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Separation logic is an extension of Hoare’s logic for reasoning about programs
that manipulate pointers. Its assertion language extends classical logic with a
separating conjunction operator A ∗ B, which asserts that A and B hold for
separate portions of memory.

In this tutorial I will first cover the basics of the logic, concentrating on
highlights from the early work [1,2,3,4].

(i) The separating conjunction fits together with inductive definitions in a way
that supports natural descriptions of mutable data structures [1].

(ii) Axiomatizations of pointer operations support in-place reasoning, where a
portion of a formula is updated in place when passing from precondition to
postcondition, mirroring the operational locality of heap update [1,2].

(iii) Notorious “dirty” features of low-level programming (pointer arithmetic,
explicit deallocation) are dealt with smoothly, even embraced [2,3].

(iv) Frame axioms, which state what does not change, can be avoided when
writing specifications [2,3].

These points together enable specifications and proofs of pointer programs that
are dramatically simpler than was possible previously, in many cases approaching
the simplicity associated with proofs of pure functional programs. I will describe
how that is, and where rough edges lie (programs whose proofs are still more
complex than we would like).

In describing these highlights I will outline how many of the points flow from
Separation Logic’s model theory, particularly an interaction between properties
concerning the local way that imperative programs operate [5], and the abstract
properties of its models, which it inherits from bunched logic [6,7] (a species of
substructural logic related to linear and relevant logics, and Lambek’s syntac-
tic calculus). Using the model theoretic perspective, I will attempt to describe
the extent to which Separation Logic’s “benefits” do and do not depend on its
language of assertions.

After the basic part, I will then discuss how these points (i)-(iv) feed into
research on mechanized verification, both for interactive proof in proof assistants
(e.g., [8,9,10,11,12]) and for automatic proof and abstract interpretation (e.g.
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[13,14,15,16,17,18,19,20,21,22,23]). Time permitting, I will close with more recent
highlights, on concurrency, data abstraction, and object-oriented programming
[24,25,26].
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