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0. Introduction

The aim of this paper is to examine the traditional concept of compositionality.
We will be dealing with a language, namely, the language of commands used
in the Unix operating system, the interpretation of which is intuitively far from
compositional, although it fits the traditional definition of compositionality. We
will outline the reason of this discrepancy, then we will show how to modify the
language so that it receives an intuitively compositional interpretation. We show
that this will get us closer to a more reasonable definition of the principle of
compositionality and its significance for the semantics of natural languages.

The paper is organized as follows. In section 1 we present the Principle of
Compositionality and argue that it is to be strengthened, because it is too loose
in its original formulation. In particular, we introduce the Principle of Indepen-
dence, and propose to include it into the Principle of Compositionality. The rest
of the paper discusses a language, namely, the language of commands used in the
Unix operating system, the interpretation of which is far from compositional in
the intuitive sense of the word. However, the traditional Principle of Composi-
tionality does not preclude such an interpretation. First, in section 2, we explain
the concept of shells (command interpreters), and show how the Unix command
language is non-compositional. Then we present an alternative command language
which has a more natural interpretation, based on our version of the concept of
compositionality. Section 3 informally presents the way in which such a ‘com-
positional Unix shell’ should work. Then we develop a language to talk about
the semantic domains relevant to our interpretation, i.e., various components of
a simplified concept of machine states (section 4). Then we explain the concept
of denotational semantics (section 5), a non-procedural view of the interpretation
of computer programs, which underlies the particular structure that we attribute
to our semantic domains (section 6). The actual syntax and semantics of the
language in which we can talk about those objects is given in section 7, and the
description of the semantics of command lines (commands followed by parame-
ters) will be explained in section 8. The way in which we produce those meanings
from those of the command names and the parameters in a compositional way is
explained in section 9. Finally, we offer some conclusions (section 10).

1. Compositionality

Let us first define the concept which will be in the centre of our attention through-
out this paper. The interpretation of a language can be said compositional if and
only if it obeys the Principle of Compositionality, which runs as follows:

1.1. The Principle of Compositionality
The meaning of a complex expression is a function of the meanings of its
constituents and their mode of combination.
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This definition leaves it open whether ‘the meanings of the constituents’ may
depend on each other or on the function that we use to calculate the meaning of
the complex expression. However, it seems that the Principle of Compositionality
would be rather vacuous if we were to allow for such dependencies. That is, we
understand that the intended content of the Principle of Compositionality implies
a Principle of Independence:

1.2. The Principle of Independence
The meanings of the constituents of a complex expression are assigned
independently of each other and the function that yields the meaning of
the complex expression.

The reason why we propose to add this principle is that, as we will see shortly,
languages that obey the Principle of Compositionality may still be rather ‘non-
compositional’ if they fail to satisfy the Principle of Independence. In such lan-
guages, the meaning of an expression may vary depending on what it is a con-
stituent of.  As a result, very similar constructions (e.g., containing the same
expression in the same syntactic role) may be interpreted in heterogeneous (or
even unrelated) ways. We submit that this contradicts the intuition behind the
concept of compositionality.

Note that the interpretation of compositionality proposed here implies that
the meaning contributions of the constituents of an expression are constant, i.e.,
they do not vary from one construction to the other. This means a certain context-
independence as well, which many would deny. We conceive of this as a price to
pay for a reasonable concept of compositionality. In our approach, the context of
utterance (and the utterance-internal context of any sub-expression) can only play
a role inasmuch as both the meanings and the functions that combine them are
underspecified. That is, by virtue of their underspecification, contextual factors
(including the internal context, i.e., the presence of the others) may enrich these
meanings. This kind of mechanism does not contradict the Principle of Indepen-
dence, because it is not the meanings assigned that depend on each other, but
what they become later on.

