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Preface

It was our great pleasure to hold the 2nd International Symposium on Automated Tech-
nology on Verification and Analysis (ATVA) in Taipei, Taiwan, ROC, October 31—
November 3,2004. The series of ATVA meetings is intended for the promotion of related
research in eastern Asia. In the last decade, automated technology on verification has
become the new strength in industry and brought forward various hot research activities
in both Europe and USA. In comparison, eastern Asia has been quiet in the forum. With
more and more IC design houses moving from Silicon Valley to eastern Asia, we believe
this is a good time to start cultivating related research activities in the region.

The emphasis of the ATVA workshop series is on various mechanical and informative
techniques, which can give engineers valuable feedback to fast converge their designs
according to the specifications. The scope of interest contains the following research ar-
eas: model-checking theory, theorem-proving theory, state-space reduction techniques,
languages in automated verification, parametric analysis, optimization, formal perfor-
mance analysis, real-time systems, embedded systems, infinite-state systems, Petri nets,
UML, synthesis, tools, and practice in industry.

As a young symposium, ATVA 2004 succeeded in attracting 69 submissions from
all over the world. All submissions were rigorously reviewed by three reviewers and
discussed by the PC members through the network. The final program included a general
symposium and three special tracks: (1) Design of secure/high-reliability networks,
(2) HW/SW coverification and cosynthesis, and (3) hardware verification. The general
symposium consisted of 24 regular papers and 8 short papers. The three special tracks
together accepted 7 papers. The final program also included three keynote speeches by
Bob Kurshan, Rajeev Alur, and Pei-Hsin Ho; and three invited speeches by Jean-Pierre
Jouannaud, Tevfik Bultan, and Shaoying Liu. The symposium was also preceded by
three tutorials by Bob Kurshan, Rajeev Alur, and Pei-Hsin Ho.

We want to thank the National Science Council, Ministry of Education, and
Academia Sinica of Taiwan, ROC. Without their support, ATVA 2004 would not have
come to reality. We thank the Department of Electrical Engineering, Center for In-
formation and Electronics Technologies (CIET), SOC Center, and Graduate Institute of
Electronic Engineering (GIEE) of National Taiwan University for their sturdy
support, and we thank Synopsys, Inc. for sponsoring ATVA 2004. We thank all the
tutorial-keynote speakers, invited speakers, committee members, and reviewers of ATVA
2004. Finally, we thank Mr. Rong-Shiung Wu, for his help in maintaining the webpages
and compiling the proceedings, and Mr. Lin-Zan Cai, for his help in all the paperwork.

August 2004 Farn Wang
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Games for Formal Design and Verification of
Reactive Systems

Rajeev Alur

University of Pennsylvania, USA

Abstract. With recent advances in algorithms for state-space traver-
sal and in techniques for automatic abstraction of source code, model
checking has emerged as a key tool for analyzing and debugging software
systems. This talk discusses the role of games in modeling and analysis
of software systems. Games are useful in modeling open systems where
the distinction among the choices controlled by different components is
made explicit. We first describe the model checker Mocha that supports
a game-based temporal logic for writing requirements, and its applica-
tions to analysis of multi-party security protocols. Then, we describe
how to automatically extract dynamic interfaces for Java classes using
predicate abstraction for extracting a boolean model from a class file,
and learning algorithms for constructing the most general strategy for
invoking the methods of the model. We discuss an implementation in the
tool JIST—Java Interface Synthesis Tool, and demonstrate that the tool
can construct interfaces, accurately and efficiently, for sample Java2SDK
library classes.

F. Wang (Ed.): ATVA 2004, LNCS 3299, p. 1, 2004.
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Today, the Electronic Design Automation (EDA) industry is making its second attempt
to commercialize model checking tools for hardware verification. Its first attempt started
about 6 years ago, in 1998. While this first attempt was only barely successful commer-
cially, it resonated well enough with customers of the model checking tool vendors to
motivate a second round of commercial offerings in 2004.

Why has it taken almost a quarter century for model checking to surface in a com-
mercial venue? Why did not the great academic tools of the *80s and *90s translate more
directly into useful commercial tools?

In retrospect, there are three clear answers to these questions:

1. application of model checking in commercial flows requires a significant change
in design methodology, advancing verification from post-development to the early
design stage, onto the shoulders of developers; historically, developers have been
considered “too valuable" to burden with testing (“verification" and “test" are not
distinguished in EDA);

2. a commercial-quality tool is expensive to deploy, requiring verification experts to
program the core algorithms with close attention to performance, and beyond this re-
quiring significant efforts in developing use models, the integrated tool architecture,
user interfaces, documentation, product quality validation (product testing), market-
ing, customer support and — very critically — convincing the Sales Team (who work
on commission and/or bonuses based on sales volume) that they should put in a lot
of effort to learn and sell a new tool when they already have an established customer
base for the commoditized tools like simulators that they can sell in million dollar
batches with a phone call;

3. given 1., the market for these tools was hard to estimate, so it was hard or impossible
to calculate the expected return on investment of the daunting costs in 2.

Nonetheless, in the ‘90s, the growing inadequacy of existing functional verification
methods was reaching crisis proportions on account of the inability of simulation test
to keep up with exponentially growing design complexity. There was growing pressure
on the EDA industry to provide better support for weeding out of circuit designs an in-
creasing number of disastrous functional bugs, before those designs hit the marketplace.

