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What is the Open Graphics Library?
Co je OpenGraphiclLibrary?

OpenGL (for “Open Graphics Library”) is a software interface to graphics hardware.

The interface consists of a set of several hundred procedures and functions that allow a programmer
to specify the objects and operations involved in producing high-quality graphical images, specifically
color images of three-dimensional objects.

OpenGL (,,0Open Graphics Library”) je softwarové rozhrani pro graficky hardware.

Rozhrani se sklada z nékolika set procedur a funkci, které umoZnuji programdtorovi specifikovat
objekty a operace smérujici k produkci nejkvalitnéjsimu grafického vzhledu, konkrétné barevné
obrazky v tri-dimenziondlnich objektech.

As a software interface for graphics hardware, OpenGL's main purpose is to render two- and
threedimensional objects into a frame buffer. These objects are described as sequences of vertices
(which define geometric objects) or pixels (which define images). OpenGL performs several
processing steps on this data to convert it to pixels to form the final desired image in the frame
buffer.

Jako softwarové rozhrani pro graficky hardware, je hlavnim tcelem OpenGL uklddat dva- a
trojrozmeérné objekty do vyrovndvaci pameéti snimku. Tyto objekty jsou popsdny jako posloupnosti
vrcholtl (které urcuji geometrické objekty) nebo pixely (které definuji obrdzky). OpenGL provede
nékolik krokt zpracovdni téchto dat, aby jej prevést na pixely k vytvoreni kone¢ného poZadovaného
obrdzku ve vyrovndvaci paméti.

This section explains some of the concepts inherent in OpenGL.
Tato cdst vysvétluje nékteré pojmy souvisejici s OpenGL.

Primitives and Commands
Primitivy a prikazy

OpenGL draws primitives—points, line segments, or polygons—subject to several selectable modes.
Modes can be controlled independently of each other, i.e. setting one mode does not affect whether
other modes are set. Primitives are specified, modes are set, and other OpenGL operations are
described by issuing commands in the form of function calls.

OpenGL kresli primitivné — body, usecky nebo mnohouhelniky — objekty k nékolika volitelnym
reZimum. ReZimy lze ovlddat nezdvisle na sobé, tj. jeden moéd nemda vliv na to, jak je nastavet jiny
mod. Primitiva jsou urcena, mody jsou nastaveny a dalsSi operace OpenGL jsou popsdany vyddnim
prikazi v podobé volani funkci.

Primitives are defined by a group of one or more vertices. A vertex defines a point, an endpoint of a
line, or a corner of a polygon where two edges meet. Data (consisting of vertex coordinates, colors,
normals, texture coordinates, and edge flags) is associated with a vertex, and each vertex and its
associated data are processed independently, in order, and in the same way. The only exception to
this rule is if the group of vertices must be clipped so that a particular primitive fits within a specified
region; in this case, the vertex data may be modified and new vertices created. The type of clipping
depends on which primitive the group of vertices represents.

Primitiva jsou definovdna skupinou jedné nebo vice vrcholl. Vrchol definuje bod, koncovy bod
linka, nebo roh polygonu, kde se dvé hrany stykaji. Data (sklddajici se z vrcholu souradnic, barvy,
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normdly, texturovaci soufadnice, a okraj vlajky) jsou spojena s vrcholem, a kaZdy vrchol a souvisejici
udaje jsou zpracovdvdny nezavisle, po porddku, a stejnym zpusobem. Jedinou vyjimkou
z pravidla je, pokud skupina vrcholt musi byt ofiznuta tak, Ze urcitd primitiva zapadnou do urcitého
regionu; v tomto pripadé, mohou byt vertex data zménéna a mohou byt vytvoreny nové vrcholy. Typ
oriznuti zavisi na tom, kterd primitivni skupina vrcholu je prezentovdna.

Commands are always processed in the order in which they are received. Each primitive is drawn
completely before any subsequent command takes effect. It also means that state-querying
commands return data that is consistent with a complete execution of all previously issued OpenGL
commands.

Prikazy jsou vZdy zpracovadny v poradi, v jakém byly doruceny. Kazdé primitivum je kompletné
zpracovdno, protoZe nabyva ucinnosti pred dalsim pfikazem. To také znamend, Ze stav-dotazovdni
prikazi vrdti data, kterd jsou v souladu s kompletni realizaci vSech drive vydanych prikazi OpenGL.

