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ABSTRACT
Index generation functions are binary-input integer valued functions. They represent functions
of content addressable memories (CAMs). Applications include: IP address tables; terminal
controllers; URL lists; computer virus scanning circuits; memory patch circuits; list of English
words; code converters; and pattern matching circuits.

This book shows memory-based realization of index generation functions. It shows:

1. methods to implement index generation functions by look-up table (LUT) cascades and
index generation units (IGU),

2. methods to reduce the number of variables using linear transformations, and

3. methods to estimate the sizes of memories,

with many illustrations, tables, examples, exercises, and their solutions.

KEYWORDS
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equivalence class, functional decomposition, hash function, incompletely specified
function, index generation function, index generation unit, IP address table, ir-
reducible index generation function, linear decomposition, linear transformation,
LUT cascade, minimization of variables, m-out-of-n code, random function, SAT
solver, symmetric function, upper bound, URL list
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Preface
In 2002, the Cluster Project (the first stage) of the MEXT (Ministry of Education, Culture,
Sports, Science and Technology of Japan) started. In the MEXT Cluster Project, we received
a large amount of research funds for many years. The final goal was to develop a commercial
product by doing joint research with industry. At the end of the first stage of the Cluster Project,
we encountered the concept of index generator as the key device in the network hardware.

An index generation function is an integer valued function. It is a mapping from a set of
n-bit vectors to the set of integers from 0 to k.

For example, in the case of n D 32 and k D 255, the function maps k D 255 different
two-valued vectors into k D 255 distinct integers.

An index generation function can be directly implemented by a Content Addressable
Memory (CAM). Unfortunately, CAMs dissipate much power and are expensive. Thus, I in-
vented a better realization than CAM for this function. The IndexGenerationUnit (IGU) can
realize index generation functions quite efficiently. Its operation is as fast as a CAM, and can
be reconfigured quickly.

The design problem of an IGU can be formulated as a minimization problem of the vari-
ables for an incompletely specified function. This method is quite efficient, and we can easily im-
plement a practical pattern matching network by using a field programming gate array (FPGA)
and memories. An IGU can easily implement a circuit for k > 106. Furthermore, if we use a
linear decomposition, we can drastically reduce the size of the memory. With this idea, many
papers have been published, especially with regard to interesting mathematical problems, thus
becoming a fruitful research endeavor.

This book considers design methods for index generation functions. Main applications in-
clude: IP address table lookup, packet filtering, terminal access controllers, whitelists and black-
lists for URLs, virus scan circuits, memory patch circuits, fault map of memory, and pattern
matching.

This book also introduces linear decomposition, which efficiently realizes index generation
functions.



xvi PREFACE
This book is suitable for both researchers on circuit design and computer-aided de-

sign (CAD) tool developers. To read the book, a basic knowledge of logic design is required. It
will help with the understanding of the material if the reader has knowledge in linear algebra
and statistics. Each chapter contains many examples, and essential chapters contain exercises.
Solutions for the exercises are also provided.

Tsutomu Sasao
November 2019
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