
Like any young technology, we are constantly developing and 
improving the OpenRL SDK.  If you have a suggestion for how we 
can make it more usable, flexible, powerful, or generally better, let 
us know.  We’d love to hear from you.

  Abstract Foundation

Applications built using OpenRL will benefit from acceleration on a 
variety of hardware devices.  This write-once-run-anywhere 
approach means less work is needed to reach the broadest base of 
potential customers.

Additionally, you should never need to rewrite your application as 
future processors offer greater performance through yet another 
programming paradigm.  Code written to OpenRL will alway remain 
at the cutting edge of performance, no matter what twists and 
bumps show up along the evolutionary road of computing 
architectures.

  OpenRL Standardization

We believe that a platform needs to be open to succeed.  The 
OpenRL SDK includes our implementation of the OpenRL 
specification, but we make OpenRL available to other vendors to 
provide separate implementations.  OpenRL provides a standard 
way to express ray tracing so it ultimately benefits the entire 
industry.

  Introduction
The OpenRL SDK provides a cross platform ray tracing 
acceleration framework offering unprecedented performance, 
portability, and ease of development.  The SDK includes a 
comprehensive and optimized implementation of OpenRL, a 
graphics API inspired by OpenGL, with features to facilitate ray 
tracing.

OpenRL provides a quick path to get a ray tracing renderer up and 
running.  The standards based API will already be familiar to 
OpenGL programmers.  It allows you to submit your geometry as 
triangles or triangle strips and define your shaders in a familiar 
shading language to execute in an optimized runtime compiled 
environment.  Frame Buffer Objects allow access to the output of 
the rendering.  Using the example projects provided along with our 
implementation of the OpenGL Utility Toolkit (GLUT), we expect 
that you will immediately be able to begin exploring the visual 
possibilities enabled by ray tracing.

It’s important to note, however, that the OpenRL SDK is not a 
renderer.  Instead, it provides a flexible foundation upon which 
many different applications can be built.  It does not impose a 
certain lighting model or confine you to a limited set of techniques.  
All the rendering choices are yours to make.  In fact, there is no 
reason that your OpenRL application needs to be visual at all.  With 
the highly optimized database queries exposed in OpenRL, we 
believe there are opportunities to accelerate simulations and other 
informatics engines as well.  We are eagerly anticipating the 
creativity of you, the developers, to show us amazing things that we 
never imagined, running on top of OpenRL. 
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  Programming OpenRL

The programming model for OpenRL, just like OpenGL, is that of a 
pipeline.  The pipeline has stages that can execute shader code 
that you specify.

  Shaders

Programmers familiar with OpenGL will recognize vertex shaders.  
Just like OpenGL, OpenRL vertex shaders allow geometry to be 
modified programatically.  OpenRL introduces two new shader 
types to the pipeline: ray shaders and frame shaders.

 A ray shader is a shader that is bound to an object in the scene 
(Known as a primitive object).  It is responsible for implementing the 
lighting and material effects on the surface, at the point in the scene 
where the ray intersects the object.  Ultimately, the output from a 
ray shader can be a value accumulated into the frame buffer.

While ray shaders are executed when a ray intersects a piece of 
geometry, the first rays in the scene must come from somewhere.  

That somewhere is a frame shader.  A frame shader can be used to 
implement the “Camera” used to view  your scene.  It can also be 
used for screen-space effects like applying an image filter.

A frame shader executes once for every pixel in the output Frame 
Buffer Object, and is responsible for emitting all of the rays that will 
contribute color to that pixel.

 Shaders Cast Rays
The cornerstone of ray tracing is the ability to use rays.  OpenRL 
provides facilities for exactly that purpose.  A shader sets up the 
attribute data to define a ray and then “Fires” the ray into the scene.  
When a ray is emitted, the OpenRL implementation performs all the 
necessary testing to determine which primitive object the ray first 
intersects.  Then the appropriate ray shader is executed.

Rays are emitted one-at-a-time.  There is no need to track which 
“packet” a ray belongs to, or to manage multiple rays in-flight at 
once.  All of these kinds of optimizations are handled behind the 
scenes, and don’t need to complicate your shaders.
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  Ray Attributes

A ray’s behavior is established by setting its attributes.  Some 
attributes are built-in, and serve a well defined purpose in OpenRL.  

These include the ray’s origin, direction, clipping distance, etc.

In addition to the built-in ray attributes, you may create additional 
user-defined ray attributes. This allows rays to become the basic 
information transport vehicle in OpenRL.  User-defined attributes 
can be set by the shader that emits the ray, and read by the shader 
that executes when the ray is shaded.  These attributes form a 
scene-wide contract and facilitate communication between all 
shaders that can exchange rays.

  Runtime Compilation

The OpenRL SDK incorporates an optimizing compiler that 
compiles all shaders at runtime, producing low-level machine code 
targeted to the hardware configuration your application is running 
on.  This means that you don’t need to care about what hardware 
you are targeting when you are programming with OpenRL.

