Unscrambling
DeclarationsinC 3

“The name of the song is called ‘Haddocks’ Eyes.’”
“Oh, that's the name of the song, is it?” Alice said trying to feel
interested.

"No, you don’t understand,” the Knight said, looking a little vexed.
“That’s what the name is called. The name really is ‘The Aged Aged
Man.””

“Then I ought to have said ‘That's what the song is called’?” Alice
corrected herself.

"No, you oughtn’t: that’s quite another thing! The song is called ‘Ways
and Means’: but that’s only what it's called, you know!”

“Well, what is the song, then?” said Alice, who was by this time
completely bewildered.

"I was coming to that,” the Knight said. “The song really is ‘A-sitting On
A Gate’: and the tune’s my own invention.”

—Lewis Carroll, Through the Looking Glass

syntax only a compiler could love...how a declaration is formed...

a word about structs...a word about unions...a word about enums...
the precedence rule...unscrambling C declarations by diagram...
typedef can be your friend...difference between typedef and #define..
what “typedef struct foo { ... foo } foo;” means...
the piece of code that understandeth all parsing...
some light relief—software to bite the wax tadpole

There’s a story that Queen Victoria was so impressed by Alice in Wonderland that she
requested copies of other books by Lewis Carroll. The queen did not realize that Lewis
Carroll was the pen-name of Oxford mathematics professor Charles Dodgson. She was
not amused when sniggering courtiers brought her several weighty volumes including
The Condensation (Factoring) of Determinants. This story was much told in Victorian times,
and Dodgson tried hard to debunk it:

63



64 Expert C Programming

“I take this opportunity of giving what publicity I can to my contradiction of a silly story, which
has been going the round of the papers, about my having presented certain books to Her
Majesty the Queen. It is so constantly repeated, and is such absolute fiction, that I think it
worthwhile to state, once for all, that it is utterly false in every particular: nothing even
resembling it has ever occurred.”

—Charles Dodgson, Symbolic Logic, Second Edition

Therefore, on the “he doth protest too much” principle, we can be reasonably certain that
the incident did indeed happen exactly as described. In any case, Dodgson would have
got on well with C, and Queen Victoria would not. Putting the quote at the head of this
chapter into a table, we get:

is called is
name of the song “Haddocks” Eyes” “The Aged Aged Man”
the song “Ways and Means” “A-sitting On A Gate”

Yes, Dodgson would have been right at home with computer science. And he would have
especially appreciated type models in programming languages. For example, given the C
declarations:

typedef char * string;
string punchline = *I'm a frayed knot”;

we can see how the Knight's paradigm can be applied to it:

is called is

type of the variable string char *

“I'm a frayed knot”

the variable punchline

What could be more intuitive than that? Well, actually quite a lot of things, and they’ll be
clearer still after you've read this chapter.

Syntax Only a Compiler Could Love
As Kernighan and Ritchie acknowledge, “C is sometimes castigated for the syntax of its

declarations” (K&R, 2nd E.d, p. 122). C’s declaration syntax is trivial for a compiler (or
compiler-writer) to process, but hard for the average programmer. Language designers
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are only human, and mistakes will be made. For example, the Ada language reference
manual gives an ambiguous grammar for Ada in an appendix at the back. Ambiguity is a
very undesirable property of a programming language grammar, as it significantly com-
plicates the job of a compiler-writer. But the syntax of C declarations is a truly horrible
mess that permeates the use of the entire language. It's no exaggeration to say that C is
significantly and needlessly complicated because of the awkward manner of combining

types.

There are several reasons for C’s difficult declaration model. In the late 1960s, when this
part of C was designed, “type models” were not a well understood area of programming
language theory. The BCPL language (the grandfather of C) was type-poor, having the
binary word as its only data type, so C drew on a base that was deficient. And then, there
is the C philosophy that the declaration of an object should look like its use. An array of
pointers-to-integers is declared by int * p[3]; and an integer is referenced or used in
an expression by writing *p[1i], so the declaration resembles the use. The advantage of
this is that the precedence of the various operators in a “declaration” is the same as in a
“use”. The disadvantage is that operator precedence (with 15 or more levels in the hierar-
chy, depending on how you count) is another unduly complicated part of C.
Programmers have to remember special rules to figure out whether int *p[3] is an
array of pointers-to-int, or a pointer to an array of ints.

The idea that a declaration should look like a use seems to be original with C, and it
hasn’t been adopted by any other languages. Then again, it may be that declaration looks
like use was not quite the splendid idea that it seemed at the time. What's so great about
two different things being made to look the same? The folks from Bell Labs acknowledge
the criticism, but defend this decision to the death even today. A better idea would have
been to declare a pointer as

int &p;

which at least suggests that p is the address of an integer. This syntax has now been
claimed by C++ to indicate a call by reference parameter.

