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Eleven years ago, at ISCA 14, we published a paper
titled, “Architecture of a Message-Driven Processor”
[Dal87] marking the start of our J-Machine project at MIT.
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The Imagine Stream Processor
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Abstract

The Imagine Stream Processor is a single-chip pro-
grammable media processor with 48 parallel ALUs. At
400 MHz, this translates to a peak arithmetic rate of
16 GFLOPS on single-precision data and 32 GOPS on 16-
bit fixed-point data. The scalability of Imagine’s program-
ming model and architecture enable it to achieve such high
arithmetic rates. Imagine executes applications that have
been mapped to the stream programming model. The stream
model decomposes applications into a set of computation
kernels that operate on data streams. This mapping exposes
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*The research described in this paper was supported by the Defense
Advanced Research Projects Agency under ARPA order E254 and moni-
tored by the Army Intelligence Center under contract DABT63-96-C0037,
by ARPA order L172 monitored by the Department of the Air Force under
contract F29601-00-2-0085, by Intel Corporation, by Texas Instruments, by
an Intel Foundation Fellowship, and by the Interconnect Focus Center Pro-
gram for Gigascale Integration under DARPA Grant MDA972-99-1-0002.

Figure 2: J-Machine

revising the chips in early 1992 to correct a few bugs, we

built three J-Machines: a 1024-node machine at MIT and

Dally, William J., et al. "Retrospective: the J-machine." 25 years of the international symposia on Computer architecture (selected papers). 1998.

Brook for GPUs: Stream Computing on Graphics Hardware
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Abstract

In this paper, we present Brook for GPUs, a system
for general-purpose computation on programmable graphics
hardware. Brook extends C to include simple data-parallel
constructs, enabling the use of the GPU as a streaming co-
processor. We present a compiler and runtime system that
abstracts and virtualizes many aspects of graphics hardware.
In addition, we present an analysis of the effectiveness of the
GPU as a compute engine compared to the CPU, to deter-
mine when the GPU can outperform the CPU for a particu-
lar algorithm. We evaluate our system with five applications,
the SAXPY and SGEMV BLAS operators, image segmen-
tation, FFT, and ray tracing. For these applications, we
demonstrate that our Brook implementations perform com-
parably to hand-written GPU code and up to seven times
faster than their CPU counterparts.

CR Categories: 1.3.1 [Computer Graphics]: Hard-
ware Architecture—Graphics processors D.3.2 [Program-
ming Languages|: Language Classifications—Parallel Lan-
guages

Keywords: Programmable Graphics Hardware, Data

Parallel Computing, Stream Computing, GPU Computing,
Brook

1 Introduction

In recent years, commodity graphics hardware has rapidly
evolved from being a fixed-function pipeline into having pro-
grammable vertex and fragment processors. While this new
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modern hardware. In addition, the user is forced to ex-
press their algorithm in terms of graphics primitives, such
as textures and triangles. As a result, general-purpose GPU
computing is limited to only the most advanced graphics
developers.

This paper presents Brook, a programming environment
that provides developers with a view of the GPU as a stream-
ing coprocessor. The main contributions of this paper are:

e The presentation of the Brook stream programming
model for general-purpose GPU computing. Through
the use of streams, kernels and reduction operators,
Brook abstracts the GPU as a streaming processor.

e The demonstration of how various GPU hardware lim-
itations can be virtualized or extended using our com-
piler and runtime system; specifically, the GPU mem-
ory system, the number of supported shader outputs,
and support for user-defined data structures.

e The presentation of a cost model for comparing GPU
vs. CPU performance tradeoffs to better understand

under what circumstances the GPU outperforms the
CPU.

2 Background

2.1 Evolution of Streaming Hardware

Programmable graphics hardware dates back to the origi-

nal programmable framebuffer architectures [England 1986].
One nf the m i i
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on a chip. This is because both providing instructions and
transferring data at the necessary rates are problematic. For
example, a 48 ALU single-chip processor must issue up to
48 instructions/cycle and provide up to 144 words/cycle of
data bandwidth to operate at peak rate.

The Imagine Stream Processor addresses these issues by
using the stream programming model to expose parallelism
as well as producer-consumer locality, the true data local-
ity in media processing applications. This locality can be
exploited by routing most of the required bandwidth on lo-
cal wires, which are more efficient and plentiful than global
communication paths. Imagine exploits this locality with a

ACM Queue 2004
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Evolution of the Graphics Processing Unit

2004 - Brook language ported to GPUs
2004 - lan Buck graduates and joins
NVIDIA works with John Nickolls on
CUDA

Brook + Cg + user commments -> CUDA

2006 - CUDA Launched

8 <A NVIDIA.

raphics processing units (GPUs) power today’s

fastest supercomputers, are the dominant

platform for deep learning, and provide the
intelligence for devices ranging from self-driving cars
to robots and smart cameras. They also generate com-
pelling photorealistic images at real-time frame rates.
GPUs have evolved by adding features to support new
use cases. NVIDIA's GeForce 256, the first GPU, was
a dedicated processor for real-time graphics, an appli-
cation that demands large amounts of floating-point
arithmetic for vertex and fragment shading computa-
tions and high memory bandwidth. As real-time graphics
advanced, GPUs became programmable. The combina-
tion of programmability and floating-point performance
made GPUs attractive for running scientific applications.
Scientists found wavs to use earlv oroerammable GPUs

IEEE Micro Nov-Dec 2021

Computer Corporation was founded in 1968 to build
special-purpose 3-D graphics hardware. Using the
small-scale integration technology of the day, these
expensive multirack systems were used for demand-
ing applications such as flight simulators.

THE AVAILABILITY OF EASILY
PROGRAMMED GPUs WITH HIGH
FLOATING-POINT PERFORMANCE
ENABLED THE CURRENT
REVOLUTION IN DEEP LEARNING.
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Federally-funded university research plants the seeds for industrial
success and U.S. leadership

Basic research solves problems beyond the horizon of industrial
research labs

University research trains students in key technology areas

Foreignh graduate students are attracted to universities working on
leading research and often stay in the US

We are in an international competition — for technology and talent.
We are ahead, but near-peer nations are closing the gap

NVIDIA.
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