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Interactive theorem provers are useful for modelling computer systems and
then verifying properties of them by constructing a formal proof that the proper-
ties logically follow from the definition of the system. The expressivity of higher
order logic makes it easy to model systems in a natural way, and there are many
interactive theorem provers based on higher order logic, including HOL4 [4], Is-
abelle [12] and PVS [10]. In these theorem provers the system properties to be
formally verified are statements of higher order logic, which are presented to the
user as goals. The user proves goals by manually selecting tactics that reduce
goals to simpler subgoals, until eventually the subgoals are simple enough that
tactics can completely prove them. In general the initial goals corresponding
to system properties require some higher order reasoning to prove them (typ-
ically an induction), but many subgoals require only first order reasoning and
are efficiently proved by a standard first order calculus. Using first order provers
to support interactive proof in higher order logic theorem provers has been a
productive line of research, and the following is a chronological list of such com-
binations: FAUST in HOL [9]; SEDUCT in LAMBDA [3]; MESON in HOL [5];
3TAP in KIV [1]; blast in Isabelle [11]; Gandalf in HOL [6]; and Bliksem in
Coq [2].

There are two barriers to combining first order provers with interactive higher
order theorem provers. The first is the incompatibility of the different logics: a
method is required to convert a higher order logic goal to a set of first order
clauses, and then to lift a refutation of the clauses to a higher order logic proof.
Using the idea of an LCF kernel for first order refutations it is possible to make
this logical interface into a module, allowing several different interfaces between
first and higher order logic to co-exist [7]. The choice of interface to apply to a
particular higher order logic goal depends on both the syntactic structure of the
goal and which other interfaces have been tried.

The second barrier is an engineering one: the specifics of how to link up
the first order prover and extract the information necessary to reconstruct the
refutation and translate it to a higher order logic proof. The LCF kernel design of
the logical interface makes it simple to convert refutations to a form in which they
can be automatically translated to higher order logic proofs, and thus supports
experimentation with a full range of first order calculi. Experiments have shown
that resolution is more effective than model elimination for higher order logic
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goals [8], and a calculus with specific rules for equality is also important for this
application.

All the above ideas are implemented in the Metis proof tactic in the HOL4

theorem prover, which is separately presented as a system description.
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