B-HDL, an experiment to formalizing hardware
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Extended Summary

In this paper, we presented a part of our work to create B libraries which cor-
respond to some VHDL packages, as the STD LOGIC 116/ package (see also
[5]). This project enables us to take advantage of the power of the B method
to develop a secure circuit. We write the specification of a desired circuit, then
little by little we refine our specifications to reach to the implementation of this
circuit which depends on the desired libraries. The B method due to J.R Abrial
[2] is a formal method for the incremental development of specifications and their
refinements down to an implementation. It is a model-based approach similar to
Z [8] and VDM [6]. The software design in B starts from mathematical specifi-
cations. Little by little, through many refinement steps ([7]), the designer tries to
obtain a complete and executable specification. This process must be monotonic,
that is any refinement has to be proven coherent according to the previous steps
of refinement. The B tool can automatically decide which induced proofs are
necessary to verify this correctness. Then these proofs are produced either auto-
matically for the simple ones or in cooperation with the designer for the comlex
ones. The abstract machine is the basic element of a B development. It encap-
sulates some state data and offers some operations. In the B development, the
proofs accompany the construction of software. Each time an abstract machine
is defined or modified, there are proof obligations related to its mathematical
consistency; if the machine is a refinement or an implementation, there are also
proofs of its correctness with respect to the previous steps of the development
chain. The B tool allow to generate automatically the proof obligations for each
abstract machine. Generally speaking, the proof obligations will be all the more
complex as concrete details are introduced. So, at the last refinement, the im-
plementation, we obtain a secure software which does not need to be tested. On
the other hand, VAHDL (VHSIC - Very High Speed Integrated Circuits - Hard-
ware Description Language)([1] and[3]) is an IEEE Standard since 1987. It is
"a formal notation intended for use in all phases of the creation of electronic
systems [...] it supports the development, verification, synthesis, and testing of



2 Jean-Louis Boulanger and al.

hardware designs, the communication of hardware design data ..." 1. This pre-
sentation is devoted to showing the cross fertilisation between the circuit design
methodology and the B method concepts. In [4], the famous standard VHDL
package, the STD LOGIC 116/ , is transposed in the form of a B library as
an example to be used as a set of B elementary components.In the same way,
other VHDL packages can be translated as B circuit components in order to
give to the designer a high-level view. Using this approach, one can develop a
circuit of which each part of the specification is proven to be correct. A B circuit
may be easily improved and it may be integrated with the other elements in the
environment to satisfy safety conditions. We intend to create several libraries
in B equivalent to the VHDL libraries, in order to facilitate the circuit design
in B. Also this facilitates the transformation operation from B to VHDL . We
try to find a common rule which may be used to automise the translation. Also
we may solve this problem by creating a physical library in B that contains
the characteristics of the basic electronic elements or by retranslating the re-
sults of a circuit development from B to VHDL . Semi-automatic translation of
similar VHDL specification to B abstract machine is another way of work. In
a first step, where we define the properties of the new compoents. The second
step, is graphical, it introduce the components synthesis by composition of basic
components.
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