Previously, proof-of-concept demonstrations of the value of formal verification, at
least in the hands of experts, had become ever more persuasive, with many demonstration
projects in academia and industry that showed the potential of formal verification to solve
the looming test crisis.

Around 1998, the EDA industry responded timidly to these pressures by releasing
under-funded and thus inadequate answers to these industry needs. Lack of funding
resulted in short-changing one or more of the requirements cited in 2. above, and/or
failing to adequately address the issue 1. The result was a lot of sparks of interest,
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even some flames of satisfaction from well-positioned users, but no broadly sustainable
verification product that could be fanned out widely in EDA.

However, the sparks and flames did catch the attention of EDA management enough
to fund a second round. The first focus of the second round was to evaluate the failures
of the first round and devise solutions for these failures.

The first issue to address was 1. Designers are widely supported like “prima donnas",
whereas “product verification" is often considered to be an entry level job from which
one seeks to advance to more glamorous work like design. Therefore, to ask the designer
to support verification was largely considered by management to be a non-starter.

Since the classical test flow consisted of handing the completed design together
with a system specification to a testing group, it was natural at some level for manage-
ment to presume that by analogy they should hand off a completed design to a model
checking team. Since there was little available expertise in model checking, they looked
to academia for this expertise. In the first model checking flows, newly hired formal
verification Ph.d’s augmented with summer students served as the first model checking
teams.

The trouble with this setup was that whereas classical test teams could infer system
tests from a system specification with which they were provided, the intrinsic computa-
tional capacity limitations on model checking required that model checking be applied at
the design block level. There are generally no design specifications for individual blocks
beyond rough engineering notes that are rarely up to date and often hard to understand.

These model checking teams were thus forced to spend an inordinate amount of
time studying block designs in order to come up with suitable properties to check.
Often, this process included quizzing the designers, which some designers resented as
an unwelcome intrusion on their time, or else management feared that it would be that.
Moreover, it was insufficient to learn only the blocks to be tested. It was also required
to learn the environment of those blocks, in order to design an “environment model" or
constraints for the blocks to be verified, in order to preclude false failures. Getting the
environment model right was often the hardest part of the process, as it required learning
a large part of the design, far beyond the portion to be checked.

In summary, using a dedicated model checking team was not a solution that would
scale to a general widely deployed practice. The team was too far from the design to be
able to easily understand it as required, and extracting the required information from the
designers was considered too disruptive to the designers.

For the second round the clear priorities, in order, were these:

1. FIRST, focus on USABILITY to break into the current development flow;

2. then, focus on capacity: how to scale the use model to the same size designs to which
simulation test applies;

3. finally, focus on PERFORMANCE in order to get results fast enough to augment
and keep up with the normal test flow.

The syllogism went like this: formal verification must be applied to design blocks,
on account of capacity limitations; but, only the designer understands a design at the
granularity of its blocks; therefore, it must be the designer who facilitates formal verifi-
cation.



4 R.P. Kurshan

On the one hand, advancing verification in the development flow to the earlier design
phase offered a big potential advantage. It could reduce development costs by finding
bugs earlier, thereby saving more costly fixes later. But this left unanswered how break
through the cultural barrier: designers dont do test!

The answer to this puzzle came through the evolution of assertion languages. An
assertion language is a formal language that is used to specify properties to be checked
in a design. The most common assertion languages (although they were not called that)
were the logics LTL and CTL, in use in academia for two decades. These were hard to
assimilate (even for the experts) and only meek attempts were made to introduce them to
designers. In 1995, along with one of the first commercial model checkers, FormalCheck
from Lucent Technologies, came a very simple and intuitive assertion language: the
FormalCheck Query Language (FQL). FQL was strictly more expressive than LTL,
being able to express any w-regular language. It was expressed through templates like

After(e) Always(f) Unless(d)
After(e) Eventually(d)

where e, f and d are Boolean expressions in design variables and the template expressions
imply universal quantification over design states. FQL made it harder to write complex
logic expressions, but simpler and more transparent to write simple common expressions.
By conjuncting such simple templates, any w-regular property could be expressed.

IBM also saw a need to make the assertion language more accessible to designers,
but took another approach. They implemented a textual version of CTL in their model
checker RuleBase. Intel, Motorola and others also found solutions to the the problem
of making assertion languages more palatable to designers, in some cases by greatly
restricting expressiveness. One example in this direction was Verplex’s OVL, a template-
based assertion language like FQL, but significantly less expressive although possibly
even simpler to understand.

Designers were encouraged to use an assertion language to write “comments" that de-
scribed the correct behavior of their blocks. This was not the same as asking the designer
to participate in testing (verification) — it was only asking the designer to document pre-
cisely the functional requirements of a block’s design. While some designers also shy
away from commenting their code, requiring a designer to write a precise functional
specification of a design is something that development managers have long thought to
be important, and now with a good concrete justification (to facilitate better verification),
managers bought into this requirement on their designers.

With assertions in place, the plan was to use a verification team to check the assertions.
This strategy became know as Assertion-Based Verification. Since the designers wrote the
assertions, there was no need for the verification team to understand the design. Moreover,
with assertions in every block, there was no need for the verification team to write
an environment model: the assertions from adjacent blocks served as the environment
model.

There was one practical problem with this approach. Managers felt uneasy to in-
vest considerable resources in a proprietary assertion language: what if the tools that
supported that assertion language were not the best tools? Design managers wanted to
evaluate the various options in the market place and then select the best one. But to