This also means that your application can modify shaders while 
running, and seamlessly compile them for use in the next frame.  
There is no need to rebuild or even to restart your application.  This 
feature opens up many possibilities for interactivity, such as 
dynamically stitching together a user-defined network of “shader 
nodes”.

And, of course, the compiler will automatically optimize away dead 
code and eliminate redundant calculations.

  The Geometry Pipeline & Retain Mode Rendering

In ray tracing, any piece of the scene geometry is potentially visible 
to any ray.  This means that, unlike the OpenGL geometry pipeline 
built for rasterization, the OpenRL implementation must retain 
access to all scene geometry.  This is required because any piece 
of geometry may need to be loaded at any time while ray tracing is 
occurring.

This also means that the ray tracing can not take place until after all 
of the geometry has been submitted.  Frame rendering is explicitly 
kicked off by the application.  This causes the execution of the 
frame shader to begin.  Rays emitted by the frame shader trigger 
execution of ray shaders which, in turn, can emit more rays.  The 
results of the shaders are available in the frame buffers after the 
rendering operation has completed.

  Primitive Objects

OpenRL introduces Primitive Objects to encapsulate information 
about objects in the scene.  Each primitive object can contain a 
reference to vertex data and vertex attributes defining a single 
geometric mesh with associated vertex attributes, as well as all 
associated textures, parameters (known as uniforms), and shaders 
needed to define the object’s material properties.

Our OpenRL implementation will schedule shaders that need to 
access a given primitive object together, so it can achieve optimal 
caching of the data associated with that primitive object.  In addition 
to increasing texture access locality, the implementation can better 
exploit SIMD execution for multiple instances of the same shader.

  Transparent Acceleration Structure  
  Creation & Maintenance

Acceleration structures are data structures used in ray tracing to 
facilitate fast ray-geometry intersection testing.  In OpenRL, 
acceleration structures are built and maintained transparently, 
behind the scenes, and your application does not need to write any 
code to create or traverse them.

Our OpenRL implementation, however, can leverage the 
acceleration structure built in previous frames, to optimize the 
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system performance in subsequent frames.  Therefore, if a primitive 
object’s geometry remains static from one frame to the next, the 
system doesn’t need to do any work updating the acceleration 
structure for that primitive object.  This cache remains valid even if a 
primitive’s uniforms do change between frames.

If a simple transformation to a primitive object is desired, OpenRL 
provides an extension to allow a fast transformation to be applied to 
a primitive object.  The application can supply a matrix that modifies 
the position of every vertex in the primitive object, without requiring 
a rebuild of the acceleration structure.

	  	  Example Projects

The OpenRL SDK includes many example projects with full source 
code to demonstrate the features of OpenRL.  Here is a brief 
explanation of some of the examples that are included with the 
OpenRL SDK.

AdaptiveAA demonstrates a technique to 
render a single pass, and then cast anti-
aliasing rays in response to the results of an 
edge detection filter applied to the frame 
buffer.

AmbientOcclusion demonstrates the use 
of stochastic sampling techniques and 
shadow rays to dynamically determine the 
lighting of a point.

Animation shows efficient rotating, scaling, 
and dynamically deforming geometry.

DrawOneTriangle shows an incredibly 
simple application, to get started with 
OpenRL.

FrameshaderOnly shows the a frame 
shader that does use any ray tracing to 
perform a screen-space effect.

Glassware shows reflective and refractive 
materials.  It shows rays propagating ray 
differential data off curved surfaces and 
smooth anti-aliasing of a procedurally 
generated checkerboard.

GoldenGate shows Perlin noise used to 
create rippling water, random fog and stars, 
and lights that are procedurally placed.

Lanterns shows the use stochastic depth 
of field in a frame shader, as well as a 
some interesting materials implemented 
with ray shaders.

ProceduralAA shows how ray differentials 
can be used to reduce aliasing in shaders.

Particles shows how OpenRL can be used 
to perform non-graphical calculations for 
simulation.  In this example, the motion of 
the particles is computed using OpenRL, 
and the particles are displayed with 
OpenGL.

Transparency illustrates how reflections 
and transmissions attenuate light to 
produce a final output color in a subtractive 
color model.
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Occluders expands on that theme, 
showing how shadow rays can be used to 
determine the color of a point being lit by a 
light.  Unfortunately, you won’t find anyone 
talking backwards in this dream.

Car shows an attractive 
model with more complex 
materials. It demonstrates 
how a shader can be 
factored to implement 
different lighting models for 
stylized rendering.

Sketch, daytime, nighttime, and cartoon lighting modes are 
shown.

	  	  Conclusion

The OpenRL SDK is a powerful toolkit for incorporating ray tracing 
into your application.  It provides a simple execution model and a 
familiar interface, while automatically handling all of the 
performance-critical parts of ray tracing by making optimal use of all 
available compute hardware.

OpenRL is striving to be an interface flexible enough to meet the 
needs of high-end renderers and interactive applications alike, with 
an eye toward a future where ray tracing will be fast and efficient 
enough to become the dominant paradigm for 3D graphics.

We are eagerly waiting to see what you will build.
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