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PREFACH

ﬁ‘he original C programming language was devised by Dennis Ritchie. The
first book on C, by Kernighan and Ritchie, caome out in 1978 and remained
the most authoritative and best book on the subject until their second
edition, describing ANSI standard C, appeared in 1988, In alil that time, and
since, the availability and use of C has increased exponentially. 1t is now
one of the most widely used programming languages, not only for writing
computer systems but also for developing applications.

lﬁhere are many books on C but not so many on ANSI standard C which
is the version described here.

lﬁhis book attempts three things:

® (o serve as a text book for introductory courses on C aimed
both at those who alkeady know a computer language ond at
those entirely new to computing

® o summarize and present the syntax and grammar of C by
diagrams and tables, making this a useful reference book on C

® io illustrate a few essential programming techniques such as
symbol state tables, linked lists, binary trees, doubly linked rings,
manipulation of strings, parsing of algebraic expressions.

[}or a formal appreciation of C s its power, its advantages and dis-
advantages s see the references given in the Bibliography. As an informal
appreciation: all those I know who program in C find the language
likeable and enjoy its power. Programming C is lke driving a fast and
powerful car. Having learned to handle the car safely you would not
willingly return to the family saloon.

L‘l_jhe hand-written format of this book has evolved over several years,
ond over six previous books on computers and programming languages.
The pages contain the kind of diagram an able lecturer draws on the
blackggard and annotates with encircled notes. Written text has been kept
short and succinct. I have tried to avoid adverbs, cliches, jargon and
unnecessarily formal language.

ﬂ hope the result looks friendly.

[REIGATE Donatd (Ueocke
Surrey, UK. [February 1992

ix
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INTRODWLTION

?he introduction starts with the concept of a stored
program. The concept is second nature to anyone who has
ogrammed anything on any computer in any language,
ut to a complete novice it can be difficult to grasp. So
a simple program is written in English and then transiated

into C.

i}he chapter explains principles of running a C program
on the computer. The explanation is sketchy because each
implementation of C has different rules for doing so.
Check the manuals for your own installation.

I}inany the program is dissected, statement by statement.



‘olc!PFAOI THE CONCEPT OF A STORED PROGRAM

I]F you ask to borrow £5,000 at 15.5% compound interest over 5 years,
the friendly bank mana?er works out your monthly repayment, M, from
the compound interest formula:

P =R = (1+R)"
12 ((1+R™N -1))

Where:

represents the principal { £508¢ in this case )

R represents the rate of interest [ 2.55 is the
absolute rate in the case of 15.5% )

N represents the number of years {5 in this case)

ﬂo work this out the friendly bank manager might use the following
program of instructions:

ﬂ Get math tables or calculator ready

23 Drow boxes to receive P[] Rpet[ Jn

valges for P, prct, N Also

a box for the absolute

rate, R, and o box for R D M ):!
the repayment, M

Ask the client to state the three values: Principal (P), Rate
percent (Rpct), Number of years (N)

Write these values in their respective boxes

to be_found in box Rpct ( don't rub out the content of box
Rpct D

5 Write in box R the resutt of Rpct/igd. For Rpct use the value

6 Write in box M the result of the compound interest formula.
Use for the terms P, R, N the values to be found in boxes
P, R, N respectively ({ don't change anything in boxes P, R, N )

ﬂ Confirm to the client the values in boxes P, Rpct, N and the
monthly instaliment read from box M

8 Work out { 12 x value in box M < value in box N ) to tell
tell the client how much will have to be repaid.

ﬁhis program is good for any size of loan, any rate of interest, any
whole number of years. Simply follow instructions 1 to 8 in sequence.

2 ' ILLUSTRATING C



A computer can be made to execute such a program, but first you
must transiate it into a language the computer can understand. Here is a
translation into the languoge called C.

#include <stdio.h>
#include <math.h>
int main (void
P
{ .
float P, Rpct, R, M;
int N; m

printf ( "\nEnter: Principal, Rate%, No. of yrs\n" ); <r‘<®

scanf ("%f %f %i", &P, &Rpct, &N ); 44@
R = Rpct / 1087 << 5D A8

M=P xR x*x pow(1+R, N ) / ( 12 * ( pow(1+R, N) - 1));

printf ("\n£%1.2f, @%11.2f %% costs £%1.2f over %iyears”, P,Rpct,M,N);
printf ("\nPayments will total £%1.2f", 12xMxN ); <

return &;
i "

?he above is a program. This particular program comprises:

a set of directives ‘o a preprocessor; each directive begins #
* a function colled main() with one parameter nomed void.

ﬂ function comprises:

* a feader conveying the function’s name ({main ) followed by
* a block

ﬂ block { enclosed in braces } comprises:

* a set of geclarations ({ 'drawing’ the litte boxes )
s o set of statements telling the processor what to do )

Each declaration and each statement is terminated with a semicolon.

‘Ehe correspondence between the English program opposite, and the C
program above, is indicated by numbers 1 to 8.

l‘l_,ihe C program is thoroughly dissected in following pages.
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R! Allz AW‘O‘ MAKING A PROGRAM RUN

lﬂ_jhe program on the previous page should work on any computer that
understands C.

Q)nfortunafely not all computer installations go about running C programs
the same way; you have to have some understanding of the operating
system, typical ones being Unix and DOS. You may be lucky and have an
z‘ntegrated development environment {IDE)) such as that which comes with
Turbo C or Microsoft C. In this case you do not have to learn much
about Unix or DOS. You control Turbo C with mouse and menus; it really
is easy to learn how.

[Regardless of environment, the following essential steps must be taken
before you can run the C program on the previous page.

L4 ﬁype. Type the program at the keyboard using the editing facilities
available. If these are inadequate, discover if it is feasible to use
your favourite word processor.

When typing, don't type main as MAIN; corresponding upper
and lower case letters are distinct in the C language ( except
in a few special cases)).

Be sensible with spacing; don't spiit adjacent fotens and don't
Jjoin adjacent tokens if both are words or letters;

‘ flo at P, Rpct, R, M; floalP, Rpct, R, M;

AT i

Apart from that you may cram tokens together or spread
them out s over several lines if you like:

Float P.Rpct,RMint, [ﬂoat P R

To separate tokens, use any combination of whitespace keys:

relurn

{ et { space
tab

L4 gtore. Store what you type in a file, giving the file a name such
as WOTCOST.C((The .C is added automatically in some environments;
it signifies a file containing a C program in character form, the .C
being an extension of the name proper.
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L Gompile. Compile the program s which involves translaling your C
program into a code the computer can understand and obey directly.

This step may be initiated by selecting Complie from a_screen
menu, or typing a command such as cc wotcost.c @ Unix) and
pressing the Return key. It all depends on your environment.

The compiler reports any errors encountered. A good IDE
displays the statements in which the errors were discovered,
and locates the cursor at the point where the correction
should be made.

e Edit. Edit the .C file and recompile as often as necessary to
correct the errors discovered by the compiler. The program may
still have logical errors but at least it should compile.

You have now created a new file containing object code. The
file of object code has a name related to the name of the
original file. In a DOS environment it might have the name
WOTCOST.OBJ ( compiled from WOTCOST.C) . In a Unix
environment, if you compiled wotcost.c your object code
would be stored in a.out.

] &ink. In many environments a simple C program may be compiled
and linked all in one go ( type a.out, press Return, and away
we go! ]) . In other environments you must link the program to
funchions in the standard libraries { pow, prinif, scanf are functions
written in C too D . The resulting file might have the name
WOTCOST.EXE  ({ linked from WOTCOST.OBJ ) .

® mun. Run the executable program by selecting Run from a menu
or enterng the appropriate command from the keyboard.

L Execuﬂon. The screen -
now displays: Enter Principal, Rate%, No. of yrs.

Enter three items 5000 15.5 5
separated space, tab
or new line. End by
pressing Return.

£5000.00,815.5% costs £125.77 over 5 years

Payments will total £7546.37

The program computes and sends results to the standard
output file { named stdout D This file is typically the screen.

t: INTRODUCTION 5



W OF A C PROGRAM, PECE BY PIECE

mere is the compound interest program again = with a title added for
identification.

r* WOTCOST; Computes the cost of a loan */ m
#include <stdio.h>

#include <math.h> =Y directives - no semicolon
int main (void) ”ﬁege/
{

float P, Rpct, R, M;

int Nj

printf ("\nEnter: Principal, Rate%%, No. of yrsAn');

scanf ("%f %Ff %", &P, &Rpct, &N );

R = Rpct / 106

M = PxRxpow(1+R, N) / (12*(pow(1+R, N) - 1) );

printf ("\n£%L2f, @%11.2F%% costs A%L2f over %i years", P,Rpct,M\N) ;
printf ("\nPayments will total £%L2f", 12+MsN );

return ¢;

rx WOTCOST; loan ﬂny text between /x and */ is treated as
| commentary. Such commentary is allowed

wherever whitespace is allowed, and is similarly ignored by the processor.

sinclude <stdioh>| 1the # { which must be the first non-blank
#include <mathh>| character on the line)) infroduces an instruction to

t the preprocessor which deals with organizational
malters such as including standard files. The standard libraries of C
contain many useful functions; to make such a function available to your
program, tell the preprocessor the name of its Aeadker fle. In this case
the header files are stdioh ((standard input and output)) and mathh
(mathemalical). The header files fell the linker where to Ffind the Ffunclions
invoked in your program.

int main (void) 4\ C program comprises a set of functions. Precisely
one must be named main so the processor knows
where to begin. The Int and void are explained later; just acceplt them
for now. The declarations and statements of the functions follow
immedialely; they are enclosed in braces, constituting a block There is no
semicolon between header and block.

float P,Rpct,R,M; e 'litle boxes' depicted earlier are called variables.
int N; ariables that hold decimal numbers like 15.5 are of a
. different fpe from variables that hold only whole
numbers. These two_statements declare that the variables named P, Rpct,
R, M are of type float ({ short for floaling point number ) arid the
variable named N is of type it ({ short for integer )). Other types are
infroduced later.

Beclaratz‘ons, such as those above, must all precede the first statement.
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Bach declaration and each statement is terminated bx a semicolon. A
directive is neither a declaration nor a statement; it has no semicolon
after it

}7 ou have freedom of layout. Statements may be typed several to a
line, one per line, one o several lines. To the C compiler a space, new
line, Tab, comment, or any number or combination of such things between
statements <= or between the tokens that make up a statement < are
simply whitespace. One whitespace is as good as another, but not when
between quotalion marks as we see here.

sigmificant spaces, reproduced on output page
 s— A ]
Rate%% 5 "No." of ' yrs\n'); ﬁhis is an
invocation

of printf(), a much-used fbrary function for printing. In some environments
the processor includes standard input and output automatically g without
your having to write #include <stdio.h >

” );

N

printff ("\nEnter: 'Principal,

printf ("

characters lo be sent to
the standard outpul stream
- honouring spaces;

stands for >
YFormatted

When printing, the processor waiches for back-slash. On meeting a
back-slash the processor looks ot the next character for guidance: n says
start a new line. \n is called an escape seguernce. There is also \t for
Tab, \f for form feed, \a for ring the bell (or beep) and others.

@ﬂt’s no good pressing the Return key instead of typing \n. Pressing
Retlurn would start a new line on the screen, messing up the syntax and
layout of your program. You dont want a new line in the program, you
want your program to generate one when it obeys printf().b

F "% %F %", & P, t, & N); ql}his is an invocation of
scanf ("%f %f %', & & Rpch & N) the scanf () function for

input. For brevity, most examples in this book use scanf(). Safer methods
of input are discussed later.

scanf (" "o, & )s

‘comma list’ of adadresses of
variables to which values
are lo be sent

the fields
expected from
the keyboard

“fhere is more about scanf() overleaf.
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DIESSECTION OF WOTCOST CONTINUED

li}o obey the scanf() instruction the processor waits until you have typed
something at the keyboard and pressed the return key ({ 'something’
means three values in this example ) . The processor then lries to copy
values, separated by whitespace, from the keyboard buffer. If you type
fewer than three values the processor stays with the instruction until you
have pressed Return after entering the third. If you type more, the
processor reads and ignores the excess.

"l?he processor now fries to interpret the first item as a floaling point
number  %f ). If the attempt succeeds, the processor sends the value to
the address of variable P & P)) <= in other words stores the value
in P. The second value from the keyboard is similarly stored in Rpct.
Then the processor tries to interpret the third item from the keyboard as
a whole number { %i) and stores this in variable N.

What happens if you type something wrong? Like:

15008 15% 25

where the 15080 is acceptable as 1580d.08, but the second item involves
an illegal sign, the third is not a whole number.

"_ljihe answer is that things go horribly wrong. In a practical program you
would not use scanf().

Why the ‘&’ in &P, a&Rpct, &N ? Just accept it for now. The art of C, as
you will discover, lies in the effeclive use of:

& 'the address of..." or 'pointer to...’

* 'the value pointed to by..." or 'pointee of...’

R=Rpct/ied; ﬁhese statements specify the
M=PxRxpow(1+R,N) {12xpow(1+RN)-1)); necessary arithmelic: Rpct /106
e - * means divide the value found
in Rpct by 188. The /,*,+,- mean respechively: divide by, multiply by,
add to, subtract from. They are called operafors, of which there are

many others in C.

pow (1#R,N) is a furction which returns the value of (1+R) raised to the
power N If you prefer to use logs you could write exp{log(1+R)*N)
instead. The math library { #include <mathh> ) would be needed in
either case; exp(), log(), pow() are all mathh Functions.

The terms 1+R and N are arguments § actual arguments ) for the function
pow(), one for each of that function's parameters { dummy parameters ). In
some books on computing the terms argument and parameter are used
interchangeably.

8 ILLUSTRATING C



‘ printf ("\n%8.2f,@%.2f%% costs £%z2f over %l years", P,Rpct,M,N); J

"Ehis is like the earlier printf() invocation; a siring belween quotes in
which \n signifies Start a new line on the oulput screen.

printf (" " )

characters to be printed,
interspersed with format
specifications for values to
printed

comma list of names of
variables whose values are
lo be printed in lhe
format specified

@ui this time the siring contains four format specifications: %8.2f, %.2f,
%.2f, %i for which the values stored in variables P, Rpct, M, N are to be
substituted in order. You can see this better by rearranging over two
lines using whitespace:

printf ("\n£ @ a% costs £over years"
’ P ’ RpCf I3 9 );

L‘_l}oke %8.2f as an example. The % denotes a format specification. f
denotes a field suitable for a value of type float == in other words a
number with a fractional part after a decimal point. The 8 specifies eight
character positions for the complete number. The .2 specifies a decimal

point followed by two decimal places:
LT[ e 11 <=t %8.2f

12345678

R el

2

4\ single percentage sign infroduces a format specification as illustrated.
So how do you tell the processor to print an ordinary percentage sign?
The answer is to write %% as demonsirated in the printf() stalement
above.

"_l}he second ( and subsequent )) format specification is %.2f. How can the
field be zero characters wide if it has a decimal point and two places
after? This is a dodge; whenever a number is too wide, the processor
widens the field rightwards until the number just fits.

nif ("\nP ts will total £%2F", N = 12 x M );|8his is
e (CwPayments wil tolal £ * - % Eother printf()

invocation with an ‘elastic’ field. This time the value to be printed is given
by an expression, rx12#M, rather than the nome of a variable. The
processor evaluates the expression, converts the resulting value {if
necessary ) to a value of type float, and prints that value in the
specified field.

comma list may conlain
expressions as well as
names of variables

printf ("

return &; [ Just accept it for now: the opening int main ( void )
and closing relurn @ are described later.

t: INTRODUCTION 9
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EXERCISES

ﬂ ﬂmp)ement the loans program. This is an exercise in using the tools
of your parficular C environment. It can take a surprisingly long
time to master a new editor and get to grips with the commands
of an unfamiliar interface. If all else fails, try reading the manual

ILLUSTRATING C



2
CORCERTS

(One of the few troubles with C is that you can't
formally define concept A without assuming something
about concept B, and you can't define B without assuming
something about A. Books on C have a bit in common
with the novel Calch 22.

‘Ehe oim of this chapter is to introduce, informally,
enough simple concepls and vocabulary to make
subsequent chapters comprehensible.

Iiihis chapter introduces decisions, loops, characters,
arrays, functions, scope of variables, and recursion.
Complete programs are included to illustrate the aspeclts
infroduced.



LOGICAL VALUES ¥ C
THERE ARE NO BOOLEAN VARMABLES

ﬂf, in your program, Profit is greater than Loss ( Profit and Loss being
names of variables holding values ) you may want the program to do
one thing, otherwise another. The expression Froﬁf > loss is frwe if the
value in Profit is greater than that in Loss; frue is represented by 1
Conversely, if the value in Profit is nof greater than that in Loss the
expression is false and takes the vale 4.

less than
l'l_fhus 95 > 0.0 takes the value 1 (f true ); >= greater than
95 < @4 takes the value 8 ( false ). A few or equal to
other logical operators are shown here: H> equal to
Operators are defined in Chapter 3 and briefly ;"0', e?ual d‘°
summarized on page 196. ogical an

ﬁhere are no Boolean variables in C 4 you have to moake do with

integers; a value of zero represents false; any ron-zero value represents
true.

8tatements concerned with the flow of control @ if, while, do for ? are
based on values of logical expressions: non-zero for frue, zero ftor false

B Ez A SELECTION STATEMENT

ﬁhe if statement may be used to select a course of aclion according
to the logical value ( true or false ) of a parenthesized expression:

if ( expression ) statement “else  statement

t reducing to a value of
non-zero (true) or zero (false) ) | ( Profit > Loss )

printf ( "Hooray!" );

if ( Profit > Loss ) else

printf ( "Hooray!" ); printf ( "Bother!" );

true

‘Ehe statement s typically a compound statement or block. Anywhere a
statement is ollowed a block is also allowed. A block comprises an
indefinitely long sequence, in braces, of declarations (Iopﬁonal » followed
by statements. Some of the statements may be if statements o3 a rested
pattern.
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@e careful when nesting 'ff’ stalements. Try to employ the pattern
resutting from ‘else if" rather than 'if if" which leaves ‘elses’ dangling in
the brain. A sequence of 'iff if' makes it difficult to match the associated
‘elses’ that pile up at the end.

ﬂn the illustration below, the operator ! means mof. Thus i variable Lame
holds the value @ ( false ) then the expression !Lame lakes the value

1 ( true ). Conversely, if Lame holds a non-zero value ( true ) then
the expression !Lame takes the vaiue ¢ (false).

[—TF( Lame ) if ( 'Lame )
Wak (2 ); if ( 1SoSc )
else if ( !Quiet )
if { SoSo ) Gallop ( 2 );
Trot ( ¢ ); else
else Canter ( 2 );
if ( Quiet ); else
Canter ( ¢ ); Trot ( & );
else else
Gallop ( 2 ); Wak ( 2 );

Bach ‘else’ refers to the closest preceding 'if ' that does not akready have
an ‘else’, paying due respect to parentheses. Careful indentation shows which
‘else’ belongs to which f, but remember that tse processor pays no altention
to indentation. Careless indentation can present a misleading picture.

[XIere is a program that uses a block in the 'if' statement as discussed
opposite. The program does the same job as the introductory example
but first checks that all items of data are positive.

@omplicated logic based on 'If else’ can be clumsy; we meet more
elegant methods of control later.

—

7x WOTCOST with data check */
#include <stdio.h>
#include <math.h>
void main (void)

the initial ‘void ' means the program returns no
signal of success or failure (o its ervironment
& there is no return 4

float P, Rpct, R, M3
int N3

printf ("\nEnter: Principal, Rate%, No. of yrs.\n");
scanf ("%f %f %", &P, aRpct, &N );
i{F((Pm)&&(Rpct>¢)&&(N>¢))

R = Rpct / 100; NS TEI,

M = PxRxpow(1+R, N) / (12*x(pow(1+R, N) - 1) );
printf ("\n£%.2f, @%.2f%% costs £%.2f over %i years",P,Rpct,M,N);
printf ("\nPayments will total %t2f", 12*MaN );

else
printf ( "Non-positive Data” );

2: CONCEPTS 13



m WIRODUCING THE for LOOP
THE MOST VERSATIE OF LOOP STRUCTURES

4&) real programs have lops. When a program has finished compuling one
persons salary it works through the some set of instructions to compute the
next persons salary, and so on through the payrol. That is a loop.

r‘lj"here are, 7
however, sx Humbug */

different &inds #include <stdio.h >

of loop. This void main { void )

one is a {

"counted’ loop; int j;

you specify in for ( j=@; j<3; ++j )

advance how printf ("\nWe wish you a merry Christmas");
many times to printf ("\nAnd a happy New Year!");

go round.

ﬂn this loop, j has a test for continuation ( j<3 ) and stands at zero.
Zero salisfies the lest, so round we go, wishing you a merry Christmas.
Then j is incremented by t ({ ++j is short for j=j+ ) to become 1. The
test { j<3 ) is again safisfied, so round we go for another merry
Christmas. This process continues until j reaches 3, at which stage the test
is no longer satisfied; we dont offer any more merry Christmases; we
drop out of the loop with New Year greetings.

for ( expression ; expression ; expression ) statement

the loop. Body
entered only if
expression evaluales
to non-zero (lrue)

[ ]

/x Count characters until new line x/
i/ ou can specify an infinte | #nclude <stdioh>

loop by omitting the second void main ( void )
expression ({ implying 1 = {
true )) and get out of the int count = @; char ch;

for (53

Ch = getc ( stdin );
if ( Ch = '\n" ) break;
) else ++count;

rintf ("\nEntry has %i chars", count );
p Yy

loop with break.

[kater we meet ‘tested’
loop structures; the while
loop and do loop:

while ( expression ) statement do statement while ( expression )

14 ) ILLUSTRATING C



CHARACTERS NNt

Drevious examples illustrated type int ¢ inte er)) and float { Aoating-
point number, one that has a decimal point »g Another type is char, short
for character. A character is a letter, digit or symbol

inti, j =1 1] j ,
char Ch, k = 'A’, dig = '1'; ChD k dig

What can we assume about the relationship of characters? Some aspects
depend on the character set employed. In ANSI C:

e« a2’ < B < '¢' el /b:t/z alprabets (lower & upper case)
are stored in ascending order
- 7 A 1 < IB L < ! C T e tc,
. g’ elc. digits are stored in ascending
order

< 1" < "2
digits are stored
e 3T st

¢ 2 elc. contiguously

uf you work exclusively in the ASCI character sel, the following
relationships ( not defined in ANSI C ) also hold:
f gives j

o i+ <E<F ASCH alphabets (not EBCOKC)
«'I"+ 1 gives I ZF_ are stored contiguously

Lt L + _t N : Ay

* ALt ( A-a, ) gives ,,I‘, elc. <= these relationships hold for
e 1"+ ('a’ - 'A" ) gives i’ el ] FBCDE letters also

‘Ehe previous examples featured scanf() and printf() for formatted
items. For input of a single character from the keyboard use getc(stdin),
and for output of a single character to the screen use putc(Ch, stdout).
Both functions are defined in stdio.h. The parameters stdin and stdout
indicate standard input and output streams defined by the system as
depicted below.
Ch = gelc (stdin) s Echo input in CAPITALS (ASCH only) */
#include <stdio.h>
void main ( void )

[N

zxt c/eraéter from the {

keyboard buffer gets stored in = t tdi .

nominated character variable Q ‘Ch( C%e; q\: d 'S' gr’eak .
> ( Ch

- o Ch <= s )
putc (Ch, stdout) >‘Cha—) ,;"?' E A = %

h =
putc ( Ch, stdout );

V}W\/‘i
the character stored in this
variable is ‘put " on the screen
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IARRAYS AN QBIECT’ COMPRISWG ELEMENTS

lﬁhhe litthe boxes illustrated earlier are individual boxes for values of type
int, float and char. You may also declare arrays of such boxes { arrays
of elements )). In any one array aoll elements are of the same type.

int M[s];; float Wow[3] = {36, 185, 34}; char Letter[141;
int subscripts float char
Mgl run from 0l wowlel [ 36.0- Letter[ 2]
MP]] aOWEI]] 18.5 Letter 1]] ]
M[2 ow|2]|_34.08 Letter[ 2
M[3] g Letter| 3]
M[4] 2% Letter[ 4]
M[5] 228 Letter[ 5]
Letter] 6]
Letter] 7]
ﬂn array moy be initiclized as shown for Letter| 8]
Wow[] above. If you initialize a/ the elements Letter| 9]
you may leave the brackets empty and let Letter[tg]
the processor do the counting: Letter[11]
Letter|12]

] float Wow [1 = { 36, 185, 34 }; _j

ﬂF the size is declared you may supply fewer initializing values; the
processor pads out with zeros.

float M[s1 =1{1, 2 }; implies { 1, 2, 0, 8, @, & }

é\rmys may have any number of dimensions. Here is a two-dimensional
array: int 2] {1 [2]
[}

an Coeffs [51[3] ’ Coeffs %?]] i 12 t
[2]1 1 3 3
[31f 1 4 6
[41]_1 5

i}he array is stored by rows.
Mulﬁ dimensional arrays may be initialized using nested braces:

( int Coeffs[51[31={{1, 1 }, {1, 2, 1}, {1, 3 3}, {1, 4, 6}, {1, 5, 1w} }]

missing items imply zero
uf you arrange values by rows, and include all of them, you may
ignore the inner braces:

int Coeffs [[a]l=1{1,1,48,1, 2 1, 1, 3, 3, 4 4, 6, 1, 5, 18 };
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IMATRIXEMVLTIPLICATION W
, A PRODUCT

mon—mathemaﬁcians dont go away! This is [2] 11 [21 [a]
business. There are three sales people seling (2% [gl]s 2 ¢ 18
four products. Quantities sold are tabulated 22 (3 s 2 5
in Table A: ¥ [0 8 8 o

B - fable B shows the price of each product and

4] MONE}!] the commission earned by seling each ttem.

+ (2] [150 0.20 . .

S 1] |20 .40 @\e money brought in is calculated thus: 9

S la|see 1o 0z [B] 5%1.50+2%2.80+0%0.50 +18 * 2.00 = 3310

& [lj200 020 Y2 [1] 3%150+5%2.80+2% .50 +5 * 2.00 = 38.50
mnd the commissions P W [2] 20150 + 3> 2.80+ 0 * 0.50 + 0 * 2.00 = 36.00

earned thus: @

l‘]—_?his computation is

oz |B]5%0.20+2%B.408+ 0 *1.00 + 10 *0.50 = 6.80 L i

U2 [1]13%0.20+5%0.40 +2 %180 + 5 +0.50 = .10 called malrix multiplic-

3G [2]20+0.20+ 0% 040+ O x 100+ 8% 050 =40p  Ofion and looks best
as set out below.

