig Europejska A EUROPESSKA
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GDI drawing functions

SetPixelV(context, x, y, RGB(r, g, b));
MoveToEx(context, x, y, NULL);
LineTo(context, x, y);
Rectangle(context, x1, y1, x2, y2);
TextOut(context, x, y, "Napis”, z);
StretchDIBits(context,
win_left, win_left, win_right, win_bottom,
bmp_left, bmp_left, bmp_right, bmp_bottom,
bmp_pointer, header_pointer,
DIB_RGB_COLORS, SRCCOPY);

HENHMETAFILE hemf = GetEnhMetaFile(*file.emf”);
PlayEnhMetaFile(context, hemf, &rect);
DeleteEnhMetaFile(hemf);
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Brushes
Clipping

Colors.

Coordinate Spaces and Transformations.
Device Contexts

Filed Shapes

Fonts and Text

Windows GDI Start Page
Purpose

The Microsoft® Windows® graphics device interface (GD) enables applications to use
oraphics and formatted text on both the video display and the printer. Windows-based
Lines and Curves applications do not access the graphics hardware directly. Instead, GO interacts with
device drivers on behalf of applications.

Metafiles
Muliple Display Monitors

Painting and Drawing Where Applicable
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Fothe GDI can be used in all Windows-based applications.

pens

Printing and Print Spooler Developer Audience

Rectangles

Regions This API s designed for use by C/C++ programmers. Familiarity with the Windows
Windows Image Acquisition (WIA) graphical user interface and message-driven architecture is required. i

Windows Imaging Component [sells] Bl
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Image Processing & Computer Graphics E’
Message/Event system

o —
: Function
responding
to events
Window creation <
Responding to events
e Etopesilogs Fandusa Speeconege. e [

Image Processing & Computer Graphics zl
Responding to events

JINAPI WinProc( HND okno, UINT knnk, WPARAM wparam, LPARAM lparam )
HDC kontekst;
Rl

Strukery

o

-, a2
. WLCLOSE, 0, 0L
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Libraries which takes over (C++ Builder)

#include <vel.h>
#pragna hdrsto

USEFORM("Unit1.cpp”, Forml);

WINAPT WinMain (HINST HINSTANCE, LPSTR, int)
{

try

0

Application—>Initi
Application—>Creat.
Application—>Run();

ize();

n(__classid (TF:

h (Exception sexception)

Applica

ion->ShowExcept ion (se:

ception) ;

throw Exc

ption("");

toh (Bxc

tion sexception)

Application->ShowException (sexception) ;
}

}
return 0;
}

Projekt wspdifinansowany przez Unie Europeiska PR,
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Image Processing & Computer Graphics E

Libraries which takes over (C++ Builder)

#include <vecl.h>
#pragma b op
#include "Unitl.h"

na package (smart_init)
agma resource "*.dfm"

TForml *Forml;

/1
__fastcall TForml::TForml (TComponent* Owner)
: TForm(Owner)

{
2?7?
! ;.
void __fastcall TForml::ButtonlClick (TObject *Sender)

{

2?7

. =
MessageBeep( 1) L L E]
}

= Button! i

Projekt wspdifinansowany przez Unie Europejska. A EUROPESSKA
Kepmauozd, w ramach Europejskiego Funduszu Spolecznego .

Image Processing & Computer Graphics a

OpenCV for image processin

o o e b W G oo

httpz/en.wikipedia.org/wiki/OpenCV

http://opencv.willowgarage.com/wiki/

indiana.

o i o e St RO e To et

o =
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OpenCV functions

» Naming convention: OpenCV lioraries:
cxcore — basic structures and functions

CVCirCle( cee ) cv—image processing functions

cvaux — auxiliary library

N~ h B "
igui — user interface functions
é g ml— machine learning
Qo S
o [5) C/C++ header files: cv.h, cvaux.h, cxcore.h, mlLh,
I g cveam.h, highgui.h
E = Binary libraries (Windows): cv.lib, cvaux.lib, cvcam.lib,
g cvhaartraining.lib,

cxcore.lib, exts.lib,
highgui.lib, ml.lib

Projekt wspdifinansowany przez Unie Europejska. A EUROPESKA
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OpenCV programing example

Tweshoite — |

PL_DEPTH_SU, 1)
PL_peTH_auU,

eTrackbar (tbarnane,

OpenCV sample code edge.c

Projekt wspdifinansowany przez Unig Europejska. [ —
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OpenCV programing example

.. o)
Conturtons [actveioc) [xv] o [acvewec) o
image ) [m)
d B o
‘ = e .
SRl e
® CIC++ ‘Add Module to Assembly
= Linker Embed Managed Resource File
B Force Symbol References
Delay Loaded DiLs
terkest Ex Assembly Link Resource
e
el
Sy
e
el
e
e
Additional Dependencies
]
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Three dimensional graphics API

Direct3D

OpenGL
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Direct3D

From Wikipedia, the free encyclopedia

Direct3D is part of Microsofs DirectX API. Direct3D is only available for Microsot's various Windows operating systems (Windows 95
and above) and is the base for the graphics API on the Xbox and Xbox 360 console systems. Direct3D is used to render three
dimensional graphics in applications where performance is important, such as games. Direct3D also allows applications to run
fullscreen instead of embedded in a window, though they can still run in a window if programmed for that feature. Direct3D uses
hardware acceleration if it is available on the graphics card, allowing for hardware acceleration of the entire 3D rendering pipeline or
even only partial acceleration. Direct3D exposes the advanced graphics capabiliies of 3D graphics hardware, including z-buffering
anti-aliasing, alpha blending, mipmapping, atmospheric effects, and perspective-correct texture mapping. Integration with other DirectX
technologies enables Direct3D to deliver such features as video mapping, hardware 3D rendering in 2D overlay planes, and even
sprites, providing the use of 2D and 3D graphics in interactive media titles.

