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6.4.4 Constants

822
constant
syntax

constant:
integer-constant
floating-constant
enumeration-constant
character-constant

Commentary
A constant differs from a constant-expression in that it consists of a single token. The term literal is

constant ex-
pression

syntax
often used by developers to refer to what the C Standard calls a constant (technically the only literals C
contains are string literals). There is a more general usage of the term constant to mean something whosestring literal

syntax

value does not change. What the C Standard calls a constant-expression developers often shorten to constant.

C++

Footnote 21 21) The term “literal” generally designates, in this International Standard, those tokens that are called
“constants” in ISO C.

The C++ Standard also includes string-literal and boolean-literal in the list of literals, but it does
not include enumeration constants in the list of literals. However:

7.2p1 The identifiers in an enumerator-list are declared as constants, and can appear wherever constants are
required.

The C++ terminology more closely follows common developer terminology by using literal (a single token)
and constant (a sequence of operators and literals whose value can be evaluated at translation time). The value
of a literal is explicit in the sequence of characters making up its token. A constant may be made up of more
than one token or be an identifier. The operands in a constant have to be evaluated by the translator to obtain
its result value. C uses the more easily confused terminology of integer-constant (a single token) and
constant-expression (a sequence of operators, integer-constant and floating-constant whose
value can be evaluated at translation time).

Other Languages
Languages that support types not supported by C (e.g., instance sets) sometimes allow constants having
these types to be specified (e.g., in Pascal [’a’, ’d’] represents a set containing two characters). Fortran
supports complex literal constants (e.g., (1.0, 2.0) represents the complex number 1.0 + 2.0i)

Many languages do not support (e.g., Java until version 1.5) some form of enumeration-constant.

Coding Guidelines
Constants are the mechanism by which numeric values are written into source code. The term constant is
used because the numeric values do not change during program execution (and are known at translation time;
although in some cases a person reading the source may only know that the value used will be one of a list of
possible values because the definition of a macro may be conditional on the setting of some translation time
option— for instance, -D).macro

object-like

The use of constants in source code creates a number of possible maintenance issues, including:

• A constant value, representing some quantity, often needs to occur in multiple locations within source
code. Searching for and replacing all occurrences of a particular numeric value in the code is an error
prone process. It is not possible, for instance, to know that all 15s occurring in the source code have
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the same semantic association and some may need to remain unchanged. (Your author was once told
by a developer, whose source contained lots of 15s, that the UK government would never change
value-added tax from 15%; it is now 17.5%.)

• On encountering a constant in the source, a reader usually needs to deduce its semantic association
(either in the application domain or its internal algorithmic function). While its semantics may be very
familiar to the author of the source, the association between value and semantics may not be so readily
made by later readers.

• A cognitive switch may need to be made because of the representation used for the constant (e.g., cognitive
switch

floating point, hexadecimal integer, or character constant).

One solution to these problems is to use an identifier to give a symbolic name822.1 to the constant, and to use symbolic name

that symbolic name wherever the constant would have appeared in the source. Changes to the value of the
constant can then be made by a single modification to the definition of the identifier and a well-chosen name
can help readers make the appropriate semantic association. The creation of a symbolic name provides two
pieces of information:

1. The property represented by that symbolic name. For instance, the maximum value of a particular
type (INT_MAX), whether an implementation supports some feature (__STDC_IEC_559__), a means of INT_MAX

__STDC_IEC_559__
macrospecifying some operation (SEEK_SET), or a way to obtain information (FE_OVERFLOW).

2. A method of operating on the symbolic name to access the property it represents. For instance, arith-
metic operations (INT_MAX), testing in a conditional preprocessing directive (__STDC_IEC_559__),
passing as an argument to a library function (SEEK_SET); passing as an argument to a library function,
possibly in combination with other symbolic names (FE_OVERFLOW).

Operating on symbolic names involves making use of representation information. (Assignment, or argument
passing, is the only time that representation might not be an issue.) The extent to which the use of
representation information will be considered acceptable will depend on the symbolic name. For instance,
FE_OVERFLOW appearing as the operand of a bitwise operator is to be expected, but its appearance as the
operand of an arithmetic operator would be suspicious.

The use of symbolic names is rarely seen by developers, as applying to all constants that occur in source
code. In some cases the following are claimed:

• The constants are so sufficiently well-known that there is no need to give them a name.

• The number of occurrences of particular constants is not sufficient to warrant creating a name for them.

• Operations involving some constant values occur so frequently that their semantic associations are
obvious to developers; for instance, assigning 0 or adding 1.

It is true that not all numeric values are meaningless to everybody. A few values are likely to be universally
known (at least to Earth-based developers). For instance, there are 60 seconds in a minute, 60 minutes in an
hour, and 24 hours in a day. The value 24 occurring in an expression involving time is likely to represent
hours in a day. Many values will only be well known to developers working within a given application
domain, such as atomic physics (e.g., the value 6.6261E-34). Between these extremes are other values; for
instance, 3.14159 will be instantly recognized by developers with a mathematics background. However,
developers without this background may need to think about what it represents. There is the possibility
that developers who have grown up surrounded by other mathematically oriented people will be completely
unaware that others do not recognize the obvious semantic association for this value.

A constant having a particular semantic association may only occur once in the source. However, the
issue is not how many times a constant having a particular semantic association occurs, but how many times
822.1In some cases the linguistically more correct terminology would be iconic name.

January 30, 2008 v 1.1 3



6.4.4 Constants823

the particular constant value occurs. The same constant value can appear because of different semantic
associations. A search for a sequence of digits (a constant value) will locate all occurrences, irrespective of
semantic association.

