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ABSTRACT
is synthesis lecture presents the current state-of-the-art in applying low-latency, lossless hard-
ware compression algorithms to cache, memory, and the memory/cache link. ere are many
non-trivial challenges that must be addressed to make data compression work well in this con-
text. First, since compressed data must be decompressed before it can be accessed, decompression
latency ends up on the critical memory access path. is imposes a significant constraint on the
choice of compression algorithms. Second, while conventional memory systems store fixed-size
entities like data types, cache blocks, and memory pages, these entities will suddenly vary in size
in a memory system that employs compression. Dealing with variable size entities in a memory
system using compression has a significant impact on the way caches are organized and how to
manage the resources in main memory. We systematically discuss solutions in the open literature
to these problems.

Chapter 2 provides the foundations of data compression by first introducing the funda-
mental concept of value locality. We then introduce a taxonomy of compression algorithms and
show how previously proposed algorithms fit within that logical framework. Chapter 3 discusses
the different ways that cache memory systems can employ compression, focusing on the trade-
offs between latency, capacity, and complexity of alternative ways to compact compressed cache
blocks. Chapter 4 discusses issues in applying data compression to main memory and Chapter 5
covers techniques for compressing data on the cache-to-memory links. is book should help a
skilled memory system designer understand the fundamental challenges in applying compression
to the memory hierarchy and introduce him/her to the state-of-the-art techniques in addressing
them.

KEYWORDS
cache design, memory system, memory hierarchy, data compression, performance,
energy efficiency
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Preface
is primer is intended for readers who are interested in learning about the different ways that data
compression can be applied to the computer memory hierarchy, including caches, main memory,
and the links that connect them. is audience includes computing industry professionals and
graduate students. We expect our readers to be familiar with the basics of computer architecture.
Knowing the details of out-of-order execution is unnecessary, but readers should be comfortable
with the basics of cache and memory hierarchy design.

is primer’s primary goal is to provide readers with a basic understanding of the key chal-
lenges and opportunities in applying data compression to the memory hierarchy. We address the
complementary issues of data compression and data compaction, presenting high-level concepts
and how they manifest in previously proposed designs. We introduce a taxonomy to help un-
derstand which compression algorithms are most applicable to different levels of the memory
hierarchy. We use another taxonomy to classify different ways of compacting variable-size com-
pressed blocks into memory structures that are classically designed to hold fixed-size blocks.

A secondary goal of this primer is to make readers aware of the opportunity that data com-
pression has to improve the performance, energy efficiency, and cost of future computer systems.
We believe that technology trends are converging in such a way as to make data compression a
compelling solution and hope this primer may help expedite its widespread adoption throughout
the memory system. It is not a goal of this primer to cover all topics in depth, but rather to cover
the basics and help readers identify which topics they may wish to pursue in greater depth.

Somayeh Sardashti, Angelos Arelakis, Per Stenström, and David A. Wood
December 2015
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