Direct3D is a 30 API. That is, it contains many commands for 3D rendering, however since version 8 Direct3D has superseded the old
DirectDraw framework and also taken responsibility for the rendering of 2D graphics ') Microsoft strives to continually update Direct3D
1o support the latest technology available on 30 graphics cards. Direct3D offrs fll vertex software emulation but no pixel sofware
emulation for features not available in hardware. For example, if software programmed using Direct3D requires pixel shaders and the
video card on the user's computer does not support that feature, Direct3D will not emulate it, although it will compute and render the
polygons and textures of the 3D models, albeit at a usually degraded quality and performance compared to the hardware equivalent.
The API does define a Reference Rasterizer (or REF device), which emulates a generic graphics card in software, although it is too
slow for most real-time 3D applications and is typically only used for debugging

Direct3D's main competitor is OpenGL. There are numerous features and issues that proponents for either API disagree over, see
comparison of Direct3D and OpenGL for a summary.
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History [edit]
In 1992, Servan Keondjian started a company named RenderMorphics, which developed a 3D graphics API named Reality Lab, which
was used in medical imaging and CAD software. Two versions of this AP were released. Microsoft bought RenderMorphics in
February 1995, bringing Keondjian on board to implement a 3D graphics engine for Windows 95. This resulted in the fist version of
Direct3D that shipped in DirectX 2.0 and DirectX 3.0.
Direct3D initially implemented "retained mode" and “immediate mode” 3D APls. The retained mode was a COM-based scene graph
AP that attained litle adoption. Game developers clamored for more direct control of the hardware's actvities than the Direct3D
retained mode could provide. Only one game that sold a significant volume, Lego Island, was based on the Direct3D retained mode, s0
Microsoft did not update the retained mode after DirectX 3.0.
The first version of Direct3D immediate mode was based on an "execute buffer” programming model that Microsoft hoped hardware
vendors would support directly. Execute bufers were intended to be allocated in hardware memory and parsed by the hardware in
order to perform the 3D rendering. They were extremely awkward to program, however, hindering adoption of the new API and
stimulating calls for Microsot to adopt OpenGL as the oficial 3D rendering AP! for games as wel as workstation applications. (see
OpenGL vs. Direct3D)
Rather than adopt OpenGL as a gaming API, Microsoft chose to continue improving Direct3D, not anly to be competitive with OpenGL
but to compete more effectively with proprietary APIs such as 3dfxs Giide. A team in Redmond took over development of the Direct3D
Immediate mode, while Servan's RenderMorphics team continued work on the Refained mode.
Direct3D 5.0 introduced the DrawPrimitive AP that eliminated the need for applications to construct execute buffers.
Direct3D 6.0 introduced numerous features to cover contemporary hardware (such as multitexture ! and stencil buffers) as well as.
optimized geometry pipelines for x37, SSE and 3DNow! and optional texture management to simpliy programming. Direct3D 6.0 also
included support for features that had been licensed by Microsoft fiom specific hardware vendors for inclusion in the AP, in exchange
forthe time-o-market advantage to the licensing vendor. S3 texture compression support was one such feature, renamed as DXTC for
purposes of inclusion in the API. Another was TriTech's proprietary bump mapping technique. By including these features in DirectX
Microsoft vitually guaranteed that all PC graphics hardware vendors would support the feature at their earliest opportunity, dring
industry standardization in a way that was inconceivable under the auspices of the OpenGL Architectural Review Board.
Direct3D 7.0 introduced the dds texture format!”) and support for transform and lighting hardware acceleration (first available on PC
hardware with NVIDIA's GeForce), as well as the abilty to allocate vertex bufers in hardware memory. Hardware vertex buffers i
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S Architecture [edit]
Turkge .
Direct3D is a Microsoft DirectX API subsystem component. The aim of Direct3D is to abstract
- the communication between a graphics application and the graphics hardware drivers. It is Applicatins.
presented like a thin abstract layer at a level comparable to GDI (see attached diagram). With a
COM based architecture, the main difference between GDI and DirectaD is that Direct3D is G0l orects
directly connected to display divers and gets better results at rendering than GDI P
Direct3D is an Immediate mode graphics AP, It provides a low-evel interface to every video card
3D function (transformations, clipping, lighting, materials, fextures, depth buffering and 5o on). It Graphics Hardware
also had a higher level Retained mode component, that has now been oficially discontinued.
Abstract Layer &

Direct3D immediate mode presents three main abstractions: devices, resources and swap chains
(see attached diagram). Devices are responsible for rendering the 3D scene. They provide an
interface with diflerent options of renderization. For example, mono device provides white and black renderization and the RGB device
uses colours to render. There are four types of devices

= HAL (hardware abstraction layer) device: if it supports hardware acceleration, the Direct3D code can run at hardware speeds.

= Reference device: it is necessary to install previously the Direct3D SDK to use this device

type, as this allows t to simulate those new features that aren't yet supported by the —
graphics hardware ——

= Null reference device: it does nothing but retums a black screen. This device is used when —
the SDK is not installed and a reference device is requested =

= Pluggable software device: it is used to perform software rasterization. Previously. it was e
needed to provide the device through the RegisterSoftwareDevice method. This device type

was not used until DirectX 9.0.1

Every device contains at least ane swap chain. A swap chain is made up of one of more back
bufer surfaces (rectangular colection of pixel data and its attributes such as colour,
depthstencil, alpha or texture). In the back bufferis where the render will occur.

Device. &

Moreover, devices contain a collection of resources too. Resources are specific data used during rendering. Each resource has four
attributes

=
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Pipeline [edit]

The Microsoft Direct3D 10 API defines a process to comvert a group of vertices, textures, buffers.

and state into an image on the screen. This process is described as a rendering pipeline with bt
several distinct stages. The different stages of the Direct3D 10 pipeline!*l are:(%] ook e
1. Input Assembler: Reads in vertex data from an application supplied vertex buffer and
feeds them down the pipeline g ‘
2. Vertex Shader: Performs operations on a single vertex at a time, such as VortoxShader
transformations, skinning, or lighting 1 f
3 Geometry Shader: Processes entire primitives such as triangles, points. or lines. Given a Geometry H
primitiv, this stage discards it, o generates one or more new primities. Shaer €
4. Stream Output: Can write out the previous stage’s results to memory. This is useful to g
recirculate data back into the pipeline Fsiier g
5. Rasterizer: Converts primitives into pixels, feeding these pixels into the pixel shader. The H
Rasterizer may also perform other tasks such as clipping what is not visible, or e 1
interpolating vertex data into per-pixel data 1 £
6. Pixel Shader: Determines the final pixel colour to be written to the render target and can
also calculate a depth value to be witten to the depth buffer il
7. Output Merger: Merges varous types of output data (pixel shader values, alpha blending, /g i

depthistencil.) o build the final result

The pipeline stages illustrated with a round box are fully programmable. The application provides a
shader program that describes the exact operations to be completed for that stage. Many stages are optional and can be disabled
altogether

Example [edit]

Draving a triangle i Direct3D:

A 3-vercex naluson desinizion i
&
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« OpenGL
N = From Wikipedia, the free encyclopedia
WIKIPEDIA [ @€ 1 b suggested i s b merge o this it o secton. (iscuss)
avigation OpenGL (Open Graphics Library) is a standard specification defining a cross-language. OpenGL
Main page cross-platform AP for writing applications that produce 2D and 3D computer graphics.

