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1 Introduction

This work-in-progress explores the implementation of stream fil-
tered ray tracing using the Storm-1 stream processing architecture
developed by Stream Processors, Inc. This poster will discuss our
efforts to map the stream filtering approach to the Storm-1 architec-
ture and highlight the current progress toward a full-featured ray-
based rendering system.

2 Stream Filtered Ray Tracing

Stream filtering [Gribble and Ramani 2008] recasts the basic ray
tracing algorithm as a series of filter operations that exploit coher-
ence by partitioning arbitrarily-sized groups of arbitrary rays, or ray
streams, into active and inactive subsets throughout the rendering
process. In particular, ray streams are subjected to sets of condi-
tional statements, or stream filters, that isolate those rays exhibiting
some property of interest:

out_stream filter<property>(in_stream)

{

foreach ray in in_stream

if (ray.test(property) == true)

out_stream.add(ray)

return out_stream

}

Gribble and Ramani [2008] have shown that the core operations in
ray tracing, including traversal, intersection, and shading, can be
written as a sequence of stream filters:

• Traversal. The input stream is recursively traced through a
hierarchical acceleration structure such as a BVH. In each
traversal step, the stream is tested against the bounds of the
current node, and a filter partitions the input stream so that
only those rays intersecting the node are included in the out-
put stream that is used in subsequent traversal steps.

• Intersection. Intersection tests are decomposed into a se-
quence of stream filters, or a filter stack, for the relevant sub-
stages of ray/primitive intersection tests. Using a filter stack,
each stage of such a test can be applied in succession with
only those rays that have passed previous filters.

• Shading. Filter stacks are also used to extract rays requiring
the same operations, texture data, and so forth during shading.
A programmable shader could, for example, first extract and
process shadow rays, then rays that do not intersect geome-
try, and finally rays that intersect a light source. Any remain-
ing rays could then be processed by evaluating the reflectance
model and spawning secondary rays as necessary.

Stream filtering eliminates inactive elements during traversal, in-
tersection, and shading to maximize coherence in later operations.
Moreover, this approach ensures that these operations process input
streams containing only active rays. The key strengths of stream fil-
tering include:

• Parallel processing. The algorithm achieves high SIMD uti-
lization by exploiting the parallelism inherent to arbitrary col-
lections of arbitrary rays.

• Programmable reordering. The algorithm enables program-
mers to extract active rays with respect to scene geometry, ac-
celeration structure, material shaders, and so forth, and does
not depend on presorting operations or coherence heuristics.

• Hardware requirements. The algorithm imposes modest
memory requirements and supports arbitrary SIMD widths;

as such, stream filtering is amenable to a wide range of future
hardware architectures.

• Generality. The algorithm is generally applicable to all hier-
archical acceleration structures and any type of primitive, and
thus supports a wide range of ray tracing applications.

In addition, stream filtering opens a new design space that offers
many interesting implementation alternatives, and we believe the
approach provides a compelling design for future ray-based graph-
ics hardware [Ramani et al. 2009].

3 Current Status
More immediately, however, our work targets a full implemen-
tation of stream filtered ray tracing on the Storm-1 series pro-
cessors developed by Stream Processors, Inc. [SPI 2008]. The
Storm-1 architecture is based on a standard RISC processor that
offloads performance-critical tasks to an integer-only, data-parallel
processing unit designed to exploit parallelism using conditional
streams [Kapasi et al. 2000].

Toward this end, we have implemented a complete, full-featured
integer-only ray tracing pipeline for computational environments
that lack hardware support for the IEEE 754 floating-point stan-
dard [Heinly et al. 2010]. In addition, we have:

• developed a library of 32- and 64-bit integer operations for
the data-parallel execution unit, including complex functions
such as multiword square root and 64-bit/32-bit division;

• created an object-oriented framework for creating and manag-
ing computational tasks and data movement across the archi-
tecture’s RISC processor and the data-parallel unit; and

• implemented a prototype rendering system based on stream
filtering to leverage the compute capabilities provided by the
Storm-1 processor.

The system, though still under active development, demonstrates
the feasibility of high-performance rendering with stream filtering.
Upon completion, we hope to have a full-featured ray-based ren-
dering system for use with the Storm-1 series processors.
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