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This whitepaper complements LinuxWorld 2000 San Jose Tutorial HL with an introduction to
implementations of the OpenGL® API based on the sample implementation ("SI") from Silicon
Graphics, OpenGL conformance, and the new "oglbase" Linux/OpenGL Base Standard, and en
brief discussion of the future directions OpenGL under Linux may take.
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3D Solutions for Linux

SGI’s Sample Implementation (SI)

SGI maintains a sample implementation of GLX, OpenGL, and GLU., usually refered to as 'the
This implementation serves as a reference implementation for SGI's OpenGL licensees. This
implementation has been in development since 1992 and is the most mature implementation of



available. SGI made this sample implementation available as open source in January of 2000. -
OpenGL implementation currently supports indirect rendering only. The GLX portion of the
implementation has been integrated into XFree86 (4.0) by Precision Insight.

The Sl consists of several pieces, the X server GLX protocol and OpenGL renderer implemente
client side GLX and OpenGL bindings, the GLU implementation, header files, utility and sample
(sample code from the 'red book’) and man pages.

More information on the Sl implementation is availablatgi://0ss.sgi.com/projects/ogl-sample/
NVIDIA’sDrivers

NVIDIA, SGI, and VA Linux have collaboratively developed XFree86 4.0 and OpenGL 1.2 drive
the TNT, TNTZ2, TNT Ultra, GeForce, and Quadro chipsets including AGP4x support. These dri\
support direct rendering. The drivers are not open source, but x86 Linux binaries are available 1
download from NVIDIA’s websiténttp://www.nvidia.com/Products/Drivers.nsind have been testec
against the RedHat 6.1 and 6.2 Linux distributions.

The Linux NVIDIA driver shares the same source code base with the Microsoft Windows driver
has had a lot of application exposure and provides the full OpenGL 1.2 features set as well as ¢
NVIDIA extensions. The driver consists of several parts, the 2D X driver, a loadable kernel mod
provides the direct rendering support, and the client side code the application links3o o,

| i bGLU. so). To allow the loadable kernel module to work with different versions of the Linux ker
NVIDIA ships some glue code in source form that can be compiled against the kernel header fil
allows the module to be used with minor variations in the kernel, e.g., 2.2.13, 2.2.14, but a new
of the kernel module will likely be necessary for major change in the kernel.

The GLU implementation is from the OpenGL sample implementation.

NVIDIA also provides an open source OpenGL and XFree86 3.3.5 driver implementation on the
website. The implementation supports the NV1, RIVA 128, RIVA 128ZX, RIVA TNT, RIVA TNT.
and GeForce 256 chipsets. This driver has lower performance than NVIDIA’s proprietary driver
does include source code.

Xi Graphics 3D Accelerated-X

Xi Graphics, Inc. (http://www.xig.com/sells an X server including OpenGL client libraries and
accelerated rendering as part of the "3D Accelerated-X" package. They support at numerous
architectures (ATI, Matrox, 3Dlabs, Number Nine, 3dfx, S3) in an "entertainment"” version for
commodity cards and a "professional” version which provides workstation features such as ove
accelerated antialiased lines. They also support multiple heads and laptops.

Although Accelerated-X is not Open Source, it is an OpenGL 1.1 implementation which support
accelerated textured polygons, fast clear, and fast swap, and provides acceleration for cards nc
be supported through Mesa either because of lack of availability or lack of chipset documentatic
3D companies provide their chipset specification to Xi Graphics in order to receive OpenGL suf
Linux such as Evans and Sutherland, SiS, and Number Nine.



Developers looking for a fully compliant OpenGL implementation and a vendor to provide suppc
contact Xi Graphics for more information.

Metrolink’s Metro OpenGL

MetroLink’s (http://www.metrolink.com/yMetro OpenGL" is another X server providing OpenGL
acceleration for a number of hardware platforms, including ATI, NVIDIA, S3, 3Dlabs, Matrox, E\
Sutherland, etc).

Like the Xi Graphics product, this is a combination X server and OpenGL implementation. The
implementation supports OpenGL 1.2 functionality with indirect rendering. There is not support
direct rendering, but any card supported by the X server can be used with OpenGL. The implen
is not available as open source.