Contents The interface consists of over 250 different function calls which can be used to draw
Featured content complex three-dimensional scenes from simple primitives. OpenGL was developed by .mt L
G evers Silicon Graphics Inc. (SGI)in 1992("] and is widely used in CAD, virtual reality, scientific
Random atcle
isualization, information visualization, and fight simulation. I is also used in video

earch games, where it competes with Direct3D on Microsoft Windows platforms (see Direct3D | Developed by E -
vs. OpenGL). OpenGL is managed by the non-profit technology consortium, the Khronos | Latest release 3.1/ arch 24,2009

=) Group. Operating system Cross-platiorm
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History fedit] |

In the 1980s, developing software that could function with a wide range of graphics hardware was a real challenge. Software developers
wrote custom interfaces and drivers for each piece of hardware. This was expensive and resuhted in much duplication of effort
By the early 1990s, Silicon Graphics (SGI) was a leader in 3D graphics for workstations. Their IRIS GL APII®) was considered the
state of the art and became the de facto industry standard, overshadowing the open standards-based PHIGS. This was because IRIS
GL was considered easier to use, and because it supported immediate mode rendering. By contrast, PHIGS was considered dificult
10 use and outdated in terms of functionality.
SGI's competitors (including Sun Microsystems, Hewlett-Packard and IBM) were also able to bring to market 3D hardware, supported
by extensions made to the PHIGS standard. This in tum caused SGI market share to weaken as more 3D graphics hardware
suppliers entered the market. In an efort to influence the market, SGI decided to tum the IisGL AP into an open standard
SGI considered that the IisGL AP itself wasn't suitable for opening due to licensing and patent issues. Also, the IrisGL had API
functions that were not relevant to 3D graphics. For example, it included a windowing, keyboard and mouse API, in part because it
was developed before the X Window System and Sun's NeWS systems were developed
In addition, SGI had a large number of software customers; by changing to the OpenGL APl they planned to keep their customers
locked onto SGI (and IBM) hardware for a few years while market support for OpenGL matured. Meanwhile, SGI would continue to try
to maintain their customers tied to SGI hardware by developing the advanced and propritary Iis Inventor and Irs Performer
programming AP
As a result, SGI released the OpenGL standard
The OpenGL standardised access to hardware, and pushed the development responsibility of hardware interface programs, sometimes
called device drivers, to hardware manufacturers and delegated windowing functions to the underlying operating system. With so many
diflerent kinds of graphic hardware, getting them allto speak the same language in this way had a remarkable impact by giving
software developers a higher level platform for 3D-software development
in 1992,1'% SG! led the creation of the OpenGL architectural review board (OpenGL ARB), the group of companies that would maintain
and expand the OpenGL specification for years to come. OpenGL evalved from (and is very similar in style to) SGI's earlier 3D
interface, risGL. One of the restrictions of risGL was that it only provided access to features supported by the underlying hardware. If
the graphics hardware did not support a feature, then the application could not use it. OpenGL overcame this problem by providing |
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Fahrenheit graphics API
From Wikipedia, he free encyclopedia

WIKIPEDIA | Fahrenheit was an efort to create a unified high-evel AP for 3D computer graphics to unify Direct3D and OpenGL. It was designd
The Free Encyclopedia primarily by Microsoft and SGI and also included work from an HP-MS joint effort. Much of the original Fahrenheit project was

avigation abandoned, and Microsoft and SGI eventually gave up on attempts to work together. In the end only the scene graph portion of the
Main page Fahrenheit system was released, known as XSG, which disappeared shortly afer release
Contents
Featured content Contents frice]
Curtent events 1 History

Random article 1.1 Background

earch 1.2 Fahrenheit emerges
13..and disappears
2 Description

3seealso

4References

teracton
Avout Wikpeaia )
Community poral History fedit
Recentchanges
Contact Wikipedia Background [edit]
Donateto Wikipedia
Help In the 1990s SGI's OpenGL was the de-facto standard for 3D computer graphics. Prior to the mid-90s different platforms had used

varous custom solutons, but SIS power inthe graphics market, combined vith the efots of the OpenGL Architecture Reew Board
(ARB), led tothe rapid standardization of OpenGL across the majoiy of the graphics vorkstation markt. In the mid-1990s Microsoft
licensed OpenGL for their Windows NT operating system as its basic 3D system; Microsof was positoning NT as 2 workstation-class
i system, and OpenGL was required in order to be a real competitor i this space. Inital support was released in Windows NT
e Workstation version 3.5 in 1994.1
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BEGINNINIG A perfect introduction to beginning OpenGL developers: {

OPENGGL St pimives, tanstormations and matices, colo,lighiing
materials, blending, fog, images, bitmaps, texture mapping

GAME PROGRAMMING  €xtensions, text, display lists, vertex arrays, frustum culling, & buffers

Documentation ~ Coding Resources  Products ~ Community  About OpenGL  Khronos Group

Select Books on OpenGL and 3D Graphics Coding

OpenGL Reference Standards

The OpenGL Shading Language 2nd Edition

OpenGL Extensions Guide

OpenGL Reference Manual: The Official Reference Document to OpenGL. Version 1.4
The OpenGL Programming Guide. The Official Guide to Learning OpenGL Version 2.1

Books about OpenGL.