Procedural versus Descriptive
Procedurdlni versus Popisnd

OpenGL provides fairly direct control over the fundamental operations of two- and three-
dimensional graphics. This includes specification of such parameters as transformation matrices,
lighting equation coefficients, antialiasing methods, and pixel update operators. However, it does not
provide a means for describing or modeling complex geometric objects. Thus, the OpenGL
commands issued specify how a certain result should be produced (what procedure should be
followed) rather than what exactly that result should look like.

OpenGL poskytuje pomérné primou kontrolu nad zdkladnimi operacemi dvou- a tfi-rozmérné grafiky.
To zahrnuje specifikace parametru, napfiklad transformace matice, osvétleni koeficientu rovnice,
metody vyhlazovani hran a pixel aktualizace operdtort. Nicméné, to neposkytuje prostredky pro popis
nebo modelovadni sloZitych geometrickych objekti. Proto OpenGL vydané prikazy upresnuje, jak mad
byt dosaZeno urcitého vysledku (jaky postup by mél byt dodrZovdn), spise neZ to, jak presné by mél
vysledek vypadat.

How OpenGL processes data
Jak OpenGL zpracovava data

The simplified version of the Graphics Pipeline Process (OpenGL Block Diagram) excludes a number
of features like blending, VBOs (Vertex Buffer Objects) and logic ops (logical operators)

Zjednodusend verze Graphics Pipeline Process ( Blokové schéma Open GL) vylucuje fadu funkci, jako je
michani, VBO (Vertex Buffer Objects) a logické ops (logické operdtory)

e Atransform and lighting pipeline = transformace a osvétleni linky
e Z-buffering = Z-buffering

e Texture mapping = texturovdni

e Alpha blending = Alpha blending
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Fig. 1 OpenGL visualization programming pipeline
Obr. 1 OpenGL blokové schéma

A brief description of the process in the graphics pipeline could be:
Strucny popis procesu ve schématu grafiky:

1. Evaluation, if necessary, of the polynomial functions which define certain inputs, like NURBS

(Non-uniform rational B-spline) surfaces, approximating curves and the surface geometry.
Hodnoceni, pokud je to nezbytné, polynomické funkce, které definuji urcité vstupy, jako jsou
NURBS (Non-jednotnd raciondlni B-spline) povrchy, pfribliZit krivky a geometrie povrchu.

Vertex operations, transforming and lighting them depending on their material. Also clipping
non visible parts of the scene in order to produce the viewing volume.

Vrcholové operace, transformace a osvétleni je v zavislosti na jejich materidlu. Také vystriZzek
nejsou viditelné ¢dsti scény za ucelem vyroby prohliZzeni objemu.

Rasterization or conversion of the previous information into pixels. The polygons are
represented by the appropriate color by means of interpolation algorithms.

Rastrovani ci konverzi z predchozich informaci do obrazovych bodd. Polygony jsou
zastoupeny prislusnou barvou pomoci interpolace algoritma.

Per-fragment operations, like updating values depending on incoming and previously stored
depth values, or color combinations, among others.

Per-fragment operace, jako je aktualizace hodnot v zdvislosti na pfichozich a drive uloZenych
hodnotdch nebo kombinace barev, mezi ostatnimi.

Lastly, fragments are inserted into the Frame buffer.
Nakonec jsou fragmenty uloZeny do vyrovndvaci paméti.

Many modern 3D accelerators provide functionality far above this baseline, but these new features
are generally enhancements of this basic pipeline rather than radical revisions of it.



Open GL
http://jazyky.feld.cvut.cz/vyuka/A/YO4A2L/materials%20.pdf/Week%204 OpenGL.pdf

Mnoho modernich 3D akcelerdtorii poskytuje funkcnost daleko nad touto zdkladni, ale tyto nové rysy
jsou obecnym vylepsenim tohoto zdkladu spise neZ radikdlni revize.

Continued Innovation
Pokracujici inovace

The OpenGL standard is constantly evolving. Formal revisions occur at periodic intervals, and
extensions allowing application developers to access the latest hardware advances through OpenGL
are continuously being developed. As extensions become widely accepted, they are considered for
inclusion into the core OpenGL standard. This process allows OpenGL to evolve in a controlled yet
innovative manner.