[2] [ [2] [3] [2] [1] [2] [1]
Alglls 2 o 1o Bl#] 150 020 | Clol 3310  6.80
Aldias 5 2 5 X Bl1] | 280 @40 | =2 Clt]|385¢8 7110
A2l |20 ¢ o0 @ Bl2] | 5.6¢ 1.00 Cl2l | 36.00 4.00

B[3] | 2.0 2.50

the number of columns Of, % number of rows of B)
A must be the same as f,q0 o

and the resull has as many rows as
X _A £ as many columns as B

mere s a program to input data for malrices A and B, multiply them

together, then display their product, malrix C.

!

7 MATMUL Matrix multiplication */
#include <stdio.h >

float A[31[41, Bl4ll2], CI3ll2];
nt n & g ks

void main (void)

for ( n=g; n<3; ++n )
scanf ( "%f %F %F %f", &Alnllg], &Alnl[1], &Aln]l2],

&Alnll3] )

for ( n=g; n<4; ++

)
scanf ( "%F %F'?, &BInllg], &BInll11 );

for (38 12y ++1 9

for ( j=@; j<3; ++j )

Chlljl = 85
for ( k=8; k<4; ++k )
Clylil += A[jIIk] * BIkIil;

for ( n=@; n<3; ++n )
printf ( "%.2f %.2f, Clnllgl, CInllt1);

program displays C by rows
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WLUSTRATING NESTED LOOPS

AND ARRAYS OF CHARACTERS
ﬂt school we hung little weights on the
end of a spiral spring and measured its
extension. If the spring extended 12mm on
adding a one-gram weight we found it
extended a further 12mm on adding the
next gram. In other words we showed
that extension is proportional to the
force applied.

E}obert Hooke (f 1635 - 1743 )
discovered this law and expressed it in /
Latin as 'ut tensio sic vis' { as the /

tensio (mm)

extension, thus the force }) . Then he
iried to palent his discovery. To establish
ownership before disclosing the secret,

he published an amagram of 'ut tensio sic U
vis', made by arranging the letters of (
that sentence in alphabetical order. F _J

Mere is a program to compile Hooke's anagram. Run the program to see
the anagram he published.

rx Anagram of Hooke's Law */
#include <stdio.h>

void main( void)

the number of lelters

Char Leﬂer [ 14] = { lul, ’f' 't, lel 'n" lsl’ 'i” lo" lsl’ 'i" ,c" 'v" 'il, 's’ } .
int j, k, Tempry; J=it ’
for (j=0; j<13; ++j) &
for (k=13; j<k; -Zk)

if ( l{.eﬂer [k-1] >Letter [k])

Tempry = Letter [k-1];
Letter [k-1]1 = Letter [k];
Letter [k] = Tempry;

printf ("\nHooke's anagram is ");
for (j=@; j<t4; ++j)
putchar ( Leﬂerf i1 );

Lﬁ'his program illustrates the technique called 'bubble sort' which is suitable
for sorting small fists. For longer lists there are better methods such as
Quicksort <% which is explained on Page 62.
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mere is how the bubble sort works. To keep the illustration simple we
shorten the quotation for uttensiosicvis to utten.

?he outer loop is controlled by j which starts at @ as depicted in the
first row of the table below. k is set pointing to the bottom letter. That
letter is compared with the letter immediately above it ¢ Letter [k-1] >
Letter [k] )} . If these two letters are out of order they are exchanged,
otherwise left alone. Notice that the first two lefters to Ze compared (¢ n
below, e above ) are in the correct order.

th with j set to zero, k is decremented by 1 so that it indicates the
next letter up. This lelter is compared with the letter immediately above it
as before. If the two are out of order they are exchanged. In this case
@ e below, t above ) they are out of order and therefore exchanged.

mgain k is decremented so as to indicate the next letter up. Again this
leffer is compared with the lefter above # and an exchange made if the
two are out of order. And so on until k has risen to a position just
below j. That completes the first cycle of j. The lightest letter has now
risen to the top.

@ack to the outer loop; j is incremented so that it indicates the second
letter in the list. k is set to the bottom of the list. Then the whole
procedure, described above, is started again. But this time there is less to
do because k does not have to rise so high. In the second cycle of j
the second lightest letter rises to the second position in the list.

ﬂnd so on until the fist has been sorted.

k = 4 k =3 k = 2 k = 1
j—>ofu] j—=dju j—2lu > dieu
t{t | OK 11t 1 t) e k—1
J=¢ 2|t 2 t) e k—24e t
3je je k —»34e4t 3
k—>4{n |n 4 |n 4

L&Y

]

(&)
pen=s
S e o

(5.

(S
Lo

».J)

3

X,

[ Y
rer3c @ [T

£ 3

3 ) n 3 t 3
k—»aEndlt | kst 4
| -
gfe g e
i=2 tin JOK { |n i
j—2{u j— 24u~l t Gisen to
3t t k—= 3\t u{ No.s
k—>4lt |t ey

k—» 4

LY
1)
w

«“

(230 ol -~
e—
"EC"':’N
:F‘"
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pow() ( short for power ).

pow ( } , N
name of expression : its value) expression: ils
function ing the value o fvalue being the

be raised power by which
(o raise

MORE CONCEPTS +%

m W PARTICULAR THAT OF ‘CALL BY VALUE ’

lﬁ'he introductory example used a function from the math library called

Example: 28> would be expressed pow{ 24, 3.4); the value returned

would be 8.2.

1l'he parameters of the lbrary function pow() are, in general, both of
loating” type. In the introductory example, however, the second
parametfer was consitrained to whole numbers by being declared of type

int. This constraint is essential to what follows.

mere is the first example again, but instead of using pow( ) from the
math lbrary we supply and invoke our own function, Powr( ).

/* WOTCOST with home-made Powr() */
#include <stdio.h >
float Powr ( float x, int n )

float v;

for ( v=14; n>g;
v = ¥V ¥ X3

return ( v );

void main (void)

float P, Rpct, R, M;

int N3

printf ("\nEnter: P, Rate%, Nyrs\n" );
scanf ("%f %f %', &P, &Rpct, aN );
R = Rpct/1e8;

M = PxRxPowr (1+R, N)/(iz*('Powr(H-R, N)-1));

<% don t include math.h
— L § header of home-made
function, Powr()

e =

invoke Powr ()
twice

printf ("Costs £%t2f per month", M );

Enter P,
5000 15.5 5
Costs £125.77 per month

Rate%,

Nyrs

{ float Powr ( )s f 3fhe header gives the name of the function

being defined and the type of value the function

will return. If the funclion returns no value at all, write void.

20
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l_floa! Powr ( floagt x, int n ) q},}he header also shows how many
parameters there are, and the type of each. The names of parameters
in the header are names of aummy paramelers s= private lo the block
that follows the header. It does not matter if these names coincide with
names in main { or in any other function that might invoke Powr ). In
this example, n could just as well be N &= without confusion with the N
declared in main.

V]ariable v is private to the funclion; a local variable.

Outside the function any reference to v would be ireated as an error.
But when the program obeys a statement that invokes the function, a new
varioble v is created. When the program has Ffinished with the function

{ having returned a value to the invoking statement )) the variable v,
together with its content, evaporates.

LF‘O'” (_v=18; n>d; n=n—1l] \riable v is initialized to 18 before the
loop is executed for the first time. If Powr() were invoked with a value
of 3 for n, the body of the loop would be executed 3 times. n=n-1 may
be obbreviated to n-=1 or —-n as we shall see.

]:V =v x| (ﬁ‘his is the body of the loop. v begins at 1.4. The
accumulating value in v is mullipied by the value found in x § computed
from 1R in this example ) on every circuit of the loop. This statement
may be abbreviated to v *= x as we shall see.

‘Ehis is an instruction (f return is a keyword ) to stop

executing statements of the function and offer the value in variable v as
the value to be returned by this funclion. The return g’ at the end of a
main() program returns & to its emironment if execution has been
successful.

ng @7 m FUNDAMENTAL TO C-LANGUAGE

When you write a statement that imokes the Function { in this case the
relevant part of that statement is Powr (1#R, N) ) you substitute
appropriate exzressions for the dumm?l parameters x and n. Here we
substitute 1+R for x and substitute N for n.

When the processor comes to obey the statement in which you invoke the
function, # works out the value of 1+R ( this might be 1.1, for example }) and
the valwe of N { this might be 3, for example )). The program then starts
obeying the statement {in the function block} with x initialized to 11 and n
initialized to 3. This concept is known as call by value.

@\lthough you invoke the function with Powr (4R, N) the function is
incapable of changing the content of variables N or R. In general, no
function in C can change the content of a variable offered as an
argument.

4\ funclion can change the contents of global varicbles, as demonstrated

on the next page. A funclion can also change vakies to which pointers
point, but this topic is left until later.
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INTRODUCING GLABAL

& LOCAL VARIABLLS

‘Ehe program in the first example computed the N
monthly repayment for a loan, given the size of the M PR(1+R)

loan, the rate of inferest and the term. But here is = N
a more difficult problem; a loan of P is to be 12((1+R) " -1)
repayed at M per month over N years; what rate where R=P /100

of interest is being charged?

?he equation shown above may be solved for R by Irial and error.
Guess R, substitute in the formula to compute Mt, then:

e if Mt is the same (fvery nearly» as M the guess was correct;
accept R

e if Mt is too small it means R was guessed too low, so multiply
the rate by M/Mt to make it bigger and try again

» if Mt is too big it means R was guessed too high, so multiply
the rate by M/Mt to make it smaller and try again.

ﬂhis algorithm causes the ralio M/Mt to get closer and closer to 1.
Make the program continue as long as the difference between M/Mt and
1 is more than @.405 { say ). The difference may be positive or
negative, so we must ask if its absolute value § value ignoring sign ) is
greater than #2.0¢5.

Mere are some global declarations and three funclions:

/* WOTRATE: computes rate of loan interest x/
#include <stdio.h >

float P, M, R = o.41;

int N;

float Powr (float x, int n)

s—*_1{variables F, N, M, R declared
<y globally (at fle level). R is
initialized at 1% before first

float v;

for (v=1.8; n>@; n=n-1)
Vo= vk oKy

return (v);

= F computes formula at top of page,

! referring to global P, R, N, herce no,
float Formula (void) peed for parameters. Formula()

invokes Powr(

% this v is local to Formula( ).
no connection with v in Powr()

float v
v = Powr (1+R, N);
return(P*Rxv)/(12x(v-1));

local P

s local P hides’ global P,

IF( P>=¢.0 ) return P; 4 more concisely
else return -P; float Absolute (Float P)
{return (P<g.g)?-P:P;}

'

float Absolute (float P)
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[?inany function main():

void main (void)

{ /

float Mt;
printf ("\nPrincipal, Repayment p.m., No.yrs.");
’ N

scanf ("%f %f %i", &P, &M, aN ); M
g < i o o 1) Gy o
Mt = Formula(); more concis
R = R*M/Mt;( )
!
while ( Absolute (M /Mt-1) >d.095) ;

printf ("\nRate charged is %5.2%%\n", 188*R );

, Repayment p.m., No.yrs.
195.36 2
charged is 15.68%

m @? VARAABL:[S A FEW FUNDAMENTALS

Vm*iables P, M, R, N are declared at file level or globally which means
outside every function. Implications of global declarations are:

+ the processor reserves space for the variables declared. Declarations
that reserve space are called definitions

» global variables retain the space reserved for them throughout the run.
Their contents do not evaporate during the run

» vaoriables may be referred to by statements in funchions provided that:

(1) any reference follows a declaration in the same file (f or follows
an extern declaration if in a different file &% see later

(ii)the name referred to is not fidaen by a local variable (flike
variable P in function Absolute() opposite}).

\Zariable v in Powr(), and variable v in Formula(), have only a
transient existence. Although v is declared in Powr() on the first line after
the header, it is not defined until Powr() is invoked. It then exists only
until control reaches return (v ). At this instant control leaves Powr(),
and variable v evaporales, together with its contents. Puff! Next time
Powr() is invoked, variable v could find itself somewhere else in memory.
Such variables are called auwlomatic to distinguish them from the static
variables which retain identity throughout the run.
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DEFINITION OF A FUNCTION TO WIRODUCE
AN IMPORTANT PROGRAMMING CONCEPT
Afhe highest common factor  hcf ) of 147¢ and 693 is 21. In other
words 21 is the biggest number that will divide into 1476 and 633 without

leaving a remainder in either case. To verify this, factorize both numbers
to prime factors:

2 X X 5 X 7
X 3 X X i
and pair off an& common factors s= in this case 3 and 7. The highest

common factor {{ also called the greatest common divisor ) is the
product of these: in this case 3 x 7 = 21

[3ucid's method of finding the hcf is more elegant. Find the remainder when
1470 is divided by 693. § The % operalor gives tis remainder ):

1478 % 693 =iz 84
Because this remainder is not zero, repeat the process, substituting the
second number for the first and the remainder for the second:

693 % 84 I/ 2
This remainder is still not zero so repeal the process:

84 % 21 = 0@

This remainder is zero, so the hcf is 21. Nice!

1470
693

non

this works both
when n>m and
when m > n

mere is a C function based on Euclid's method:

f{nt HCF ( int n, int m )

int Remainder; function HCF
Remainder = n % m; / invorkes itself
if ( Remainder = g )

return HCF ( m, Remainder );

int HCF( int n, m) erson

{ return n%m2HCF(m, n%m):m}

J= signifies
NOT EQUAL TO

’

else
return m;

ﬂt is easy to see what would happen with HCF (84,21) because Remainder
would become zero, making the function return 21. But with HCF (1474, 693)
Remainder becomes 84, so the function invokes itself as HCF (693,84 ). In
so doing, Remainder becomes 21, therefore the function invokes itself as
HCF(84,21). It is as though C provided a fresh copy of the code of
function HCF() on each invocation.

o

21

ng Llong long
HCF(147¢,693); HCF(693,84); HCF(84,21);
Remainder = Remainder = Remainder =
1478%693 = 84 693%84 = 21 84%21 = @
ret return
] iéHCF(mm,ees)%-?
1

"'_l,_[hhe abiity of a function to invoke a fresh copy of itsef is called recursion
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llf you find the funclion opposite confusing, here is a simpler example;
the hackneyed factorial:

“l—fhe factorial of 5 is 5 x 4 x 3 x 2 x 1 = 120. Mathemalicians indicate a
factorial by a post-fixed exclamation mark:

5! = 120
It is obvious that the factorial of 5 is 5 times the factorial of 4:
5! =5 x 4!

So what is the Factorial of n? Clearly:

n'=nx(n-t)!
But that's too hasty. What if nis 1?2 If n is 1 then factorial n is L
ifen this to the computer by encoding:

F n is 1 then factorial n is 1, ,
otherwise factorial n s n times factorial (n-1)

I

#include <stdio.h >
long int Factorial (long int n)

if (n==1)
return 1;
else
return nxFactorial{n-1);

é\nd try out the function by appending a simple main() Function:

void main (void)

long int m, ks 4
printf (" Integer please\n™); Integer please
scanF ("%F", am ); 4
Factorial ( m ) »4
prian("%lF", k);
m[2
k m #1 so
compute 0

2

which s

2

o return

SO return so return
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EXERCISES

ﬂ @rogram MATMUL multiplies matrices of fixed size { 3 rows, 4
columns; 4 rows, 2 columns D Make the program deal with any
specified sizes up to an arbilrary 168 by 188,

Read three sizes: the number of rows of A, the number of
columns of A (f implying also the number of rows of B ), the
number of columns of B. Read A and B by rows, then print C by
rows. For this exercise you have to change each simple reading
loop to a nested pair of loops. Similarly the printing loop.

8 ﬂlter the Hookes's Law program to read and sort a list of
numbers (f type double ) info numerical order, then display the
sorted list. Make the program request the length of list, then ask
for the numbers one by one.

8 [}or the math library functions sin(x) and cos(x), the value of x
must be expressed in radians. Write functions Sine (a) and Cosine (a)
for which the argument, a, must be expressed in degrees of arc.
Al types are double.

@ Write function Reverse(A, N) to display an array of integers in
reverse order. An obvious way to do this is print A[—N] in a loop
until N stores zero. Instead of using a loop, write the function so
that it employs recursion.
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COMPONENTS

his chapter defines most of the basic components of C.

heir syntax is defined using a pictorial notation. Charac-
ters, names and constants é the simple building blocks ) are
defined first. important principles of the language are next
explained; these inciude the concept of scalar types’, the
precedence and associativity of ‘operators’, the concepts
of ‘coercion’ and 'promotion’ in expressions of mixed type.

l‘l_jhe operators are summarized on a single page for
ease of reference.

ﬁihe synfax of expressions and staterments is defined in

this chapter. Declarations are discussed, bul their syntax is
not defined because it involves the concept of pointers

and dynamic storage. These topics are left to later chapters.
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?or a precise definition of the syntax of ANSI C, see the definitions in
NSl X3.459. These are expressed in BNF ( Backus Naur Form ).

i}o appreciate the syntaclical form of an entity the practical programmer
needs something different; BNF is not a self evident notation. Some books
employ raiway track diagrams, potentially easier to comprehend than BNF,
but the tracks grow too complicated for defining structures in C. So 1
have devised a pictorial notlation from which a programmer should be
able to appreciate syntactical forms at a glance. The notation is fairly
rigorous but needs a litle help from noles here and there.

italics Italic letters are used to name the entifies being defined:
digit, token, integer ond so on

The broad arrow, says that the nominated entity 'is
defined to I)be ..." q'in this example 'An infeger is defined

to be ...
Romans, These stand for themselves. Copy them from the diagram
&+ ( *x Just as they are. Do not change case; R and r are not
#12 elc. the same letter

Vertical bars contain two or more rows and offer the
choice of ore row. Vertical bars may be nested

~~ SN Forward arrow says the item or items beneath may be
skipped over; in other words they are oplional. In some
cases o word is written over the arrow: this defines the
implication of skipping the itern under the arrow

Backward arrow says you may return to go through this

part of the diagram again { typically choosing another
v tem from vertical bars D

before the next item; it defines a ‘comma list’

Notes may be explanatory or definitive. A typical definitive
note points to expression ond says must be integral

\ /This also says you may return, but must insert a comma
°

> This symbol is put in front of ilustrations; it says 'for
example' or eg.
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CHARACTERS

m tetter | <& Phe diagram says ‘A M
digit character is defined

symbol as a letler or digit

escape or symbol or escape
@pper and lower coase letters are distinct
in C. Z is not the same letter as =z

Digits ¢ to 9 are decimal digits. Octal and
hex digits are defined on Page 197.

& few characters, such as 8, £, @, are available
in most implementations of C. They may be used w
as character constants and in strings but are not @i‘
defined by ANSI C.

ot every installation can manage the full range of .
Egnbols. sz[e Standard gets round this problem by defining
a range of trigrapts. If you type ??<, for example, the
implementation should substitute’ the code for a left brace.
And similarly for the other trigraphs. Substitution is carried
out before any other operation on the text.

OOTONPWLN S

n Chapter 1 you sow the escape sequence \n which is
effectively a single character, although compounded of
two. It represents the new line character. It is no good
pressing Return to get a new line character because that
would mess up the layout of the program. You don't want
a new line in your program; you want the computer to
moke a new line when printing results. \n does the trick.

ﬂn escape sequence’ is needed whenever the character to be
conveyed would upset something, or has no corresponding key
on the keyboard 4= like ring the bell’.

[ >

B\n example of ‘upsetting
something” is a double
quote in printf (" )3
which would close the
quotation prematurely. You
can include a double quote
in a quotation as the single
escape sequence \' 0s
follows:

< T3 O

§
L ~Y
A
7 7
o
i
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INAMES .

?he example programs in the first
chapter illustrate several names letter letter

invented by the programmer to digit
identify variables. Such names are —
also called identifiers. Names are
used to identify other things in C
apart from objects such as variables.

) S

l&he diagram shows that a rame starts with a letter or underscore, that
the first character may be followed by other letters, digits, underscores.
Examples are: LengthOfWall, Lenth_Of_Wall, __DATE___.

ﬁhe name you invent should not clash with a keyword. There are
thirty—two keywords in ASCIl C as listed here. Remember that upper and
lower case letters are distinct, so Auto and Break are mof keywords and
may be used as names of variables.

ﬁhe names chosen for use in the | auto
programs of this book are safe from keord. )| D ok
clashing with keywords or with names of : cose
standard library functions. The names used h
are: char
const
. . continue
+ single letters eg. i, N default
- do
capitalized words e.g. Length double
* capitalized phrases e.g. Newlength, Old_Height ZI:Sm
extern
float
27 ou may not give the same F%';o
name to an array and to a int  Smith[e]; ‘%
variable in the same piece of float Smith nt
program. long
register
return
&n general, functions and odbjects ( ie variables, arrays, :?On': d
structures, unions, enumerations D have unique names in sige of
the same piece of program. If an object that is local to static
a function has the same name as a global object, the struct
global object becomes hidden from view. -
switch
ot all names behave in this way; names of fags and :ani)grc‘ief
labels, for example, do not clash; they occupy a unsianed
different name space. Name space is explained in Chapter 5. v oidg
volatile
while
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m WE MEET AGGREGATES
AND COMPLEX TYPES LATER

@ typical declaration at the beginning of a program is:

void main ( void )

all = { 15, 25 }

. . . wilth optional
initializers

Lﬁkhe implications of specifiers, declarators, intfiaizers are far-reaching
and complicated. All are explained in subsequent pages. For the moment,
consider a declaration of a simple scalar ?Isingle valued ) variable.

static  float

oplional
specifier

float b;

Lﬁ'he syntax for scalar 4pe is defined as follows:

/N T A A

signed short int > implies int
» long int

unsigned long
G@ char » signed char
float » float

Tk
long double » long double
void » void

ﬁhhe diagram is simplified for clarity; the syntax of C allows
permutations. For example, the following are all allowed and equivalent:
signed long int, long signed int, signed int long, ef.

y ou can define an alias ( synonym ) for a phrase using the typedef
a

cility :

typedef Lpe name

typedef  long signed int
Lanky i, js

Lanky ;

instead of signed long int i, j;
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OND/OVR TAACHINE B

‘Ehe number and arrangement of binary digits { bits ) representing each
scalar type depends on the implementation, subject to certain minimal
requirements if the implementation is to comply with ANSI C. The following
implementation is typical

unsigned char —— OK. for full PC character set

7 []
A5 o s
char OK. for ASCH character set

unsigned int [ T ] ¢ —> 65,535
5 0

short int & | ] -32,768 —> 32,767

i

:

int B | ] -32,768 — 32,767
[3

unsigned long [ I I

I ]
3 °
@ > 4,294,967,295

long B I [ ] ]
3

5
—2,147,483,648 —» 2,147,483,64T
)
decimal-digit
precision

float I ]
0
-3.4x10°8 > -3.4x18"2 > 9 > +3.4x1078 > +3.4x18°
double About 15 decimal-digit precision
777 ] I I I I [ ]
8 308 -308 -308 s 0
-1.7x1¢~ —> -1.7x1¢ > B > +H.TXI0 - +1.7x1@
long double About 18 decimal-digit precision
Bz ////Zl{g | i | | I I | 1
79 6 0
~3.4x18"%% > —3.4x10%% > 3 > +2.4x10" %% > +3.4x10*°F
%

>
biggest
positive

2
smallest
negative
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@m DEFNITIONS OF “LITERAL® CONSTANTS

ﬁhe inlroductory program has the line R = Rpct / 184; The 180 is a
literal constant. T e pro ram on Hooke's anagram |Ilustrafes character
constants, ‘u’, t’, hese are also lferal constants. Named constants

are mtroduced over the page.

see previous
integer page for:
number
char-const long
name unsigned
float
long double
LITERACORSTANTS teger, rumber, char-<onst
int
TR
integer @ digit L
‘2> dot )| || ==y SISV
U <l » 27 27 decimal
a4 | X| digit u ?W > 333 octal for 27 decimal
x| = » B8X1B  tex for 27 decimal
> > ol zero as a long

digit » 27UL 27 as unsigned long
D)

octal digits: @, 1, 2, 3, 4, 5, 6, T

tex digits: @, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F

lower case letters are /
synonymous as digits A & a elc.

rumber>  digit /dtg\l; E||+| digi
el|-]

w_ s e

A
char-const L’ letter !
g digit

symbol

ISTRINCRLITERALS "STRWGS” ARE DEFINED I CHAPTER &

multi-byte characters
not covered in this
book
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mm NAMED USING const OR #define

ﬂF your program deals with the e
geomelry of circles you may write the ;’:nsazzring c:io“flwlt? cqrctlzasﬁ::
value of ® as a literal constant: void main(voic‘l q”e”, 0
ANSI C,
Area = 3141593 * d * d / 4; {
J double const Pi = 3.141583;
@r give T a name and vaolue as Area = Pix d xd x 7 4;]
shown here: |

lﬁ‘he const is a qualifier. It qualifies the variable declared next on its
right. The nominated variable should be initialized in the same declaration.
Thereafter, the processor will not allow you to change the initialized
valueszby assignment or any other means. You may not use this kind of
constant in ‘constant expressions’ evaluated at compile time.

‘ﬁkhe traditional way to name a C /x Program 2 with circles */
constant is to write a name d PI say D #include <stdio.h >
and tell the preprocessor to substitute a #define PI 3,14159

value for it. void main( void)

Wrife #define with # as the first P
visible character on the fine and no Area = PI7x d x d * 7 43

semicolon at the end as shown. From /% substitute value for PI x/
there on the preprocessor will substitute >/
3141593 for every independent occur- )

rence of PI  not in comments or PIPE = ¢;
where PI is part of a longer token
The preprocessor is covered in Chapter 5.