Workstation Vendors

Both SGI and Hewlett Packard provide Linux 3D solutions. At the time of writing SGI is offering
230, 330, 550 line of X86-based machines with V3 and VR3 graphics (enhanced NVIDIA
GeForce/Quadro graphicshitp://www.sgi.com/workstations/230/

HP is currently offering the Visualize series of X86-based workstations with NVIDIA TNT2 grapt
http://www.hp.com/visualize/products/linuahd has an fx-based product in Beta. The fx5 and
fx10-based products use an X11 server derived from HP’s HPUX code base, rather than XFree
includes a separate open source kernel module (leveraging code from the DRM/DRI) to provide
rendering support. Longer term HP is looking at moving to a standardized infrastructure such as
DRI.

Completeness and confor mance issues for OpenGL and Mesa

Conformance & Testing

The behavior of the OpenGL API is defined by the OpenGL specification. A conformance test («
'the conformance test’) was developed by the OpenGL ARB for validating the correctness of Og
implementations. An implementation can only be called an OpenGL implementation and use th
OpenGL logo if it passes the 'must pass’ portion of the conformance test (and the implementatit
provider has a license from SGI). The 'must pass’ part of the conformance test is not especially
comprehensive, but provides basic testing that the OpenGL implementation works. There are a
tests in the conformance suite that licensed vendors must run, but they do not necessarily need
them to ship their implementation and still call it OpenGL.

Microsoft (yes, this has nothing to do with Linux), includes the 'must pass’ test and several othe
their Windows Hardware Quality Lab (WHQL) conformance suite, that vendors shipping on the
Windows platform need to pass in order to receive WHQL certification.

Vendors may have their own internal test suites. SGI's ogtst was distributed to some of the SGI
licensees and its coverage has been increased over time. Allen Akin started glean, which is a a
source suite of tools for testing the quality of OpenGL implementations. glean can also be used
compare two OpenGL implementations and highlight the differences. More information on glear



available anttp://glean.sourceforge.net/

Both the OpenGL sample implementation (SI) and Mesa have been tested using the OpenGL
conformance test, and both pass most of the tests.

ABIs& Versioning

In order to be able to release a single version of an OpenGL application that runs on different re
Linux, there must be agreement on sundry details such as the location in the file system of dyn:
libraries, names of symbols, etc. For example, if Vendor A creates a library/caliedi b/ 1i bG. so
and Vendor B creates one calladr/1i b/ 1i bOpenGL. so applications linked using Vendor A’s
libraries will fail on platforms that have only Vendor B’s libraries installed.

Similarly, to be able to compile an OpenGL application on different Linux releases without mess
with lots of compile time configuration information, the locations of include files and contents of
files must be agreed upon. Some of the rules come directly from the OpenGL specification (e.g,
names of functions, #defines, etc), but others such as the location of include files, dynamic libra
require a separate effort to achieve agreement.

Before looking at the Linux/OpenGL Base standard, it is useful to understand the versioning the
behind OpenGL. The OpenGL specification was written with the intent of having new functionall
added over time. The rules for adding new functionality are simple, new functionality can not br:
compatibility with existing functionality. Therefore, tokens and symbols are never removed from
specification, and the definition of new functionality can not change old functionality in such a w
existing applications would break. For example, it is legal to add a new texture environment mo
combine a texture color and fragment color together, but it would not be legal to redefine the be
of an existing texture mode.

The rules are simple, and they make it simple to release new versions of the library without bre:
existing applications. If the OpenGL vendor follows the rules correctly (and doesn’t introduce ar
into their new implementation) then there is no reason to have anything other than the latest ve
the library installed and there is no need to usez®® versioningnechanism since the new library
backward compatible with old libraries.

For OpenGL SDK users the OpenGL header files all include tokens that define the version of O
available on the system. These tokens can be tested at compile time to and allow developers tc
portable application code that at compile time can optionally use new functionality when it is av:
OpenGL also provides some mechanisms for testing for functionality at runtime, these mechani
be discussed later.

Problems with applications requiring a particular version of the library, for example, an applicati
needing OpenGL 1.2 functionality, is left largely unaddressed by the OpenGL specification. Pac
installation tools such as tfedhat Package Managae capable of testing for pre-requisites befor:
installing an application. OpenGL provides a mechanism for querying the version at runtime, bu
application is like to fail with unresolved symbols before the query is executed.

Besides additions to the core functionality, new functionality can be added in the form of extens
fact, it is preferred to vet new functionality first as an optional extension before adding it as base



functionality. Extension management is a complicated topic and will be addressed after looking
standardization.