Standardni OpenGL se neustdle vyviji. Formdlni revize probihd v pravidelnych intervalech a rozsifeni
umozni vyvojarim aplikaci pristup k nejnovéjsimu hardware, pristupy pres OpenGL se neustdle
vyvijeji. Rozsifenise stanou vseobecné prijimanymi, jsou povaZovdny za zaclenéni do zdkladniho
standardu OpenGL. Tento proces umozZriuje OpenGL vyvijet se kontrolované jesté inovativnim
zplUsobem.

OpenGL Applications & Games
OpenGL aplikace a hry

OpenGL is the pervasive standard for 3D consumer and professional applications across all major OS
platforms. A partial list for Windows, Linux and MacOS are available in the products section.

OpenGL je vsudypfitomny standard pro 3D spotrebitele a profesiondlni aplikace napric vsemi hlavnimi
OS platformami. Cdste¢ny seznam pro Windows, Linux a MacOS jsou k dispozici v sekci produkty.

Adapted from opengl.org website; http://glprogramming.com/blue/ch01.html:www.openGL.org;
www.wikipedia.org;

A. Vocabulary

1 Review the text again to find the vocabulary items that match the definitions given below. Then
fill in the blanks in the sentences that follow.

1 The point of interconnection between two systems or subsystems
Bod propojeni mezi dvéma systémy nebo podsystémy
OpenGL has become the industry's most widely used and supported 2D and 3D graphics
application programming xxx .

OpenGL se stal nejvice pouzivanym a podporovanym odvétvim 2D a 3D grafickych aplikaci
programovani xxx

2 Todiscard (an occluded part of a model or scene) rather than waste resources on rendering it
Aby se jich zbavil (zastinéni cdsti modelu nebo scény) spise neZ plytvat prostiedky na které je
cini
All primitives are xxxed to the boundaries of this xxxing rectangle; that is, primitives lying outside
the xxx rectangle are not drawn.

VSechny primitivy jsou xxxed na hranice tohoto xxxing obdélniku; ktery je, primitivy leZi mimo xxx
obdélnik nejsou vztaZeny.
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3 A precise request for information retrieval with database and information systems
Presnd Zadost o vyhleddvani informace s databdze a informachnich systémii
The database admin switched on xxx logging for debugging purposes.

Databdzovy sprdvce zapne xxx protokolovdni pro ucely ladéni.

4 Any technique that reduces the appearance of jagged edges in digital images caused by high-
contrast borders between pixels
Jakdkoli technika, kterda redukuje vyskyt zubatych okraji digitdlnich snimki zpisobené vysokym
kontrastem - hranice mezi pixely
XXX means removing signal components that have a higher frequency than is able to be properly
resolved by the recording (or sampling) device.

Xxx znamend odstranéni sloZek signdlu, které maji vyssi frekvenci, nez je schopen spravné vyresit -
nahrdvdni (nebo odbér vzorki) zarizeni

5 To transform digital information in the form received from a repository into a display for giving
an interpretation
Chcete-li transformovat digitdlni informace v podobé obdrZené z tloZisté do zobrazeni pro
interpretaci
OpenGL's main purpose is xxx two- and three-dimensional objects into a frame buffer.

OpenGlL je hlavnim ucelem xxx dvou- a tifi-rozmérnych objekt( do vyrovndvaci paméti.

6 A channel (either physical or logical) by which information is transmitted sequentially (i.e. the
first information in is the first information out)
Kandl (at jiZ fyzicky nebo logicky), kterym jsou informace pFendseny sekvenéné (tj. prvni
informace dovnitf je prvni informaci ven)
In the diagram, commands enter from the left and proceed through what can be thought of as a
processing Xxx.

V diagramu, prikazy jsou zaddny zleva a pokracujte tim, co miZe byt myslenka jako zpracovadni
XXX.

7 Avideo output device that drives a video display from a memory buffer containing a complete
frame of data
Video vystup, ktery ridi zobrazeni videa z vyrovndvaci paméti, ktera obsahuje kompletni ram dat
The information in the xxx typically consists of color values for every pixel (a point that can be
displayed) on the screen.

Informace v xxx typicky sestdvd z barevnych hodnot pro kaZdy pixel (bod, ktery miZe byt zobrazen)
na obrazovce.