ERUMERATIONS NAMING CONSTANTS CALLED ENUMERATIONS ®

i) {itegral)

enumeration “>enum  name { name = expression } “name ;
e 9~

ﬂntegral constants may be named in an emumeration. You may nominate
int variables capable of storing Int values in the range of the enumeration

p—

» enum { No, Yes };

R T s T )
» enum Boolean { False, True L
» enum Boolean Ok; <{ Seclares varighle of lype e Bodleay)
» enum Imperial {Inch=t, Foot=t2#€inch} U3{Z kpe emir Imperial , may lake
the value Inch (1) or Foot (12)

Ok = (a >b ) ? True : False; =Ef variable Ok correctly used in
if ( Ok '= Yes ) break; o range of its enumeration
Ok =(a>b); <2<§ probably_allowable

Ok = 2 x Yes; kot e ol of g

Yes = No; <G error: Yes is a CONSTAN,
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THS TERM COVERS A
VARETY OF CONSTRUCTS

Ex essions are used in earlier examples without formal definition. The
efinition of expression is simple:

7 A i
expression 3 ‘@ term w P -a+b=xc
infix

@perators are described individually later in this chapter; here they are
defined syntactically under the names prefix, postfix and infix:

prefix > | + posthix >| ++ @ *
- :: - /
& %
* +
! s
++ see pages 39 lo 45 |
_ & summary on page 46 N
<<
>>
l]n the following definition of ferm, the optional entity
called fype-name has yet to be introduced; it is defined 3
on Page 135. >=
<
term constarnt » 6L __<_:
. n . oMt 1=
string » Ans: %i .
I
L name ya -
object /mme [ expression ] » Table [3][4] t:
of an k=
array, T /=
name ( expression ) » Powr (1+R,N) Z";
4 ¥ — a, cast’ or, o=
lype-cast &=
(type-name) expression » ( double )i -
expression? expression : expression P x<B?-x:x; =
sizeof expression A5 W » sizeof Table -
( type-name ) » sizeof(double)
( expression) » sizeof(a*b+c)
( expression) » (y * (a+b) )
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STATEMENTS LPROCRAN

[;'lere is the syntax of stafement. Some control statements have already
been introduced { if, for, break, return )), others are covered in
Chapter 4.

‘statement block
' if ( expression ) statement “else  statement
while ( expression ) statement %
do statement while ( expression ); \

for ( expression; expression; W; ) statement

switch ( expression ) statement
case expression : statement
breck
default : statement
continue ;

T
return “expression ;

L~ ;
H 3 nominates

o I

Fname s statement
expression ;

‘ — T
block { declaration statement } » {inti=1;a=4g;1}
~—_ e~

@ecause a statement may be a
lock, and because a block contains
at least one statement, it follows that
blocks may be 'nested’. Al the
declarations in each block must

ecede the first statemment of that
lock .

E}elow is the syntax of program:

declaration ﬂ program comprises a set of
>~ declarations, each of which mc\¥ declare
ou must

a global object, a function prototype or a function definition.
give precisely one function the narme main.
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DECLARAT AONS QR e 7 L 2y

1
@b jects’ € or 'data objects' )) are variables, arrays, enumerations,
structures and unions. We meet structures and unions in Chapter 8.

(®bjects are things which have a name and a 4pe { or sfape ) and can
store data. An object must be declared before it can be used.

@ecause structures and unions have not yet been introduced, the full
syntax of a declaration must wait until later ¢ Chapter 8 ]). Some
examples of typical declar- nt g ks

ations of su.'nple types are char letter[] = { 'a, b, 'c };
shown here: float x = 3.45;

ach declaration applies as far as the end of the current file { the
scope’ of the declaration ). But in a block of program within this scope,
a contradictory declaration may ‘hide’ the original (tg the 'visibility’ ). Scope
and visibility are further described below.

DXCUARATIORWES mm A SEMANTIC DIFFERENCE

When an object is initialized { eg. float x = 3.45D the declaration
becomes a definition; any further defining of x would moake the
processor report an error during compilation or linking.

[\n object deciared but not initialized { eg. int i) is, in general,
automatically initialized to zero at the end of compilation as though you
had originally declared int i = ¢. The object is then defined.

q)}he differences between declaration and definition are semantic rather
than syntactic. The differences are, in fact, more complicated than
suggested above, and are further described in Chapter 5.

roncrion g riniion S

l}uncﬁon Absolute( ), introduced
earlier, is defined again here.
Statements inside this function, and
statements inside functions that
follow this definition, may all invoke
Absolute( ). Invocations from inside
functions that precede this definition
would be errors. if (P> ¢0 )
return P
E}eferring back to the program on else
Page 22, notice that function Powr() return -P;
precedes function Formula() in
which Powr() is invoked, and that
Formula() precedes main() in which
Formula() is invoked.

float Absolute (float P)

x = Absolute(y);

U
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PROTOTYPES PROTOTYPE DECLARATIONS , VITAL TO ANSI C

i}he resiricion on sequence of
declarations explained above may
be removed by employing a
function declaration as well as a
function definition.

float Absolute (float); =)
float Absolute (float P);

name optional

8«

ﬂ function declaration is called a profotype; a concept new to ANSI C.

4\ prolotype has the same form as the header of a function definition
except:

* names of variables are simply comments; they may be different from
those in the definition or omitted altogether

* every protolype ends with a semicolon.

Each protolype must be placed somewhere before the first invocation of
the corresponding function; an obvious place is near the top of the file.

protolype, outside all .
» float Absolute (float);

k = Absolute (2*a/b);

this statement recogmized i

float Absolute (float P)

relative location of the i (P >: ¢'¢% .
definition is no longer reiurn F;
significant else
return -P;

OLDZYS TV LELC

[Prototypes did not exist in ‘old-style’ C. Furthermore, the shape of a

function definition was different, the parameters being declared between
the header and its block. Although this syntax is permitted by ANSI C, it is
not illustrated further in this book.

double OldFun (a, b, c¢)

S f Paramelers declared here
ey

! block } follows

i

HEADERJFILES

lﬁio keep a program fdy, collect all the prototypes in a file and give
the file a name such as MYHDRH ( where H signifies a Aeader file ). At
the top of your main program write #include "MYHDRH"which has the same
effect as copying out all the prototypes ahead of the main program.
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OP ERATORS ASSIGNMENT, %ﬂ% 'sgo%sél'

@n Page 35 operators are grouped according to their role in the syntax
of expressions ( prefix, infix, postfix )). Here they are classified according
to the kind of work they do.

'ﬁihe term operand signifies expression, the expression conforming to any
special requirements noted q such as integral value b

JARITHMET ICEOPERATORS - % /o=

+ operand y +a Value of operand unchanged

Value of operand negated

operand | + operand » a+b Sum
- » a-b Difference
/ » a/b Quotient
* » a=xb Product
operand | % operand  » i % j '‘Modulo'; the remainder

when 1 is divided by Jj
both integral w (irj)*j + i%j 2>i

m OP!RATORS 1 > > < <= == && i

&ogical not is a prefix operator

l ! ' operand » !Try If Try contains a non-zero
' value (true) then !Try
! ! indicates a zero value
§false ). And vice versa

operand
#0 = g

o |
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Each comparison made using the following six infix operators takes the
resut t { type Int ) if the comparison proves to be tue; zero if i
proves false,

. operand

operand | > » n>m Greater than (6>5 gives 1))
>= > n>=m Greater than or equal to
< » n<m Less than {e<5 gives )
<= > n<=m Less than or equal to
== > n==m Equal to
I= » nl=m Not equal to

‘Erufh tables for the operators a& § and ) and || ¢ or ) are shown.
The symmelry of the tables shows that these operations are commutative.
For example, i && j gives the same result as j && i;

&&

operand operand > i&& j Logical and { 2&&3 gives 1))
» i)l 3 Logical or
foi g
ond p or
perand operand
&& ll
“ 0 = @ * 0 =g
g #£0 | 1 2 g #0 | 1 1
=10 | o ) §=0 | 1 ¢

BUTWASEJOPERATORS 8/ A . << >

@itwise operators are vital for screen graphics, for packing and
unpacking data, and other devices of the programmer’s craft.

ﬂll operands of bitwise operators must be integral. Because computers
have different ways of representing negative integers, use bitwise
operators only on the unsigned types.

unsigned int on your installation may be represented as a 16-bit word. If
so, 26 will be stored like this:

b [
Q?Q:‘V‘o‘v\*rqu,
MY E TR IRIANL
decimal Y m”@%@%b/%%é"\“wvw&
Cn

lojojo]oio]o]olofjolo]olf]i]o][1]o]
up1e (binary) = 16 + 8 + 2 = 26 ( decimal )

Bero is stored as sixteen G's.'The biggest number { t+2+4+8+i6+... +32768
= 65535 )) is stored as sixteen f's.

¢ olojojoi0j0]olojoj0 00 0[0l0[0

65535 I IO NIId 1
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operand‘ & .operand » X & X Bitwise ana
| > X | X1 Bitwise or
A » XA XI Bitwise exclusive or

these operators are commutative: X & Al
gives lhe same result as XII & A, and
similarly for the others, as evident from
symmelry of truth lables.

I ~ | operand > ~X Bitwise ot

operand | << | operand » X << N Shift left N places:
right fill with d's

>> » X >N Shift right N places:
: left fill with g's

#include <stdio.h >
void main (void)

unsigned int Zero = ¢, X = 1g, XI=12;
printf ( "%u", ~Zero);

Zero [0.0.0.0.0.0,0,0§0.0,0.0,0,0,0,0] —~Toperand
~Zero T T T 14 il L. L1.1.7] *;Oi"‘f
l printf ("%u", X & XII ); gb
X f[c.0.0.0.0.0.0.0Jc00.0.1.0.1.0} e
x1 [0.0.,0.0,0,0,0,0f0,0,0,0,1,1,0,0] &_.,ep::
£0( 1 | o
X & XI fo.0.0.0.,0,06,0.0J0.0.,0,0,1.0.0.0] g.oo o
| printf ("%u", X | XII );Mﬂ ﬂJID
x [0.0.0.0.000.0]000.0.1.01.0] | | gperand
X [6.¢6.0.0.0,0.0.0[]00.0,0.1, 1,0.0] v 0 1|1
S
X| Xl [oo0.0.000.0l000.0.1.1.1.0] §\=°‘ ¢
printf ("%u”, X~ XI ); 6
x [0.000.0.0.06.010.0.0.0.1.0.1.0] [ A | gperond
Xl [0 0.00000.0l0.0.00.1.1.0.0] °#0| 0 |1
XAXI [0000000.0]0.0.0.0.0.1.1.0] §=01 4

rintf ("%u”, X<<1, X>>1);
p
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JASSIC HMERTROPERATORS il = %

ﬁhe operand on the left of an assignment is typically the name of a
varioble or array element.

IPhe term (-vaiue ( or ialwe )) is short for 'left value' and is used in
the jargon < with blatant disregard for the sanctity of English & to
identify ilems that make sense only on the left of an assignment.In
general, l-values are names of storage locations az or expressions that
point to slorage locations <z in which the content may be allered. We
meetl pointers later.

operand l = ‘ operand w»n =m Assigns value of right
: operand to the localion
‘l ' identified by the left

% operand ,
¢ ‘puts value into n’ )

operand | += | operand w» n +=m Short for n=n+m
- > n-=m n=n-m
= >P n x=m n=nsm=+xm
= »n/=m n=n/sm
%= yn%=m n=n%m
\-W
operand | &= | operand WY i &= j Short for i=1 & j
t A= ’i'\=' lzi/\j
- |= »1 =3 i=i] j
integral <<= > i <= j i=1i<j
l-value S>>z i j i=id>j

I]F you include one of the above assignments as a ferm in a larger
expression the term coniributes the value assigned. Thus in the expression:

4+ (n=alil)
lﬁ‘he term ( n = al[il ) contributes the value assigned to n. If array
element a[i] contained 3, this 3 would be assigned to n, and the value
of ( n=alil ) would be 3.

‘Ehe value of the whole expression would therefore be 4 + 3 = 7.
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INCREMENRTIRCIOPERATORS -

llncrementing operators are special assignment operators. Each may be
used as a prefix operator or posifix operator, the behaviour being
different in each case.

| ++ | operand P +H Short for i

- » —i Short for i
\E22
J l-value

ﬂf you include i++ as a term of a larger expression, the original value
of i is laken as the value of the term. Similarly for i--.

non
e
—

i+
i-1

» i++ Short for i
» i Short for i

operand | ++

7

' 3
L ostfix
{~value %\/D

integra

ﬂf you include +# as a term of a larger expression, the incremented
value of i is taken as the value of the term. Similarly with —i the
decremented value is token as the value of the term.

i}he following program demonstrates the difference in result between
prefixing and postfixing the operator.

[ #include <stdioh >
void main (void)

int p, q; /S med 4
: ”, p n
?1 g;++p . bump it, then use it

printF("\n%’i %" Py q )3

- . ';‘, p/‘/‘
p = iv . "use it, then bump it"”
= * .

grintf (R\n‘}oi %", p, q )

twice the
incremented value

twice the original
value

ISEQUENCEROPERATOF . USEFUL ¥ THE PARAMETERS
operand l ’ lopemnd » n=3, m Evaluate & discard n=3, value

of expression is value of m

fypically an

assignment

'/

he expression comprising the first operand is evaluated { any side
effects being implemented ) and the value of the expression discarded.
Then the second operand is evaluated, its value being made the value
of the complete expression.
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REFEREMCERJOPERATORS P

L‘l_jhe reference operators are concerned with pointers and siruclures.
These !op(cs are introduced later. Here, for sake of completeness, are
definitions in mechanistic terms.

; : 1024
& l operand The address of a :::: Gl 3.4
prefix 1040
* operand *p The 'pointee’ of... (My terminology,
analogous to appamtee’)

identifies
pointer assume the 1028 1028 Q& [3.14
variahle got there by 1032
p = &a;
1036
1040
NOTE
s8a SAYS THE SAME THNG AS a P
@ *& cancels itself out )

absolute addresses are seldom of interest, so:,
P 7L

*p {f the pointee of p )} is 3.14

operand | . loperand s.n Member named n of

: structure identified by s
structure s ,m‘:-l
points o a
dﬂxﬁﬂe

n
opemnd I -> l operand p->n Member named n of

.O[::j s.n is 2718
the pointee of p ( where
p points to a structure

NOTE P ‘m :}

p->n IS SHORT FOR (*p).n

parentheses essential; precedence -0 [:]

would moke *p.n imply *(p.n)
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OTHERJOPERATORS JERTIN 7S W cqios Wi el TV

I}irst the ternary operator; exceedingly useful. Al three operands are
expressions, the first of which is integral

operand ? operand : operand pmox = i>j ? axb : cxd;

@nly one of the last two
expressions is evaluated; the
resut becomes the value of
the entire expression ( assigned
to max in the example above

expression
lested

expression (s

?ouble AbsVal ( double x )
returns -x if x is ative,

ifhe ‘cast’  or ‘type cast' ) involves a prefix operator:

( type-name ) operand » AbsVal ( (double) (2xi) )

N nominates the type to which the value of the operand is to be
comverted before use.

Darenfheses constitute a postfix operator, establishing that the operand is
a function.

operand (C ) » AbsVal (d)
N7 identifies insz'ae these parentheses > i;:’c’)w* (( 30"3 ))
a function the compiler treats >

comma as a separalor;y
never as a seguence
operator

@rackets constitute a posifix operator for subscripting the array identified
by the operand.

operand [m] » int a[] = {12, 2¢, 3¢};

» ali + 1]
array of

\ > int (%) [] <
ey inlegers

refix operator, sizeof, is for discovering the number of slorage units
bytes ) occupied by a particular object or by an object of particular
type. This operator is used for dynamic storage { Chapler 18 )) .
expresseion
not evaluated) ) p sizeof a
identifies an
object

pointer to

sizeof operand

» sizeof ( double )
» sizeof ( struct s )

sizeof (char) has the
value
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sizeof (type-name)

after sizeof, the compiler,
never treats () as a




OPERATOR

infix

Posthx

46

prefix

PREFIX, WFIX, POSTFIX OPERATORS

nominate objects that are l-values feg. v or *p ).
In the case of i, the type of Lvalue is integral
stand for expressions which reduce to numerical

values integral values in the case of m and n )
nominates §or otherwise indicales) a pointer variable
nominates a member of a structure or union.

+a confirmation

-a negation

&y address of

xp  the pointee of { object pointed

!m logical NOT (1 if m is FALSE ))

to by )

++i increment i before using its value
—i decrement i before using its value

»
>
>
>
» ~m ones’ complement { 10001109 -> 111611
’
»
'

)

»axb product m |[2]ijell m |6 i]lald
»a/b quotient n ij1le(0 n (1l1i¢e
»m%n remainder men|old 18 min [{][1¥]1
»at+b sum

»a-b difference m (o131
»man bitwise AND n 111|¢(¢
»m|n  bitwise OR min [4]e(o]d

» m’n bitwise EXCLUSIVE OR

»m<<n m shifted n positions left, right fill with g's

»m>n m shifted n posns right, left fill type-dependent
»a,b evaluate and discard a, evaluate and retain b
»a>b 1 if a greater than b... ¢ otherwise

Y
]
A
o
-
=

equals b... @ otherwise

pal=b 1 i a is not equal to b... g otherwise

pmaan logical AND
»m||n logical OR
»v=qa assign vaiue a to object v

ypvx=q short for v = vxa
»v/=a short for v = vs/a
»i%=m short for i =i%m
»vi=a short for v = v+a
»v-=qa short for v = v-a
pisg=m short for i = iam
»il=m short for i = ilm

»if=m short for i = i*m

pi>>=m short for i = i>>m
pi<<=m short for i = i<<m

>V.W member w of structure v
»p->w short for (xp).w

» i++ use value of i, then increment
w o i-- use value of i, then decrement

m&&n

a grir than or equal to b...# otherwise

a less than b... @ otherwise

if a less than or equal to b... ¢ otherwise
a

n#e N=0
Tt @
@

n#é 10
1
1 ¢
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PRECEDERCERRIVASSOCIATAVATY, OF OPERATORS

What does a+b%c mean? (a+b)%c or a+(b%c)? The question can
be asked another way: which of + and % takes precegence? The following
lable shows the precedence of all operators; those in the top row take
precedence over those in the second, and so on. In any one row, all
operators have equal precedence.

What does asb/c mean? (a/b)/c or a/(bsc)? { Try 8/4/2 both
ways and see the difference ) This question can be asked another way:
When successive operators have egual precedence, in which direction are
parentheses applied? Left to right or right to left? The required direction
is the associativity. The table shows by an arrow the direction of
associalivity { left to right or right to left D at every precedence level

ﬂn the placing of parentheses, precedence is relevant where successive
operators are found in different rows of the table s associativity is
relevant where successive operators are found in the same row of the

table.
OPERATORS
A A
wy W | (ewpr ) epr] —— . ->
< |! < - + * & ++ - sizeoF
»ix v %
) JEe
P | << >
98- -
a P | == =
- Hy |
G LN
[+ 3
= o> ||
> | &&
AR CETD
< = ¥= /= Yo= 4= -= <<L= >>= &= I= Az
LoW )
Bxample: precedence Example: associalivity R 2 i
5+ -3 % 4 > -8 valwe is 1) @ *=b =c +=d /= e
5+g-(—3))*4>)(—8%)(tme) a*=g=€+=(?:e)))
5 + ((-3) x 4 > (-8 a x= = C += /1= e
6+ -3)x*4))>(8 ‘) a*x=(b=(c+(drsme)))
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MIXEDRTYPES oo« o

When terms of an expression are of different type, the processor
‘coerces’ values to a consistent type. Coercion may cause a short integer
to become long ({ ‘promotion’ )) or a long to become short ( ‘demotion
according to the context of the expression. If you wish to override
coercion you may include a cast to specify the precise promotion or
demotion required.

LS d ) & [HLXIL T tower’ 70 HekER' & VICE VERSA

L'l_jkhe processor cannot directly obey the statement d = 2, where d is of
type double, because 2 is of 'lower type than d; you cannot store an
int in a location declared double. In obeying d = 2 the processor first
takes a copy of 2 and promotes the copy to double == as though you
had written 2.4 instead of 2. The promoted value is then assigned to d.

ﬁhe converse, i = 2.8, where i is of type int, also involves conversion
before assignment is possible. But there can be trouble when a ‘higher’
value is demoted to a lower'. With i = 2.1, for example, the .1 would be
lost and you would probably receive a warning. Some processors would
collapse on meeting i = 700dd.

Qﬁﬁ OVERRIDES COERCION

When assignment involves different types, the program coerces values to
the type of the receiving object. The same effect can be achieved by a
cast. For example, ‘d = (double) i’causes a copy of the content of i to

be promoted to type double and assigned to d. The expression i = (int) d

causes the converse by demotion.

PARAMETERS A FORM OF ASSIGNMENT

ﬂnvoking a function with parameters is a form of assignment; parameters
of different type are coerced in the manner just described.

[}or example, in AbsVal(-3) (f where the parameter has been declared
of type double ) the -3 would be coerced to type double as though you
had ‘written AbsVal(-3.8). Or you could avoid coercion by writing
AbsVal((double) -3). Coercion of parameters works because the processor
can see from the prototype declaration what types of arguments the
funclion expects.

LITERAYCONSTARTS; USE SUFFUES, NOT CASTS

&iferal constants not of type int or double would be suffixed to specify
type. L (long or long double), F (float), U (unsigned) are defined on
age 33 . Thus 2L represents the value 2 in a form suitable for storage
as a long int, whereas 2.4L represenis the same value, but in a form
suitable for storage as a long double. Do not use casts with literal
constants.
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JACTIONROF JAOPERATORS

ﬂn general, any infix operator can cause type promotion if given
operands of different type: 3.141593/4 is a simple example involving the
division operator. In such a case the processor promotes the operand of
"lower' type { in this case 4 which is Int )) to the 'higher’ type ( in this
case thal of 3.141593 which is double ).

lﬁhhe rules obeyed by the processor for maintaining the principle of
promotion to ‘higher’ type are as follows:

[?or each operand; if it is:

» unsigned short int promote its value lo signed int

» unsigned char promote its value to Int with zero left fill

» signed char promote its value to \nt with sign extended

» char promote its value to \nt ( form depends on implementation )

ﬁhen ask if the type of either operand is one of the following:

long double ? ﬂ Y
N double ? — Y
N float ? ~N Y
unsigned long int? —— —— Y
N long int? N Y
unsigned int? ~ Y
Y
@roduce result of type int @romote the value of the other

operand to the same type, then
produce a result of this same type.
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4
CORTROL

ﬁ"his chapter describes the control statements of C and
their use. These statements control the sequence of
execution within a function. Without them, execution starts at
the first statement after the heoding of the funclion and
proceeds sequentially to the last.

Gontrol statements already introduced are: if, do, for,
breok, return.

Gonirol statements are classified in this chapter as follows:

* Tested loops while, do

e Counted loops for

+ Escape break, continue, return
« Selection if, switch

Jump goto



{3 » m LOOP UNTIL A CONDITION 1S MET
while AND dlo
'merical value, Z body of
e valie_ iy Al )

while ( expression ) statement

statement 1 body

ﬂF, on entry to the while loop, expression reduces to zero { or null D
then statement is not executed at all. The test for continuation is at the
top.

ﬂn infinite loop may be .

constructed by writing a non-zero while ( 1 )
constant as the expression {

q permanently frue )). Escape from infipite loop
an infinite loop using ‘break’ or

‘continue’ as depicted opposite.

do statement while ( expression ) ;

bodly / NE—4 rnumerical value,
of loop Ypically integer or
pointer

‘Ehe statement is executed ot least once, the test for continuation being
at the bottom.

lﬁested loops are useful when you do not know in advance how many
times § if any )) a piece of program is to be executed. It may be
executed again and again until some goal is achieved == such as the
difference Eetween two quantities becoming very small. Whatever the goal,
it must be expressed as a logical value, fruwe or false

ﬁf'we 'while' loop is needed more often than 'do’, but an example in which
do is appropriate is given on Page 23
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g

D m PREDETERMINED NUMBER OF TIMES for

bod

increment: fofler
implies | = lrue x . executing body

For (éxpression; expressiom; expressions;) statement

Y

expression; < p-dinitializer (optional)

i}he initializer, expression,, is
false executed at least once, and once
only, as you can see from the
flow chart.
statement 2 By )
erpresion Jrd o)

Aake an infinite loop by omitting the test, thereby implying constantly #ue.

true

"l?he statement forming the body
of the loop is typically a
compound statement.

@se the comma operator to extend any or all expressions. For example :

for (a=t, bat; x>y; i++, j++)
!sc AP! GETTING DUT OF A LOOP BY break & contirue
) RETURNING FROM A FUNCTION BY return
‘break’ takes you out of the present loop altogether; 'continue’ takes you
lo the end of the body of the loop, hence to the next execution of the
body s if the control mechanism so requires. (f You can escape from a

complete nest of loops using the 'goto label' statement but use of 'goto’,
except for error recovery, is frowned upon.

while ( expression) do for (expr; expr; expr)

{ L

L breaks —_ ]
[~ confinues~" ] ]

e {omit expression if furction is
defined to return void

?or all serious programs, declare
main()' as type int, and include a
return #;' The zero signifies normal
lermination to the computer
environment.

return expression

.o

value of expression is
returned lo the imvocation
as though by assignment
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JAREAYORNATPOLY CONIIREE s

Consider the diagam on the right:
The shaded area is given by Ajj
where:

iYj - XjYi)

Aij =
= X3 -25x1t)=175

o o>

¢ 1 2 3 4

< The same formula may be used for
2 X5.Y; computing the area on the left. But this
area turns out to be regative:

Ay = 5 ( XiYj - XjYi)

1] S
£
S

’ (3 x25-5x4) = -625
°F T 1 3 & = X3,73
ﬁ‘he formula may be applied to sequential / ©) 2B N %
sides of a polygon, and the iriangular areas s el iags ’

summed to give the area shown here ;ﬁ) /. ,::,—"'__ @_ X1.Y1

<= @ut if the polygon is closed, as shown on the left,
the sum of the areas will be the area enclosed.

/ ﬂhe bounded surface must be kept to the lef2 of
S each arrow: the sides of the figure should not cross
----------- X% each other as in a figure of eight.

mere is a program by which to input coordinates of boundary points
and compute the area enclosed:

arbitrary limit
/ on size
int n, j; /

double Area = d.d, x[32], yl3g];
printf ("\n\nNumber of vertices? : ");
scanf ("%i", &n )3

for ( j=@; j<n; ++j )

rx Area of a polygon x/
#include <stdio.h >
void main (void)

"

printf ("Coords of point %i 7 : ", j+1 );
scanf (" %f %f ", & x[3], & YI[3] );

for ( j=@; j<n; ++j )

Areg 4= a.s*ex[j]':ky[(ﬂj)%n]—x[(1+j)%n]*y[j]);
printf ("\nArea is %.2Llf", Area ); —
Number of vertices? :
Coords of point
Coords of point
Coords of point
Coords of point
Coords of point
Coords of point
Coords of point
Area is 53.00

jH
¢!

?he expression
(1#j) %n gives

values as shown
by the little table W

DO ~N~NWoowoO

5
>
? .
? e
2?
?
?