While an argument can always be made for certain values being so sufficiently well-known that there is no
benefit in replacing them by identifiers, the effort/time taken in discussions on what values are sufficiently
well-known to warrant standing on their own, instead of an identifier, is likely to be significantly greater than
the sum total of all the extra one seconds, or so, taken to type the identifier.

The constant values 0 and 1 occur very frequently in source code (see Figure ??). Experience suggests
that the semantic associations tend to be that of assigning an initial value in the case of 0 and accessing a
preceding or following item in the case of 1. The coding guideline issues are discussed in the subsections
that deal with the different kinds of constants (e.g., integer, or floating).

What form of definition should a symbolic name denoting constant value have? Possibilities include the
following:

• Macro names. These are seen by developers as being technically the same as constants in that they are
replaced by the numeric value of the constant during translation (there can also be an unvoiced bias
toward perceived efficiency here).

• Enumeration constants. The purpose of an enumerated type is to associate a list of constants with each
other. This is not to say the definition of an enumerated type containing a single enumeration constantenumeration

set of named
constants

should not occur, but this usage would be unusual. Enumeration constants share the same unvoiced
developer bias as macro names— perceived efficiency.

• Objects initialized with the constant. This approach is advocated by some coding guideline documents
for C++. The extent to which this is because an object declared with the const qualifier really is
constant and a translator need not allocate storage for it, or because use of the preprocessor (often
called the C preprocessor, as if it were not also in C++) is frowned on in the C++ community and is left
to the reader to decide.

The enumeration constant versus macro name issue is discussed in detail elsewhere.enumeration
set of named

constants

What name to choose? The constant 6.6261E-34 illustrates another pitfall. Planck’s constant is almost
universally represented, within the physics community, using the letter h (sometimes with embellishments,
e.g., h̄). A developer might be tempted to make use of this idiom to name the value, perhaps even trying to
find a way of using UCNs to obtain the appropriate h. The single letter h probably gives no more information
than the value. The name PLANCK_CONSTANT is self-evident. The developer attitude— anybody who does not
know what 6.6261E-34 represents has no business reading the source— is not very productive or helpful.

Table 822.1: Occurrence of different kinds of constants (as a percentage of all tokens). Based on the visible form of the .c and
.h files.

Kind of Constant .c files .h files

character-constant 0.16 0.06
integer-constant 6.70 20.79
floating-constant 0.02 0.20
string-literal 1.02 0.74

Constraints

823The value of a constant shall be in the range of representable values for its type.constant
representable
in its type
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Commentary
This is something of a circular definition in that a constant’s value is also used to determine its type. The
lexical form of a constant is also a factor in determining which of a number of possible types it may take. An 824 constant

type determined by
form and value

unsuffixed constant that is too large to be represented in the type long long, or a suffixed constant that is
larger than the type with the greatest rank applicable to that suffix, violates this requirement (unless there is
some extended integer type supported by the implementation into whose range the value falls).

It can be argued that all floating constants are in range, if the implementation supports ±∞.
There is a similar constraint for enumeration constants enumeration

constant
representable in int

C++

The C++ Standard has equivalent wording covering integer-literals (2.13.1p3) character-literals
(2.13.2p3) and floating-literals (2.13.3p1). For enumeration-literals their type depends on the
context in which the question is asked:

7.2p4Following the closing brace of an enum-specifier, each enumerator has the type of its enumeration. Prior to
the closing brace, the type of each enumerator is the type of its initializing value.

7.2p5The underlying type of an enumeration is an integral type that can represent all the enumerator values defined
in the enumeration.

Other Languages
Most languages have a similar requirement, even those supporting a single integer or floating type.

Common Implementations
Some implementations use the string-to-integer conversions provided by the library, while others prefer the
flexibility (and fuller control of error recovery) afforded by specially written code. Parker[1] describes the
minimal functionality required.

Example

1 char ch = ’\0\0\0\0y’;
2

3 float f_1 = 1e99999999999999999999999999999999999999999999999;
4 float f_2 = 0e99999999999999999999999999999999999999999999999;
5 float f_3 = 1e-99999999999999999999999999999999999999999999999; /* Approximately zero. */
6 float f_4 = 0e-99999999999999999999999999999999999999999999999; /* Exact zero. */
7

8 short s_1 = 9999999999999999999999999999999999999999999999999;
9 short s_2 = 99999999999999999999999 / 99999999999999999999999;

The integer constant 10000000000000000000L would violate this constraint on an implementation that
represented the type long long in 64 bits. The use of an L suffix precludes the constant being given the type
unsigned long long.

Semantics

824 Each constant has a type, determined by its form and value, as detailed later. shall have a type and the value constant
type determined

by form and valueof a constant shall be in the range of representable values for its type.

Commentary
Just as there are different floating and integer object types, the possible types that constants may have is not
limited to a single type.

integer
constant
possible types
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It is a constraint violation for a constant to occur during translation phrase 7 without a type.transla-
tion phase

7
integer

constant
no type

The requirement that a constant be in the range of representable values for its type is a requirement on the
implementation.

The wording was changed by the response to DR #298.

C++

2.13.1p2 The type of an integer literal depends on its form, value, and suffix.

2.13.3p1 The type of a floating literal is double unless explicitly specified by a suffix. The suffixes f and F specify float,
the suffixes l and L specify long double.

There are no similar statements for the other kinds of literals, although C++ does support suffixes on the
floating types. However, the syntactic form of string literals, character literals, and boolean literals determines
their type.

Coding Guidelines
The type of a constant, unlike object types, can vary between implementations. For instance, the integer
constant 40000 can have either the type int or long int. The suffix on the integer constant 40000u only
ensures that it has one of the listed unsigned integer types. The coding guideline issues associated with the
possibility that the type of a constant can vary between implementations is discussed elsewhere.

integer
constant

type first in list
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