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1 Introduction
The design process of a system LSI traditionally starts with an informal speciﬁcation in a combination of a natural language and some pseudo programming language such as a pseudo C. This informal
speciﬁcation is used to generate items for veriﬁcation of lower-level detailed designs. Engineers generating those veriﬁcation items often face the problems of informality. Ambiguities, implicit assumptions,
inconsistencies, etc. in the speciﬁcation lead to wrong veriﬁcation items or critical omission. Informality
means that the generation is basically a manual process prone to simple errors. Besides those reliability
issues, the cost of manual generation is a big issue in the productivity of design processes.
We aim at automatic generation of veriﬁcation items from speciﬁcations. The target speciﬁcation for
this study is that of a system LSI under development at Renesas Technology Corp.

2 Formalization of system LSI speciﬁcation
We ﬁrst formulate the instruction set architecture of the system LSI written in Japanese and a pseudo
C language as a state transition system in a straightforward manner. The transition system is then
formalized in Agda language[1]. Agda is a language based on Constructive Type Theory (Martin-Löf
type theory). It integrates computation and logic through Curry-Howard correspondence [3], and Agda
is at the same time a programming language, a speciﬁcation language, and a proof description language.
Here we use Agda as a speciﬁcation language.
Next, we implement an emulator of the system LSI in Agda in a manner similar to the CPU modeling by
Xavier Leroy [2] using Agda as a programming language. Our emulator consists of a “formal speciﬁcation”
part and a “executor” part. This separation makes it easier to reuse the executor for similar system
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LSI’s. It also encourages to divide the work between LSI designers who concentrate on speciﬁcation and
programmers who provide simulators for validation. We have implemented only a limited number of
representative instructions due just to the lack of time for this research project.
Comparing our formal speciﬁcation in Agda with the traditional one in natural language and pseudo
C, we found the following. The length of the Agda speciﬁcation for the typical ADC instruction (Add
with Carry) is about one-fourth of the traditional one with a similar detail. Although readability is hard
to quantify numerically, engineers of Renesas Technology Corp. acknowledge that the Agda speciﬁcation
is generally more readable than the traditional one. Reliability is improved through Agda’s “dependent
type system”: on many occasions type checking pointed us to inconsistencies and under-speciﬁcations
while we edited the speciﬁcation. This is important as it prevents speciﬁcation bugs that are costly to
ﬁx when they manifest themselves in later stages of development.

3 Automatic generation of veriﬁcation items
Renesas Technology Corp. uses a body of knowledge on how to generate veriﬁcation items from a
speciﬁcation, but it is largely kept as “tacit knowing” in the minds of individual engineers. The ﬁrst
stage of automation is to make this tacit knowing an explicit algorithm by means of interviewing. It is
then implemented as the veriﬁcation-item generator program written in Agda.
Inputs to our generator are a formal speciﬁcation of a system LSI and “know-how data” specifying
what generation strategies to apply. Outputs are lists of veriﬁcation items, which are intermediate-level
descriptions to be expanded, in the end, to a huge number of test vectors. A compiler for Agda is
developed for this project as the outputs are large even at this intermediate level. The number of knowhows implemented is so far limited, but the generator is designed to be extensible by test engineers.
Comparing our formal approach with the one traditional in Renesas Technology Corp., we conclude
that our approach has the following advantages.
1. The cost of veriﬁcation-item generation is reduced. In particular, the time needed for reﬂecting a
speciﬁcation change becomes one ﬁfth of the traditional method.
2. Formalization makes generation procedures explicit. This makes it easier to improve the quality
of tests such as checks for omissions of critical items.
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