~Noy v W NP

N LN

54 ILLUSTRATING C



SELECTIONRSTATEMENTEJIF;

if ( expression ) statement, “else statement;

numerical (lypically integer or
pointer type). Non-zero signifies
true, zero signifies false

this statement executed
when expression’ signifies
lrue

this statement, if present,
executed when expression
signifies false

false true

expression expression

statement/

statementz

!

statemerit!

aee discussion on nesting and other features of if..else on pp 12 & 13.

s* Areas of shapes / ‘Ehe example illustrates nested if's;
#include <stdioh> not always the best way to express
#include <mathh> program’ logic.

}/oid main ( void )

double Pi = 3.141583; input letter RT or C
double s, Area, a, b, ¢, d; / /
char Letlter;
int Ok = 13
printf ("\nR, T, C 2\n");
scanf ("%c", & Letter);
if { Letter == R )
printf ("\nb & d please"” );
scanf ("%F %f ", &b, ad );
Area = b * d;

s=(atbtc]+2

. /5?5-0)(5-;)( 5-c)

lﬁeaﬂra‘?—n ]

else
if ( Letter == 'T" ) {
printf ("\na, b & c please" );
scanf ("%f %f %f", za, ab, ac );
s=(a+b+c)sa2y
Area = sqrt (sx(s-a)*(s-b) *(s-c)) ;

lafa=ba’

} b
else o
if ( Letter == 'C" ) { R :E
printf ("\nd please” ); T AN,
:canf ("?;)f " ;d ) & . \f ~
rea = Pl xdx*d/ 4;
(=

1 ¢
else r
if ( Ok ) Roowoco

' printf ("Area is %6.2f", Area ); b & d please
else 3.5 2
printf ("Try again” ); Area is  7.00
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ROMARIRUAGERS SR T e
AVOIDING CLUMSINESS OF if..else

Drogrammers spend a Jot of time writing input routines. Few are asked
to input and decode Roman numbers like MCMXCII, but this presents no
particular difficutty if you use a symbol-state table. This approach is tidier
than logic based on if and else.

ﬂssume Roman numerals to be composed of the following elements,
never more than one from each consecutive lisk:

-500 -50 Vs
M=18d0 C=100 DC=62g X=1g LX=60 I=1 Vi=¢
MM=20¢¢ CC=200 DCC=7¢0 XX=2¢ LXX=70 II=2 VIi=7
MMM=3ggg | CCC=3d¢ DCCC=8¢d XXX=3¢ LXXX=8¢ | 1li=3 VIII=8
etc. CD=40p CM=9g¢p XL=40 XC=9¢ IV=4 1IX=9

un fact the Romans felt less constrained. IIII was common. Some
monuments have inscriptions of numbers starting with more than twenty Cs.

?ha logic of the program is conlained in the following symbol-state table:

starting SYMBOL
state M D C L \ 1 error
WM 1000 00 | 500: 01 |108: 83 |58:07 |16:86 | 5:12 | 1:1]
(2 160:02 |50:07 | 18: 486 5:12 1: 41
?2 190:04 |50:07 |16:06 | 5:12 | 1:41
?3 |800:05 |300:05 |100:04 |50:07 | 10: 86 5:12 1311
24 100: 85 |50: 07 | 18: @6 5:12 12141
o a5 53:07 |19:86 | 5:12 | 1:1t
- 26 82:10 |3¢:14 | 10:09 5:12 1: 141
5 a7 1g:08 | 5:12 | 1:11
@8 1w:09 | 5:12 | 1:14
#9 16:16 | 5:12 | 1:14
16 5:12 | f:1t
i 8:15 3:15 {:14
12 1:13
13 1:14
14 1:15
15

Tr'ake the Roman number CIX as an example. Begin with a value of
zero. You are in state 8¢ { where the arrow is ). Look down from
symbol C and find 184:43 which says 'Add 148 to the value and change
state to @3 So add 4@ to zero and move the arrow to #3. Now look
down from symbol I and find 1:11. So add 1 to the value 148 + 1 =
181 ) and move the arrow to state it. Finally, look down from symbo! X
and find 8:15. So add 8 fo the value {181 + 8 = 149 }) and move the
arrow to state 15, a row of emply cells.

ﬁ'here are no more Roman digits, so CIX decodes as 1#9. Experiment with
MCMXCII and you should get 1982. Experiment with MDDI and you should
encounter an emply cell which means an error of formation.
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l'l_,fhe program to implement this method of decoding is short and simple
because the logic ssthe difficult partss is embodied in the table.

?wo pieces of information are packed into each element of the table.
o unravel, divide by 188 and use the quotient as the .contribution to the
final value and the remginder to give the next state. Thus 5d@81 gives a
contribution of 50821 / 188 = 588 { integer division )) and a new state of
50001 % 106 = 1 { remainder when 5¢0¢1 is divided by 184 ). The array
has to be declared as ‘long’ on installations that offer only 16 bits for ‘an

int.
o

7* Roman Numerals */

#include <stdio.h >

char Symbol [ 1 = { ™M, D,c,,X,'V, T §
!{ong Table [t6] [8] =

{ 1o0d00, 50001, 10083, 5007, 10de, 512, 111, ¢ .
{ a, d, 10802, 5607, 1006, 512, i, P/} ,
{ a2, @, 18004, 5007, 16d6, 512, i1, @ :
{ s8dovs5, 30005, 10004, 5007, 10d6, 512, 1, g 1}
{ 2, ¢, 10005, 5007, 196, 512, 11, ¢ 1
{ 2, 2, @, 5807, 18d6, 512, i, ) :
{ @, ¢, 8018, 3014, 1809, 512, i, 2 3
{ 2, 9, g, o, 1988, 512, i, @ !
{ 2, @, @, @, 1dde, 512, 1, @ ,
{ 2, 2, @, ¢, 1619, 512, 11, ¢ |}
{ 2, 2, ¢, 4, @, 512, i, 2 .
{ 2, @, @, 4, 815, 315, (14, @ ,
{ 2, 2, e, o, o, @, 13, @ .
{ 2, 8, 2, a, 2, 8, 4, @ .
{ a, 2, 2, 2, a, ¢, 115, @ 1,
{ @, 2, 2, g, 4, o, 8 ¢ 1

s

void main ( void )

long Entry = 1, Number = g;
int Column, Row = ¢g;

char  Ch; nd stops looping if Enlry picks
printf ("\nEnter a number\n"); up zero (false)

while ( (Ch = getchar()) = "\n' && Entry )

for (Column=¢; Column<7 && Ch!=Symbol[Column]; ++Column)

Entry = Table [Row] [Column]; A——-

e A S s
} NRGE R )
if (Entry)

printf ("=%i in Arabics”, Number);

Enter a number

else " " MCMXCII
. pl’m'tf ("\nError )';' = 1992 in Arabics
) printf ("\nEnd of run"); End of run
~— i -
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m SELECTION STATEMENT

switch  (  expression ) statement

=
integral value ( coerced if necessary to int or
unsigned int ) is compared with the value of
each case expression in the block. Control
Jumps to the statement following the matching
value. ¥ lhere is no malch, conirol jumps (o,
the statement following defaull:

typically a { block §
conlaining case labels and
a single default: label

imvolve constants only:
evaluated at compile time.
Unigue value essential after

executed if value of the
case expression malches
value of the swilch

< EAexecuted if no match. (Undefined
bebaviour if there is neither
malch nor default)
break break statement typically terminates each case

printf ("How may legs did it have?");
scanf ("%i", & Legs );
?witch ( Legs )

default : statement

('
(

G
¢

case printf ("A double-glazing sales person”); break;
case printf ("Definitely a bug"); break;
@he switch statement is useful wherever the logic demands selection of
Vl switch ( Letter ) { j
scanf ("%f %f", & b, & d );

8:
2:
case 3: case 5: case : printf ("That's odd!"); break;
4:
6:
default: printf ("Could be dangerous™);
one case from a group of several The Areas program could be
case 'R: case r't {
grea = b * d;
break; < ®—"Flerminates
} every case
case ‘T: case t: {

case printf ("A spider, perhaps?‘); break;
case printf ("Probably a mouse™; break;
y muztiple
case expression:
1 5
e CTITS
improved using "switch’ in place of "if ‘as shown below:
printff ("\nb & d please");
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uf you omit ‘break’ after the statements belonging to one parlicular case,
control simply falls through to the next as illustrated by the following
program which displays all twelve verses of a tedious Christmas carol

rx 12 days of Christmas */
void main( void

int i, j;

Char( Ord[] { ,S,, ,}'y )’n'y 'dlo 'r.s 'd" '*’9 ’h' };

for ( 1=1; i<=12; i++

: o eia)
prmtf ¢ \n\nOn the ") m
printf ( %i%c%he "1, Ord[J] Ord[j+1);

printf ("day of Christmas my true love sent to me,");
if (i==1) printf ("\nA ");

switch (i)
case 12:  printf (" \nTwelve drummers drummmg, ")
case 11:  printf ("\n'leven pipers piping," );
case 1¢:  prinif (' \nTen maids a-miking," ) ;
case 9: printf (" \nNme lords a—leaplng,"),
case 8: printf (" \nE(ght ladies dancing,” );
cose 7: printf (" \nSeven swans a-swimming,” ) ;
case 6: prth (" \nSux geese a—laymg,"),
case 5: printf (" \ane GO-0LD rlngs, ")
case 4: printf ("\nFour calling birds," );
case 3: printf ("\nThree French hens," );
case 2: printf ("\nTwo-oo turtle doves,");
printf ("\nAnd a ")

; case 1: printf ("part ri-idge in o pear treeee.");

}
}

mested switch statements are useful for |mplemenhng the logic contained
in symbol-state tables. The outer switch is given a case for each state
Q row ) of the table. The logic in each of these cases comprises an
inner switch having a case for each symbol { column )) of the table.

m RECOVERNG FROM CHAOS

ﬂn error condition may be drastic enough to warrant a jump out of the

mess.
a label marking a
/ statement in the same
function

goto  name

matching
"ﬂame :  statement

[;lames of labels do not clash with names of other entities.
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LOTS OF LOOPS: THS PROGRAM IS FOR THE
READER WHO HAS A LITTLE MATHEMATICS

Afhe power cables & and b
look as if they are rurming

uncomfortably close to one

another. What is the closest

distance between them?

ﬁhis would be an awkward
problem without vector algebra:
here are enough of the
principles to solve it

4\ vector ¥ is written as:

V =Val +V] + vk

where vg, vy, vz are ils .

projections in the directions depicted. The length { modulus ) of Vv is:
W= A Vet +vi* + V¢

Divide v by its own length and you have a wnit long vector in the same

direction as v: - - >
mE oo ek %‘”’V
| v M 6) |=P%

v
Afhe scalar ( or dot )) product, W.¥, is given by

| ->
wgvg + wyvy + wova. This expression represents the H ; Y
product of the length of one vector and the projected L fe—p — :l
length of the other upon it. Another way to look al it is: | q o

Iwl Ivl cos§

Afhe vector { or cross ) product, VxW is T 7K ol
given by this determinant. It is a vector ~ ivg vi v2 :fvxw -
having a direction normal both to v and to W | ws w1 w2 W

/
i@hat's all we need of vector aigebra for this problem. In the sketch
above, @ and B can be expressed:

d = (9-4)T+ (16-8)7 + (17-18)K = 57 +87 + 7K
B = (18-6)T + (1-3)7 + (15-5)k = 47T + 87+ 1wk

‘ﬁiheir cross product, a x b, is a vector normal fo a and b:

- ryx st~ a result of
— - -
AxB =[5 8 7 |=24T-27+s8F T BT I
4 8 19 implies & lies

parallel to 5

[lis length is A/(24)* + (<22)* + (8)* = 3353
?o o unit vector, T, connecting any point on Q to any point on Bis
a

a x B) + 3353
p.727 - d.667 + 8.24%

ql}oke a vector, ¢, connecting any point on & to any point on B. Here is
one; it connects the tip of & to the tip of B

3 = (16-9)T + (1-167)7 + (15-17)K = 1T - 57 - 2K
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Droject this onto the unit vector to give the shortest distance between

the cables:

d = (Dx(8.72) + (-5)x(-d.66) + (-2)x(d.24) = 3.52 approximately

[{f the cables run parallel, special action is needed as shown in the 'else’

clause in the program.

-

7* Power cables; are they too close? */
#include <stdio.h>
#include <math.h> «
void main{ void )

for (j=@; j<12; j++)

if (1(3%6))

printf (_"\nCable %c\n",
if (1(3%3))

rintf ( "End %i: x,y,z coords:
scanf ("%1f", & Coord [j1);

Cable[k=1-k] );

" m=3-m );

tgor GG=2; j<3; ++3)

a[j] = Coord [3 + j] - Coord [jl;
b[jl = Coord [9 + j] - Coord [6 + jl;
c[jl = Coord [9 + jl - Coord [3 + jl;

ulg] = al1] * bl2] - bl1] * al2];

ult] = a[2] * bla] - ale] = bl2];

uf2] = ol@] = bl1] - blgl * al1];

for (§=0; j<3; ++j)
usq += U[jf * uljl;

if (usq > 2.2)
cables
for (j=@; j<3; ++j)
csq += c[jl * u[jl;

int Js k=1, m=2 3

char Cable[2]= {'A", B'};

double Coordl121, al3]l, bI3l, c[3l, ul3l;

double Clearance=g.4, Proj=8.0, asq=0.8, csq=0.8, usq=0.0;

allernatin,
= g, [1],9...

\ alternating

f, 2, 4 2,...

csq /= sqrt (usq);
Clearance = (csq < 8.8) ? -csq: csq;
arallel I {
else < pcable: Cable A
{ End 1: x,y,z coords: 4 8 10
for (J:ﬁ; J<3; ++J) End 2: x,y,z coords: 9 16 17
{ Cable B
_ . . 1. End 1: x,y,z coords: 6 3 5
asq :: Q[[J]] * 0[[3]]., End 2: x,y,z coords: 10 11 15
;SQ . +'_ C[J] : C[J.]’ Clearance between A & B is 3.52
roj += alj clyls
csq -= Proj * Proj / asq;
Clearance = (csq > #) ? sqri( csq ) : 8.8

}
printf ("\nClearance between A & B is %.21f \n", Clearance);
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Gmm AN INGENIOUS ALGORYTIM

?he sorting method called Quicksort was devised by Prof. C. A. R Hoare.
he version described here is a bit different from the original but serves
lo explain the essential principles of the method.

lﬁiake some lelters to sort

G B LI C N M H
i g ~ 43

t an arrow ot either end of the list and prepare to move j towards i.
If j indicales a ‘bigger’ letter than i does, move j another step towards i.

G B L I CN MoH
1 @ j {}4—{5\“4-";”‘,\2—’1?
f%ow j indicates a smaller letter than i does. So swop the two lelters
indicated, and swop the arrows i and j as well:

C B LI GNMH

J 94— 1
Gonﬁnue moving j towards i (f which now means stepping rightwards
instead of leftwards )). If j indicates a smaller letter than i does, move j
another step towards i:

9 E L I G N M H
A i
ow j indicates a bigger letter than i does. So swop letters, arrows,
direction and condition exactly as before:

C B G I L N M H
1"—{}‘)

é\nd sO on, swopping as necessary, until j reaches i:

C B G I L N M H

ifhs
ﬂt which stage it is lrue to say that every letter to the left of i is at
least as small as the lefter indicaled: every letter to the right of i is at
least as big. In other words the letter indicated has found its resting
place. The lefters to the left of i have not, however, been sorted, nor
have those to the right of i. But having ‘sorted one letter, and spiit the
group into two, it remains only to sort each sub-group, starting out in
each case in the manner described in detail above.

C B 61 L N MH

— —_—
secondly ) ( first thirdly
sort Sort’ sort
these ! one item these
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ﬂ lidy way to sort is to point to the entities { such as personnel
records ) to be sorted, then rearrange the pointers. C language has
special facilities for handling pointers but these must wait unlii Chapter 12;
here we use integers to introduce the concept.

g

Try ‘ut tensio sic vis.
el

1

Le]

Type some letters & press Return @1 @1 E
GBLICNMH

et I o i 5

13] £33 T |

e the program as shown above. [4] G L C |

Qs g : 151 5] [N ]

| M |

| H |

7* QSORT: Quicksort; home-made pointers *7
#include <stdio.h >

char lLetters[1od]; 44,

int Pointers[108]; = _. depicted

void Qsort ( int 1, int

i)
otherwise return without
FC | RS

int First=1 Last=3j, Way=1, Temp;
while (i!= j)

@
i
]

b3
!R\

i{F (Way == Letters[Pointers[i]] > Letters[Pointers{ j11 )

Temp = Pointers[i];

Pointers[i] = Pointers[j1;
Pointers[j] = Temp;
Je:m?;: i3 / arrows

J = Temp; Way goes:

i 4= ) - . slatement goes:
J Way - Way; < J-ly JRfH, jef-tye.

}
Qsort (First, i-1); «

Qsort (i+1, Last);
thirdly sort these

i

void main( void)
int n, ki’
printf ("\nType some letters and press Return\n");
for ( n=g; Z[Le]ﬂers [n] = getchar () ) 1= '\n'; ++n ) %
Pointers [n] = nj
pointers
L mmm

Qsort ( 4, n-1 );

for ( k=8; k<n; ++k )
printf (" %c”, Letters[Pointers[k]1]);
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EXERCISES]

il

64

Qe—program ‘Areas of shapes’ using the logic of a switch statement
in place of if...then...else. You should find the result simpler and
tidier than the program on page 55.

Write a funclion, using a symboi-state table, to read an octal
number from the keyboard, converting it to a decimal integer { of
type long ) . Allow a preceding + or - sign. For example, the
program should read -74 and get the result -5.

Your state table should have four columns. These are: [#] to deal
with the leading + or -, [1] to deal with any digit from ¢ to 7, [2]
to deal with a space character, [3] to deal with any other
character { an error ). The value in each cell should comprise a
labe! { for use in an associated 'switch’ statement ) and the number
of the next 'state’, or row. The ‘case’ associated with valid digits
should multiply the accumulating result by the number base, 8, then
add the current digit.

Write a test-bed program to read octal numbers from the
keyboard and display their decimal equivalents on the screen.

Bxfend your octal number program by making it read numbers to
arny base from 2 to 32. The digits for base 32 should be:
#1234567T89ABCDEFGHKLMNOPQRSTUV { only as far as F for base 16
efc. ). Hnt: Store these as characters in an array; when
accumulating o number, add the array subscript to the accumulation.

Let the program freat the first number it reads as a number base.
Make it treat subsequent entries as numbers expressed to that base.

‘E'he Quicksort algorithm ‘sorts’ a single item, then calls itself to
deal with those above and those below. You can apply similar logic
to the bubble sort described on Page 13. Simply ‘bubble’ one
number to the top of the list, then call the bubble function
recursively to deal with the list below.

Write a recursive bubble sort function. To test it, use the program
on Page 63, first replacing the Quicksort Function.
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ORCARIZATION

rl}his chapter describes the organization of a C program
in terms of (franslation units and Ales.

4\ C program is turned into an executable program by a
processor comprising a preprocessor, a compiler, a linker.

‘ﬁihe preprocessor is described in detail; its logical passes,
the use of directives, the composition of a macro, and the
use of macros for textual substitution and conditional
preprocessing.

gwrage class s explained; the use of slorage class
specifiers to establish the scope of an object or function,
and whether objects and their contents evaporate or not
when control moves on. The significance of storage class
specifiers in different contexis & outside and inside function
definitions )) is carefully explained.

l’l_.fhe chapter ends with an explanation of mame space; the
contexts in which different entities given the same name
would clash.



m PREPROCESSOR - COMPIER - LIWKER

4\ C program may be all in one file or shared among several The
contents of each file is called a transiation unit and comprises a set of
directives, declarations and function definitions.

#define PI 3.4 #include <math.h>
#include <math.h > int MyFun' ( float );
inti=4¢, j; int YrFun ( double );
i{ni MyFun ( float f ) extern int i;

declarations int main ( void )

rogram of

statements L — gf; 5a,,,1a¢io,,
int YrFun ( double d ) declarations ‘2,”,’,5’ M";;/Fﬁ
{ stalements

declarations

statements . 1

-

MYFILEL MYFILE2

ﬂlthough some modern processors prepare a C program for execution
in a sin?le pass, the logical process of preparation is best described in
terms of mulliple passes made by three distinct parts of the processor ;

* preprocessor
s compiler
s linker

i—fhe C preprocessor resembles a word processor; it simplifies and
rationalizes spacing, removes comments, copies nominated files into the
program, substitutes pieces of text. At the end of this stage, translation
units contain nothing but C language.

ﬁhe compiler translates C language into code the computer can obey
directly. For each 'text file' of C language the compiler generates a
corresponding ‘object file' of executable code. Cross references between
functions and between files are left open at this stage.

?he linker deals with cross references. It copies the executable code of
invoked library routines into the program, links all invocations to the
functions invoked, cross refers local and global variables. The linkage of
;ariab)es depends on their 'storage class’, a subject described in detail
elow.

l'l_jhe final result is an ‘executable file.
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PREPROCESSOR S LOGICAL ‘PASSES’

he preprocessor works with fokens. Loken keyword > if
hese are the indivisible atoms of a C name »A_4
program. All forms of token except constant > al
punctuator have been introduced in string » "abc"
other contexts; punctuator is defined operator p =
below. punctuator | v []
punctuator [1

Q) 22 | = *

{1 / \

’ » A

; ( [

: ) 1

. ! l

= < {

# > }

bﬁhe C processor does the following things, effectively in the order listed
elow:

» It replaces each frigraph with code for the sin%le character it represents.
Thus ??< is everywhere replaced by a left brace. ({ Trigraphs enable
users L)D)F equipment based on a seven-bit characler code lo implement
ANSH C,

e Wherever \ is followed by a new . R i
line the preprocessor ryemoves r’f‘a‘git the\ [;> Mind therapist
both the \ and the new-line
character, thereby 'splicing’ successive lines. The need for \ in this context
is explained later.

» It rearranges white space such that each token is minimally separated
from its neighbours. It replaces each comment by a single space.

+ It obeys each directive in turn. A direclive begins with # as the first
non-blank character on a new line. The directives ({ all defined below
are concerned with textual substitution by macro. Macros are described
in subsequent pages.

* It replaces escape seguences in character constants and quoled strings
with equivalent single codes, For example, \n { as seen in "\n' or in
printf ?"\nFinish") ) gets replaced with the code for new-line generation.
Escape sequences are summarized on Page 197.

« It concatenates adjacent strings, removing any space between them and
removing redundant quotation marks:

"Meth"  "inks" " " "P" "rates" l';> "Methinks Pirates”
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SIMPLEJWACROS) ke undef

& name in association with a useful value, or useful piece of program,
is called a macro.

ﬂn this program { which reads the #define PI 3.14

radius of a circle from the keyboard #define XXX return 4;

and displays its area on screen )} PI is int main ( void )

a constant used in much the same way

as an intialized varioble. Before the float r

compiler ever sees PI, however, the scanf ("%f", &r );
preprocessor meets #define PI 314 and printf ("%f", Plxr*r);
substitutes 3.4 for each occurrence of XXX

Plss except in the following circumstances:

replaced by
return ¢

* not if part of a longer token such as PIPE
* not inside quoted sirings such as "Ratio PI"
* not in comments { all of which have been removed at this stage ).

[\uch the same holds for “#define XXX return g except that tiree
tokens { return and ¢ and ; D are substituted for each single occurrence
of XXX. In general, the text for substitution may be of any length; it
terminates at the end of the line. f So what if the cursor reaches the
edge of the screen before you have finished typing the text for
substitution? Press \ followed immediately by Return. The cursor jumps to
the next fine and you continue typing, but the preprocessor ’splices’ what
you type to the previous line as illustrated earlier.

ms explained above, #define PI 344 causes 344 to be substituted for
each occurrence of PI throughout the file s except for the three
circumstances noted. Here is a fourth exception; substitution ceases when
the preprocessor meets #undef PI. From that point onwards no further
substitutions are made for PL.

JMACROS MWITH WARCWMENRTS]

27 our macro may have arguments. s 4 Uy
These are names in parentheses #define ABS() ((x)<87-(x): (x))

following the macro’s name and the opening parenthesis.

L\fter the definition of ABS(X) the preprocessor might meet a term in an
expression such as ABS(a) for which it would substitute: ((a)<d?-(a):(a)).
This expression returns the absolute (ie positive ) value of the number

held in variable a.

Why all the parentheses? Wouldn't ( x<@ ) ? -x : x suffice? No. Try
with ABS(3-7) which would become ( 3-7 ) < @ ? -3-7 : 3-7 and relurn
-18 instead of 4. Put parentheses around the text and around every
argument within it.

\zatch out for side effects! ABS ( i++ ) would expand into

i++ ) < @ 2 -(i++ ) : (1++ )) causing i to _be incremented fice on
each execution. ( i++ is equivalent to i =1 + 1 )
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IRES TEDYM'ACROSH RE-SCANS FOR UNMATCHED NAMES

&\acros may invoke each other:

#define ABS (X ) ((X)<ad2-(X):(X D))
#define NEAR_EQL ((A),(B)) (ABS((A)-(B))>(TOL) 2 8 : 1 );
#define TOL d.001

c’!_j‘he NEAR_EQL macro returns 1 ( we ) if its arguments have nearly
equal values, otherwise ¢ @ false )). The criterion ?or 'near?’ is set by
the value associated with TOL. For the setting shown, NEAR_EQL ( 1.2345,
1.2349 ) would return 1 {fwe ).

&\acros that invoke one another may be arranged in any order; the
preprocessor re-scans to salisfy unmatched names ({ notice that ABS
precedes NEAR_EQL but TOL follows D However, if one macro involves
others, all participant macros must be defined ahead of any function
wanting to use it. For example, if NEAR_EQL is to be used in main() then
ABS, (TS)L and NEAR_EQL must all be defined ahead of the definition of
main( ).

