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ABSTRACT
Originally developed to support video games, graphics processor units (GPUs) are now increas-
ingly used for general-purpose (non-graphics) applications ranging from machine learning to
mining of cryptographic currencies. GPUs can achieve improved performance and efficiency
versus central processing units (CPUs) by dedicating a larger fraction of hardware resources to
computation. In addition, their general-purpose programmability makes contemporary GPUs
appealing to software developers in comparison to domain-specific accelerators. Thi book pro-
vides an introduction to those interested in studying the architecture of GPUs that support
general-purpose computing. It collects together information currently only found among a wide
range of disparate sources. Th authors led development of the GPGPU-Sim simulator widely
used in academic research on GPU architectures.

Th first chapter of this book describes the basic hardware structure of GPUs and provides
a brief overview of their history. Chapter 2 provides a summary of GPU programming models
relevant to the rest of the book. Chapter 3 explores the architecture of GPU compute cores.
Chapter 4 explores the architecture of the GPU memory system. After describing the architec-
ture of existing systems, Chapters 3 and 4 provide an overview of related research. Chapter 5
summarizes cross-cutting research impacting both the compute core and memory system.

Thi book should provide a valuable resource for those wishing to understand the archi-
tecture of graphics processor units (GPUs) used for acceleration of general-purpose applications
and to those who want to obtain an introduction to the rapidly growing body of research ex-
ploring how to improve the architecture of these GPUs.

KEYWORDS
GPGPU, computer architecture
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Preface
Thi book is intended for those wishing to understand the architecture of graphics processor units
(GPUs) and to obtain an introduction to the growing body of research exploring how to improve
their design. It is assumed readers have a familiarity with computer architecture concepts such as
pipelining and caches and are interested in undertaking research and/or development related to
the architecture of GPUs. Such work tends to focus on trade-offs between different designs, and
thus this book is written with a view to providing insights into such trade-offs so that the reader
can avoid having to learn by trial and error what is already known to experienced designers.

To help achieve this, the book collects together into one resource many relevant bits of
information currently found among a wide range of disparate sources such as patents, product
documents, and research papers. It is our hope this will help reduce the time it takes for a student
or practitioner just starting to do their own research to become productive.

While this book covers aspects of current GPU designs, it also attempts to “synthesize”
published research. Thi is partly due to necessity, as very little has been said by vendors on the
microarchitecture of specific GPU products. In describing a “baseline” GPGPU architecture,
this book relies both upon published product descriptions (journal papers, whitepapers, manuals)
and, in some cases, descriptions in patents. Th details found in patents may differ substantially
from the microarchitecture of actual products. In some cases, microbenchmark studies have
clarified for researchers some details, but in others our baseline represents our “best guess” based
upon publicly available information. Nonetheless, we believe this will be helpful as our focus is
understanding architecture trade-offs that have already been studied or might be interesting to
explore in future research.

Several portions of this book focus on summarizing the many recent research papers on
the topic of improving GPU architectures. As this topic has grown significantly in popularity
in recent years, there is too much to cover in this book. As such, we have had to make difficult
choices about what to cover and what to leave out.

Tor M. Aamodt, Wilson Wai Lun Fung, and Timothy G. Rogers
April 2018
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