It is easy to see that the Principle of Independence is not vacuous at all. The
interaction of meanings is by definition contentful, i.e., the Principle of Indepen-
dence prevents meaning assignments from depending on formal properties of the
context (e.g., the shape of a co-occurring constituent). Only genuine homonyms
(homophonous expressions with independent meanings) challenge this principle;
those have to be considered different expressions which accidentally are of the
same shape. So whether an ambiguity is due to an accidental surface coincidence
or a systematic semantic phenomenon must be determined independently.
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2. Unix shells

A shell is a program that establishes contact between the operating system of a
computer and its user. Its task is to forward the user’s commands to the operating
system (after a check of correctness). (A command is also called a command line;
we will refer to it as a cml.) Many shells offer additional features to the user (such
as abbreviatory mechanisms and ways of referring to commands issued earlier),
as well as built-in commands. The shells used with the Unix operating system
(especially the C-shell) offer many such features. The commands that do not
exploit the extra possibilities offered by the shell may contain a command name
(cmy) and various types of parameters that follow it. The command name is simply
the name of a computer program; the program processes the parameters, so their
interpretation is its ‘internal affair’. (Built-in shell commands do not correspond to
programs, the parameters of such commands are processed by the shell itself.) The
language also has certain operators (opr), which can be prefixed to any comand
line. They correspond to programs that run the remaining command line, and
perform some uniform computation in the meantime.!

The informal syntactic and semantic description of command lines is available
in the form of manual pages provided with the operating system. A manual page
contains the summary of the syntax associated with a command name followed by
the description of what the command lines do. Let us take a look at the syntactic
description of the command called grep:

2.1. Example
grep [-bchilnsvy] [-f expfile] [[-e] expression] [files]

First comes the specification of the command name, followed by the list of flags (fl).
In the case of grep, these are one-character strings that can be concatenated in any
order and their concatenation must be preceded by a minus sign. In general, we can
think of a flag as any string containing no blank space and preceded by a minus
sign. (Flags are in principle optional; in manual pages, [-] means optionality.)
Then come two options, each consisting of an option letter and its argument. (An
option letter is like a flag, but it has an argument.) The option letter in the second
option is itself optional. Finally, the last item is an optional argument (opt), i.e.,
a parameter that has a fixed position in the command line which is not preceded
by an option letter. In fact, the above syntactic summary is the abbreviation of
two different syntactic possibilities:

2.1'. Example
a. grep [-bchilnsvy]l [-f expfile] [-e expression] [files]
b. grep [-bchilnsvy]l [-f expfile] [expression] [files]

! For example, the operator time will return the time the process given as its
argument has taken to run.
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In 2.1'a, we have nine flags, two options and an optional argument; in 2.1’b, there
are nine flags, one option and two optional arguments.?

In general, the syntax of the relevant fragment of the language of Unix com-
mand lines (L(°™)) in BNF is as follows:

2.2. Deﬁnitéitf)n
1. eml = opr cml | emg | eml fl | eml opt;

def
2. cmy, = 2 | ... | cmpqy expr | cmg-; opl;

def
3. opt = expr;
4. exprEn | |...|va®|....

¢y, stands for n-argument command name constants, n stands for natural numbers,
and c" stands for a name constant denoting elements of the universe — files,
directories, etc., as we will see. As one can see from the definition, we assume
that flags and options come at the end of command lines rather than between
the command name and its arguments. This modification does not make any
difference except for the fact that the description of the semantics of the relevant
constructions will be far simpler. In what follows, we will not discuss the semantics
of most of the constructs specific for the shell language; we will concentrate on the
semantics of commands.

The language presented above is an idealisation of the currently available
languages, as the construction rules in the given form are context free, whereas
in the actual command language as specified in the manual pages construction
rules are separately given for every command as can be seen from the syntax of
the command grep above. It is obvious that, for example, the syntactic rule that
combines command names with flags is context sensitive in the sense that the
program will report a syntax error if a flag is not explicitly listed in the program
description. On the one hand, it would be desirable to have a context free language
as L(™) and, on the other hand, it is more in line with our intuition that if a
modifier comes from a closed syntactic class, but is not applicable in a certain
context, then this is a semantic, rather than a syntactic phenomenon. It should
be explained in terms of semantic incompatibility or vacuous semantic operations
rather than in syntactic terms. In what follows, we will assume the above language
and let our semantic apparatus be such that it accounts for the problems connected
with the relevant constructions.