« OpenGL - Uma Abordagem Pratica e Objetiva

o OpenGL(R) ES 20 Programming Guide (OpenGL)

« OpenGL SuperBible 4th Edition

« OpenGL Programming on Mac OS(R) X

« Beginning Game Development with Python and Pygame
« OpenGL Distilled

o 3D Computer Graphics - A Introduction with OpenGL

Computer Graphics with OpenGL (3rd Edition)
ShaderX3” Advanced Rendering with DirectX and OpenGL

QOpen Geometry OpenGL + Advanced Geometry
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OpenGL Reference Manual: The Official Reference Document to OpenGL, Version 1.4

Officially sanctioned by the OpenGL Architecture Review Board (ARB), the OpenGL
Reference Manual, Fourth Edition, is the comprehensive and definitive documentation of
all OpenGL functions. This fourth edition covers OpenGL Version 1.3 and 1.4, including

e pping antialiasing, depth texturing
& shadows and advanced texture application modes. In addition, this book documents the
routines in the OpenGL Utiity Library (GLU 1.3) and added functionality in the OpenGL
extension to the X Window System (GLX 1.3). Buy this book now

The OpenGL Programming Guide: The Official Guide to Learning OpenGL Version 2.1

The OpenGL® Programming Guide, Sixth Edition, provides definitive and comprenensive
information on OpenGL and the OpenGL Utiity Library. The previous edition covered
OpenGL through Version 2.0. This sixth edition of the best-selling "red book" describes
the latest features of OpenGL Version 2.1. You will find clear explanations of OpenGL
_ functionality and many basic computer graphics techniques, such as building and
) rendering 3D models; interactively viewing objects from different perspective points; and

using shading, lighting. and texturing effects for greater realism. In addition, this book
provides in-depth coverage of advanced techniques, including texture mapping.
antialiasing, fog and atmospheric effects, NURBS. image processing, and more. The text
also explores other key topics such as enhancing performance, OpenGL extensions, and
cross-platform techniques. Buy this book now

] i
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OpenGL Programming Guide

OpenGL Programming Guide

The Official Guide to Learning OpenGL, Version 1.1

« About This Guide

Chapter 1. Introduction to OpenGL

hapter 2. State Management and Drawing Geometric Objects
Chapt iewing

Chapter 4. Color
Chapter 5. Lighting
Chapter 6. Blending, Antialiasing, Fog, and Polygon Offset
Chapter 7. Display Lists
Chapter 8. Drawing Pixels, Bitmaps, Fonts, and Images
Chapter 9. Texture Mapping
Chapter 10. The Framebuffer
Chapter 1. Tessellators and Quadrics
Chapter 12. Evaluators and NURBS
Chapter 13. Selection and Feedbacl
Chapter 14. Now That You Know

Appendix A. Order of Operations
Appendix B. State Variables
Appendix C. WGL: OpenGL Estension for Microsoft Windows NT and Windows 95

RO RETbooR Sy Tes W TermeT Ty lover =g

y 2. itpifjoww.opengl orglresourcesicodefsamplsiredbook! ][] [x »
Bl Evos Wk Uibers feudle Pome | Google| 8+ Vs B @ e ® Q- Ozebgse
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[Code samples for the OpenGL v1.1 Programming Guide (Redbook)

‘ode Samples released by SGI with the OpenGL 1.1 distribution in 1997. These are very useful for beginning OpenGL coding and leaming OpenGL
rogram structure. Advanced rendering and later extensions are not covered in these examples

ownload All Sample Code as a single Zip file

This program shows how to draw anti-aliased lines in color index mode. It draws two diagonal ines to form
20 X; when r'is typed in the window, the lines are rotated in opposite directions

Source code: aaindex.c

This program shows how to draw anti-aliased lines. It draws two diagonallines to form an X; when ' is
typed in the window, the lines are rotated in opposite directions

™
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OpenGL Reference Manual
Prev

[OpenGL Reference Manual
JFront Matter

List of Figures

[Table of Contents

Preface
What You Should Know Before Reading This Manual
Acknowledgments

1. Introduction to OpenGL
OpenGL Fundamentals
Basic OpenGL Operation

2. Overview of Commands and Routines

OpenGL Processing Pipeline

Additional OpenGL Commands

OpenGL Utility Library

OpenGL Extension to the X Window System

| Simmare of Commands and Rontines
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GLUT (OpenGL Utiity Toolkit)
‘The OpenGL Utiity Toolkit for X Windows, Windows 95 and Windows NT.

OpenGL Tutors
Tutorial programs that demonstrate basic OpenGL functionality by allowing the user to modify
the parameters of a function and see the efiect on the scene.

Coding at SGI
Various OpenGL programs that | wrote while | was working as an intern at Slicon Graphics.

Coding at E&8
Various OpenGL programs that | wrote while | was working as an infem at Evans &
Sutherland

SIGGRAPH rse
‘The notes for the course | did at SIGGRAPH '97 with Mark Kilgard and Brian Paul (course

24)
|
=
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)~ [E et o, comfonatefutors b [ %] [x »
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Tutors

Tutors source code package (tutors-sc zip 920KB)

Source package + Windows executables (tutors-win32.zip 1.24MB)

Source package + Mac OS X universal binaries (tutors-macosx.zip 1.2M}

niributions from various people (Unix makefiles, etc)

The fog titorial program (shown at right) -
demonstrates how 1o use depth cueing (or
fog) in OpenGL. tincludes command panels .
that allow dynamic update of the parameters ,
for linear, exponential and exponential® fog
functions. The fog color can also be e
dynamically changed _
|

OpenGL functions

Naming convention: Prefix:

glC010r3 fv(...)  o-general OpencL tuncions
S

library prefix
name core

Image Processing & Computer Graphics z=

xgl, wgl, cgl - platform-specific frameworks

glu— utility functions, useful routines, a layer above gl
glut— utility toolkit functions

aux — auxiliary library (deprecated)

glui— user interface functions

Other libraries also exist.

