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Il To COMPETE IN THE MARKETPLACE, all semicon-
ductor products have tight time-to-market requirements.
With design complexity exploding, functional verifica-
tion is now on the critical path to RTL signoff and relies
mainly on extensive vector simulation. A typical micro-
processor requires billions of simulation cycles to tape
out. But microprocessor manufacturers aren’t the only
ones concerned about the increasingly long simulation
time. More and more, SoC and ASIC manufacturers face
the same challenge. This special issue focuses on the
important problem of functional verification and test-
bench generation for verifying complex digital ICs—a
synergistic area that has significant impact on both the
test and verification communities. The articles in this
issue cover many different aspects of functional verifi-
cation, including verification methodology, test program
generation, case studies, design specification, and model
checking.

The first article, by Allon Adir et al. (IBM Research
Lab, Haifa), presents Genesys-Pro, a second-generation
model-based testbench generator for functional verifi-
cation of uniprocessors and multicore processors.
Genesys-Pro, an improved version of its predecessor,
Genesys, is currently the main functional verification
tool for all IBM processors. In the 1980s, IBM was among
the first to develop an automatic test program genera-
tor using a biased, random, and dynamic generation
scheme, coupled with a traditional expert-system para-
digm. This early test program generator was architec-
ture dependent; thus, the need for a generic solution
inspired the development of a model-based test gener-
ation scheme. A model-based test generator consists of
two major components:

m a model describing the target architecture, and
B ageneric constraint-solving engine for test generation.

Genesys-Pro introduces significant advancements in both
areas. First, its grammar-based test template language has
the same expressive power as a generic programming
language, therefore maximizing the productivity of veri-
fication engineers. Second, its improved ability to trans-
late test generation into a constraint-solving problem
allows for a powerful and universal constraint-solving
engine. The article summarizes the development of
Genesys-Pro and provides an excellent overview of how
this testbench generation tool evolved at IBM.

Next, Carl Scafidi of Intel, and Doug Gibson and Rohit
Bhatia of Hewlett-Packard, describe a unit-level approach
for verifying the Intel Itanium 2 processor’s exception
control unit, XPN. In full-chip functional verification, it’s
common for certain units, buried deep inside a chip, to
receive less coverage than other units. To alleviate this
problem, unit-level verification adopts a divide-and-con-
quer approach consisting of three components:

m a test generator to emulate all possible inputs from
the surrounding units,

m a golden model to predict the unit’s behavior, and

® a monitor program to check for possible errors.

In this article, the authors summarize their effort to ver-
ify XPN as an independent unit. They demonstrate that,
even after the full-chip model neared tape-out quality,
the unit-level verification approach uncovered 44 hard-
ware bugs.

The third article, by Fulvio Corno et al. (Politecnico
di Torino, Italy), presents a novel functional verification
methodology based on test program evolution. The
authors propose a scheme that involves creating a small
initial set of test programs. The user can apply these test
programs, and feedback from the simulation results
feeds into an improved set of test programs. The feed-

80 0740-7475/04/$20.00 © 2004 |IEEE Copublished by the IEEE CS and the IEEE CASS IEEE Design & Test of Computers



back information comes from coverage measurements.
In a typical functional verification environment, the ver-
ification engineer often carries out this feedback
process manually. A mechanism that automates the
feedback process represents a key advancement in
functional verification.

The difficulty in implementing such a mechanism lies
in the composition of the smaller, initial test programs.
The authors use a genetic-algorithm-based evolution
engine for this purpose. The flexibility of this approach
allows for effective searching of the best tests for reach-
ing a particular target. Basing their evaluation of the pro-
posed methodology on a SPARC-V&-compliant Leon2
microprocessor, the authors demonstrate the superiority
of the approach by comparing it to random test program
generation. A detailed discussion of three interesting cor-
ner cases shows the effectiveness of code optimization
and the capability of the evolutionary approach.

In the fourth article, Chia-Chih Yen and Jing-Yang
Jou of National Chiao-Tung University, Taiwan, and
Kuang-Chien Chen of Verplex propose another
approach to automatic functional-test generation using
state-of-the-art hybrid solvers. The fundamental idea is
to divide a design into loosely coupled components that
have limited interactions with each other, thus facili-
tating independent searches of each component.

The authors describe two key steps that support the
proposed idea. First, they propose an automatic parti-
tioning scheme to decompose a design based on state-
holding elements. Second, the authors present a
method that uses test generation results obtained from
individual components to form the test for the entire
design. They demonstrate that this new divide-and-con-
quer scheme can improve a solver’s capacity for func-
tional-test generation in every test case under study.

The fifth article, by Prabhat Mishra and Nikil Dutt
(University of California, Irvine), and Narayanan
Krishnamurthy and Magdy S. Abadir (Motorola), sum-
marizes the effort to develop a top-down functional ver-
ification methodology. One key challenge that today’s
designers face is the lack of a formal specification for
verifying the RTL model. Design intention is usually
specified in workbooks written in a natural language
such as English.

The authors propose using an architecture descrip-
tion language (ADL) to describe design intention at a
higher level. An ADL model encapsulates all design
properties that a corresponding RTL model must satis-
fy. During verification, designers can generate an asser-
tion model from an ADL model and use it with a
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symbolic verifier to check the RTL design. Moreover,
designers can produce a complete reference model to
use in equivalence checking against the RTL model.
The authors demonstrate the feasibility of this approach
by verifying a memory management unit design in
Motorola’s high-performance microprocessor and in a
32-bit DLX microprocessor.

The final article, by Ganapathy Parthasarathy et al.
(University of California, Santa Barbara), discusses the
potential in applying sequential satisfiability (SSAT) to
improve the capacity of bounded model checking.
Model checking provides an ultimate guarantee in func-
tional verification by exploring all relevant state spaces
to prove or disprove a design property. It is commonly
viewed as a supplementary methodology to testbench
simulation for improving verification quality. Traditional
bounded model checking relies on binary-decision-dia-
gram- and combinational-SAT-based techniques to effi-
ciently search the relevant state space. The authors
suggest that SSAT is an alternative that provides a unique
strength in its ability to support model checking.
Introducing an SSAT solver can potentially improve a
hybrid solver’s capabilities for test generation as well as
for model checking. The authors provide a detailed
analysis of the strengths and weaknesses of using SSAT
as opposed to using BDD and combinational SAT solvers.

THESE SIX ARTICLES provide an excellent overview
of state-of-the-art approaches to functional verification
and testbench generation. We hope you enjoy this spe-
cial issue. |
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B Direct questions and comments about this special
issue to Li-C. Wang (University of California, Santa
Barbara, Dept. of Electrical and Computer
Engineering, Santa Barbara, CA 93106-9560;
licwang@ece.ucsb.edu) or Magdy Abadir (Motorola,
7700 W. Parmer Ln. PL30, Austin, TX 78729;
m.abadir@motorola.com).

For further information on this or any other computing
topic, visit our Digital Library at http://www.computer.org/
publications/dlib.
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