’

STRINCFARLUMENT 5] operalors: # ‘dring-izer
#a r

ﬂf # is placed in front of an argument inside the substitution text, the
preprocessor takes the argument literally, enclosing it in quoles. In this
example, if the preprocessor

subsequently met PLURAL(Cat) #define PLURAL(P) printf (#P"s"); l
it would expand it to

prinff ("Cat" "S" );

mdjaceni strings are always concatenated, and conliguous "~ removed,
so the effect of PLURAL ( Cat ) would be printf ("Cals");

4fhe \ and " in the actual argument are replaced by \\ and \"
respectively, and so _should be treated literally. PLURAL ( Caf\nip ) is
replaced by printf ("Catnip") without an accident over the \n. But be
careful! My system goes berserk if it meets leading or trailing \ or
unbalanced " Q\Cat, Cat\, C"at

g

¥ %

Afhe preprocessor's 'operator’,
##, concatenates arguments. If #define OYEZ(A, B) printf ("A##B");
the preprocessor subsequently
met OYEZ ( Aster, ix ) it
would substitute 'printf ("Asterix™);' But here we are in dangerous
territory; see Kernighan & Rilchie and the manuals for your particular
system  or experiment boldly ),

5: ORGANIZATION 69



HEADIRWFILES —
[flere is a home-made header file. | #define PL 3.4 -
Nome it MYHEADH int Print ( char c, int i );

int Post ( float, double )

27 ou may start a program as #define ABS(X) (<@ 2 ~(X) : (X))
below. Its first line then gets int Pick ( void );
replaced by the contents of the .

Finclude < stdioh > | standard header file nomed stdioh. Similarly, its
#include "MYHEADH" | second line gets replaced by the contents of the
int main ( void ) header Ffile named MYHEADH

[ln general, the #include line tells the preprocessor
to replace that fne with the enfire contents of the file nominated. If the
name is in pointed brackels # means the file may be found in the usual
drectory for standard header files; if the name is in quoles i means

the header file is in the same directory as the program being processed.

C‘Ehe organization of files and directories, and the limitations of allowable
syntax in names of files, depends on your implementation. See local
manuals for the precise implications of <name> and "name".

ﬂ header file is typically an ordinary text file that contains o selection
of the following in any order:

definitions of constants  #define PI 314 )

definitions of macros { #define ABS(x) ((x)<@7-(x):(x)) D
function prototypes ( int Pick (void);

#include lines nominaling similar files { #include "YRHEADH' )

gtandard header files, such as stdioh and mathh, are available at every C
installation. When your program invokes a standard function ( for example
printf ("Hi"); ) you have to know which standard header file contains its
prototype. In the case of printf () it is stdioh. To make prinif () avaiable,
place #include <stdioh> somewhere ahead of the function in which prinif ("Hi™)
occurs. The usual place is ahead of all functions defined in the file.

FURCTIONWPROTOTYPES

mome-made header files (f such as MYHEADH ) are useful for keeping a
program tidy as it é;rows. Defining PI once only is better than defining it
separately in each file. More importantly, an ANSI C processor will compile
an invocation ( such as k=Pick(void) ) only if it knows what type of
value ( int, float, double, ef. ) the function should return, and what type
each argument should take. The processor knows these facts if it has
already met your definition of Pick() and compiled it. But what if the
processor met k=Pick () before having seen and compiled the definition?
The answer is that you should aiready have shown the processor a
prototype of Pick(): a prototype contains all information necessary for
compiling the invocation k=Pick ().

?he lidiest way to show protolypes is to make a header file for them
and include that header file ( #include "MYHEADH" ). Then you need not
wor?l whether the processor meets an invocation before having compiled
the funclion invoked.
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CONMDITIONALYPREPROCESSING

27 ou can make the preprocessor deal #if expression
with some sequences of lines in your

input file and ignore others according to
the conditions encountered during

processing 4% such as including a file ; ;
only if it is nol akeady included. #elf expression

‘Ehe diagram shows the required
arrangement of directives, expressions
and lines to achieve conditional
preprocessing.

“—l:("he composition of expression is sendif s~ precisely

resiricted to simple constants; dont one #endif
include sizeof or a cast or an
enumerated constant. completion f

ﬁhe preprocessor will deal with no more than ome sequence of lines,
and that's the first sequence encountered whose associated expression
evaluales as non-zero (lue)). #elf means ‘else if. If all the #f and
#elif expressions evaluate as zero ({/alse)) the preprocessor deals with the
sequence following #else 5 but in the absence of an #else sequence the
preprocessor does nothing. In every case the preprocessor ends by
jumping to the line after the obligatory #endif.

,
#if (defined P || (!defined e) ﬁn expression may involve the

Igg;;rn’z Z‘ 32{‘7115893 set both if special ‘operator’ exclusive to the
sendif : either unset preprocessor. It has the form:
L g

defined ( name ) or
#if !defined MYTA defined name
i U valu
#define MYTAG null value and fakes the value 1L {ie. unily
Tl contents of MYHEADH fere; ~~N expressed as a long int ) i true;

they will be processed only once gL if false. True signifies that the
processor has already met the

#endif — definition of name in the FﬁrS\:

#f 1defined YRTAG define name — lext

. " Al
#Sc}gde Yg.?;'gAD'H ﬁhe preprocessor coerces all is
: es c;i?e Boolean vales to long int ( 1L, oL ).

ﬂnsi C offers two direclives, #ifdef and #ifndef, which you may use in
place of #if in macros such as those illustrated above:

#ifdef name is short for #if defined name
#ifndef name is short for #if !defined name

‘Ehere are no corresponding short cuts to use with #elif,
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SYATAXEESUMMARY 4

PREPROCESSOR

q}:[hhe following diagram summarizes the syntax of a preprocessor
directive. Each directive must be on a line of its own ({ possibly extended

by \ )

preface

where

-~
(e o 3=

72

replacement

preceding the program it is to modify.

#define
#define name( name )

-
CT2 N

#undef name < of something
currently definea

. 1” r3 n

#include file <5
g
< file >

name  replacement

replacement

file name as
allowed by
operating system,

constant = file

Wfrmbe” of rext irg

+#f expression @

\ conditional, integer
X corttignd, nieger)

#elf  expression V&@

#include

#line

#ifdef name preface

#ifndef rname @

#endif

token

( replacement )

#—

a parameter name preceded by # is expanded to
a quoled string - the parameter being replaced
by the actual argument

#define PI 3.4

#define FAHR(cels) \
((32) + (9)*(cels) /(5))

#undef FAHR

#include "MYFILHED"
#include < stdio.h >

#line 22 MYFILE

#if !defined MyTag
#define MyTag

#elif !defined HerTag
#define HerTag

#ifdef YourTag
#undef YourTag

#ifndef MyTag
#define MyTag

#endif

ILLUSTRATING C



W DIFFERENT CONTEATS
Lﬁkhe simple declarations illustrated earlier declare the type of a variable,
and optionally supply an initial value. Such definitions may be preceded

by a gualifier or storage class
inti=6, j; A 3
float Fs specifier or both

l const float pi = 314163

corn A
volatile ﬂny declaration qualified by const
should be initialized < because the
auto processor refuses to permit a
register subsequent assignment to the ob ject,
static either directly or indirectly; const
extern means it is constant.

if'he volatile qualifier has to do with ‘oplimizing compilers’; its precise
behaviour depends on the installation, so consult local manuals about its
purpose and possible usefulness.

%torage class specifiers say whether an auto int i=6, j;
object should be remembered or allowed

to evaporate when contro! leaves the register int k = 3, 1;
current function, whether a global ob ject

is global to one file or all files, whether a static float a, b, ¢, d;
function is accessible from all files or just

one, and so on. extern int p, q;

he significance of each storage class specifier depends on the context
of the declaration. This subject is covered in dekail in following pages.
Here is a summary, much simplified:

&\eans the object evaporates when conirol leaves the
current block. Objects declared inside blocks are auto by
defaul, so auto declarations are seldom used

&\ecms auto, Elus a hint to the processor that it may
store the variable in a fast register ({ at the cost of being
refused access to it via an address ).

@utside all functions: ‘static’ means the object or funclion
can be accessed within the current file only

[\ a block: 'static’ means the object and its contents are to
be preserved when conirol leaves the current block

‘ﬁens the processor to look for a full definition elsewhere
outside the current block or current file <= and extend its
scope to the current block or file.

LEd § ¢
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IR DR ECS  Remnr SPECFERS: static « extern

@utside' means outside all function definitions.

@bjects declared outside function deFiniﬁpns are maintained throughout
the program's run. They are said to be ‘global’ Global objects provide a
useful medium of communication between functions.

'ﬁihe 'scope’ of an object is the region of program in which statements
may refer to that object or change the contents of that object. This
assumes the ob ject isﬁnof hidden: “visibility’ is explained later.

le

ﬁhe scope of an object defined without a
specifier runs from the point of declaration
to the end of the same file.

file

scope of i

L‘!The scope of such an object may be
extended to other files, or another region
of the same file, by exlern declaration. Each
extra scope runs from the point of extern | / ove of i i
declaration to the end of that file. t—«_\,:i:ijf;—:m\,/j
"—l}he scope of an object specified as stalic
70t in the runs from the point of declaration to the
scope of i end of the same file,

« In on oulside declaration 'static’ means
private to the current file.

e An 'extern i’ in the same file would refer
to the same i.

+ An ‘extern i’ in another file would not be
associated with this static declaration.

fle-1
ﬂn outside declaration without an initializer int 13 ]
is a lentative defintion. There may be any i
number of tentative definitions throughout int i
the program provided their types do not Ale-2
clash.

* If the linker finds a unique definition of | int i = 6;
the item it ireats all tentalive definitions

as redundant declarations file-3
int i,
UL
+ If the linker finds no unique definition it

treats all tentative definitions as a single
definition initialized to zero { or zeros').

T4 ILLUSTRATING C




[\though an object may be ‘in scope'
it may nevertheless be hidden by the
scope of a local declaration inside a
block. Global i becomes 'invisible’ in
the scope of local i.

&n a deeper nested block you can
hide the current scope of local i with
an even more local i=-and so on o
any depth. (f In this example we use
‘extern' to make global i hide local 1 in
the same block.

not in scope of Func(') /

extern int Func ( void );

Nef extern implied
by default

whose

Ir a

scope of Furc()

ﬂ block instead of a semicolon
denotes a full definition of Func(),
its scope running from the closing
brace to the end of the file. It is
unnecessary to write a prototype
following a definition.

TN

not in the

static int Func { void )

P et e
block

]

}
ot of Func()

scope

(the scope cannot be
xtended to otrer files)

P 2
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no

implied b
int Func(y

(A gotal D)
int i = 3; local i -
{ / hides global i
float i = 2.48;
X =15 ‘—4
extern int i;

k =5 4% picks up
global ¢

x picks up
local {

i

D
local i

} -
;Y

aemicolon denotes o prototype
aeclaration. The prototype declaration
declares that statements between here and
the end of the file may invoke Func(),

definition is elsewhere.

prototype declaration the ‘extern’ is
default. In the example here,
void ); would be enough.

not in the
scope of Func()

int Func ( void )

block

}

scope of Func()

(the scope can be
extended to other files

Nyexern)

"_li'he scope of a function may be
kept private to the file in which & is
defined by declaring the definition
static. This feature is useful for
‘encapsulating’ information, together with
corresponding access funclions, where

other functions can see them.

Encapsulation is a vital principle of
OOP (ob ject-oriented programming).
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BLOCK( DKLARA'.HOA RELEVANT SPECIFIERS;
s auto, register, static, extern
ﬂn auto object, whether declared l £ auto int i E

auto explicitly or by default, Tt 1
evaporates together with its contents \ .
{

when control leaves the current block.

{ register i; % m register variable behaves as an auto
. variable except that (i) you hint that storage

in a fast register would be appropriate, and (i) whether the processor

takes the hint or not, ANSL C forbids taking o register variable’s address.

l {inti=2xj+k; f l]niﬁalizqﬁon of auto objects, or register variables, is
'dynamic’, looking and behaving lke assignment.

{ static int i; 3 @bjects degtared static are maintained throughout
the programs run; they dont evaporate.

'Ehe initializer of a stalic object is N Sy,
evaluated at compile time; therefore it { static int i=2xsizeof (int);

may involve only constants and sizeof.

L‘{ extern int i; g ﬂn extern declaration in a block makes the linker

look first at outside definitions in the current file.
If the linker finds the oulside declaration 'int i=6;’ it takes this to be the
i referred to by extern. The same would apply if the lnker found a
stalic definition lke ‘static int 1 = 6;'

ﬂf the linker finds no outside definition of i in the current file, it assumes
a unique definition exists elsewhere <z in another file belonging to the
program. ( ‘int =6’ would be a valid definition of 1, but ‘static int i’ in
another file would be ignored because that particular i is exclusive to its
own file. ))

@ecause extern says that the object or funclion is defined outside the current
block (f whether in the same file or another )) it follows that an ob ject
declared ‘extern int i’ will not evaporale when conirol leaves the current block.

‘ﬁhis s a protolype declaration. It says that
{ int Func(void); statements in the same block may invoke

Func(), whose definition is outside { in the
\' same or another file ). The linker looks
first in the current file. If i finds an
outside definition  beginning'int Func(void) {” or ‘static int Func(void){")
it lakes this to be the Func%) referred to by extern. If the linker finds no
such definition of Func() in the current file it assumes the definition is to
be found in another file ( disregarding any declared static

{ extern int Func(void);

V ou cannot initialize an object declared extern int i = 6 ;7

extern ammwhere. You cannot declare a { externinti=17;>7
function static if the prototype declaration static int Func(void);
is in a block. ,%

e
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PARAMETIRIDICUARATIONS e ony guggg

int Func(int 1) { ( block E} i @bjecf iis private to { block }.

hen Func() is subsequently invoked
from elsewhere (f say as x=Func(2x3); ) object i gets initialized to s,
and the statements of block are obeyed. When control leaves the function,

object i and its contents evaporate. —%
aut
Da'rameters are infrinsically awfo ob jecls: int Func( | static nt i)
don't specify aulo, static or extern. extern
int Func( register int i ) { ﬁhe processor may take the hint
and store variable i in a fast

register rather than a memory location. Whether it does so or nol, ANSI
C forbids toking the address of a register variable using &ior by indirect
means.

int Func(int i, int j, int k ) } @n a call such as:
s = Func(x*p, y*q, z#r);

you may mof assume the order of evaluation of xxp, yxq, zxr. You may
assume all are evaluated before entry to Func().

ﬂ parameter of a function may be int Func ( float MyFun() )
a function. For full understanding you

need to know about pointers § next
chapter D but here is an example: quﬂ )

[ #include <stdioh > ,q
#include <math.h > M

?ouble Lookup ( double LibFun (), double Argument )

‘ 1 ' 4.000000 0.9998965

printf ("\n%f %f", Lookup (sqrt, 16 ), Lookup ( log, 2.718 ) ;

return LibFun ( Argument ) ;

void main ( void )

ﬂ parameter of a function may be
an array. For full understanding you
need to know about pointers { next

chapter )) but here is an example of
a function that swops array elements:

int Func ( float MyArray [1)

short for (*Myhrray ) J

\{/oid Switch ( int A [1, int i, int j )

exchange elements
386 0f array B(7
as follows:

int TeTp?A[i[]];
Alil=Al51; i .
AL31= Temp ; Switch (B, 3, 6);
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INAMERSPACE MTERACTION, CLASH

ﬁhe name of a macro in a #define L#deﬂne pi 34
directive gets substituted for identical
tokens s to the end of the file or
corresponding #undef. The only
tokens immune to replacement are
those in comments and quoted strings.

area = pixrx*r;
becomes 3.14

4\ keyword ( such as float ) can be
replaced by the text of a macro. =i float

Otherwise keywords may be used int gobb= 63
only as keywords. .
int Sam = ¢ [8¥mong outside declarations, or at the
float Sam[e];&% same level of nesling in any one block,
int Sam (void); you may not give a variable the same
{ name as an array. Furthermore, names
must be unique among variables,
int Sim; arrays, functions, enumeration constants,
float Sim[4] = {1,8,8,8}; |and enlities yet to be introduced {f viz.
enum Tag{ Red,Green, Sim }{ defined types, siructures, unions ). At
__j any one level all these share the same

name space.

@ut you may use the same name at a
different level of a block, thereby
fiding the entity at the outer level

int Hd = 3;
i{nf MyFun( void)

ﬂn example of hidden names on Page
75 shows how you can ‘unhide a name
at outer level using extern.

ags are names used to identify
struct Tagt{int i, float f}; different enumerations, structures and
enum Tag2 {Red, Yello,Green}; | unions. Tags share name space and so

struct Tag3{ char ¢, struct Tagt }; should be mutually distinct. But you may
| hide one tag with another at different
level in the manner already illustrated
for variables.

these names
mutually
distinct

here is no interaction between names
of tags and names of other entities.

ﬁhe members of any one structure or struct OneStruct { inti, floatf };
union must be uniquely named, but there struct TwoStruct {inti, floatg };
is no interaction between identically named ‘-—@*‘—"‘J

members of different structures or unions.

ﬂ goto statement specifies a' name to
if (Chaos) goto Labt; match that of a label within the same

function. In any one function all labels
must be unique. There is no interaction
between names of labels and names of
Labt: printf ("Bad data™); any other entities in the same function.
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ifhis is probably the most important chapter in the book;
the art of C is handling pointers. Pointers are closely
associated with arrays, and arrays with strings.

‘Ehe chapter begins by explaining the concept of a pointer
and defines two operators, * and &, with which lo declare
and manipulate pointers.

@ecause C works on the principle of ‘call by vale' you
cannot return values from funclions by altering the values
stored in their paramelers. Sut you can use pointers as
parameters ond make functions alter the contents of the
objects they point to. This concept may appear tricky at
first, but glorious when you can handle it confidently. The
chapter spends some time on this concept.

When you add 2 to a pointer_into an array, the pointer
then points to the element two further along, regardless of
the length of element. This is a property of pointer
arithmelic, the subject next described in this chapter.

ﬁosi pointers point to objects, but you can make them
point to functions as well The chapter shows the
correspondence between pointers to arrays and pointers to
functions. You may care to skip this topic on first reading;
likewise the next which analyses the structure of complex
declarations. Complex declarations are easy to understand
once you have felt the need to set up a data siructure
in which pointers point to other pointers.

‘Eo manipulate strings you need only simple pointers. The
second half of this chapter explains strings and their use.
Strings are simply character arrays designed to hoid words
and sentences. C programmers follow certain conventions in
the structure of sirings. These conventions are described



FOIRTERS e s o

i t
ﬁhe idea behind pointers was introduced in the Pointers Lerhz—:s
context of sorting, Page 63. The following statement [61] 14 #3[G |
causes the letters to be printed in order: 13 44 118 |

[21] ¢4 2] L

for ( k=g; k < 8; ++k ) SIENECIFE
printf ("\n%c ", Letters[Pointers[k] 1); Wl a3 41l ¢l

L1 241 As1 [N

@ut this is too clumsy for C which has special [s-jl G [6% M
variables and operators for handling pointers. If 171 5 7 E

gou find the concepis confusing, persevere! They
ecome beaulifully clear when the penny drops.

b JOPERATOR

f p names a pointer variable, *p denoles the object currently pointed to

y P

P| & *p | 1234

'ﬁ‘erminology: When a job is adverlised, the one who appoints is called
the appointer. The successful opplicant is called the appointee. On the same
linguistic principle, let the object indicated by the pointer be called the
pointee. *p denotes the pointee of p.

ifhe term xp { the pointee of p ) may be used lke the name of a

variable :
X = % Py [———=3~L means assign lhe poinlee of p x
(ie. 1.234) D the variable x thus |17 1.234
means assiging 2.345 to the pointee of p IS5 x %
*p = 23455 [, (overwriting what p formerly pointed tojo =*P T’

[*MOPERATOR

@ehind the scenes, pointer and pointee are linked by aaaress.

2.345 |
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‘!The address of an object is denoted by
by ampersand, to say ‘lte address of ...

the address of x is
denoted &x

the object's name, preceded
or 'the value of pointers to...

X

worh| 2.345

@oint to x by assigning &x ¢ you need not know it's 1924 ) to q thus:

q = &x;

iq

2.345

l;.‘ow you can access the content of x via the pointer variable as *q.

'ﬂihere is no further need to depict absolute addresses. Here is the

picture that says it alk:

WG] T

DICLARINCRPOINTERS]

x is of
type float

float x, y3
float *p, *q;

S

the pointee of p is
of type Hoat

X

W’d of x
you can write *q

x ]

p [t s o [53

‘ﬁihe first declaration establishes x and y as variables of type float in

the usual way. The second declares

'pointer variables named p and g, of

which the pointees are of type float. In other words p and q are
intended for pointing to variables of type float.

4%0 declare a 'pointer variable you
you intend to point to.

char *pvlel;

c!?he above declares an array of six

elements, pvl#]1 to pvl5] ( all
pointers )}, their pointees being of
type char.

int x const

const _int * pircon;

6: POINTERS, ARRAYS, STRINGS

copir & X3

tell the processor what lype of object

pvlgl| &4—— ctar —>
pvitl| &4—— char —~
pvl2l | @&4—— ctar —=
pvlal | e4—— char —=
pvisl| e+—— char —~
pvls] m char ———v

Qualiﬂers apply to the nearest
rightwards enfity; coplr is a constant
{ initialized )) pointer with an integer
pointee ; the pointee of pircon is a
constant integer.
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& common requirement in programming is the exchange of vales held
in a pair of variables or array elements.

. 1, o H {
mere is a block of 'in-line’ code to . __
exchange the values held in a pair of ;nt= Tﬁmp b
variobles, i and j. j= JT’emp;

FAow about a furction for swopping values? ! @EE@

ﬁhis one is no good. Parameters in C are
void Swap (chari,char j) | called by value. The function manipulates
{ copies only.

int Temp = i;
i=js S 8uppose your program had 2 stored in A,
j = Temp; 3 stored in B. And suppose you invoked

this function as:
ESwap (A B);

[!—j‘he processor would enter the function, assigning a copy of the
contents of A into i, a copy of the contents of g into j It would then
swop the contents of i and j, then return, leaving the contents of A and
B undisturbed. No good! The trick is to employ pointers as parameters
and swop their pointees.

ﬁhe function on the right may be void Swop (int * 4, int * j )
invoked as: {

{ Swop (& A, & B );

ﬁhe processor enters the funclion
assigning the address of A to ifwhich !
makes i point to A) and the address
of B toj (which makesj point to B )
The pointees of i and j are then
exchanged.

‘Ehe above function may be invoked with addresses of array elements
as arguments { eg. Swop ( &plil, &p[jl ) ) or you may write a
swopping function that has three parameters, the first nominaling the array
and the other two the subscripts. This function (f which exchanges elements
of an array of pointers to char ) might be invoked as:

EExch (p 24 );

void Exch ( char *v[], int m, int n )
vim] = v[nl;
vin] = Temp;
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m PROTOTYPES, POWTERS,
POINTERS AS PARAMETERS

mere is the sorting function from Page 63 re-written with () prototypes

to allow functions to be assembled in any order, (i) an array of poin-

ters { a pointer vector )) instead of making do with integers, (i} a func-

tion for exchanging the contents of array elements, (iv) a function for

comparing entities. This arrangement keeps the sorting algorithm separate

from the details of comparing and swopping. By writing replacement

Comp () and Exch() functions you may use ({sorf @ unchanged except

for the type’declaration )) to sort objects of any type.

[-#include < (stdio.h >{ ] ) pv  letters
void Qsort(char *{], int, int); <
void Exch(char *[], int, inl‘);
int Comp ( char, char ); i
char *pv[1dd], Letters[1ga]; 0l e—>iC
void main{ void ) {1 — A
o . %2]] —~—|E
int i, n, ¢3 3] [ ed—{D
printf ("\nType some letters & press Return\n"); ul—p
for {(n=¢; c = getchar() ) !'= "\n'; ++n )
Letters [n] = c; stops readtng @l =
pv [n] = & Letfters [n]; Return 1l A
Qsort(pv, 8, n-1); 21 E
for (i=¢; i<n; ++i) (3l
printf (" %c”, *pvlil); [41 B
= ABCDE

void Qsort(char * p[l, int i, int j)
if (1< 3)
{

int First=1, Last=3, Way=1, Temp;
white (i = j)

Exch ( p, i, j )3
Temp =1i,i= 3, j = Temp;
Way = !Way;

append function Exch()
shown at the foot of the
2 opposite page

j += (!Way - Way);

Qsort (p, First, i-1);
Qsort (p, i+1, Last);

int Comp ( char a, char b )

Comp () would be more complicated if it
/ compared words rather than lelters
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return a>b;
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AND A FRESH
LOOK AT ARRAYS

@roys were introduced earlier as named patterns of subscripted
elements, the elements behaving lke variables. Behind the scenes, however,
subscripts of arrays are handled as pointers. Here is a fresh way to
depict arrays:

float all = { 123, 2.34, 3.45, 456 };
int bI1 ={ 18, 1, 12, 13 };

v
b

pointer
constants

/‘\\
El .23
1] .
ﬁ' f21 ; 13&1;

4.56

5,67

[3]

I41

ol (@
u 1

[21 12
[} 13

*(b+3)

JAY) array is treated as a named pointer
constant' pointing to the initial array
element.

ﬂt follows that instead of writing ald@]
you may write *a ({ the pointee of a ).

[;;\ore than that! nstead of af3] you
may write x(a+3) ( the 3rd element
beyond the pointee of a ) .
Similarly *(b+3) for b[3l

printf {( "n%2f", al3l );

~

4
4.56
printf ( "n%.2f", *(a + 3) ); 4.56
printf ( "n%i", b[3] ); 13
pritff ( "n%i", *(b + 3) ) 13

®n a typical installation an element of all (f type float ) would be_twice
as long as an element of b[]  type int ). To locate a[3] or b[3] the
processor compensates for length. In one case the '3 signifies three limes
the length of a float, in the other it signifies three times the length of an

int.

‘Ehe same opplies to *{a+3) and *(b+3); the '3 signifies the third
element, whatever the types of a and b.

When you work with array subscripts, or with pointers, the processor
takes care of types and their lengths; &alt] - &al[@] yields 1 whatever

the

84

lype of a.

printf ( "n%i", sizeof ( float ) );
printf ( "n%i %i", saaltl, aald] );
printf ( "n%i", &al1l-aald] );
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ﬂ corresponding example using pointers in place of array subscripts
would involve the terms &*a and &*(a+1). But the 'a*' says 'the add-
ress of the pointee of ... which cancels ifself out. So &*a is the same
thing as a; &*(a+1)is the same thing as a+L It follows that ax(a+D-&*a
is the same thing as 1, being independent of the length of type a.