C/C++ header files: gl.h, glu.h, gluth, auxh
Binary libraries (Windows): opengl32.dIl, glu32.dll,
glut32, glaux.lib

Suffix: d — double, f - float, i— integer,
s — short, v — vector

number of arguments
argument type suffix

T

Projekt wspoffinansowany przez Unig Europejska A unoresA
w ramach Europejskiego Funduszu Spolecznego sz S
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Example (creating a window)

int WINAPT WinMain (HINSTANC
LPSTR lpCmdLine, int nCm
)

hInstance, HINSTANCE hPrevInstance,

. Portable
145G Komunikat; Windows specific ' preferable is glui
WDCLASS Klasaoknar
HAND ko
Klassokna.
Klasaokna.
Klasaokna
Klasaokna
Klssaokna.nlnstance
Klasaokna . nlcon
Klasaokna.Hoursor
Klasaokna . Horackground
Klzsaokna . psaianaans
Klasaokna . IpsaClassiane
L€ (Registerclass (sklasaoknal
cknon Createindow( "0kno_C
100,
woLk, i,
L€ (okno) return
Showitindo ( okno, nCmshow )5
Updatenindon ( okno )7

HREDRAW | C;
(WNDPROC) Wi

yMode (AUX_DOUB
nitPosition (100,100,250,250);
dow ("Okno OpenGL") ;

VREDRAW;

e (ZnianaRozmiaruokna) ;
handlers
- auxKeyFunc (AUX_LEFT, StrzalkaLewo);

StrzalkaPrawo) ;
auxKeyFunc (AUX_DOWN, StrzalkaDol);

on for setting

ound, lights, et
ene )i
t han

o iling
auxMainLoop (Renderu

ene) ;

ihile( GetMessage( skomunikat, NULL,

Image Processing & Computer Graphics a

aux is deprecated
RUX_RGBA) ;

000
Translatevessage ( skomunikat );
Dispatehtiessage ( skomunikat );
return 0;
}
Projekt wspdtfinansowany przez Unig Europejska. N EUROPEsSKA
KALTALLRZNL w ramach Europeiskiego Funduszu Spolecznego s
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Example (event handling)

NAPT Wink

ng

UINT kmnk, WEARAM wparam, LEARAM lparam )

switch ( kmnk )

. Windows specific

void CALLBACK StrzalkaLewo (void)
ntext (kontekst_okna) i {
(kontekst_okna, kontekst_opengl);

Kontekst_opengl = uglere:

yRot -= 5.0f;
RenderujScene () ;
}
(kontekst_okna, NULL); void CALLBACK StrzalkaPraw
pengl) ; {
yRot += 5.0f;
RenderujScene () ;
miaruOkna (LOWORD (Lparam) , HTHORD (lpazam) );

(void)

void CALLBACK StrzalkaDol (void)
{

XRot. 5

RenderujScene () ;

void CALLBACK StrzalkaGora(void)
{
*Rot += 5.0f;

RenderujScene () ;

Renderujscene ();

SwapBuffers (xontekst_okna) i )
(okno, NULL);

Projekt wspdifinansowany przez Unie Europejska. A EUROPESKA
Kepmauozd, w ramach Europejskiego Funduszu Spolecznego o
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Example (setting up the context)

HGLRC kontekst_opengl;

. Windows specific
WM_CREATE:

kontekst_okna = GetDC(okno);

UstawFormatGrafiki();

kontekst_opengl = wglCreateContext (kontekst_okna);
wglMakeCurrent (kontekst_okna, kontekst_opengl);

UstawScene () ;

return 0;

void UstawFormatGrafiki (void) Windows specific
{
static PIXELFORMATDESCRIPTOR pfd —
{

sizeof (PIXELFORMATDESCRIPTOR),

1,
PFD_DRAW_TO_WINDOW | PFD_DOUBLEBUFFER | PFD_SUPPORT_OPENGL,
PFD_TYPE_RGBA, 8,
0,0,0,0,0,0,0,0,0,0,0,0,0,16,0,0,
PFD_MAIN_PLANE,
0,0,0,0
b
SetPixelFormat (kontekst_okna, ChoosePixelFormat (kontekst_okna, &pfd),
}

Projekt wspéifinansowany przez Unig Europejska UNIA EUROPEISKA
KapTAL WOz e Europaioge oy Spleeonage
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Example (setting up the world)

void Us
{

#Scene ()

ates and colors
GLfloat ambientLight []
GLfloat diffuseLight[]
GLfloat specular[] =
GLfloat lightPos[] =
GLfloat specrefl] = {
glEnable (GL_DEPTH_TEST) ;

glEnable (GL_CULL_FACE); Face
glEnable (GL_LIGHTING); Shadi
glEnable (GL_NORMALIZE) ; Comput

glEnable (GL_AUTO_NORMAL) ;
Lights setup

glLightModel fv (GL_LIGHT_MODEL_AMBIENT, ambientLight) ;
glLight fv (GL_LIGHTO, GL_AMBIENT, ambientLight) ;
glLight fv (GL_LIGHTO, GL_DIFFUSE, diffuseLight);
g1Light fv (GL_LIGHTO, GL_SPECULAR, specular) ;

g1Light £v (GL_LIGHTO, GL_POSITION, 1ightPos) ;

glEnable (GL_LIGHTO) ;

rodels setup
glEnable (GL_COLOR_MATERTAL) ;
glColorMaterial (GL_FRONT, GL_AMBIENT_AND_DIFFUSE);
glMaterialfv(GL_FRONT, GL_SPECULAR, specref);

glMateriali (GL_FRONT, GL_SHININESS, 64) ;
glClearColor (0.0f, 0. 0.0f, 1.0f );

Projekt wspdtfinansowany przez Unig Europejska. UNA EUROPEISKA
T W Tamach EuropaRiiego Funausz Splecanedo e |
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Nate Robins Tutors (Light & Material, Light Position)

foat ight_pos{ ]

L
GLfoat ight_Kal
GLfoat ight_Kel

i Posivonins CJEs|

GLAoat p

gluLookat( 0.00

gLightfy(GL_LIGHTO, GL_POSITION,

Click on the arguments and move the mr

Projekt wspdifinansowany przez Unie Europejska. UNIA EUROPESSKA
KapmAL oz e oo gty Spoaemnb o] |
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zmiaruOkna

void CALLBACK ZmianaR

glViewport (0, 0, w, h);
glMatrixMode (GL_PROJECTION) ;
glLoadldentity () ;
glortho (-nRange*w/h,
glMat rixMode (GL_MODELVIEW) ;
glLoadIdentity ();
! Setting up Frustum
glortho (left, right, bottom, top, near, far)
glFrustum(left, right, bottom, top, near, far)

nRange*w/h, -nRange, nRange, -nRange*2.0f, nRange*2.0f);

Don't like glOrtho and glFrustum?
gluPerspective (90, width / height, 1, 100);
gluLookAt (10.0, 10.0, 0.0, amera locatiol
0.0, 0.0, 30.0, ooking at

0.0, 1.0, 0.0); p vecto

See also: http://www.glprogramming.com/blue/

Projekt wspdifinansowany przez Unie Europejska. UNIA EUROPESSKA
xapmaLLoza, W ramach Europefskego Furduszy Spolecznego =
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Nate Robins Tutors (Projection)

~ rajction SEX)

ot ssace vsu.