There are also more important problems, related to the compositionality of
the interpretation of commands. Besides the fact that command names come

2 The above description is not quite correct, since exactly one of the expfile and
expression arguments is in fact obligatory.
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with some predefined sets of possible parameters (flags and option letters), the
interpretation of these also depends on the command name at hand. For example,
the flag -1 means roughly ‘long, verbose listing’ in connection with the command
name 1s,> whereas as an argument to wc it means something like ‘count lines
only’.* Similarly, while the option letter -f (standing for ‘file’) introduces the
name of an auxiliary file (containing expressions or commands) with grep and
similar commands (make, awk, sed etc.), it is a flag that stands for ‘force’ with the
command rm (remove), and has a totally different effect.®

A second problem is the issue of multiple flags. In general, the order of flags
does not make any difference and multiple occurrences of the same flag in one
command cause the same change in behaviour as single occurrences, as one would
expect. Yet we have to face the problem of dependent flags, i.e., the problem that
certain flags can only appear in the presence of some other flag. For example,
the flag -u depends on the presence of -t in this sense with the command name
1s.° Though even the informal semantics makes this perfectly understandable,
currently this is treated as a syntactic constraint, which again clearly does not
agree with one’s intuition.

As a matter of course, the idiosyncratic behaviour of flags can be explained
away by assuming that flags are functors over command names as arguments.

3 1s -1 lists the files specified by its argument in long format, giving mode,
number of links, owner, group, size in bytes, and time of last mod-
ification for each file. If the file is a symbolic link, the filename is
printed followed by ‘->’ and the pathname of the referenced file. If
the file is a special file, the size field will contain the major and mi-
nor device numbers, rather than a size. A total count of blocks in
the directory, including indirect blocks, is printed at the top of long
format listings.

we counts lines, words and characters in the named files, or in the stan-
dard input if no names appear. It also keeps a total count for all
named files. A word is a maximal string of characters delimited by
spaces, tabs, or newlines. The flags -1, -w and -c may be used in any
combination to specify that a subset of lines, words, and characters
are to be reported.

rm removes each given file. By default, it does not remove directories.
If the -f (‘force’) flag is used, it ignores nonexistent files and does
not prompt the user if the file is unwritable.

6 1s -t sorts the files listed by last modification time (latest first) rather

than by name. .
-u _ uses time of last access instead of time of last modification for sorting;

can only be used with the -t flag.
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Since there is only a finite number of commands, the meaning of a flag could
be a partial function defined pointwise, i.e., one whose action is determined by
first looking at its argument.” A similar issue is raised by the ways in which the
presence vs. absence of options and optional arguments is significant. For example,
if the command set is followed by two arguments (a name and a value), it causes
the variable name to be set to value, whereas if it stands without an argument,
the corresponding action is to display the currently set variables with their values.
This can again be dealt with using several mathematical tricks such as polymorphic
functions or empty strings as arguments, defining the function again pointwise.

Obviously, under the current wording of the Principle of Compositionality, a
compositional interpretation of Unix commands can be given that uses only func-
tional application,® although we have the very strong feeling that, under a more
appropriate view of compositionality, this should not be possible. In particular,
the heterogeneous interpretation of flags (and other option letters) as well as the
heterogeneous behaviour of absent optional arguments are incompatible with our
Principle of Independence. In what follows, we will specify a semantics that we
feel comes closer to the original idea behind compositionality and that will remedy
some of the problems mentioned above. We will see that this type of interpretation
will satisfy the Principle of Independence.

3. Compositional Unix: An Informal Outline

Anomalies like the homonymy of the -f flag mentioned earlier should not occur
in a Unix shell with compositional semantics (and they occur to a very limited
extent in natural languages). In a compositional Unix shell, there must be a flag
-=force to be used with rm (and similar commands)®, and a different flag --file
to be used with grep (and similar commands). (Needless to say, what name we
choose for these flags is immaterial.) The meanings of =~force and --file must

" This method would give us a function that is as good as any other mathe-
matically. Even if we assume that the number of commands is infinite and
that the function is totally defined, we just have to define the result of the
application of a flag to some command for which it is undefined as the action
of issuing some error message — again an action that makes exactly as much
sense as any other from the mathematical point of view.

For example, the meaning of a flagged command is the action it performs.
Compositionality in the above sense is not even destroyed by the fact that the
flag as a function does not necessarily preserve anything of the original action
performed by its argument.

As it is conventional, we will use -- instead of - to indicate that something is
a multiletter flag rather than the concatenation of independent flags.