2 Match the definitions.
1 araster A apointin 3D space, usually given in terms of its x-, y-, and z-coordinates
bod v 3D prostoru, obvykle dany v podminkdch jeho x-, y- a z- soufadnicemi

2 anormal B thejoining line between two vertices of a polygon
spojnice mezi dvéma vrcholy mnohouhelniku
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3 avertex C aline or vector that is perpendicular to another line, surface, or plane
Cdra nebo vector, kterd je kolmd na jinou linku, povrch nebo rovinu

4 pervasive D complicated
komplikovany, sloZity

5 anedge E a mixture of two or more things
smés ze dvou nebo vice véci

6 complex F penetrating or affecting everything
penetrace nebo postihujici vse

7 ablend G that by which something is done; a tool, device, or strategy to achieve st.
byt néco udéldno; ndstroj, zarizeni nebo strategie pro dosazeni néceho

8 ameans H a series of bits that represents a rasterized graphic image, each pixel being
represented as a group of bits
série bitd, které representuji rastrovany graficky obrazek, kazdy pixel je
reprezentovdn skupinou bitu

9 bitmap | abitmap image, consisting of a grid of pixels, stored as a sequence of lines
bitmapovy obradzek, skiddajici se z mrizky pixli jako segenci radkd

1 2 3 4 5 6 7 8 9

3 Look up the definitions to the given terms in the dictionary using the verbs: to refer to; is known
as; to represent.
Podivejte se na definice uvedenych pojmii do slovniku na uZiti pomoci sloves: odkazovat se na;
je znamy jako; reprezentovat.

texture struktura

interpolation in the mathematical subfield of numerical analysis
interpolace

interpolation or Inbetweening or tweening in the context of computer animation
vloZeni

baseline zdkladni linka, ¢dra
execution provedeni
B. Content comprehension
1 Describe briefly the process in the graphics pipeline.

2 Form one important sentence from each paragraph (9).
3 Answer the following questions and discuss them.

1 What does OpenGL mean? (paragraph 1)

2 What do primitives mean? (paragraphs 3 and 4)

3 How are commands processed? Is each primitive drawn before or after any subsequent
command? (paragraph 5)
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4 Why is OpenGL fundamentally procedural rather than descriptive? (paragraph 6)
5 What are the benefits of OpenGL? (paragraphs 1, 8, 9)

C. Homework

Translate into Czech
1 The entire machine slowed down during the execution of the virus checker.
Cely stroj zpomalil béhem provddéni antivirové ochrany.

2 A framebuffer is a video output device that drives a video display from a memory buffer
containing a complete frame of data.
Vyrovndvaci pamét je video vystup, ktery Fidi zobrazeni videa z vyrovndvaci paméti, obsahuje
kompletni snimek dat.

3 Alpha blending is a convex combination of two colors allowing transparency effects.
Alfa blending je konvexni kombinaci dvou barev umoZiiujici efekty prihlednosti.

4 Transform is the task of converting spatial coordinates, which in this case involves moving three-
dimensional objects in a virtual world and converting the coordinates to a two-dimensional view.
Transformace je ulohou konverze prostorovych souradnic, coZ v tomto pripadé zahrnuje
pohybovani tri-dimenziondlini objekty ve virtudlnim svété a prevod souradnic do dvou-
dimenziondlniho pohledu.

5 Clipping means drawing things that might be visible to the viewer.
Orezani znamend vykres véci, které by mohly byt viditelné pro divdka.

6 Lighting is the task of taking light objects in a virtual scene, and calculating the resulting color of
the surrounding objects as the light falls upon them.
Osvétleni je ulohou pfijmout svételné objekty ve virtudini scéné a vypocitat vysledné barvy
okolnich objektt, podle toho, jaké svétlo na né padd.

7 Z-buffering is the management of image depth coordinates in 3-D graphics, which is one solution
to the visibility problem referring to the problem of deciding which elements of a rendered scene
are visible, and which are hidden.

Z-buffer je fizeni hloubky obrazu soufadnice v 3-D grafice, kterd je jednim z feseni ke zviditelnéni
problému s odkazem na vysledek problému, které prvky poskytované scény jsou viditelné, a které
jsou skryté.

D. Presentation tips
Show how the OpenGL works by using a short video.