Sersen-ssace vew

Comnand manipuizion vindy

gluPerspectiv
gluLookAt( 0.00
0

000 ,1.00 ,000 ) <up

Click on the arguments and move the mouse to modify values.

Projekt wspSlfinansowany przez Unig Europeiska —
KAPITAL LUDZKI W ramach Europelskiego Funduszu Spolecznego e S n

Image Processing & Computer Graphics n
Example (Rendering)

void CALLBACK RenderujScene (void

{

glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
sformation mat

glMatrixMode (GL_MODELVIEW) ;

glBegin (GL_TRIANGLES) ;
glColor3f (0.
glNormal3f (0.58¢,
glvVertex3f (0.0F,
glvVertex3f (60.0fF,
glvertex3f (0.0, 0.0f, 60.0f);
(.
glNormal3f (0.0f, -1. 0.0£);
glvertex3f (0.0, 0.0f, 60.0f);
glVertex3f(60.0£, 0.0, 0.0f);
glvertex3f(0.0f, 0.0f, 0

glEnd();

glPopMatrix () ;

glFlush();

Projekt wspdifinansowany przez Unie Europeiska wor v
KAPITAL LUDZK! w ramach Europejskiego Funduszu Spolecznego o S “
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Nate Robins Tutors (Transformation, Shapes)

" Tranormation CJEs|

giVertos2f
QVertos2f (5
giVertexzf (2t

olRotatef( 0.0 gEnd();

giScalef( 1.00

gBegin(

i the arguments and move the mouse to modify values.

Projekt wspdifinansowany przez Unie Europeiska wor oy
KAPITAL LUDZK!, w ramach Europejskiego Funduszu Spolecznego o S “
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Transformation and matrix stack

glMatrixMode(GL_MODELVIEW);

/I Transformation SCS to CCS

glPushMatrix();

glLoadldentity();

glRotatef(kat_x, 1.0f, 0.0f, 0.0f);
Vi Projection CCSto FCS glRotatef(kat_y, 0.0f, 1.0f, 0.0f);
gIMatrixMode(GL_PROJECTION); O O 0.0 .00
glPushMatrix();

glRotatef(kat_x, 1.0f, 0.0f, 0.0f); // Model 1 transformation

glRotatef(kat_y, 0.0f, 1.0f, 0.0f); S0

glRotatef(kat_z, 0.0f, 0.0f, 1.0f); gITransIatel(y )

glTranslatef(x, y, z); /IRendering of model 1 here
glPopMatrix();

(--) // Model 2 transformation
glPushMatrix()

glMatrixMode(GL_PROJECTION); glRotatef{(....);

glTranslatef(...)
//IRendering of model 2 here
glPopMatrix();

glPopMatrix();

glPopMatrix();

Projekt wspdffinansowany przez Unig Europejska
w ramach Europejskiego Funduszu Spolecznego
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Transformation and matrix stack

glPushMatrix, glPopMatrix - push and pop the current matrix stack

There is a stack of matrices for each of the matrix modes. In
GL_MODELVIEW mode, the stack depth is at least 32. In the other two
modes, GL_PROJECTION and GL_TEXTURE, the depth is at least 2. The
current matrix in any mode is the matrix on the top of the stack for that mode.
glPushMatrix pushes the current matrix stack down by one, duplicating the
current matrix. That is, after a glPushMatrix call, the matrix on the top of the
stack is identical to the one below it.

glPopMatrix pops the current matrix stack, replacing the current matrix with
the one below it on the stack.

Initially, each of the stacks contains one matrix, an identity matrix.

http://www.glprogramming.com/blue/

Projekt wspéifinansowany przez Unig Europejska oA
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Effects (Textures, Fog)

e SETX|

CJos|

080,100

mouse to modiy values.
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Hardware graphics accelerator

A video adapter that contains its own processor that
performs specialized set of computations (graphics
functions) to boost performance of image rendering.

In acceleration a graphics pipeline is used. Dedicated
hardware units are responsible for rendering stages
required to transform for a 3D description to a 2D screen.

Some of the units are also duplicated to allow for parallel
computation.

A shaders are procedures to calculate rendering effects
on graphics hardware. One shader can be run on number
of processing units in parallel to improve rendering

efficiency.
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From Wikipedia, the free encyclopedia
(Rex Graphics acceleration

"GPU" redirects here. For other uses, see GPU (disambiguation)
A graphics processing unit or GPU (also occasionally called visual processing unit or VPU) is
a dedicated graphics rendering device for a personal computer, workstation, or game console.
Modemn GPUs are very eficient at manipulating and displaying computer graphics, and their highly
parallel structure makes them more effactive than general-purpose CPUS for a range of complex
algorithms. A GPU can sit on top of a video card, or it can be integrated directly into the
motherboard. More than 90% of new desktop and notebook computers have integrated GPUs,
which are usually far less powerful than those on a video card ["
Contents [nce]
1 History
1.1 Graphics accelerators
11119705
11210805
11310005
114200010 present
12 GPU companies
2 Computational funcions
3GPUforms
3.1 Dedicated graphics cards
32Integrated graphics solutions
3.3 Hybrid solutions
3.4 Stream Processing and General Purpose GPUS (GPGPU)
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Graphics accelerators [

= A GPU (Graphics Processing Unit)is a processor attached to a graphics card dedicated to calculating floating point operations
and the like

A graphics accelerator incorporates custom microchips which contain special mathematical operations commonly used in
graphics rendering. The eficiency of the microchips therefore determines the effectiveness of the graphics accelerator. They are
mainly used for playing 3D games o high-end 30 rendering.

A GPU implements a number of graphics primitive operations in a way that makes running them much faster than drawing directly
10 the screen with the host CPU. The most common operations for early 2D computer graphics include the BELT operation
(combines several bitmap patterns using a RasterOp), usually in special hardware called a “biiter”, and operations for drawing
rectangles, triangles, circles, and arcs. Moder GPUs also have support for 3D computer graphics, and typically include digital
video-related functions.