The biggest problem is that you can no longer read a declaration from left to right, as
people find most natural. The situation got worse with the introduction of the volatile
and const keywords with ANSI C; since these keywords appear only in a declaration
(not in a use), there are now fewer cases in which the use of a variable mimics its declara-
tion. Anything that is styled like a declaration but doesn’t have an identifier (such as a
formal parameter declaration or a cast) looks funny. If you want to cast something to the
type of pointer-to-array, you have to express the cast as:

char (*3j)[20]; /* j is a pointer to an array of 20 char */
j = (char (*)[20]) malloc( 20 );
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If you leave out the apparently redundant parentheses around the asterisk, it becomes
invalid.

A declaration involving a pointer and a const has several possible orderings:

const int * grape;
int const * grape;

int * const grape_jelly;

The last of these cases makes the pointer read-only, whereas the other two make the
object that it points at read-only; and of course, both the object and what it points at
might be constant. Either of the following equivalent declarations will accomplish this:

const int * const grape_jam;

int const * const grape_jam;

The ANSI standard implicitly acknowledges other problems when it mentions that the
typedef specifier is called a “storage-class specifier” for syntactic convenience only. It's an
area that even experienced C programmers find troublesome. If declaration syntax looks
bad for something as straightforward as an array of pointers, consider how it looks for
something even slightly complicated. What exactly, for example, does the following dec-
laration (adapted from the telnet program) declare?

char* const * (*next) ();

We'll answer the question by using this declaration as an example later in the chapter.
Over the years, programmers, students, and teachers have struggled to find simple mne-
monics and algorithms to help them make some sense of the horrible C syntax. This
chapter presents an algorithm that gives a step-by-step approach to solving the problem.
Work through it with a couple of examples, and you’ll never have to worry about C dec-
larations again!

How a Declaration Is Formed

Let’s first take a look at some C terminology, and the individual pieces that can make up
a declaration. An important building block is a declarator—the heart of any declaration;
roughly, a declarator is the identifier and any pointers, function brackets, or array indica-
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tions that go along with it, as shown in Figure 3-1. We also group any initializer here for
convenience.

Figure 3-1 The Declarator in C

How many Name in C How it looks in C

Zero or more pointers one of the following alternatives:
* const volatile
* volatile
*
* const
* volatile const

exactly one direct_declarator identifier
or
identifier [ optional_size | ...
or
identifier (args... )
or

( declarator )

Zero or one initializer = initial_value

A declaration is made up of the parts shown in Figure 3-2 Figure 3-2(not all combinations
are valid, but this table gives us the vocabulary for further discussion). A declaration
gives the basic underlying type of the variable and any initial value.

Figure 3-2  The Declaration in C

How many Name in C How it looks in C
type-specifier void char short int long
at least one type- signed unsigned
specifier float double

struct_specifier
enum_specifier

(not all combinations union_specifier
are valid) storage-class extern static register
auto typedetf
type-qualifier const volatile
exactly one declarator see definition above
Zero or more more declarators , declarator

one semi-colon ;
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We begin to see how complicated a declaration can become once you start combining
types together. Also, remember there are restrictions on legal declarations. You can’t have
any of these:

® a function can’t return a function, so you'll never see foo () ()
® a function can’t return an array, so you'll never see foo () [
® an array can’t hold a function, so you'll never see foo[] ()
You can have any of these:
® a function returning a pointer to a function is allowed: int (* fun()) ();
® a function returning a pointer to an array is allowed: int (* foo())[]
® an array holding pointers to functions is allowed: int (*foo[]) ()
® an array can hold other arrays, so you'll frequently see int foo[][]

Before dealing with combining types, we'll refresh our memories by reviewing how to
combine variables in structs and unions, and also look at enums.

A Word About structs

Structs are just a bunch of data items grouped together. Other languages call this a
“record”. The syntax for structs is easy to remember: the usual way to group stuff
together in C is to put it in braces: { stuff... / The keyword struct goes at the front so the
compiler can distinguish it from a block:

struct { stuff... }

The stuff in a struct can be any other data declarations: individual data items, arrays,
other structs, pointers, and so on. We can follow a struct definition by some variable
names, declaring variables of this struct type, for example:

struct { stuff... } plum, pomegranate, pear;

The only other point to watch is that we can write an optional “structure tag” after the
keyword “struct”:

struct fruit_tag { stuff... } plum, pomegranate, pear;

The words struct fruit tag can now be used as a shorthand for

struct { stuff... }

in future declarations.
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A struct thus has the general form:

struct optional_tag {
type_1 identifier_1;
type_2 identifier_2;

type_N identifier_N;

} optional_variable_definitions ;

So with the declarations

struct date_tag { short dd,mm,yy; } my_birthday, xmas:
struct date_tag easter, groundhog_ day;

variables my_birthday, xmas, easter, and groundhog_day all have the identical
type. Structs can also have bit fields, unnamed fields, and word-aligned fields. These are
obtained by following the field declaration with a colon and a number representing the
field length in bits.

