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Abstract
This paper presents a fully verified interactive theorem prover for higher-order logic, more specifically:
a fully verified clone of HOL Light. Our verification proof of this new system results in an end-to-end
correctness theorem that guarantees the soundness of the entire system down to the machine code
that executes at runtime. Our theorem states that every exported fact produced by this machine-code
program is valid in higher-order logic. Our implementation consists of a read-eval-print loop (REPL)
that executes the CakeML compiler internally. Throughout this work, we have strived to make the
REPL of the new system provide a user experience as close to HOL Light’s as possible. To this end,
we have, e.g., made the new system parse the same variant of OCaml syntax as HOL Light. All of
the work described in this paper has been carried out in the HOL4 theorem prover.
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1 Introduction

Interactive theorem provers (ITPs) for higher-order logic, such as HOL4, HOL Light, Isa-
belle/HOL and ProofPower, are designed to be as sound as possible. Their implementations
follow an LCF-style architecture, which means that each prover has a small kernel that
implements the inference rules of the hosted logic (higher-order logic) and the rest of the
system is set up in such a way that all soundness-critical inferences must be performed by
the functions inside the small kernel. The beauty of this approach is that there is not much
soundness-critical source code, which means that this code can quite easily be manually
inspected (or even verified). As a result, soundness bugs in these ITPs are very rare.
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Abstract
This paper describes how we have added an e�cient function for computation to the kernel of the
Candle interactive theorem prover. Candle is a CakeML port of HOL Light which we have, in
prior work, proved sound w.r.t. the inference rules of the higher-order logic. This paper extends
the original implementation and soundness proof with a new kernel function for fast computation.
Experiments show that the new computation function is able to speed up certain evaluation proofs
by several orders of magnitude.
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1 Introduction

Interactive theorem provers (ITPs) include facilities for computing within the hosted logic.
To illustrate what we mean by such a feature, consider the following function, sum, which
sums a list of natural numbers:

sum xs def= if xs = [] then 0 else hd xs + sum (tl xs)

A facility for computing within the logic can be used to automatically produce theorems
such as the following, where sum [5; 9; 1] was given as input, and the following equation is
the output, showing that the input reduces to 15:

„ sum [5; 9; 1] = 15 (1)

The ability to compute such equations in ITPs is essential for use of verified decision
procedures, for proving ground cases in proofs, and for running a parser, pretty printer or
even compiler inside the logic for a smaller trusted computing base (TCB).

Higher-order logic (HOL) does not have a primitive rule for (or notion of) computation.
Instead, HOL ITPs such as HOL Light [11], HOL4 [13], and Isabelle/HOL [12] implement
computation as a derived rule using rewriting, which in turn is a derived rule implemented
outside their trusted kernels. As a result, computation is slow in these systems.

To understand why computation is so sluggish in HOL ITPs, it is worth noting that the
primitive steps taken for the computation of Example (1) are numerous:
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