1970s [edit]

The ANTIC and CTIA chips provided for hardware control of mixed graphics and text modes, spiite positioning and display (a form of
hardware bitting), and other eflects on Atari 8-bit computers. The ANTIC chip was a special purpose processor for mapping (in a
programmable fashion) text and graphics data to the video output. The designer of the ANTIC chip, Jay Miner, subsequently designed
the graphics chip for the Commodore Amiga
1980s [edit]
The Commodore Amiga was the first mass-market computer to include  biiter i its video hardware, and IBM's 8514 graphics system
was one of the first PC video cards to implement 2D primitives in hardware

The Amiga was unique, for the time, in that it featured what would now be recognized s a full graphics accelerator. offioading
practically allvideo generation functions to hardwiare, including line drawing, area fil,block image transfer. and a graphics coprocessor
with its own (though primitive) instruction set. Prior (and quite some time after on most systems) a general purpose CPU had to
handle every aspect of drawing the display.

1990s edit]
By the early 19905 the rise of Microsoft Windows sparked a surge of interest in high

performance, high-resolution 2D bitmapped graphics (which had previously been the domain of _’ I
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Shader

From Wikipedia, the free encyclopedia

For the computer program executed on consumer GPUS, see Shader (realtime, logical)
A shader in the field of computer graphics is a set of software instructions, which is used primarily to calculate rendering effects on
graphics hardware with a high degree of flexibiity. Shaders are used to program the graphics processing unit (GPU) programmable
rendering pipeline, which has mostly superseded the fixed-function pipeline that allowed only common geometry transformation and
pixel shading functions; with shaders, customized effects can be used

Contents [rce]

1Introduction

11Types of shaders

111 Simplified graphic processing unit pipeline

2Parallel processing
3 Programming shaders
4Seealso
5 Extenal links
6 Further reading
7 References

Introduction [edit]
Iniiall, shaders were used to perform pixel shading only (see Pixel shader). However, the term stuck and is used for other graphics
pipeline stages now, too.

As Graphics Processing Units evolved, major graphics software libraries such as OpenGL and Direct3D began to exhibit enhanced
ability to program these new GPUs by defining special shading functions in their API
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OpenGL 2.0 [edit]

OpenGL 2.0 was concaived by 3Diabs to address concems that OpenGL was stagnating and lacked a strong direction. 3Dlabs
proposed a number of major additions to the standard. Most of these were, at the time, rejected by the ARB or othervise never came
to fution in the form that 3Diabs proposed. However, their proposal for a C-style shading language was eventually completed
resulting in the current formulation of GLSL (the OpenGL Shading Language, also slang). Like the assembly.-like shading languages
that it was replacing, it allowed the programmer to replace the fixed-function vertex and fragment pipe with shaders, though this time
witten in a C-ike language.

The design of GLSL was notable for making relatively few concessions to the limitations of the hardware then available; this hearkened
back to the earler tradition of OpenGL setting an ambitious, forward-looking target for 3 accelerators rather than merely tracking the
state of currently available hardware. The final OpenGL 2.0 specification ['! includes support for GLSL.

OpenGL 2.1 [edit]

OpenGL 2.1 was released on August 2, 2006 and is backward compatible with all prior OpenGL versions.{'®! OpenGL 2.1 incorporates
the following functionality

= OpenGL Shading Language revision 1.20 (GLSL)

Commands to specify and query non-square matrix uniforms for use with the OpenGL Shading Language

Pixel buffer objects for eficient image transfers to and from bufer objects for commands such as g1TexInage2D and
GlReadpixels

This functionality corresponds to the ARS_pixel buffer_cbject extension.
= sRGB texture formats.

This functionality corresponds to the EXT_texcure_sRES extension.
OpenGL 3.0 [edit]
Revision 3.01'7) of the OpenGL API was released on August 11, 2008 and is backward compatible with all prior OpenGL versions,
though a deprecation mechanism has been introduced to simplify the AP! in future revisions.
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Cg (programming language)

From Wikipedia, the free encyclopedia

"WIKIPEDIA

pag L), Cg or C for Graphics is a high-level shading language developed by Nvidia in close collaboration with Microsoft!?! for programming
Toe Free Encyclopedia vertex and pixel shaders. It is very similar to Microsoft's HLSL.

avigation Cg is based on the C programming language and although they share the same syntax, some features of C were modified and new
Wain page
i data types were added to make Cg more suitable for programming graphics processing units
Fealured content “This language is only suitable for GPU programming and it does not replace a general programming language
Curent events

The C; ler outputs DirectX or OpenGL shad
Random article e Cg compiler outputs DirectX or OpenGL shader programs.
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GLSL

From Wikipedia, the free encyclopedia
(Redirected from OpenGL Shading Language)

"WIKIPEDIA

The Free Encylopedic | GLSL (OpenGL Shading Language), also known as GLslang, is a high level shading language based on the C programming

avigation language. It was created by the OpenGL ARB to give developers more direct control of the graphics pipeline without having to use
Main page assembly language or hardware-specific languages. Current specification for GLSL is version 1.40.1"
oo Contents fride]
Featured content
Gurrent events 1 Background
Random artice 11 Operators

1.2 Functions and control structures
1.3 Compilation and Execution
1.4 A sample trivial GLSL Vertex Shader

@ 1.5 Asample trivial GLSL Fragment Shader
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Hel
e With the recent advances in graphics cards, new features have been added to allow for increased flexibility in the rendering pipeline at
olbox the vertex and fragment level. Programmability at this level is achieved with the use of fragment and vertex: shaders
nStiS Her) Originally, this functionality was achieved by writing shaders in assembly language—a complex and unintuitive task. The OpenGL
Related changes
o0 o ARB created the OpenGL Shading Language to provide a more intuitive method for programming the graphics processing unit while
Shedaivases maintaining the open standards advantage that has driven OpenGL throughout its history. i
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N High Level Shader Language
N From Wikipedia, the free encyclopedia
& (Rediected from HLSL
WIKIPEDIA
The Free Encyclopedia | The High Level Shader Language or High Level Shading Language (HLSL) is a propritary shading language developed by
avigation Microsoftfor use with the Microsoft Direct3D API. It is analogous to the GLSL shading language used with the OpenGL standard. It is
Main page very similar to the NVIDIA Cg shading language, as it was developed alongside it !'!
Contents HLSL programs come in three forms, vertex shaders, geometry shaders. and pixel (or fragment) shaders. A vertex shader is executed
Fealied Conent for each vertex that is submitted by the application, and is primarily responsible for transforming the vertex from object space to view
Gurrent events
Sptebboni A Space, generating texture coordinates, and calculating lighting coefiicients such as the vetexs tangent, binormal and normal vectors
When a group of verices (normally 3, to form a triangle) come through the vertex shader, their output position is interpolated to form
earcn

pixels within its area, this process is known as rasterisation. Each of these pixels comes through the pixel shader, whereby the

resultant screen colour is calculated

(3] Optionally, an application using a Direct3D10 interface and DirectD10 hardware may also specify a geometry shader. This shader
takes as its input the three vertices of a triangle and uses this data to generate (or tesselate) additional tiangles, which are each then

teraction sent to the rasterizer.
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- lowest levels of computer-graphics programming. This revision includes extensive 2- I

color art and graphics to bring important concepts to lite. This book is ideal for
rogrammers looking for a hands-on introduction to computer-graphics programming
that allows them to start writing 3D graphics programs early on. Buy this book now

