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Specification and Verification of Digital Systems

Keith Hanna
University of Kent

These two talks relate to work carried out over the last few years by my colleague Neil Daeche and
myself.

Specification of Digital Systems

This talk will describe how predicate logic may advantageously be used as a ‘hardware description
language' for specifying (that is, describing some but not necessarily all, characteristics of)
waveforms, device behaviours (gates, flipflops, etc) and structures (or circuit diagrams). It will
concentrate particularly on techniques for specification that are relevant to the lower levels of
abstraction where the analogue characteristics of digital waveforms cannot be ignored, and at
which many real problems (glitches, hazards, etc) tend to occur. In particular, it will propose the
use of a structured, polymorphically sorted, higher-order predicate logic as a natural basis for a
hardware description language.

Formal Verification of Digital Systems

The principles involved in formal verification of digital systems will be examined, and the kind of
computational support (for allowing sound, user-guided inferencing) required will be outlined.
The main part of the talk will be concerned with a case study involving the verification of an
edge-triggered D-type flipflop. Although at first sight, it seems to be a relatively straightforward
circuit, on closer examination the reason ‘why’ it works turns out to be unexpectedly complex. One
interesting feature of the approach used to construct the proof is that the conditions (a complex set
of inequalities involving the timing parameters of the various gates) under which the circuit
actually correctly realises the required behaviour emerge as a by-product of undertaking the proof.
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VERIF|CATION
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DISCUSSION

Dr. Schneider asked, are you assuming that wires do not have any delays
associated with them? Dr. Hanna answered, that is correct. This is obviously an
idealisation.

Dr. Hanna was asked would it be possible to introduce a fully synchronised,

global, discrete time base? Dr. Hanna answered, we regard this as an interesting

roblem. We use discrete points in time to specify assertions rather than
unctions.

Professor Backhouse asked, what about the higher order logic contents of
your work? Idon't understand this. Dr. Hanna answered, what I mean is the use
of hiﬁher order functions, although if you understand basic predicate calculus you
will hardly notice the higher order functions.

Professor Sintzoff asked, could the case study be implemented by the use of
abstract data types?

Dr. Hanna answered, this would be rather complicated, and it would require
interactive use. We like to keep things reasonably simple.

Dr. Hanna was asked, can you specify very big problems? Dr. Hanna
answered, we have not tried it but | suspect it would be rather difficult.
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