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1 Introduction

Diagrams have historically been seen as informal aids terst@nding, rather than rigorous mathematical tools. hewe
they are widely used in mathematics teaching and informadnoanication. Recent work has challenged the historical
view, with formal diagrammatic reasoning systems impleteefior geometry, arithmetic, and other areas of mathesatic
(Mumma, 2009; Jamnik, 2001; Barker-Plummer and Bailin,7)99

This work is about formalising diagrams for program verifica. Program verification using symbolic logic is a
well-developed field, but anecdotes suggest that diagraensidely used by researchers in informal reasoning and com-
munication about the subject. Typically, a “boxes and asfosvagram is used to indicate the input state to the program,
and modifications to this diagram trace the program’s exesutHHumans can informally “verify” an algorithm this way
by satisfying themselves that it works correctly for somadgl input. We therefore specify a formal semantics of box-
and-arrow diagrams and define operations correspondifgtprogram commands of our language.

1.1 Why diagrams?

As compared to symbolic logic, diagrammatic languages easeen as domain-specific, while symbolic logics such as
predicate logic are generic. This specificity enables darkaowledge to be encoded in the representation, which allow
diagrams to concisely capture information which would regja verbose symbolic description, and can support infaxren
by decreasing the proof search space. Diagrams offer atlvantages too: diagrammatic proofs can be easier for humans
to understand, and they can support the inference of gecmmalusions by reasoning about specific examples.

Our system will be used to investigate whether the aboverddgas can be exploited in this problem domain.

2 Reasoning With Diagrams

We intend to make use of diagrams in at least three aspect®gfgm verification: writing the program specifications,
deciding entailment problems between program states,easbning about programs. We briefly describe an approach to
each of these.

Figure 1: Examples of what our diagrams look like diagrantss Tiagram represents a linked list.

Fig. 1 shows some examples of the kinds of diagrams we arg.udla define a syntax and semantics of diagrams such
that each square represents a memory location, which carvahles &; or nil) or pointers to other memory locations.
Adjacent squares represent adjacent cells in memory, andotihan letters outside of the squares represent program
variables, which store memory locations or values. Thuh d&gram represents a set of memory states.

The semantics of programs can be specified as a partial fumitim sets of program states to sets of program states,
as in the well-known notion dflocaretriples. The Hoare tripl P} prog {Q} asserts that iprog is run in a state in which
the predicate holds, and ifprog terminates, then the predicafeholds in the resulting state. In our systemand@
will be replaced with diagrams describing sets of stateabkmg us to write program specifications using diagrams.



In software verification, there are two levels of infererttattcan be performed: entailments between static program
states, and reasoning about the effects of program commBadexample in the Hoare triple

{z=4ny=z}z:=y{z=4ry=aAz=4}

we must first deduce thét = 4 Ay = =z = y = 4) before we can deduce that the triple holds. This can be adcsired

with diagrams by defining operations which strengthen, weak preserve a diagram’s meaning. An example was given
in Ridsdale et al. (2008) of a diagrammatic proof of entailtsebetween program states (Fig. 2). Fig. 2 shows a pair of
lists which are implicitly connected, as the valyat the end of the first list equals the address of the head afebend

list. A diagrammatic proof that the lists are connected remtbist of only a single operation, replacing both instarafe

y with a pointer. We argue this is more intuitive than the cepanding symbolic proof in separation logic.
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Figure 2: Alist segment and alist, which are implicitly connected.

3 Reasoning About Programs

Our approach to reasoning about programs is based on Jag@flk); on diagrammatic proofs in arithmetic, in which a
diagrammatic proof consists of a program which acts on diagr We have a set of diagrammatic operations correspond-
ing to commands in our programming language, and use thos®tiel the program to be verified with a program on
diagrams. The hope is that a way can be found to do this sutthihaesulting diagrammatic program is easier to verify
than the original program, but we have not yet been able terohte that this will be the case.
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