The Linux/OpenGL Base Standard (oglbase)

Recently renamed ©©OpenGL Application Binary Interfacefor Linux The Linux/OpenGL Base
standard attempts to address these remaining issues by defining both the application binary int
(ABI) and runtime environment for the Linux platform. The effort also defines an SDK for develc
portable applications. The SDK definition includes the locations of header files and conventions
extension usage.

oglbase’s scope is limited to just the OpenGL-related components (OpenGL, GLX, and GLU) ot
under X11. Other Linux ABI and runtime standards are addressed by the Linux Standard Base
(http://www.linuxbase.con)/ Other OpenGL-related toolkits are left to their maintainers to decide
ABI issues.

A brief summary of Version 1.0 of the ABI is:

® Definition of the OpenGL data types for the 1A32 platform (GLint, etc).
® Definition of libraries:

O /usr/lib/libG..so (DT_SONAME = |ibG.so.1)
standard OpenGL 1.2 (+ ARB_multitexture) and GLX 1.3 entry points
O Jusr/lib/libGU so (DT_SONAME = |ibGLU. so. 1)

standard GLU 1.3 entry points

® |libGL.so must also include GLX_ARB_get_proc_address extension for extension query

http://oss.sgi.com/projects/ogl-sample/registry/ARB/get_proc_address.txt
® Definition of header files inusr/i ncl ude/ G.:
<@/ gl . h>OpenGL 1.2 + ARB_multitexture defintions
<@/ gl x. h> GLX 1.3 + ARB_get_proc_address definitions
<@./ gl u. h> GLU 1.3 definitions
<@/ gl ext . h> OpenGL extension definitions
<@/ gl xext . h> GLX extension definitions

O gl . h definesG._OGLBASE_VERSI ON

® Libraries are thread-safe and support multi-threading using pthreadsr{ead)

®)

@)
0]
@)
©)

Since version 1.0 has only recently become available, most providers of OpenGL implementatic
not had enough time to produce compliant releases and older releases of OpenGL and OpenGil
libraries are likely to be non-conformant. XFree86 4.01 includes oglbase conformant OpenGL s
Unfortunately, there will be period of turmoil as end users update their platforms to include oglb
compliant releases.

More information on the OpenGL Application Binary Interface for Linux is available at
http://oss.sgi.com/projects/ogl-sample/ABI/

Extensions

Many OpenGL vendors add new features to OpenGL as extensions. The OpenGL specification
a set of rules for defining a new extensions. One of the main difficulties with managing extensio



portable manner is that extensions are optional and two vendors may choose to implement diffe
of extensions. For many applications it is beneficial to use the extensions when they are availat
they will improve either the performance or the visual appearance of the application. The fact th
isn’t a universally available set of extensions makes it difficult for an application developer to us
extensions if they want to create a portable single binary for their application.

In order to use optional extensions at runtime the application developer includes multiple code |
their application, a path that uses an extension and another that does not. When the platform dt
include support for one of the extensions, the code path that does not use the extension is usec
problem remains in that the code that does use the extension, even though it is not executed, w
in references to unresolved symbols. There are several solutions to this problem. The first is to
the code path using the extension in a separate dynamic library (DSO) and only load it when th
application will use that path. This can be rather cumbersome for the application developer. Anc
method is to allow applications to run with unresolved symbols. This works fine if the applicatior
tries to execute code that uses those symbols, but it requires system support. The third option i
provide support in the library to bind symbols indirectly using runtime query functions to determi
addresses of the symbols rather than hard-coded references.

This third option has been included in tApenGL Application Binary Interfacefor Linux as a GLX
extension. The ARB_get_proc_address extension includes a new GLX query that looks up the i
of the named function, similar to thesyn() function for looking up symbols in dynamic libaries. N
an application that can take advantage of a particular extension just needs to query for the pres
the extension using thg Get St ri ng function and if the extension is present query for the
corresponding function address usgngGet Pr ocAddr essARB. This provides an effective solution fo
deploying portable OpenGL Linux application binaries that are capable of using optionally using
extensions.

Application developers may also be interested in making their source code portable as well. The
two aspects in making the use of extensions more portable in source code. The first is the spec
of the extensions. SGI maintains a registry of OpenGL extensions (
http://oss.sgi.com/projects/ogl-sample/regigttigat include a description of the behavior of the
extension as well as the the definitions of the symbols and tokens. This enables vendors to wor
common definition of the extensions. The more significant extensions may be elevated to ARB :
making them more likely to be implemented by multiple vendors. The second component is that
maintains header filegl(ext . h, gl xext . h) that contain the function prototypes and token values fi
the extensions available in the registry. OpenGL vendors can include these files as part of their
distribution and if necessary application developers can download (
http://oss.sgi.com/projects/ogl-sample/ABI/glexinew versions of these files as extensions are ad
These header files are included as part of the oglbase standard and are included automgitically
andgl x. h unlessaL_GLEXT_LEGACY andGLX_GLXEXT_LEGACY are defined at compile time.