27 ou may assign the value of a pointer-constant to a pointer-variable of
compatible type:

float *p

P = aj
printf ("\n%.2f", *(p+1) );

assign: (array al] is

a
depicted on opposite page ), 1.23 |[6]

copy 2.34 |11

@uf the converse is meaningless: a = p; asy
Constants, by definition, are constant:

i ou may apply integral offsets to a 1.23 {I¢]
pointers, posilive or negative: 2.34 |11

p 3.45 |21
4.56 |[3]
9 M 5.67|ul
ql}he constant 8 { zero ) may be assighed to a pointer-variable to
signify_that it is unset § no element can have an absolute address of

zero ). The header file <stdioh> offers a zero constant, NULL, for
indicating unset pointers.

e A
3 is a simple
example of an
integral expression

float * q;
q=p+ 3

s e,

27 ou may subltract  never add ) pointers that point into the same
array. The result is integral and it could be large. Header file <stddefh>
offers the special lype, pridiff _t for declaring variables in which to store
such differences.

Fnﬂ" ("\n%i" g - p ) % ’E I

egative subscripts are allowed : "o ot _ ]
grlovided they remain in bounds. printf ("\n%a2f", q[-2] )3

Exceplion: The pointer is allowed to point just one increment beyond the
last element. In the following example, p ends up pointing to a
non-existent element, a[51. At that stage *p would be undefined.

for (p=a3 p<a+5; ++p)
printf ("%2f ", xp g; 1.23 2.34 3.45 4.56

{
5.67
@ointers into the same array may be compared using >, >=, ==, != el

tﬁhe number of elements in an array may be found from:

izeof yname / sizeof <A
sizeol arra sizeof ( 4pe ) Parentheses essential for types,
More neatly: not for objects

sizeof arrayname / sizeof arrayname[s]
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PARLOWRETRICKA

ﬂ'naze your friends. Write down a long
multiplication such as this; then start writing
down the answer, digit by digit, from right to
left, carrying all the working in a cool head.

?he trick is mentally to reverse the bottom
number, mentally shunting # leftwards past the
top number. At each shunt multiply only the
digits lying beneath one another, summing the
products. Write down the last digit of this sum
and carry the rest into the next shunt. The
entire process is depicted down the right of

the page.

LEO see how it works, consider each number
as a polynomial in 14. In every shunted
position the products of terms lying one
above the other yield the same power of 1a.
Furthermore these terms are the only terms in
the same power of 18 (f but not forgetting the
carry from above )

Lx10° + 6x 10 + Tx1o! 4+ 5x10°
ox 10° + 8xi0t + 3x10%

54 x 10° + 56 x10% + 15x10°

eg. all the terms in 10°

‘?he program opposite automates the method
of multiplication described above. It can co
with any reasonable length of multiplication
adjusting the constant OP feg. #define OP 35 $
As set opposite, the program can multiply
terms as long as 35 digits, giving a product
as long as 70 digits.

"Eo use the program fzpe two numbers
separated by an asterisk and terminated by
an equals sign. Then press Return.

3

4675*389=
1818575
11111111111111311111*20000000000000000000=

2222222222222222222200000000000000000000

ﬁhe program offers another go. When fed
up with #t, hold down Cirl and press C ( or
whatever it is you do on your particular
implementation to abort a run ).

86

MORE ARRAYS ; MORE FUNCTIONS
WITH POINTERS AS PARAMETERS

4 675
X 389
l4le[7]5]
2]8]3]
Ex9 = 45 . wrlte,.@
Qrr
&lel7]5
9]8]3]
4
§x8 = 40
7x9 = 63 ,
107 2rtte ()
A
4161715
3183
o]
5x3= (5
7x8= 56
6x9= 54
135-_write (&
carr
4[6]715]
91813
13
7x3= 21
6x8= 48
4x9= 36 R
. write (B)
118
6][7]5]
[218]3
11
6x3= (8
4x8= 32 .
61— _Write (D)
ary
4161715
[9]8 ]2
6
4x3= 12
18 _write (8

Cary
=377 7773

read
result
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/* Any-length muitiplication
#include < stdioh > operand
#define OP 2¢ e 2

int Read_Op (int *, char); <=4, adfg;et‘r’zpj ﬁolfm.m

void main( void)

1 length of product

long int H
9 Sum 3 accommodales operalors

int a[OP], bIOP], c[OP+0OP];
int i, j, k, m, n, ch;
\{Nhile (1)

ivoke function with pointer to
array al ] then with pointer to

i = Read_Op ( a, '*I. 2 array bl

j = Read_Op (b, '

sum = @;
gor ( k=n; k>=@; —k )

for ( m=k; m>=g; ~~m )

if ( m<=i && (k-m)<=j3 )
sum += al m ] * b[ k-m [;

c[n-k]=sum%1¢;
; sum /= 1¢; last digit
if ‘( ﬁygzn 1 = sum;
Whllepr(int?qlp(1 '2%1‘.". cln—-1);

printf ( "\n" );

pointer, imvoke with
Yf lo int (' * or =

i{nt Read_Op ( int *p, char Xit )

int r, Ch;
for ( r=0; = gefchar() ) != Xit; ++r )

( Ch
if ( Ch >= "¢ a& Ch <= '9 )4 a%eyt on
plrl = Ch - 95
else

return --r;
NS return subscript
of last digit

l!_fhe function for reading the operands terminates on the character you
specify as the second parameter. It reads the digits into the array
pointed to by the first parameter. The function returns the subscript of
the final digit; thus if the function reads a seven digit number § &
through 6 ) the function returns 6.
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POIATERSEIF UNCTIONS QA7 474

‘Ehe demonstration program on Page 77 is reproduced below.

#include < stdioh > a’ouble (xlibFun) ()

#include < mathh >
?ouble Lookup ( double LibFun ( ), double Argument )

return LibFun ( Argument ); ]

} ) 4.000000 0.999896
\{/oid main ( void )

printf ("\n%f %f", Lookup ( sqrt, 16 ), Lookup ( log, 2.718 ) );

o~

?he program shows that one function { Lookup() ) may have another
function «g LibFun() ) as a parameter. When you invoke Lookup() you
provide the name of an available function as an argument in place of
the dummy parameter. In essence, you follow the same pattern as for
numerical parameters.

[But ‘double LibFun()' is actually an allowable shorthand form of :

double ( _* LibFun ) ()
theses ;

‘Ehe parentheses around * LibFun are needed because () binds tighter
than *. Without parentheses this parameter would parse as

double * ( LibFun ( ) ) which says Function returning pointer to a
double’. With parentheses as shown it reads:

P N e i Vo W S
{ ‘LibFun is a pointer to a function that returns a double.')

27 ou may find the concept easier from a different point of view:

NN TN
() signifies ‘function
(which has unspecified
arguments) returning ...

double ( *LibFun )() The full declaration

This shape signifies a pointee {something pointed to))

This part of a pointee identifies the pointer of the
ointee, in our case LibFun: ,
“LibFun is a pointer pointing to ..

doubleﬂl{ﬂﬂﬂﬂ]ﬂﬂ]ﬂ[[[[ﬂ]ﬂ]ﬂﬂﬁ]]]ﬂ () This shape declares a function that returns a double.
'LibFun is a pointer to a function returning a double.

80 a function name { sqrt or log in the program above D is a constant
pointer. The concept of array names is similar; an array name is a
constant pointer to the beginning of that array; see the depictions opposite.
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int al41; int f(double d);

Iﬂere is a demonstration program to take the concept a step further.
Given a number, the program prints its square root, log and anti-log.
These are library functions with prototypes in <mathh>.

ﬁ double
he data structure is depicted pﬁ Hep-> ftbrary 7
here. P names an array of Lol sqrt[+h /Iimctzons
pointers { function names ) to [ljlog ("o |
library functions. 121 exp [
contains prololypes
#include < stdio.h > double sqrt (double ) ; elc.

#include < math.h >
array initialized
with function
pointers ( ie.
function names ),

void main ( void )

double r, v;
int i;

double (*P[1)() = { sgrt, log, exp };
printf ("\nEnter a + value: ");

scanf ("%Lf, &v )3 ingjgea + value:

gOr (i=0; i<3; ++i ); (;qrt))((r)) o 1.2528
r = (xP[il) (v); log/(v) then 331158
} printf ("\n%.4f", r ); (exp)(r)
}

i}he complicated declaration may be analysed in the manner shown
opposite :

double { *x P[ 1) () Mind the precedence! [] binds tighter
than *. Implied parentheses are shown

double ( » ( P[ 1)) () <kihere

This nominates an array element

The pointee of any element P[il is

double [N € > -~ o Function that returns o double.

'P is an array of pointers, each of which points to a funclion
@ having unspecified parameters D that returns a double

6: POINTERS, ARRAYS, STRINGS 89



COMPLEXQDICUARATIONS I T

4\ complex declaration is illustrated on the previous page. Here it is
again, analysed as a 'parse free':

double ( * P L 1 )C)

library 'd[:]

functions

mere is a data struclure involving arrays of pointers to arrays:

P
Q
fol (¢1] @
[11 [11] @~
[21 [21[ &~
3l [3a1]
[41 [41f |
[5] [51r_
[el
[ﬂj
S 29I
(110 @
[o1 [21] 999
irreguiar L1l ~
tree/ [2] AN w
[3l
[el{ ¢
[1i11 @

l’_l}he demonstration program opposite shows how such a structure may
be set up; first by declaring the arrays, then by linking pointers to
addresses. The structure may be described by analogy with a tree having
a root, branches and leaves.

?he program shows how to access a particular leaf from each junction
on the path from the root. Notice how the expressions for access suggest
and reflect the array declarations.
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(" #include < stdioh > ‘
void main ( void ) '/ sizes Of all arrays must
{ iniltalizes, be specified or implied by
ulel, vIl=1{0, 0,901} wl2]; imitializer
( *xr[81) [1, ( s[4l ) [1;
int g * ( xale] ) [1) [1;
*

G NG DEIDEIDEIE

P =28a;

algl = &r;
altl = &s;
r[g] = &u;
r[t] = &v;
slad] = aw;
printf ("\n%i",
printf ("\n%i",
printf ("\n%i",
printf ("\n%1",

it (x (x(x p) [I)[1)I[1;
T

p is an
unadorned
pointer (o. .,

an array
of pointers
l...

ofa;;?gtsers for a ‘regqular tree’ you would
... specify the size of array at
each level, eg.

int (x(x(xp)[8D[eDl1o};

arrays
of int

ﬂn the expressions for access to the same leaf { which mirror the
declarations of pointer vectors ) clmb back from leaf to root by
replacing each local array name with the pointee from the previous level
For example, both v and r[i] point to the same place, so replace v with
the pointee of r[tl Follow this on the diagram apposite:

/ replace v_with (*rl1] 5
replace r with (*ald],
"\n%i", v [2] o~

printf ( replace”a with (*p) } )
printf ("\n%i", ( *r[1]1) [2 4 s
printf ("\n%i", ( * ( *ala17) [1]1) [2] ¥
printf ("\n%i", (x (* (*xp ) [8]1)[1]1) [21 )
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m THE USUAL FORM OF A CHARACTER ARRAY

mere is an array of characters initialized from a list of character
constants :

char Disco [ ] = {- ,P', 'O,, rp:’ [ v’ '21, :¢1 } :

. hen working with character arrays
D‘$°°m “WIS useful 'gg oppend an exira Y

{1 element to mark the end of the

12l array. Advantages of this approach

%ﬂ are demonsirated at length later.

4

5] What character do we use for the

marker?
Peap

L'l_jho appreciate the problem, consider how [o1]8s a;;a;qf
characters are represented inside the Disco 111
computer. Many implementations represent [21{1124 ‘0‘;" for,
characters by their ASCII codes. { I have 31 324 s
shown ASCII codes as decimal numbers; sl

the computer would store them as binary

5
numbers. i

9fhe answer is to use zero for the marker, not "0’ ({ which has an ASCII
code of 48 ) but an internal code of zero. Use the escape sequence \@
to represent the internal code of zero.

char Disco [ 1={ P, o, 'p, ", "2, 'd,\d 1;

Disco‘j\4
(o1} 80

&ﬁ array of characters terminated

¢ WIP} by a zero marker is called a string
[ ol Cor string array ).
[z] [2a{p
insicle (3] & l‘l_jo initialize a string, C offers the
picture [4] {2 | following short cuk
[51 (53 @ | 2
[el I61{\ |

char Disco [,1 = "Pop 28" ; l

\@ appended
automalically

lﬁhhe zero marker is included in the count. The same result would be got

from char Disco[7] = "Pop 24". But char Discols] = "Pop 24" is an

error, a likely result being the loss of the zero marker.

Disco[181="Pop 24" would create a siring with zeros in the exira elements:
[¢1 T13 21 [31 [4] [sl [e6l [71 [8] [9]

Discole—[PJo[p ]| [2]8 | vw]w][w]hsl
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ISTRINCFARRAYS PONTER IS A CONSTANT ;
STRING 15 MALLEABLE

char Disco [ ] = "Pop 24" ;

67 141 [27 [3] 4] (51 [6]

Disco W lolp] J2]o[\d]

x pointer
constant }7 ou may not assign to a constant:

@ut you may change the contents of elements in the array provided you
do not try to extend it

Disco [8] = 'T';

Disco [t] += A" - 'a; 161 011 121 [3] [4] [s] Tel

Disco [2] += A" - 'a’; [TIolp T l2]e \e|
Drograms which manipulate sirings typically declare a set of siring
arrays, each of adequate length. An example is :

Lchar r[st], s[st], tist],

i ettt et el

Disco = p;

where the siring currently in each array may grow to a length of 8d
characters § and i#s terminating \@ ).

[#1 [1112] [31 [4] [5] 16] (861
r[efTIoIP] J2ld]v]¢ JI 1
- < reservea’mﬁ >

STRINCRPOIRTERS PONTERS VARUBLE ;
ANY STRING IS CONSTANT
char *p, *q, *Gig = " TUNE" <%y string pointers
int to characters
e
constant string

g Co—"T7TU N [E NI}

@fhough you may find it possible to alter a string constant Q eg.
Gigl21 = 'O’ to change " Tf)?iE" to " TONE" )) the outcome would be

undefined. \}%»

@ut you may freely assign pointers {including pointers to constant stringsb
to pointer variables:

p = Gigs j [67 T11 121 [3] 4] [51 [6]
Gig = Disco; P Tlo[p J2]o]N\d]
Disco! : '
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PRINTINCESTRIAC.S

&\ call to the printf () function { defined in <stdioh> ) takes the form:

printf ( string =, _expression , )
A N

7

ﬁhhe string contains as many descriplors as there are expressions
following. So far we have met %i, %f, %c.. There is aiso %s for the

substitution of a string defined by its pomier
printf ( "%s TO %s", p, Gig ); lTUNE TO TOP 20 ;

&l examples of prinlf have so Far shown string as a lteral string { in
other words in quotes ). But wherever a string is demanded, you may
provide either a literal string or a pointer to a string. There should be a
zero marker at the end of the siring.

?

printf ( Gig );
printf ( pg);

[» TOP 20 TUNE

CAREFUL!
if Gig or p contained %,
printf would look for an extra
argument to match each %

IRACCEDYARRAYS NO NEED FOR EVERY ROW
TO BE THE SAME LENGTH

ﬂt is sometimes useful to store a set of consfant strings such as names
" ”

of days of the week { "Monday", "Tuesday",...) or error messages
addressed to the user of your program:

void ErrCode ( int n )
f
?atic char *Mess[] =
"Bug R
"Should be greater than "
"Too many sides",
"Unrecognized code"
int s = sizeof Mess[] / sizeof Mess[e’] - 13
n=(n>s||n<¢) 2
i printf ("Error No. %i: %s 1" , n, Mess[n] s

Blujg v

[Slhlofu]1]d] [ble] [g]r]e[o]t[e]r[ [t[h[a]r] [1[¥]
[Tlo[o] Imlaln[y] Js[i|dle[s]¢]

Blnirielcolg nlijzleld] |clo|dle]™]
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CATERING FOR OPTIONS
WHEN YU RUN THE PROGRAM

f;-;(hhe way to set a C program running depends on the implementation.
ypically you type a command nominating the file in which the executable
program is stored, then press Return.

f MIMIC

ﬂ program may be written that demands @ or will accept as an option D

exira informatlion in the command line:
commarnd
MIMIC Caps tabs ‘%\Zz:)

'i}he manual that explains how to use such a program might define the
allowable command line by a syntax diagram like this:

MIMIC TCAPS j 4
L/C —j LTABS

‘ﬁihe opfions are automatically handed to function main() provided that
you give main() two paramelers: the first is of type int, the second is
an array of pointers to char. Conventionally these are called argc and
argv[1 respectively:

[\{/o}['main ( int arge, char x argv [ 1)

ﬁhe processor parses the command line into strings, recording their
number (f at least one )) in argc, and selting up a pointer vector <z
terminated by NULL <> as depicted below:

£ MIMIC_ Caps tabs £
arge[1] argv [3]  arge[2] argviy] arge
£e1 e Lol o] Lol s—>{E:\MIMIC V]
ripe | ES\MIMICVY [17] &~ [11 e
r21 [21 =
[31[\ |

mere is a program that fists the arguments corresponding to ils
command-line parameters, excluding the name of the program file:

# include < stdioh >
to list the full command
line, change --argc o
arge-- and change
*+targy. lo xargvt+

void main ( int arge, char * argv [ 1)

while ( — argc )
printf ("%s\n", * ++ argv ); {
ﬁ’IIMIC Irish? No, I can't.

} (’ Irish?

No,
I

the pointee of the
augmented arge
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PARAMETERICOVATINC TRRNND)

ﬁ'he printf () function is defined in Chapter 7 as foliows:

int printf ( const char *, ... );
First Yol L the ellipsis” denoles an
parameter unspecified mumber of
a, string arguments

Bxamples of invocations (f each with a different number of arguments )
are:

printf ( ™\nThere are %i lumps weighing %f grams", n, w );

% says the
Arst argument
will be an int

%f says the second
argument will be in
Aoating form

parameters for
the wo extra
arguments expeclea

printf ( "\nAnswer is %i", count );

NG——4 one exira argument
expected

27 ou can write functions such as this, in which there is at least one fixed
argument followed by an unspecified number of exira arguments. The
header file <stdargh> defines a tool kit for relrieving the exira
arguments. The tools are described below:

#include < stdargh >

L name of
va_list ap3 a pointer) B'irst declare a pointer to the
list of exira arguments
N2 special pointer type
va_start ( ap, n ) ; .@lace this ahead of your first

use of va_arg()

<£:]@|ace this below your last use

of va_arg()

4:# [Place any number of these

between va_start() and

Wype-mame describing va_end(). Each invocation of

the type of argument va_arg() returns the next

expected next extra argument and treats it as

may not be char, having the fpe you specify.

< (unsigned char, or float
S - - v -

next extra
argument,
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[Here is a function to compute the arithmetic mean of ils exira
parameters. It has only one fixed parameter, and that is to convey the
number of exira arguments you supply: :

#include < stdargh > <Ehprototypes of va_arg () et.
#include < stdio.h >
double Mean ( int Count, .. )

int n; ;

H declare ter (o,
double Sum=¢
va_list ap;

ot o Count 3 el P I e
for ( n = @; n<Count; ++n )

Sum += va_arg { ap, double ); < E:Apick up each extra argument in
va_end (ap); turn - treating it as a double
return Sum / Count;

i

}

mere is a test-bed for the function. It is tested on four, two and one
exira arguments respectively;

}roid main ( void )

argument for
/ Axed parameler,

printf ("\n\n%f", Mean(4, 15, 2.4, 36, 2.8 ) );
printf ("\n%f", Mean(2, 12, 3.6) );
printf ("\n%f", Mean(t, 6.7) );

2.575000
2.400000
6.700000

@y now you should have spotted a fundamental weakness in the
argument-relrieval scheme: you mave to tell the furction how many extra
arguments lo_expect, and what the type of each will be. There is no
equivalent of the 'argc’ and 'argy’ parameters of function main().

‘Ehere are three distinct ways of teling the funclion how may. extra
arguments to expect:

« As in the example above, use one of the fixed parameters as a
counler; or

+ Let the final extra argument act as a marker. For example, if all argu-
ments should be positive numbers, terminate the argument list with -1 and
walch for this signal when reading them with va_arg(); or

e Use the idea found in printf (), scanf (), e a. The last fixed
parameter is a string; each occurrence of % in the siring signifies
the expectation of a corresponding extra argument in the list that
follows. Furthermore, the style code ( %i, %f, %s etc.) tells what fpe
the expected argument should be. You can handle a range of
distinct types with a switch statement having a different va_arg()
for each case.
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STRINCYVTILITIES Fodde
FOR MANIPULATING STRINGS

aé\uch of programming is concerned with strings. The ANSI C lbrary

offers about thirty string-handling functions that cover everything one

would want to do. Here we develop a similar, but smaller, set of

functions which nevertheless covers most of whal one needs. Some

resemble functions in the fibrary, others are_different (f particularly the
one for reading sirings from the keyboard ) .

mm 4340 :2{») int KeySiring ( char *, int(), int );

J

ﬁhis is a function for reading J  Janette 3.5
strings typed at the keyboard.

[@¢1 14D 121 [33 [42 repgl

KeyString ( ps, Spaces, 4 ); = ’"“'"“‘_’_.ZD
- ps[e}—»{JT o nle [W[{ I

Which serves to read and PSE_“"{ 3].15 I\M ‘_‘_‘_‘_‘_{L__"]

ignore leacﬁné; spaces, then to
read up to four characters into the array pointed to by ps, then to
read and ignore any remaining characters in that siring ( eg. 'tte’ in
Janette’ )) .

& example of a call is:

trings typed at the keyboard may be terminated in the usual wa
whitespace )} or by any otter ctaracters you care to list. Name a function
and list your selection. For example:

= e

int Punctuators ( char t )

return (t=="\t') + (t=="") + (t=="\n') + (t=="3");

ifhe above causes termination on tab, space, new line, semicolon. The
function below terminates the item on reading a space or new line only.

i{rt Spaces ( char t )

return (t=="") + (t=="\n");

—

"l_j‘-‘he third function ( below ) terminates the item on reading new line
only. In other words it gets the next line of input:

int Lines ( char t )
i return (t=="\n');

ﬁ‘he first parameter of KeyString() points to the array into which the
siring from the keyboard buffer is to go, the second nominates the
termination function, the third specifies the maximum 'number of characters
to be stored in the receiving array ( the 'significant’ characters )

e —,
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/* READ NEXT STRING FROM KEYS */

int KeyString ( char *p, int TermFunc(char), int length )
char x*s; erroneous —pelc(stdin) is the

if ( length < 1) e
retn 1; / same as c=getchar( ),
s = p + length - {3

‘constant in
stdio.fr signals
end of Rle

while ( TermFunc ( c=getc( stdin ) ) && c != EOF)

; to i e ) to
ungefc( ¢, stdin ); b return ¢ input for next getc() read
while ( ! TermFunc ( c=getc( stdin ) ) && c != EOF)

if(p<s) refurn FOF signal

*p++ = C3 f . 3
*p = ng's if end of Rle

return (c’ == EOF) 7 EOF : @;
) T

‘Ewo features of this function need clarification:

 ungetc() causes the nominated character to be 'pushed back' on the
nomi?gded stream ( in this case stdin )) to be picked up by the next
getc ().

« EOF is a constant defined in <stdio.h> ({ in several processors it
takes the value -t ). EOF is what you get if you read when there is
nothing more on the input stream to be read. With every processor
there is a way of sending EOF from the keyboard. With DOS systems
you hold down Cirl and press Z. Consult your particular manual on
what to press.

@elow is a little test bed for demonstrating the KeyString() function. To
try the test bed, run it and type:

7,
A

Note; This function is useful!

and press Return. rx TEST BED FOR KeyString */
#include < stdio.h >
ﬁhe screen responds: int KeySiring ( char, int () (), int );

int Punctuators ( char );
void main ( void )

int i3
char String [ 81 1;
while ( 1 ?

i=KeySiring ( String, Punctuators,4);
printf ("\n%s", Skring );
if (i== EOF )

break ;

ﬁ‘ype other sentences. 1 )
o ; pend KeyString (), and
Finish with EOF. il o ad A )

6: POINTERS, ARRAYS, STRINGS 99




IWHATIKINDJOFACHARACTER S

lﬁhe following two functions work for ASCII code in which letters are
numbered contiguously. EBCDIC code would require some complication.
B R

/x NOT FOR EBCDIC: Returns 1 if c is a capital, otherwise 8 */
?t IsCap { char ¢ )

return ¢ >= A" a& ¢c <= 'Z' ;

/* NOT FOR EBCDIC: Returns t if ¢ is a letter, otherwise @ */
int IsLetter ( char ¢ )

return IsCap(c) || ( ¢ >= 'a’ 8& c <= 2’ );
L

ﬁhe next two functions work for any code. For IsVowel() a static
array is initialized at compile time and scanned on each call.

f/* ANY CODE: Returns t if ¢ is a vowel, otherwise ¢ */
int IsVowel ( char ¢ )

static char v [ 1 = "EeAaliOoUu";

char*p, B
R S 5D

while ( «pTas (xp = c D)

ceturn ¥p == c; Vo SEER IR uuhd
} te1 161

/* ANY CODE: Returns 1 if c is a digil, otherwise ¢ =/
i{nt IsDigit { char c )

) SRR afglt&'d/‘e
relurn ¢ >= ¢ && ¢ <= 9 ; conliguous in

all codes

HOWALORC.JISYARSTRINC.B2; LEWGTH EXCLUDING THE NULL

'7]‘0 compute the length of a siring, take a copy of its pointer. Then
increment the pointer, stopping when its pointee is \@ { false D The
length of string, excluding the \@ element, is 1 less than the difference
between the augmented and original pointers.

int Stringlen ( char * p )
i ) P ETIITN
char * q = ‘”al vy

while ( * p ++ ) [67 111 £21 133 143

Py
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CRALT SELES copy au. coer 4 pu
COPY & CONCATENATE

ﬂF you want q to point to the siring pointed to by p, simply copy

pointers thus: q = p . But sometimes copying pointers will not do; you
have to copy a siring, element by element, to another location. To do
this, copy the pointee of p to the pointee of g, then increment both q

and p, stopping when the pointee of p is "\d. TN~
i L¢y 141 2] (314
\{/oid StringCopy ( char * p, char * g ) p
Y
Rezge sy N B
is copied to »g e ujy
r— - A

void StringCopy ( char * p, char * q )

&d here is an even
++ = x p ++ ) 3

more terse version: 2 ; while ( * q
mull
e -

'ﬁihe next function copies part of a sltring. You give the position of the
starting character and the number of characters to be copied to the new

location.
—

\{/oid Middle ( chor * n, char * p, int Start, int Span )

conditions (o
int L = Stringlen ( p ) ; N be met
if (Start>=¢@ &a& Start<L && Span>@ )

if ( Start+Span > L ) g4 if Span overlaps end of,
Span = Ea— Start; 4"
g - [93 [1] [23[31

*(n+Span) = \¢@ ;
while ( Span - ) n E—’

x(n+Span) = x(p+Start+Span); S Start =4
(}alse [¢1 14 12 [3] 147 [5) I61L7) [B]
*xn="\¢d ; PE’—_’LTIBJCIR[XIWZNWJ

} -] Span=3 |e

e

'ﬁ‘he final copying utiity copies two sirings, locating them end to end as
a new siring. A typical call is Concat (N, L, R); the only overlapping
allowed is Concat (L, L, R). Either original siring ‘may be empty.

rvoid Concat { char * new, char * left, char * right )

. ert —>{alBlc ]
if ( x left )
{ right [=F—>{d Te [F[o M|
while { * new ++ = * left ++ )
A back —
new — T Voo new [o>a [b]cTd[e]f Jg [\

while ( * new ++ = x right ++ )

.
’

} —
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CLRRLE SILE o T AT

When comparing strings, is "Twine" equal to "twine” ? And do we want
to test for equality or for relative ordering ? The function Compare()
offers parameters by which to specify both such requirements.

