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``Axiomatic semantics define the meaning of a command in a program by 
describing its effect on assertions about the program state.''

``It is closely related to Hoare logic.''

``semantics is the rigorous mathematical logic study of the meaning of 
programming languages.''
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inealculable--a lost spacecraft, a collapsed building, a 
crashed aeroplane, or a world war. Thus the practice of 
program proving is not only a theoretical pursuit, followed 
in the interests of academic respectability, but  a serious 
recommendation for the reduction of the costs associated 
with programming error. 

The practice of proving programs is likely to alleviate 
some of the other problems which afflict the computing 
world. For example, there is the problem of program docu- 
mentation, which is essential, firstly, to inform a potential 
user of a subroutine how to use it  and what it accomplishes, 
and secondly, to assist in further development when it  
becomes necessary to update a program to meet changing 
circumstances or to improve it  in the light of increased 
knowledge. The most rigorous method of formulating the 
purpose of a subroutine, as well as the conditions of its 
proper use, is to make assertions about the values of vari- 
ables before and after its execution. The proof of the cor- 
rectness of these assertions can then be used as a lemmain 
the proof of any program which calls the subroutine. Thus, 
in a large program, the structure of the whole can be clearly 
mirrored in the structure of its proof. Furthermore, when 
it becomes necessary to modify a program, it will always be 
valid to replace any subroutine by another which satisfies 
the same criterion of correctness. Finally, when examining 
the detail of the algorithm, it  seems probable that  the proof 
will be helpful in explaining not only what is happening 
but  why. 

Another problem which can be solved, insofar as it is 
soluble, by the practice of program proofs is tha t  of trans- 
ferring programs from one design of computer to another. 
Even when written in a so-called machine-independent 
programming language, many large programs inadvert- 
ently take advantage of some machine-dependent prop- 
erty of a particular implementation, and unpleasant and 
expensive surprises can result when attempting to transfer 
it  to another machine. However, presence of a machine- 
dependent feature will always be revealed in advance by 
the fMlure of an a t tempt  to prove the program from ma- 
chine-independent axioms. The programmer will then have 
the choice of formulating his algorithm in a machine- 
independent fashion, possibly with the help of environment 
enquiries; or if this involves too much effort or inefficiency, 
he can deliberately construct a machine-dependent pro- 
gram, and rely for his proof on some machine-dependent 
axiom, for example, one of the versions of A11 (Section 2). 
In  the latter case, the axiom must be explicitly quoted as 
one of the preconditions of successful use of the program. 
The program can still, with complete confidence, be trans- 
ferred to any other machine which happens to satisfy the 
same machine-dependent axiom; but  if it  becomes neces- 
sary to transfer it to an implementation which does not, 
then all the places where changes are required[will be 
clearly annotated by the fact that  the proof at tha t  point 
appeals to the t ru th  of the offending machine-dependent 
axiom. 

Thus the practice of proving programs would seem to 

lead to solution of three of the most pressing problems in 
software and programming, namely, reliability, documen- 
tation, and compatibility. However, program proving, cer- 
tainly at present, will be difficult even for programmers of 
high caliber; and may be applicable only to quite simple 
program designs. As in other areas, reliability can be pur- 
chased only at  the price of simplicity. 

6. Formal Language Definition 
A high level programming language, such as ALc~oL, 

FORTRAN, or COBOL, is usually intended to be implemented 
on a variety of computers of differing size, configuration, 
and design. I t  has been found a serious problem to define 
these languages with sufficient rigour to ensure compat- 
ibility among all implementors. Since the purpose of com- 
patibility is to facilitate interchange of programs ex- 
pressed in the language, one way to achieve this would be to 
insist tha t  all implementations of the language shall "sat- 
isfy" the axioms and rules of inference which underlie 
proofs of the properties of programs expressed in the 
language, so tha t  all predictions based on these proofs will 
be fulfilled, except in the event of hardware failure. In 
effect, this is equivalent to accepting the axioms and rules 
of inference as the ultimately definitive specification of the 
meaning of the language. 

Apart  from giving an immediate and possibly even 
provable criterion for the correctness of an implementation, 
the axiomatic technique for the definition of programming 
language semantics appears to be like the formal syntax of 
the ALaOL 60 report, in tha t  it is sufficiently simple to be 
understood both by the implementor and by the reasonably 
sophisticated user of the language. I t  is only by bridging 
this widening communication gap in a single document 
(perhaps even provably consistent) tha t  the maximum 
advantage can be obtained from a formal language def- 
inition. 

Another of the great advantages of using an axiomatic 
approach is tha t  axioms offer a simple and flexible tech- 
nique for leaving certain aspects of a language undefined, 
for example, range of integers, accuracy of floating point, 
and choice of overflow technique. This is absolutely es- 
sential for standardization purposes, since otherwise the 
language will be impossible to implement efficiently on 
differing hardware designs. Thus a programming language 
standard should consist of a set of axioms of universal 
applicability, together with a choice from a set of supple- 
mentary axioms describing the range of choices facing an 
implementor. An example of the use of axioms for this 
purpose was given in Section 2. 

Another of the objectives of formal language definition 
is to assist in the design of bet ter  programming languages. 
The regularity, clarity, and ease of implementation of the 
ALGOL 60 syntax may at least in part  be due to the use of 
an elegant formal technique for its definition. The use of 
axioms may lead to similar advantages in the area of 
"semantics," since it seems likely that  a language which can 
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