/* process ID info */

struct pid_tag {
unsigned int inactive
unsigned int /* 1 bit of padding */

unsigned int refcount

(RO

unsigned int ; /* pad to next word boundary */
short pid_id;

struct pid_tag *link;

This is commonly used for “programming right down to the silicon,” and you'll see it in
systems programs. It can also be used for storing a Boolean flag in a bit rather than a char.
A bit field must have a type of int, unsigned int, or signed int (or a qualified version of
one of these). It’s implementation-dependent whether bit fields that are int’s can be
negative.
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Our preference is not to mix a struct declaration with definitions of variables. We prefer

struct veg { int weight, price_per_lb; };

struct veg onion, radish, turnip;

to

struct veg { int weight, price_per_lb; } onion, radish, turnip;

Sure, the second version saves you typing a few characters of code, but we should be
much more concerned with how easy the code is to read, not to write. We write code
once, but it is read many times during subsequent program maintenance. It’s just a little
simpler to read a line that only does one thing. For this reason, variable declarations
should be separate from the type declaration.

Finally there are two parameter passing issues associated with structs. Some C books
make statements like “parameters are passed to a called function by pushing them on the
stack from right to left.” This is oversimplification—if you own such a book, tear out that
page and burn it. If you own such a compiler, tear out those bytes. Parameters are passed
in registers (for speed) where possible. Be aware that an int “i” may well be passed in a
completely different manner to a struct “s” whose only member is an int. Assuming an int
parameter is typically passed in a register, you may find that structs are instead passed on

the stack. The second point to note is that by putting an array inside a struct like this:

/* array inside a struct */
struct s_tag { int a[l1001; 1};

you can now treat the array as a first-class type. You can copy the entire array with an
assignment statement, pass it to a function by value, and make it the return type of a
function.

struct s_tag { int a[l1001; };

struct s_tag orange, lime, lemon;
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struct s_tag twofold (struct s_tag s) {
int 3;
for (j=0;3j<100;J++) s.alj] *= 2;
return s;

main () {
int i;
for (i=0;1i<100;i++) lime.al[i] = 1:
lemon = twofold(lime);

orange = lemon; /* assigns entire struct */

You typically don’t want to assign an entire array very often, but you can do it by burying
it in a struct. Let’s finish up by showing one way to make a struct contain a pointer to its
own type, as needed for lists, trees, and many dynamic data structures.

/* struct that points to the next struct */
struct node_tag { int datum;
struct node_tag *next;
}i
struct node_tag a,b;
a.next = &b; /* example link-up */
a.next->next=NULL;

A Word About unions

Unions are known as the variant part of variant records in many other languages. They
have a similar appearance to structs, but the memory layout has one crucial difference.
Instead of each member being stored after the end of the previous one, all the members
have an offset of zero. The storage for the individual members is thus overlaid: only one
member at a time can be stored there.

There’s some good news and some bad news associated with unions. The bad news is
that the good news isn’t all that good. The good news is that unions have exactly the
same general appearance as structs, but with the keyword struct replaced by union. So
if you're comfortable with all the varieties and possibilities for structs, you already know
unions too. A union has the general form:
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union optional_tag{
type_1 identifier_1;
type_2 identifier_2;

type_N identifier_N;
} optional_variable_definitions;

Unions usually occur as part of a larger struct that also has implicit or explicit informa-
tion about which type of data is actually present. There’s an obvious type insecurity here
of storing data as one type and retrieving it as another. Ada addresses this by insisting
that the discriminant field be explicitly stored in the record. C says go fish, and relies on
the programmer to remember what was put there.

Unions are typically used to save space, by not storing all possibilities for certain data
items that cannot occur together. For example, if we are storing zoological information on
certain species, our first attempt at a data record might be:

struct creature {

char has_backbone;

char has_fur;

short num_of_legs_in_excess_of_4;
}i

However, we know that all creatures are either vertebrate or invertebrate. We further
know that only vertebrate animals have fur, and that only invertebrate creatures have
more than four legs. Nothing has more than four legs and fur, so we can save space by
storing these two mutually exclusive fields as a union:

union secondary_characteristics {
char has_fur;
short num_of_legs_in_excess_of_4;
}i