ﬁo make the parameters meaningful, create two 4pes: enum Mode and
enum Logic, by the following declarations:

afF A azA

enum Mode { Distinct, Equiv };
enum Logic { eg, ne, gl ge L, te};

1N,

A&\ call to Compare () might be:

[gk = Compare ( p, eq, q, Equiv )

Which sets Ok to 1 if slrings p and q are equal on the assumption that
upper and corresponding lower-case lelters are equivalent:

EOk = Compare ( ps, gt, "Wikins", Equiv ) ;

Ehe above would set Ok to 1 if the siring pointed to by ps is to be
placed above "Wikins" in a sorted list like a telephone directory.

ﬁhe function assumes 'a’ < b’ < )
‘c elc. and distinguishes strings on P Jiofnije [s |\d
their first non-maltching character.

Thus "Jones" is greater than [F—{TTotan] Is @
"Joan's” because n' > 'a’. Also, 9 M I RAEIN]
"io" is less than "Joan's" because

g’ < 'a\

Dunctuation marks and other characters are ordered according to their
internal codes. In ASCII, for example, an apostrophe is less than a full
stop, so "X's" precedes "X.s" in a sorted list. One would expect
"Buzz9" to precede "Buzzig" but the criterion is the first non-matching
character; 9 is greater than t so "Buzzig" precedes "Buzzs" in the
sorted list ( not nice )

i_—\"o handle case distinction or equivalence we call on the function Uc()
shown below:

7 NOT FOR EBCDIC: Returns upper case equivalent of c s
/ if cis a lower case and letter and if Mode is Equiv /* .

e
t{:har Uc ( char ¢, {enum Mode ;M )‘

return (M ez (c> 2" )ea(c<="2))2c+ A -"a:
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/¥ Compare two sirings for equality (8), non-equality (1), etc. */
rx with Equiv case (8) or Distinct case (1 */

int Compare (char *p, enum Logic L, char *q, enum Mode M)
{ S T 5 (it o g

L %= 63 .
while (*p && *q && (Uc(*p,M)==Uc(*q,M)) )
P+, g++;
?witch(L)
case @: return * p == xq;
case 1: return *p != xq; 4”3
case 2t return Uc(x p, M) > Uc(xq, M);
case 3 return Uc(* p, M) >= Uc(xq, M);
case 4: return Uc(*p, M) < Uc(xq, M); <F@
; case 5 return Uc(* p, M) <= Uc(xq, M); <@
return ¢@;

}

Ehe second comparing function finds the first occurrence of a short
string in a long shring. If a match s found, the funclion returns a pointer
to the starting character of the malching portion in the long string.

returns [E\ plety st position
an c?gnmf;f: o ZO%?_L'he £01 111123 131 [4] 1] [6] [71 (8] [9
pointer. NULL is defined in Super {c]a]c]Aa[B[A[B]A]B ]
<stdio.h >. q [éd [11 121 13} [43

sub[oF——>[A[B[A[B]V]

l'_l}he mode of comparison ( cases Distinct or cases Equiv ) may be
specified as for the Compare() function.

rx Finds first occurrence of substring in superstring */
7* Returns pointer to subsiring in superstring, or NULL */

char * Instr (char *Super, char *Sub, enum Mode M)

char *p, *q3

nt i
in =1 super
p = q + Stringlen(q) - Stringlen(Sub);
i{F (p>= q)

;vhile ( q<=p )

for (i=d; *(Sub+i &s& UC(*(CUi()'?s) b== > M ,
’ c(*(Sub +i), 3 HHi

if (;! * (Sub+i) ) return qs
++q;
.

return NULL;
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A g
BACKSLANC i A S Ay i s i iae, 44

@ackslang is a secret language spoken in boarding schools. It is suitably
incomprehensible when heard for the first time but easy to master once
gou know the grammalical rules. There are probably many dialects of
ackslang ( also called pig Latin D; this one is remembered from school
days. Each English word is folded about its first vowe! and ay is
appended { tea - eatay, tomato - omatotay ). If a word begins with a
vowel, the second vowel becomes the pivot ( item - emitay ) unless there
is no second vowel, in which case there is no fold ({ itch » itchay ). A
diphthong at the beginning of a word is trealed as a single vowel @ oi >
oilay not iloay; earwig S igearway not arwigeay ).
capital letter at the beginning of a word has to be transformed

Godfather > Odfattergay not odfatherGay ). The u ofter g demands
special treatment { Gueen > [erzguay not weenGay ). A trailing punctuation
mark has to remain trailing § Crumbs! 5 Umbscray! not Umbslcray ).

@pposife is a header file and main program for encoding a sentence
into Backslang.

When you run the program it waits for you to type a sentence and
press Return. Type:

l I This is Backslang! Can you read it? Perhaps not at first. I I

lﬁ‘he program encodes and responds with:

Isthay isay Ackslangbay! Ancay ouyay eadray itay? Erhapspay

otnay atay irstfay.

?ype another sentence and press Return until fed up with it. Stop
after space or new line ) by holding down Cirl and pressing Z ( or
whatever you do to send EOF from your keyboard ) then press Return.

ﬁ‘here are checks this program fails to moke. Numbers are not respected
at all: 356 comes out as 35ay6 { can you see why? ). Punctuation marks
are catered for only at the end of a word ( Backslang! comes out as
Ackslangbay! )); a punctuation mark in front of or inside a word is
treated as if it were a consonant { "Think" becomes ink"Thay" and Joan's
becomes Oans’jay ). And a sentence can only be as long as the
keyboard buffer. :

Qevertheless this small program does illustrate string manipulation using a

ibrary’ of simple home-made functions % and it's more fun than the
usual examples in text books, like counting lines and occurrences of words.
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/x Header file, STRINGYH, declaring siring facilities */
#include < stdio.h >

enum Mode { Distinct, Equiv };

enum Logic { eq, ne, gt, ge, I, ;

void Middle (char *, char x, mt, mtj

char Uc (char, enum Mode );

int Compare (char *, enum Logic, char %, enum Mode );
void Concat (char x, char x, char *);

int Stringlen (char *)

char * Instr (char *, char *, enum Mode);

int KeyString ( char *, int (*) (), int);

int Lines (char

int Spaces (char)

int Punctuators (char);

void StrCopy (char ¥, char *);
int IsDigit char

int IsVowel (char')

int IsCap (char);

int Istetter (char);

containing all the
string ulilities
described.

W
Backslang
/+ Enigma_encoder, English >>> Backslang */ encoder
H"

#include " STRINGY.
void main ( void )

char pl2d], forel4d], oft[48], PuncMk, * Qu;
int Cap, Length, i ;

\{while (KeyString (p, Puncluators, 15) !'= EOF)

Length = Stringten(p); for stort worgs, simply
if (Length <= 2) N / append "oy

Concat (p, p, "ay");
else if first letter is capital, mart Cap
{ é true, set letter to lower case

if ( Cap = IsCap (*p) )

Puncl"{li = *( + Len th -1 );
iF (! IsLeH‘er (PuncMk) )

pick up last character,

I.lf{tismta/etler
shorten stnng by 1

*( P + —-length) = NULL; A if stnry contatns "qu”
if ( Qu = Instr ( p, ! u", Equiv ) ) replace 7"

*(Qu +1) = q 9 <7 by q

= IsVowel (*p) ? 27 5 <)

For ( ;! IsVowe! ( *(p+|) ) && i < Length; ++i )
3 N~Imove { to Arst vowel peyond 4

0 s 1) - A B

Middle ( fore, p, i, Length-1 s ot port ot Fret part o
Micidle ¢ o B 8. F)) o AN
oncat P, ore, at
Concat § P, ay” g
if (!IsLetter (Punch )

Concat ( p, p, &Punch ),
if (Cap &, Is eHer xp )

*p += - Cl H “
iF the original word was
'y capttalized corwert Ist lelter
prth (" As Y o eopttel

if the original word
ena@d in somelfiing otfer

}
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EXERCISES

ﬂ When the price of an article includes vale-added tax, book
keepers have to break down the price into net cost and amount of
tax. Write a function having four arguments: inclusive price,
percentage rate of tax, pointer to location for storing net cost,
pointer to location for storing amount of tax. The function should
return ¢ if successful, otherwise a non-zero value. An example call
might be: n = VAT( 23.95, 17.5, &Cost, aTax )

8 Qonvert the sorting program on Page 83 so that it soris words
rather than single letters. This exercise involves handiing strings. To
read the words, use KezS!ring() defined on Page 9g. Set up a
two-dimensional array of characters for storing the words by rows,
each row terminated with 8. To compare words, use Compare()

{ defined on page 183 ) with Mode set to Equiv.

3 4&1 exercise with pointers fo funclions. Recast the areas program
on Page 55 to comprise a main program and three functions, each
of which returns an area. Function Rectangle() reads two values
from the keyboard, Triangle() reads three, Circle() reads only
one. The main program reads a letter, R, T or C. It then calls the
associated funclion and displays the value relurned. Don't use a
switch statement; set up an array of pointers to functions as shown
on Page 8s.

@ i}he declaration int * x() declares a_ function returning a pointer
to int. The declaration double {(x(*z)[1)[] declares a pointer to
an array of pointers to arrays of double. What does the declaration
long int (*(*z[1)[1)() declare?

Tackle it verbally, or draw a parse tree, or depict the data
structure with boxes and arrows. @ In the second edition of
Kernighan & Rilchie < see Bibliography = are functions for
consiructing and unraveling complex declarations awtomatically.))

8 @age 184 Jists some deficiencies of the Backslang program. Improve
the program accordingly, making it respect numbers and all usual
punctuation marks.
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7
INPUTMOVIFVT

ql,—lihis chapter explains how to handle input and output, both
on the standard streams « stdin, stdout, stdeer and on
streams connected to files. The chapter explains how to
open such streams and creale files on the disk.

‘Ehe chapter begins with the input and output of single
characters using library funclions already introduced

@ gete(), ungetc(), putc()) . Related functions are
described ({ fgetc(), f%‘utc() and getchar(), putchar()).

‘Ehe mysterious format sirings used in scanf() and prinif()
are at lost fully described.

gh*eams are explained, and how lo open and close them.
Also how to rewind, remove and rename files. These
techniques are illusirated by an example of a simple utility
for concatenating files under keyboard control

lﬁihe use of temporary files is explained.
rf'inally, binary Ales are introduced and random access

explained. These subjects are illustrated by an example of
a rudimentary data bose.



OAEJCHARACTER e o A ST,

ﬂnpuf and output of a single character has akeady been introduced
informally. The most common library functions are explained on this
double page. Al are defined and summarized in Chapter 14.

CETy

int fgetc ( FILE *x s ) ;
int getc ( FLE x 5 ) ;
int getchar ( void ) ;

LA )

P
macro, based on

foele ()

24 macro equivalent
lo getce?sfafn J

Ch = getchar ();

Bach of these ‘get’ functions returns the code value of the next
character waiting in the stream buffer, or EOF if the buffer is empty.

ﬂ typical strean? is stdin. This stream is automatically connected to the
keyboard buffer. You may, however, nominate any input stream that has
been created and connected to a file as described on Page 6. For
example :

FILE * MySiream;
MyStream = fopen ("MYFILE", "r" );
i = fgetc ( MySiream );

he relurn value, i, is of type int as shown by the prolotypes above.
he following coerces the relurn value to type char:

char ¢ ;
c = fgetc ( stdin ) ;

@ut this may cause trouble. Suppose your implementation treats type char
as a one-byle signed integer. A variable -128 > +127

of this kind can store any ASCII /I
character ( value 8 to 127 ) but cannot
properly handle characters with values 7 82t

128 to 255 because these would demoand a 1 as bit 7. This is the sign bit;
selting it to 1 would make the varioble negative.

Some C compilers offer a global 'switch’ by which to change the
interpretation of type char to a one-byte wnsigned integer, allowin
correct interpretation of character values in the range @ to 255 ({ typical
of a personal computer ). But for the sake of portability it is wise o
leave this switch alone and to treat characters as type int in all input
operations.
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@SI C has faciliies for handling characters that need more than eight
bits to encode them. They are called ‘multi-byte characters. The Kanji
alphabet illustrates a typical requirement for multi-byte characters. This
book does not deai specifically with them.

int fputc ( int ¢, FLE * s ); z
int putc ¢ int ¢, FILE * s ); “

int putchar ( int ¢ ); miacro ?uz'ya/ent
putc (¢,

ke (Lt

Bdch of these 'put’ functions places the character corresponding to code
¢ onto the nominated stream. Each function returns ¢ if successful,
otherwise EOF.

"l?ypical streams are stdout or stderr. Other sireams may be nominated
and connected to files as described on Page t16. For example:

FILE * YrStream;
YrStream = fopen ( "YRFLE", "w" );

——

he first parameter is of type int, implying that if you provide a vale
of type char, the value will be promoted to type int before transmission.

fputc ( ¥, YrStream );

fputc ( 241, YrStream );
Ok outside ASCII char range 4

int ungetc ( int ¢, FILE * 5 );

char Ch;
ungetc ( Ch, stdin) ;

lﬁhe function puts any character ¢ on the front of the nominated input
stream such that the next fgetc() ( or getc() ) to nominate the same
streom will pick up character c.

li}his function is intended for use in cases where you cannot know if
you have finished reading one item untii you have read the first
character of the next. You can then ‘push back’ this character, making the
keyboard buffer appear as though the character had never been read
from its stream. See the example on Page 99.

[Don't try to 'push’ any more than ore character on the front of a
stream. The function returns EOF if unsuccessful.
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m lm int fprintf (FILE x, const charx, ...);

"l_jhis double page defines Fprintf() which sends formatted output to a
nominated stream. The 'specifiers’ needed are common to all lbrary
functions having the letters 'prinlf’ in their name: printf (), sprintf () efc.

FprintF( ., " \oN = %i A = %62f", , )

destination stream \ format / k argumert
e.g. siderr "string”

for each %

% o |digit| .|digit] |L 1«

ARG RN
+ * * h [o}
# X

- fg e|w

§ o f |l

@ > 9 g\":

p ) S oy 2 S Q

8 ¥ 3 8 ® |°|3

N ¥ ¥ & Y z&

Ignore if + is also present, otherwise precede a negative
number with a minus sign, a non-negative number with a

space.
- Left justify, then pad rightwards with spaces ( absence of a

§ minus sign means right justify and pad to the left )
+ Precede the number with + or -
* Print values coded e, f, g with at least one decimal place

@ eg. 80 ) Prefix ¢x to values coded as style x; prefix 8
to values coded as slyle o.

leading Print a leading zero { but ignore this flag if a minus flag is
also present )

-wiath Minimum field width expressed as digits, eg. 12 { wider values
are not constrained to this width )

* Signifies that width is specified by an int argument preceding

the argument that provides the value to be printed. The
following program displays one cycle of a sine curve:
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Finclude < stdio.h >
#include < mathh ; %
void main ( void
{ SH

int i; scaled
double rad = 3.141593 / 184 sine
for ((i=@; i<=3608; i+=20 )

Fprintf ( stdout, "\n% xc", (inb) (sin(ixrad)*35+48), '+ );

precision  Number of places after the decimal point expressed as digits;
eg. 2. In the case of a siring, precision expresses the
maximum number of characters to be printed. The asterisk
works in the same way for precision as it does for width

length The type of each numerical argument must be compalible
with its associated style code, optionally modified by h, L or
L, as defined in the following table. eg. Le signifies a long
double to be printed in scientific format.

codk (stye) | unmodified | h L L
d, i, n int short int long int -
e, f, g double - - long
double
o, u, X int unsigned unsigned -
short int long int

i, d Decimal integer eg -123

u Decimal integer, unsigned eg. 123

o) Octal integer, unsigned eg. 777 ( 175 decimal )
x Hex integer, unsigned eg. 1a ({ 26 decimal )

e Scientific format eg. -1.23edd2

f Decimal number eg. -123.45

g
X

’&\ In style e or f, whichever is the shorter

@ £,6 These specify the same forms as x, e, g respectively, but

© ony letters involved are printed in capitals d if code x

3 produced ff2a, code X would produce FF2A )

S ¢ Single character
s The associated argument points to a siring. Print the entire

siring, extending field width qF necessary D to accommodate.

n The associated argument points to an int variable to which

the current count of printed characters is sent:

int m;
fprintf ( stdout, "123456%n", &m ); -
fprintf ( stdout, "=%i", m );

lﬁihe sequence of arguments must malch precisely the sequence of
specifiers in the siring. When the type of an argument fails to maltch its
associated specifier the result is either crazy or non-existent.
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char * gets ( char * ) ;

int sscanf ( const char *, const char *,...);
Bxamples in this book show input from the keyboard via scanf(). That is
not a practical way to read data. If the item you type on the keyboard
does not match precisely what scanf () has been told to expect, scanf ()
evokes mayhem by ignoring the item. So if you really need the extensive
scanning focilities offered Fy scanf () it pays to use them under control

ol

of sscanf () { string scan format ) as described below. Do not use
scanf () for practical programs.

9% use sscanf() with kezboard data, first input a fine as a string. The
easiest way to do this is by gets() { get string ). Use fflush(stdin) to
flush the keyboard buffer. Its prototype is in <stdio.h>.

{ 1

char p[ 88 1;
fflush ( stdin ) 3 T 42

appended
Tel [11 [2]1[3] I4 7913

plod—{T] Tal2a [ 3 |

B'uncﬁon gets (), when called, reads from the keyboard buffer into the
string pointed to by the nominated pointer { p in the example shown
Reading terminates on new line, but the new-line character itself is ot
stored with the string. '\@' is automalically appended.

ﬂt is up to you to make the siring buffer long enough ( typically 84 hY

mow scan the siring using sscanf (). If things go wrong you can scan
again and again.

& Nmbr ) ;

% ", & Chr ,

£OF if p points
to NULL

P L]
Chr

Write nothing in the format siring except
spaces and tabs ( which are ignored )
and specifiers. Other characters in the
format string would be expected to malch
corresponding characters of the input
string 52 and Murphy's Law says they
wouldn't.

”
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skip

width
(max)

pointer

length

code (style)

ef.g
Uw,0,X

[g]

]

[ specifiery % » gt |F] |n i
‘ ) N l d
L o
u
X
3 e 1
£ s
8 c
¥ % R 3

AA TR A A

The characters associated with a 'skip’ specifier are read from
the keyboard buffer, interpreted according to the specifier,
then discarded { %*i as the first specifier would cause the
first tem from the keyboard to be trealed as an integer, then
skipped )

You may specify a field width beyond which the next specifier
takes over ( 456 processed by %2i would be int 45, leaving 6
to be resolved by the next specifier in the siring )).

The F or N signifies a 'Far’ or 'Near' pointer to override the
default format. { This is a matter of particular implementations
and is beyond the scope of this book. })

The input siring is encoded according to its associated lefter,
optionally modified by h, L or L, and coerced to the type of
the receiving variable as tabulated below ( eg. hi = short int J:

basic length modifier

code | upmodified | h l L
d,i,n jint short int long int -
e,f,g |float - double long double
o,u,x |unsigned int | unsigned int unsigned long | -

Decimal integer eg. -78

Integer: decimal eg. -78; oclal eg. &#77; hex eg. éxia
Decimal number eg. 8, -12.3, +L2E-6

Unsigned decimal, octal, hex integer respeclively

%6c reads next 6 characters { including whitespace ) and
stores them as an array from the given address. \&' is not
appended. %c implies %1{c.

%7s reads non-whitespace characters sequentially and srores
them as a shring from the given address. The siring is
terminated by \@' on meeling a whitespace character or
achieving the count, whichever happens first. %s implies %bigs
where big is a large number, implementation dependent.

Integer count of successfully read characters prior to meeling
%en.
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m TO USE WHERE sscanf()
IS UNNECESSARILY CLUMSY

@sing gets() and scanf() is a clumsy way to handle keyboard input if

your need is fo read only simple numbers and words. How often do you

need fo read nt_,(mbers in scientific format? Or in octal or hex? If the
answer is 'Often!’ use sscanf (). Otherwise read on.

Decide what characters are to behave as terminators. Typically these are
space, tab and new lne, but you might wish to add comma, colon,
semicolon. 1t depends on the kind of program you are wriﬁn%. Specify
Zour chosen terminators in a funcltion having the form described on

age 98. Assume the one called Punctuators() for the example opposite.

[n your program, get the next item by a call to GetNext(). It does not
mater what sort of value you expect; the person at the keyboard may
have typed it wrongly anzway; you simply cannot know what you may
get and have to deal with.

mow consult the return value of GetNext. This value lells you whal was
found in the keyboard buffer as far as the next terminator:

g: neither number nor name 1: o whole number
2: a decimal number 3: a name

@ 'name’ is here defined as a siring of letters { and optionally digits )
that starts with a letter. Underscore is not included; modify IsLeHer(g on
Page 19¢ if you want it to be.

4\ numerical result is stored in a variable of type double.

i=GelNext (p, &m);

whal it found:
2 = not number,

address of address of a

or name where you want double fo fold
1 = inleger the input string value if

2 = real teld numerical

3 = name

£OF = error,

&suming comma and space to be
terminators, five calls to this line -1234, -1234.0, H2S04 Med$, 2B||!2B
would produce results as follows:

1 m

1 -1234.000000 .

2 ;:;Zgggm A call to GetNext() says:

3 y Get the next item from the
'] Mesg 2.080000 b fow hat kind
g  2B}|12B 2. 000000 keyboard and s me what kin

of ttem it is
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Cint GetNext ( char *p, double #n )
{ .

int Status;

double Frac = ¢; the four possible
char Sign, *r; A

enum { siring, integer, decimal, name };

Status = KeySiring ( p, Punctuators, 15); -

s{f ( Status = EOF ) V-..‘
Sign = (xp == "+ || xp == =) 27 xp: NULL;
ey

for ( r - Sign ? p+i: p; IsDigit(*r): ++r)

1

*n = *xn * i@ + (*xr - 3
ORI OT Sga Mo i)

for ( ++r , Frac=1; IsDigit ( *r ) ; ++r
 ( *n 4= ()*r - '8) /( Frac *= 18 );
if ( Sign == "'

(*n) *= —-10; \
if ( 1*r )

Status = Frac ? decimal : integer;

?lse e if it starts with leller and comprises
if ( IsLetter (xp) ) ol s & gl

while ( IsLetter(xp) || IsDigit (xp) )
++p 3
Status = !xp ? name : siring;

return Status;

@elow is a driving program with which to test GetNext().

#include "STR)NG)Y.H" listed on Page 185

void main( void simple driver to

{ emonsirate
char wisgl; GelNext ()
double m;
int i3
e C T oaTC
{

i = GetNext( w, &am );
if ( i( == l;OF ) break;
?witch( i) echo lo screen as a string
case 4: printf (" Name "Y; break;
case g: printf (" String  "); break;
case 1: printf (" Integer "); breok;
case 2: printf (" Decimal "); break;
; default: printf (" Chaos ");
S (" Value =%lFAn®, m )i (RSTRT the input
} line shown opposite
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STREAMSLRFILES

ifhe standard ‘streams’ are:

¢ sidin standard input stream ({ from keyboard )
* sidout standard output stream ( to screen
» stderr standard error stream { lo screen )

27 ou may define any number of other sireams connected to various
devices { such as printers and plotters ) and to ‘files’ on disk. This book
deals only with disk files. The means of attaching other devices depends
on the implementation, but the concept of a ‘siream’ remains independent
of the implementation; it should be possible to direct an input stream from
any input device, an oulput stream 1o any output device.

@m FILEx fopen ( const char %, const char x ;
FILE * freopen(const char x, const char x, FILE *

A\ stream may be opened and connected to a Ffile using fopen ().

stream = fopen ( Alename, mode ),

freopen ( Alename, mode, stream );

stream > name

'ﬁihis name nominates a siream in the same manner as
stdin nominates a stream. The name must have been
declared as a pointer to FILE, where FILE is a #&pe

q just as int is a type ) defined by C. For example:

W "name"

i}he allowable syntax of name depends on the
implementation. In DOS, for example, lower case and
corresponding upper case letters are equivalent and the
path is punctuated by backslash. Examples are:
"MYFILEDOC" and "C:\\MYDIR\\MYFLE2.DOC" ({f where \\ is
an escape sequence to represent a single \ ).

redirect from stream to flename
eg. freopen ( "PRNFILEDOC", "w", stdout )

FILE * MyStream

}? ou may express filename os a pointer to a siring. For
example, in a DOS environment: .

char *p = "C:\\MYDIR\\MY!':'ILE.DOC";

MyStream = fopen ( p, "w" ) ;
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mode ; " r b " e
’ w + > '!wb"
a * » "wb+"
27 ou may express mode as a pointer to a shring:
char * =“W+b";
MyStream = fopen ( "MYFILE", q )
mode & significance of mode symbols &
symbol .
if nominated file exists if file doesnt exist
r open file for reading error: return NULL
w open file for writing create file, and open it for
writing
a open file for appending
writing on the end )
b declares file to be 'binary' < as handled by fread() and
fwrite (), The absence of b implies a formatted text file
+ permits both reading and writing s using fseek() and ftell(),
or using fgetpos() and fsetpos(). Or just by rewind()

CLOSING

int fclose ( FILE * )

When you have finished with a file you should close it. The exit()
function demonstrated overleaf serves to close all open files when

obeyed; in such a case you do not need fclose(). The funclion returns

@ if successful, otherwise EOF.

i = fclose ( stream ) ;

REWINDIRC

vold rewind ( FILE x )

.