The OpenGL Shading Language 2nd Edition

OpenGl shading Language. 2nd Editon, extensively updated for OpenGL 20. s the
experienced application programmer's guide to writing shaders. Part reference, part
tutorial, this book thoroughly explains the it rom e lun:nonaHly graphics
hardware to the new era of programmable graphics hardware and the additions to the
OpenGL API that support this programmability. With OpenGL and shaders written in the
OpenGL Shading Language, applications can perform better, achieving stunning
graphics effects by using the capabilities of both the visual processing unit and the
cenral processing unil. New chapters thal discuss ighting, shadows, and surface

d look at the of RealWoridz. the
most ambiious GLSL application to date. The second edtion also features 1 extensive
new examples of shaders and their underiying algorithms Buy this book now.

OpenGL Extensions Guide
—

The OpenGL Extensions Guide provides this much needed resource and concentrates
penGL  specificall on the extensions most important to developing modern 3D games. The book
Bl s ek out i an niulve ashion, disselng groups o exenskons tha mody o sugment

N compoients of the base OperGL achfectwe kckes 3 compsrion CD-ROM wit
E official extension jering ific extensions, and
——

sample code demonstrating usage of vendor- speuﬁc S tendons ~ Buy this book now

OpenGL Reference Manual: The Official Reference Document to OpenGL, Version 1.4
OpenGL Officially sanctioned by the OpenGL Architecture Review Board (ARB), the OpenGL
Reference Manual, Fourth Edition, is the comprehensive and definitive documentation of
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GPGPU

Thus, GPUs are powerful parallel processing/computation units.

Can we use GPUs for computations not related with 3D rendering?
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Random article General-purpose computing on graphics processing units (GPGPU, also referred to as GPGP and to a lesser extent GP?) is the.
P technique of using a GPU, which typically handles computation only for computer graphics, to perform computation in applications
traditionally handled by the CPU. It is made possible by the addtion of programmable stages and higher precision arithmetic to the
rendering pipelines, which allows software developers to use stream processing on non-graphics data
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From Wikipedia, the free encyclopedia
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CUDA

From Wikipedia, the free encyclopedia

CUDA (orginally an acronym for Compute Unified Device Architecture although this is no
longer used)is a parallel computing architecture developed by NVIDIA. Simply put,
CUDA is the computing engine in NVIDIA graphics processing units or GPUs, that is
accessible to software developers through industry standard programming languages.
Programmers use C for CUDA' (C with NVIDIA extensions), compiled through a
PathScale Opensd C compiler ! to cods algorithms for execution on the GPU_CUDA | OPerating system windons Vit i
architecture supports a range of computational interfaces including OpenCL ([[1]&]) and =

2008, Windows Server
DirectX Compute ([2]]). Third party wrappers are also available for Python, Fortran and o
Java

CUDA

Developedby  NVDIA Corporatin

Latestrelease 22/ Apri2008

Vists, Widows

Type cpory
The latest drvers all contain the necessary CUDA components. CUDA works with all i e

NVIDIA GPUs from the GBX series onwards, including GeForce, Quadro and the Tesla i A
line. NVIDIA states that programs developed for the GeForce 8 series will also work website vida's CUDA zone &

without modification on all future Nvidia video cards, due to binary compatibility. CUDA

gives developers access to the native instruction set and memory of the parallel computational elements in CUDA GPUs. Using
CUDA, the latest NVIDIA GPUs effectively become open architectures like CPUs. Unlike CPUs however, GPUs have a parallel “many-
core” architecture, each core capable of running thousands of threads simultaneously - if an application is suited to this kind of an
architecture, the GPU can offer large performance benefits.

In the computer gaming industry, in addition to graphics rendering, graphics cards are used in game physics calculations (physical
effects like debris, smoke, fire, fluids), an example being PhysX and Bullet (software). CUDA has also been used to accelerate non-
graphical applications in computational biology, cryptography and other fields by an order of magnitude or more 115! An example
of this is the BOINC distributed computing client !

CUDA provides both a low level API and a higher level API. The initial CUDA SDK was made public 15 February 2007. NVIDIA has
released versions of the CUDA AP for Microseft Windows and Linux. Mac OS X was also added as a fully supported platform in
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Close to Metal

From Wikipedia, the free encyclopedia

Close To Metal ("CTM" in shott, originally called Close-to-the-Hetal) is the name of a beta version of a low-level programming
interface developed by ATI (now AMD Graphics Products Group), aimed at enabling GPGPU computing. CTM was shortived. and the
first production version of AMD's GPGPU technology is now called Stream SDK.
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1 Overview

2 0pen Source

3Seealso

4References

5 Extemal links

Overview [edit]
CTM gave developers direct access to the native instruction set and memory of the massively parallel computational elements in
modemn AMD video cards. CTM replaced the graphics-centric DirectX and OpenGL APIs for the GPGPU programmer while exposing
previously unavailable low-evel functionality. R&80 (ATI x1900) and later generations of AMD's GPU microarchitectur supported the
CTM interface

CTM's commercial successor, AMD Stream SDK, was released under AMD EULA in December 2007 after the software stack was
rewritten. [ Stream SDK provides high-level in addition to low-level tools for general-purpose access to AMD graphics hardware.
Using GPUs to perform computations holds a lot of potential for some applications because of the fundamental difirences of GPU
mictoarchitectures compared to CPUs. GPUs achieve much greater throughput (calculations per second) by executing many
programs in parallel and restiicting flow control (the abilty of one program to execute instructions independently of another). Modem
GPUs also have addressable on-die memory and extremely high performance multi-channel external memory.
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