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A Formal Method of Proving Invariants for Synchronous

Sequential Circuits with Plural Controllers .

YosHIkKATSU SAITOH, Takasul TAKENAKA,
- Junyi KITAMICHI, anp NoBuo FUNABIKI

Department of Informatics and Mathematical Sciences,
Graduate School of Engineering Science, Osaka University

In this paper, we propose a formal method of proving invariants for synchronous sequential
circuits with plural controllers in high level design. The invariant is the relationship among
registers and signals that the user asserts. The circuit design consists of several finite state
machines (contxo]lers) and datapath. The invariants can be set at arbitrary finite states by
user. The execution conditions, operations in datapath, and invariants are described with
variables and functions over Boolean, integer, and abstract data type defined by user. The
invariants are proved on the assumption that several invariants, datapath, execution con-
ditions, and lemmas for user-defined functions are correct. This proof uses the structural
induction on finite states. On proving invariants, the system a product:controller which
is equivalent to each controllers and proves by structural induction with the product con-
troller. We eliminate unreachable states on generating the product controller. The sufficient
conditions of expressions to prove are proved with a decision algorithm for the truth of Pres-
burger sentence. We evaluate the proposed method for verifying the correctness of the PCI

bus interface circuit design.
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