Futures

Direct Rendering Infrastructure

As time and energy permit, new architectures will be supported by baseline DRI drivers and the
implementation will receive performance enhancements. The DRI will be ported to other hardw:
platforms and to other processors as part of XFree86.



A longer term goal for the DRI is to allow other OpenGL implementations to plug into the infrast
and eliminate any need to have mutually incompatible versions of the OpenGL components on
platforms. This would allow vendors to ship proprietary driver implementations and allow them t
co-exist with open source implementations on the same platform. This will be benificial in the fu
supporting multiple graphics cards simultaneously.

OpenGL Directions

OpenGL continues to evolve. Most of the effort is currently focused on developing and standarc
new extensions for using compressed textures, vertex array objects, morphing, etc. Information
extensions is available lttp://oss.sgi.com/projects/ogl-sample/registry/

The OpenGL sample implementation has only recently been made available as open source. T
implementation has been integrated with XFree86 3.3.6 and is in the process of being upgrade«
XFree86 4.0.

SGI plans to make some additional software available as open source. Some parts under devel
include optimized geometry code for the Sl implementation, the OpenGL Stream Codec (GLS),
OpenGL Character Renderer (GLC).

oglbase Futures

The ABI definitions needs to be extended to include Linux on other platforms such as PowerPC
Alpha. This mostly involves mapping the OpenGL data types to the appropriate machine-specif

There are some small issues with the current specification that still need refinement or clarificat
These include ensuring that dependencies on other libraries are either eliminated or full defined
terms of the Linux Base ABI.

Finally, as new extensions become available and OpenGL evolves, these need to be considere
inclusion in future versions of the ABI.

OpenAL

Loki Entertainment Software and Creative Labs are driving the development of OpenAL, an auc
similar in concept to an OpenGL for audio hardware. OpenAL does not have a strict specificatic
OpenGL but does attempt to style its API like OpenGL in orthogonality and hardware encapsule

OpenAL provides 3D spatialized sound; it has the concept of a spatial listener and multiple soul
sources; each has a velocity, orientation, and position. The following code sets up a listener ant
source and plays a sample for a short period of time.

ALui nt buf;

ALsi zei size, bits, freq, fornat;

ALfl oat back[] = {0.0f, 1.0f, 0.0f, 0.0f, 0.0f, 1.0f};
alutinit(&rgc, argv);

al GenBuffers( 1, &buf _id);



al ut LoadWAV( "sound.wav", &wave, &f ormat, &size, &bits, & req);
al BufferData( buf_id, fornmat, wave, size, freq );
free(wave); /* openal nakes a | ocal copy of wave data */

al GenSour ces( 1, &source_id);

al Sour ce3f (source_id, AL_PCSITION, 0.0, 0.0, -5.0);
al Sour cefv(source_id, AL_ORI ENTATI ON, backwards);
al Sourcei (source_id, AL_BUFFER, buf _id);

al Sour cePl ay(source_id);

sl eep(10);

aluteExit();

OpenAL is available from th@penAL web page at www.openal.org
OpenML

A number of companies including Discreet, Evans and Sutherland, IBM, Silicon Graphics, 3dfx,
ATI, Intel, S3, and others have developed an initiative, called the Khronos Special Interest Grot
create a multimedia API for audio and video playback, recording, and synchronization, called O
Not much information is yet available about OpenMatw.khronos.orgbut Linux is in dire need o
a DirectX-like API that provides audio and video services integrated together with accelerated 2
3D rendering.

OpenML is being modeled on the successful dMSDK digital media libraries on IRIX from SGI. It
implementations of OpenML will contain software emulation of many features, with the intent (lil
OpenGL), that individual vendors will optimize paths through OpenML that correspond to their r
segment and their hardware feature set. We don’t anticipate seeing mature OpenML implement
within the next year.

In Summary

OpenGL on Linux is maturing rapidly. Precision Insight’s Direct Rendering Infrastructure, XFree
Mesa, and Silicon Graphics’ open source sample implementation of OpenGL 1.2 all provide a s
basis for vendors to provide open source Linux drivers for their hardware. The availability of hat
accelerated OpenGL for Linux strengthens both the OpenGL API for 3D rendering and Linux as
platform for 3D games, simulation, visualization, and design.

By the end of the year, we expect that drivers for the DRI and Sl should bring robust production
OpenGL for Linux to the most popular commodity and high-end boards available.



