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Abstract. It may seem that there are almost as many varieties of pro-
gramming language semantics as there are of programming languages.
This brief summary surveys the main varieties of semantics, and consi-
ders which of them may be the most appropriate.

1 Introduction

In 1972, Christopher Strachey wrote the paper The Varieties of Programming
Language [27]. (The title of the paper was by analogy with that of a book by
William James: The Varieties of Religious Experience [10].) Strachey, in collabo-
ration with Dana Scott, had developed the semantic description framework that
became known as denotational semantics, and in the paper he showed how the
relationship between the domains of so-called denotable, expressible, and stor-
able values used in denotational semantics could reveal major characteristics of
the described language.

In fact Strachey had an almost religious conviction in the superiority of the
denotational approach to semantics over the operational and axiomatic appro-
aches. He found it most natural to represent programming constructs as pure
mathematical functions, and Scott-domains provided the foundations for his use
of Curry’s “paradoxical combinator” for obtaining fixed points of higher-order
functions. Sadly, Strachey’s work on the development of denotational semantics
was cut short by his untimely death in 1975. His insight and ideas have nevert-
heless had a profound and lasting impact, as witnessed this year by the special
issue of HOSC [2] published to commemorate the 25th anniversary of his de-
ath. The present author is particularly indebted to Strachey for the inspiration
and guidance he provided during doctoral studies at the Programming Research
Group in Oxford.

However, the proliferation of different frameworks for semantic description of
programming languages over the past three decades makes one wonder whether
Strachey’s satisfaction with denotational semantics was fully justified. Let us
(here, very briefly) survey the main varieties of semantics, and then consider
which may be the most appropriate for various uses.
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2 Operational Semantics

The main idea of the operational approach to semantics is to model computations
step-by-step. Operational frameworks include:

– translation to code for abstract machines such as the SECD-machine [12] or
that of VDL [31];

– translation to the λ-calculus [13], which is then evaluated to normal form;
– application of abstract interpreters, which operate on a direct representation

of the structure of the program [16];
– application of sets of term rewriting rules, using evaluation contexts [4] to

control the order of sub-computations; and
– syntax-directed inference rules for transitions between configurations [1,11,

22,24], where “small-step” transitions model single steps of information pro-
cessing, whereas “big-step” transitions model entire (terminating) computa-
tions, corresponding to the transitive closure of a small-step relation.

3 Denotational Semantics

Here semantic functions, generally defined inductively by semantic equations,
map programs to their denotations, which represent computations as functions
taking initial states directly to final states without revealing intermediate steps
[7,19,26].

Variations on this theme include:

– initial algebra semantics [5], where (abstract) syntax is an initial algebra in a
class of algebras, and where semantic equations are replaced by the definition
of a target algebra interpreting the syntactic constructs;

– monadic semantics [14,17], where for each type of value, there is the type of
computations of such values, and where the values and computations form
a monad (equipped with further operations); and

– translation between meta-languages [18], where the semantic functions map
programs to meta-language terms that may then be interpreted as functions
in monads.

4 Axiomatic Semantics

The main idea here is to exploit assertions about programs:

– Hoare Logic [9] uses inference rules to relate assertions about the values of
variables before and after program phrases;

– weakest-precondition semantics [3] is essentially denotational, with denota-
tions being functions from assertions about values of variables after compu-
tations to assertions about the values beforehand; and

– laws of programming [25] characterize computation by assertions about pro-
gram equivalence.
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5 Hybrid Approaches

The final varieties of semantics considered here combine features of operational,
denotational, and axiomatic semantics:

– action semantics [20,23,30] is similar to monadic denotational semantics,
but denotations are actions rather than functions, and the notation used for
composing computations is interpreted operationally;

– modular monadic action semantics [29] provides the action notation used in
action semantics with a monadic denotational semantics;

– type-theoretic interpretation [8] uses evaluation contexts and reduction rules
to define an internal language for composing computations;

– specification frameworks such as OBJ3 [6] and Rewriting Logic [15] can be
used to define interpreters and transition relations; and

– mathematical operational semantics [28] allows definition by rules that pro-
vide both an operational and a denotational semantics.

6 Conclusion

To give a semantic description of a full high-level programming in any framework
requires a major effort. Some of the varieties of semantics referenced above reduce
the effort required by allowing re-use of parts of descriptions of other languages;
these include modular SOS, monadic denotational semantics, action semantics,
and modular monadic action semantics. Other important pragmatic aspects of
semantic descriptions concern the ease with which they can be used for setting
standards for implementations (or merely for communication of the designers’
intentions to implementors), program verification, and compiler generation.

It appears that at present, no single semantic framework is ideal with regard
to all pragmatic aspects. Sometimes, it is suggested that one should therefore
aim provide two or more complementary semantic descriptions of each language,
in different styles—and prove that they are equivalent—but the extra effort
involved would surely be quite prohibitive when describing the semantics of
larger programming languages.

In the opinion of this author, it is generally advantageous to translate a
(large and complex) programming language into a (smaller and simpler) nota-
tion for semantic entities, as in denotational semantics, and in the hybrid action
semantics and type-theoretic interpretation frameworks. However, when the di-
stance between the programming language and the semantic notation is large,
the translation itself may be uncomfortably complex; when it is small, the se-
mantic notation may be almost as difficult to define or reason about as the
programming language. The matter of how best to define the semantic notation
itself appears to be less crucial, especially if the same semantic notation can be
exploited in the description of many different programming languages.
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