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FOREWORD

Verifying that a hardware design complies with its functional specifications
continues to be a major challenge. It has been reported that up to 40% of the hu-
man resources and 70% of the computing resources in a typical high-end micro-
processor design project are devoted to the verification task. While this is under-
standable (releasing buggy designs can be quite costly economically and other-
wise) , it still leaves one to wonder why such a mechanical task should consume
so much of a design team’s time and talent, resources that are better deployed to
the more creative aspects of design. What’s even more disconcerting is that the
current approaches to verification (simulation, emulation, and formal methods)
can hardly keep up with the exponential increase in design complexity-evident
from the increasing numbers of bug-escapes through fabrication and consequently
expensive re-spins for each new generation of design.

The Joint Research Laboratory for Advanced Test Technology at Institute of
Computing Technology of Chinese Academy of Sciences has been very active in
researching verification technologies and has produced a broad range of impactful
results on coverage metrics, vector generation, equivalence checking, and model
checking. While individual results were published as PhD theses as well as con-
ference and journal papers, this book provides a self-contained, unified, and in-
depth coverage of these timely topics in a coherent fashion and thus offers signifi-
cant additional values beyond the collection of theses and papers. The coverage of
each topic includes motivations and problem definitions, a survey of prior arts,
detailed descriptions of new advances, and demonstrations of experimental re-
sults and comparisons. Therefore, this book will allow the readers to gain better
understanding of both the fundamentals as well as more advanced development
for these important subjects.

The total state space for complete verification is well beyond what can be
practically checked. Thus some modeling and analysis techniques are necessary
for estimating the degree of completeness of the verification tasks as well as for
guiding the selection of additional test cases and/or design modifications for en-
hancing verifiability. Many design and verification teams today use code-, func-
tional-, and/or assertion-coverage to estimate verification coverage while it is uni-

versally acknowledged that each type of models or metrics often has only limited
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and very specific application and thus effectiveness of these metrics remain de-
sign- and flow-dependent. In Part I of the technical content of the book, inclu-
ding Chapters 2 to 5, gives a thorough treatment of this subject and reports some
exciting new research results to address the limitations of existing models and
metrics.

Automatic generation of high-quality vectors remain a central research focus
for verification of debugging. Part II of the technical content sincluding Chapters
6 to 9, describes error-model-driven and coverage-driven vector generation. Both
deterministic and guided-random approaches are discussed.

The promise of formal verification has been hailed, by some, as a panacea.
Alas, formal methods have failed to convince the skeptics and have somewhat
fallen short of that promise. To be sure, some aspects of design verification are
now routinely performed with tools that employ formal reasoning; for example,
establishing the equivalence between two implementations of the same design is
now regularly done using formal equivalence checking tools which have more or
less replaced simulators as the preferred method. Property verification via model
checking, while has not caught on to the same extent, is gaining increasingly
popularity. Part III of the technical content of the book, including Chapters 10 to
14, addresses the scalability and computational efficiency of various formal meth-
ods. It starts with an introduction to formal verification approaches, followed by
a thorough coverage of incremental equivalence checking, optimization techniques
to the Boolean satisfiability problem, and a number of core issues for model checking,

The fast and continuing evolution of verification technology and the enor-
mous growth in the complexity and sophistication of the coverage and verification
tools has made it such that very few people can really master all fronts of this
subject. New problems, new algorithms, and new methodologies and tools con-
tinue to emerge. As a result, it is becoming difficult even for experts to follow
and comprehend the progress on a continuing basis. This book organizes a huge
body of complex materials into a logical and easy-to-understand fashion and thus
will help graduate students, engineers, and researchers to get a better grasp of

recent advances and gains better insight into this fast evolving field.

Kwang-Ting (Tim) Cheng (G5)t3E)
Univ. of California, Santa Barbara
December 4, 2009
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