When a file has been written, or added to, it must be rewound before
it can be read. This can be achieved by resefting the file pointer, as

explained later, or by rewind().

]rewind ( stream ) ;

-

ﬁ}he rewind function automatically clears error indicators ( see later ).

m ' int remove ( const char * )

M ou may remove ( delete ) an existing file, but not while the Ffile is
open. Close it first. The funclion returns @ if successful, otherwise EOF.

F: remove ( "MYFILEDOC" );
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m int rename ( const char *, const char * ) ;

ﬂ\y file, open or closed, may be remamed.

X =34 i = rename ( “ELDERLY", "SENIOR" )
returns &, ~F 2\

Becagse a file name may define a path, rename () may be used to
move a file from one directory to another. The following rudimentary
utility achieves this in a general way:

store this file as
MOVERC

#include < stdio.h >
void main ( void )

char old[8d], new[sd];
printf ( "Enter existing path\n> " );
gets ( old );
printf ( "Enter new path\n> ");
ets ( new );
if !rename ( old, new ) )
printf ( "Success!\n" );
else
printf ( "Try again!\n" );

Mover
Enter existing path
> C:\MINE\LETTER.DOC
Enter new path
>C:\YOURS\LETTER.DOC
Success !

ERRORS int ferror (FLE*); int feof (FILE*); clearerr (FILEx):

Every file stream has two indicators, initially clear Qzero l):

e error indicator
* end-of-file indicator

ﬂf something goes wrong during an altempted read or write, the error
indicator for that siream becomes non-zero and stays non-zero until
specifically cleared by clearerr () or rewind(). An attempt to read
beyond the end of a file causes the end-of-file indicator to be set
non-zero, but this jndicator clears itself before every attempt at reading.

g? ou can interrogate either indicator, and re-set both to zero, using the
ollowing functions:

interrogate error
=, indicator

inlerrogate
sar—end-of-Ale indicator

clearerr ( MyStream ) ;

o m rewind ( MyStream ) ;
value
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@EB A UTIUTY FOR CONCATENATING NOMINATED FILES
7O WLUSTRATE fopen (), rewind (), Felose ()

lﬁhhls program is a rudimentary uliity. To run i, type CATS, then
nominate the file you want to be the concatenated file, then nominate the
files to be copied into the concatenated file. For the concatenated file
you may nominate a new file  and let the uliity create it D) or an
existing file ¢ and let the uliity wipe out its current contents ).

< *command

CATS NEWFILE AFILE BFILE CFILE

A
name of results file

( lypically a new name )
—

7 MAKE NEW FILE FROM CATENATION OF LISTED FILES =/

#include < stdioh > Aa
#include < stdlibh >

int main(int argc, char x*argv[] )

any number of names of existing files to
be copied contiguously into the new Rile

the compiled version
is stored in CATS.EXE

if file doesn t exist
FILE *p, *g; it is created; if file
int i, ch;

|F(argc>1)
{

file should exist:
it is rewound for

reading

?‘ ( p = fopen (argv[tl, "w+") )

for (i=2; i<argc; ++i )

i{F ( q = fopen ( argv[il, "r") )

CATS EXE while ( (ch = gerc(q) ) 1= EOF )
NEWFILE pui’c ch p)

AFILE fclose (
CFILE else read

\0 i fprintf (stderr, "\nIgnore: %s not found”, argv[il )%

rewind ( p ); «

Forintf ( stdout, 2%

while ( ( ch = getc ( p ) ) = EOF ) copy rewound
putc ( , stdout ) Ale to screen

fclose (

1 standard errz;r .fi;eam
else made available c
{ f

fprintf ( stderr, "\nAbort: %s couldnt be opened”, argv[1] );

exit ( 1);
\ similar to return(1) but
1 exit () closes open files
else and tidies up

FpnntF(siderr, "\nNo arguments given for %s", argv[4] );

exit ( 2
} ! for mrmal
exzt
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Ad

TEMPORARYAFILES i LE, - tmpfle. ¢ void 3

27 ou can create a temporary file which has no flename; just a name
to identify its stream. The mode of opening is "wb+" s in other words
gou may write to the temporary file and read from it in 'binary’ form.
inary form is explained opposite.

void parameler ; )
FILE * BriefStream; leave emply

BriefStream = tmpfile { ) ;

lﬁ‘he nameless file is automatically removed when you close its stream:

fclose ( BriefStream ) %‘

ﬂf you need a temporary name for a file, function tmpnam() will
provide a siring guaranteed not to clash with the name of any other file.
You may give tmpnam() a parameter pointing to an adequately lon
array in which to put the unique siring. The minimal length to allow for
this slring is given by the constant L_tmpnam, defined in < stdioh >.

#include < stdio.h >
void main ( void )

char RumpleStiltskin [ L_tmpnam 1;
tmpnam (* RumpleStiltskin ) ;
printf ("My name is %s\n", RumpleStiltskin );

ﬂf you omit its argument, tmpnam() returns a pointer fo a static array
created internally.

char x MayFlz = tmpnam();
MyStream = fopen ( MayFly, "w+b" );

fclose ( MyStream );
remove ( MayFly );

ﬁhe name returned by tmpnam() may be associated with a new file
usin? fopen(). When the stream to that file is eventually closed, the file
ilself remains in the file directory. If you want to get rid of i, use
remove (). The only files to be removed automatically on closure of the
stream are the nameless files created by tmpfile ().

120 ILLUSTRATING C



e we

l A size_t fwrite (constvoldx, size_t,size_t,FILE*)
B I Ry size_t fread(void *, size_t, size_t, FILE * )

@l streams so far illustrated are streams of characters, or text. A text
stream comprises /lnes, each line having zero or more characters
terminated by a new lne character. No malter how the local hardware
treats such a file, the C programmer may use fbrary functions 4 getcO,
scanf(), printf() efc. )) on the assumption that the file is modelled as just
described.

ﬂF you need to store a great many numbers in a file, and subsequently
read them back for further processing, it would be wasted effort
converting, say, the binarz integer AUMUUIHHIHAIIINGITT {0 its decimal
equivalent of 2147483647 for filing, then subsequently converling 2147483647
back to sutiiiiiii for processing in memory. In doing this you
might drop or pick up bits wherever binary numbers do not have precise
decimal equivalents. So the C library provides functions for writing and
reading a stream of bytes regardless of what they represent. As long as
you remember what you wrote to file you can read it back without
conversion, precisely as it was.

[Binary streams are especially useful for filing dala structures such as
the personnel records defined on Page 127. The size of any such
structure is given by sizeof ( 4pe ) where fpe is the type of the
structure ( eg. sizeof (struct MyStruct ) ).

n=fwrite ( b, size, count,

#include < stdio.h >
/x JUST A DEMONSTRATION %/

N
void main ( void ) /
{ file record with 36 visible
FILE * BinStream = tmpfile (); / characters,

char PrintBuf [ 4o ]';
write | Record
printf { "%s\n", PriniBuf ); \

char Record [ 1
fclose ( BinStream ); e - read BinStre
] L the (7] gl am
} L Lt bufter into print buffer

fwrite ( Record, Size, i, BinStream );
rewind ( BinStream );
fread ( PrintBuf, Size, 1, BinStream );

int Size = 36 + ~<-
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en the previous examples the files that have been wrilten are rewound
efore being read. But access to a file can be more selective; you can
locate a conceptual ‘file pointer' at any point in a file, then read the
record it points to, or write a record on the file starting at that position.
The pointer is located by the function fseek() and you can discover its
current position using ftell(). { Functions fsetpos() and fgetpos() serve

a similar purpose. )

Fseek ( stream, offset, origin );

) =R

YT

SEEK_SET

SEEK_CUR

SEEK_END

ﬁhe origin may be located at the start of the file { at its first byte )
by SEEK_SET, or at the end of the file ( one past its last byte ) by
SEEK_END. The origin may be located at the current position of the file
pointer by SEEK_CUR.These three constants are defined in < stdioh > as

an enumeration:

enum { SEEK_SET, SEEK_CUR, SEEK_END };

27 ou may use ecluivalent integers or provide a less clumsy enumeration
such as enum { slart, current, end };

’i}he offset locates the file pointer relative to the origin. The offset is

expressed as a number of byles and may be posttive or negalive:
fseek { MyStream, 13, 4 )) is depicted below:

® { 2 3 45 678916111213 14151617 1819 2021 22

3T T T T IT]

HEDEREREN X
<G
offset

Gfhe next fwrite() or fread() starts with the byte at the file pointer.

‘Ehe offset for a text stream should be given either as zero or as a
value returned by ftell(). The value returned by fteli() is the number of
bytes from the start of the file to the file pointer.

p3 ’ = ft .
le poinker | 3 L ell ( stream );

22 ILLUSTRATING C



DATABASE 70 ILUSTRATE firite (), fread (), feeek ()

q BWARY 1, O WITH RANDOM ACCESS FILE )

?he following is a primitive datobase for names and addresses. The

program asks for a surname, then an address, then another name and

address, and so on until you enter EOF (Cir!+Z in DOS ). The program
then asks for a surname. When you enter one, the program searches the
database it has created and prints a name and address. If records have

the same surname, al associaled addresses are printed. To stop the

program asking for names, enter EOF from the keyboard.

/x PRIMITIVE DATABASE */
#include < stdioh >
#include "STRINGY.H" ’Z’fﬁi‘é’ﬁfsgf
on Page 105 N
void main { void ) NG creates a file

called DBASELIN

char pl2s], qleg], rl20]; and retains it

long i, Point;
FILE = Dbase = fopen ( "DBASEBIN", "w+" );

N

fwrite ( p, 20, 1, Dbase );
fwrite ( g, 64, 1, Dbase );

Who?

printf ( "Who?\n> " );
KeyString ( r, 19 );

if ( fFeof ( stdin ) ) e offsets jum
break; in 805 2

gor ( i=@; i<Point 5 i+=84 )

fseek ( Dbase, i, SEEK_SET );
@ fread ( p, 28, 1, Dbase };

f{f ( Compare ( r, eq, p, Equiv ) )

fread ( 3 6, 1, Dbase );
printf ( "%s\n", q )3

Mr. A.J. 2 Kingfisher Drive

} ~
Who?
/% PART TWO: INTERROGATE #/ >Benson
gor ( 33 > Ms. P. 97 Wentworth Avenue

7: INPUT, OUTPUT

/% PART ONE: INPUT DATA / - {
for ( Point=¢; ; Point += 82 ) Name?
{ > Benson
prin*F ( "Name?\n> " ); :d;i‘l;e.s::’J. 2 Kingfisher Drive
KeyString ( p, 18 ); Name?
if ( feof ( stdin ) ) > Williams
break s Address?
@ prinif ( "Address?\n> " ); >NMrs?. T.E., 7 The Cottages
KeyString ( g, 53 ) =




EXERCISES

ﬂ Write o function, with fprintf () at its heart, to tabulate numbers.
Let its prototype be:
void Tabulate { double Value, int Line, int Field, int Places );

Value identifies the next value to be printed

line is set @ if printing on the same line, 1 if on the next line
Field is the number of character positions in the complete field
Places is the number of places after the decimal { zero signifying
none, and no point

Tobulate ( 234, 8, 18, 3 ) would print the resut on the same line
as the previous number, in the form sss234.000 G where s
represents a space ) . Tabulate ( 234, @, 14, 3 ) would display
5555555234 as an integer.

With this simple function you can produce complex and elegant
tabulations.

8 Gonvert one of your C programs that employs scanf () to using
gets () followed by sscanf (). Consult the return value on each call
to sscanf (). Display an error message if the number of matching
specifiers is wrong; arrange for a remedal fine to be input by gets().

3 Gonvert another C program to using function GetNext() { defined
on Page 115 )) . You should find error conditions much easier to
handle than with gets() and sscanf ().

@ [Ehe concatenation utility on Page 119 is badly designed. If you
nominate an existing file to receive the informalion, you lose the
current contents of that file without further warning. Rectify this
deficiency. Make the utility ask if you really infend to lose the
current contents of the nominaled file; offer the chance to reiract.

6 ﬂmprove the database program on Page 123. The possibilities are
endless; man-years of effort are expended in producing saleable
oddress-book prograrms, but attempt the following minimal
improvements. Make it possible to keep names and addresses in a
disk file on leaving the program, and make it possible to add
names and addresses in subsequent runs. Make it possible to delete
and modify names and addresses.
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ISTRUCTURESHURIONS'

'ijhis chapter explains the concept of a structure os o
collection of variables, this collection including nested
structures if desired.

& structure can be handled in much the same way as a
variable; you can copy a shruclure, assign to a structure,
take the address of a structure with &, access the
members of a structure. You may declare arrays of
structures. You can nominate a structure as a parameter
of a function or write a funclion that returns a structure.

his chapter introduces structures by analogy with arrays.
he operators for accessing members are defined and
their use explained. Concepts are illustrated by an example
of a library list in which to search for a book if you
know its litle or can remember only part of its lile.

(Dhions and bitfields are introduced € a union is &
structure in which members share storage space ).

[XIaving described structures and unions it is possible to
define, fully, the syntax terms fpe and declaration. The
allowable syntax of aeclaration differs according to context,
s0 a separate diagram is drawn for each context.

I}inany the chapter explains the idea of stacks and gives
an example of their use in converting simple algebraic
expressions to reverse Polish notation.



INTRODWCINGJSTRWCTWRES,

ﬂuch of information handling is about updating and sorting lists of
nomes and addresses. With each name and address may come other
information: an amount of money owing, a list of diseases survived, a
code indicating the subject's purchasing power or likelhood of signing an
order. In short, information comes as large sets of structured sub-sels.

[?or a list of names and addresses you could define an array of
two-dimensional arrays ({ in other words a three-dimensional array ) as
depicted below:

char Xpec [16¢] [4] [201; each string

lerminated

Xpec m,/ ... ..Ite]
[11] o to1{ oF—>[RIUSTSTE[LILN] T ]
11 [oet—MR[.| W]Alckie
L21{ o—={2{al3] [x[ElnInElL] TRIo W
[31 [ f—|t{olu [Nplsiol1[Tlcln)™d | | ]
[99]] o rel... 9]
2 o1 &F—>—T WE[TICH[I[T NN
[11] e+—>M[R]s[. | [TIA[B[TITIH]ANG | ]
[21] e+—>l4/ [T[1]L]T|N6] [R]1[D|GIEIV
£33 [s3—{[clAlTFoRiDM | [ T 1T [ 1]

27 ou could use this scheme to sort names
and oddresses on various keys ( surname,

RUSSELL

town efz. ). You might display the complete D43 weENEL ROW
list of names and addresses as follows: HOUNDSDITCH
TWITCHIT

MRS. TABITHA
4 TILING RIDGE
CATFORD

for { n = &; n<1dd; ++n )
for (line = @; line<4; ++line )
printf ("\n%s", Xpec [n] [linel);

?uf this scheme has deficiencies. Arrays are too uniform; every item
surname, forename, house and sireet, town ) must have the same
amount of storage allocated to it. And numbers, and sums of money,
have to be stored as character sirings instead of integers, hence camnot
by used directly as sorting keys.

‘Ehese deficiencies can be overcome using a structure instead of a
two-dimensional array. You may define a sipe to suit any particular
collection of entities to be stored. A structure may incorporate any type
of variable. It may also incorporate other structures { nested structures ))

ﬁhhe address book above is re-defined as an array of structures
opposite.
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struct
{

char Surname [ 12 1 ;
char Forename [ 20 1 ;
int House ;

char Street [ 13 1 ;
char Town [ 15 1 ;

Members '
of structure
defined

Apec [100] defines an
array of 1ee objects of
the shape declared

XPEC Z/—\ jeisj
rel

Xpec [ 190 1 ;

. Surname -

anfarray .Forename Mr Jagke oo ]
of 192 I
structures -House 1243 &
.Street Kennel LA

.Town {Houndsditch¥® . ]

7]

[
[1] |.Surname 1191

. Forename [Mrs., Tabitha¥ N
. House A ] gy
.Street [Tiling Ridge¥|ns

. Town [Catford® . ]

[2] V\/—W/\N’\A]

[Displaying the list involves the bt operator {f full stop ) for accessing
each member of the siructure.

Xpec [ 1 1. Town

member
name

for ( n=g; n < 18d; ++n )

printf. { "\n\n%s, %s",Xpec[n].Surname, Xpec[n}.Forename ) ;
printf ( "\n\n%i, %s ", Xpec[n].House, Xpec[n].Street ) ;
printf ( "\n\n%s ", Xpec[nl.Town ) ; yi

Russell, Mr. Jack
243 Kennel Row
Houndsditch

et

Twitchit, Mrs. Tabitha
4 Tiling Ridge
Catford
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mere is a declaration of a typical shape of structure along with the
definition of two objects, St and $2, of the shape declared.

St .Name | 1

?ruct . Number I::]

char Nome [ 2¢ 1;

int Number ;
i humber S2 .Name [ i

S1, S2 3 .Number[:I

| PR, —

@b jects St and S2 may be handled in some respects lke scalar variables
and arrays. You may do the following:

1. size must be [

e Initialize the members of struct declared
structures in the manner of
initialized arrays char Name [ 26 1 ;

int Number ;

e Declare struclures static, 1
extern, auto, as described on St = { "Mo Nker", 123 },
Pages 136 to 137. An auto s2 = { "Pat Ronymic", 987 };
structure may be initialized by
assignment.

* Access the members of a l_n = S1,Number ;
structure in much the same S{.Number = S2.Number ;
manner as variables S2.Number = n ;

R N —

* Copy or assign an entire
structure as a unit ‘;b

structure

« Define functions that have
structures as parameiers q this 1;,‘> = Fun ( S1);
depicts the invocation )

* Toke the address of a ] E

p=&St;
printf ( "%i" , ( *p ).Number) ;

complete structure ({ this = OtherFun ( "Jones” , 33 ) ;

* Define functions that return a r
St
depicts the invocation

i ou may not compare siructures logically [ }F (8t ==82 )J!%N

ﬂ‘he above rules apply to uriions as well as to structures.
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@se of the dot operator for access to a member is demonsirated by
an earlier example, part of it reproduced below:

for ( n=d; n < 18d; ++n )

printf ( "\n\n%s, %s", Xpec[nl.Surname, Xpec[n].Forename ) ;
printf ( "\n\n%i, %s ", Xpec|[n]l.House, Xpec[nl.Street ) ;
printf ( "\n\n%s ", Xpec|[n].Town ) ;

Russell, Mr. Jack
243 Kennel Row
Houndsditch

ﬂhe essential shape of each access expression is:

Xpec[n]l.Town;
% VG )

ﬂnstead of writing Xpec[n] as the reference to the structure we may
write
* ( Xpec + n )

ﬁhis demonstrates pointer notation as an alternalive to array notation as
described on Page 84. So the access expression may be written:

( x ( Xpec + n ) ).Town :

ﬁhe outermost parentheses are essential because the dot binds more
tightly { has higher precedence ) than the asterisk. Without the outermost
parentheses the expression would be treated as *((Xpec + n ).Town )
which signifies a pointer to a member of an impossible ob ject.

ﬁo avoid the clumsiness of the dot expression, C provides the arrow
operator -> ({ minus sign followed by greater than )). p—>a is short for
(*p).a So the access expression may be written:

( Xpec + n ) —> Town

where the parentheses are needed because -> binds more lightly than +
@ without them it would say Xpec + ( n -> Town ) .

‘Ehe fragment of program at the top of the page may be re-written as:

for ( n=g; n < 18d; ++n )

printf { "\n\n%s, %s",(Xpec+n)->Surname, (Xpec+n)->Forename ) ;
printf ( "\m\n%i, %s ", (Xpec+n)->House, (Xpec+n)->Street ) ;
printf ( "\n\n%s ", (Xpec+n)->Town ) ;

8: STRUCTURES, UNIONS
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Afhe Ful syntax for declaring an ‘aggregate’ { structure, union,
enumeration ) is defined on pages 136 and 137. It is possible to arrange
such a declaration in several ways, three of which are illustrated below.

make ltag &

ﬂ struct MyTag { int Ego; char Sweet[t61; } ; deﬁ'ne s/i;oe
@ | struct MyTag a, b; 4 af 2
declare offects

ﬂn the above arrangement a fpe of structure is defined and given a
tag. SubsecLuenﬂy { not necessarily on the next line ) objects of the same
type may be declared by reference to the tag. These objects may then
be used much like variables: initialized, copied, pointed to, used as
arguments of functions and returned by Ffunctions.

ci}erminology: Excessive use of the word ‘type’ causes confusion. I use

the synonym 'shape’ to avoid ambiguity where 'type' applies to a structure
or union. Thus: 'A structure of such and such a sfupe comprises ob jects
of such and such fpes.'

20! struct { int Id; char Ripe[351; 1 ¢, d;

‘ﬁ‘he second arrangerment is shorter than the first, and establishes the
shape of objects ¢, d in the same manner as a, b. But with the first
arrangement you may subsequently declare more objects of the same
shape:

e, flel, =g;

strict Followsd by a tag constitutes a shape
(in other words a type )

struct MyTo,

Qt is impossible to do likewise with ¢, d in the second arrangement
ecause there is no tag, hence no shape, to which to refer.

}7 ou can declare an alias ( synonym )) for a shape using the keyword
typedef :

typedef MyType W
@Q.__yp_. ~— y'yp MyType ! is now an >
or more imaginatively : glias for struct Mylag

[typedef { int Id; char Ripel[351; 1 YourType;

after which you may declare objects as follows:
lMyType r, s[e], =*t; Db
YourType wu, v[3l, x*xw ; vi¢).1d
Elﬁq/ .
L w

Pl i T [+ 14 [
Ripe[ ] -Ripe[ ]
ﬂw alias { via typedef }) is neat and avoids the need for a tag.
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#include "STRINGY.H"
Search on fragment: fortr

;ypedeF struct

char Title[48];
char Author[3g1;
char Publisher[381;
int Year;

} Record_Shape;

Title: Illustrating Fortran
Author: Donald Alcock
Publisher: Cambridge University Press, 1982

Search on fragment:

s{ﬁatic Record_Shape List[] =

{ "ustrating BASIC", "Donald Alcock”,
“"Cambridge University Press”, 1977},

{ "lustrating Computers”, "Colin Day & Donald Alcock”,
"Pan Information”, 19821, .

{ "liustrating Fortran”, "Donald Alcock”, L
"Cambridge University Press”, 19821},

{ "llustrating Super-BASIC", "Donald Alcock”,

"Cambridge University Press”, 19851,
{ "Illustrating BBC-BASIC", "Donald Alcock™,

"Cambridge University Press”, 1986}, it

{ "lilustrating Pascal”, "Donald Alcock™, Title  C————1
"Cambridge University Press”, 19871}, “Author [

{ "iustrating C", "Donald Alcock”, * Publisher C———
"Cambridge University Press”, 19921, Year [

b Record_Sha
static int Num_Books = sizeof List / sizeof ( Record_Shape ); ore-liape

int main( void)

char Buffer[441;
Record_Shape x p;
enurm { Distinct, Equiv };

dhisplay
instruction to
user

printf ("\nDatabase: Type any part of a book title to\n"
1, L
initiate a search for a Eook or books.\n

" (Ctr+Z to end the session)” );
;vhile (1)

printf ("\nSearch on fragment: ");
fflush ( stdin ); search string in
! : 1=
1{F ( KeyString ( Buffer, 48 ) != EOF ) ottt
for ( p = List; (p-List) <Num_Books; ++p )
] /

i{F ( Instr ( &(p - Title ), Buffer, Equiv ) )

seek occurrence of

Eguiv:
printf ("\nTitle:  %s", p->Title ); lets mjj’_, Y7
printf ("\nAuthor:  %s", p->Author );
printf ( "\nPublisher: %s, %i\n", p->Publisher, p->Year);

} return on
} / reading FOF
else

return 4;

¥
L
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@1% STRUCTURES THAT SHARE SPACE

ﬂ union is an aggregate similar to a struclure, the difference being that
all its fields share the same storage space. Like the married couple 4+
factory workers 4 who shared the same narrow bed but never slept
together because he was on night shift and she on days. When you use
a union you have to remember who is currently in bed.

char (6 bytes)

union Factory

char Hm [6 1 ; Worker double (8bytes)

double Her ; Shape Her |
int Fido ; / (type) Fido [ ] int (2 bytes)
é«j&f?{c”m rg) Worker ; it bed
enum { He, She, It } Tab; |
ﬂn this example there are three fields sharing storage space. The

processor reserves enough space to accommodate the longest; in this
example the double.

f'he idea of 'Tab' is to keep tabs on the current type. If you assign to
Worker.Him, write Tab=He; if you assign to Worker.Her, write Tab=She;
and so on. Check when you fetch’ from a union: use a statement such
as 'if (Tab==She) i = Worker.Her; else exit( );’

27 ou may initialize a union, but only with reference to its first field. An

example, using the shape defined above, is: i
union Factory) Minder = "Otime" ; Minder | yer T —]
new plies o N
NE) Wi LD
A union may be nested inside a shructure. In the example shown here
you could refer to the fields of the union named Nested_Ob ject, which

lies inside the structure named Demo_Ob ject, as:
Demo__Ob ject.Nested_Ob ject.Him[tl, Demo_0Ob ject.Nested_Object.Her et

struct Composite__Type

char Title [ 40 1 ;
union m
{

char Hm [ 6] ;

double Her ;

int  Fido 3
Nested_Ob ject ;

struct Composite_Type Demo_0Ob ject;

?\ions are useful for handling large sets of enfities of different sizes
some int, some double, some pointers ). By expressing each as a union
zlou may make all entities the same size, thereby simplifying the handling
unctions { filing, chaining ). The cost of this expedient is wasted space in
unions that contain the smaller members.
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mere is an array of 52 struclures representing a deck of blank playing
cards:

Card_Type

unsigned Value: 4; -Value ED:D

unsigned Suit: 2 .
unsigned InPlay: 13 .Suit ED
.InPlay D

}ypedef struct

Card_Type;
static Card_Type Deck [521;

Ehe colon denotes a'bit field. The integer after the colon specifies the
number of bits { binary digits )) in the Ffield The four-bit field can
represent Ace {1 ) through to King { 13 D leaving 4, 14, 15 unused. The
two-bit Field represents Spades, Hearts, Diamonds or Clubs @2 1 2 ora).
&he one—in; field is for representing the state "not in play’ or‘in play’

¢ or 1.

ﬂniﬁalizing the deck would be possible but laborious. The following
fragment ( in which i, s, v are of type int ) does it dynamically:

for (i=s=g ; s < 4 ; ++s )
for ((v=t ;v <14 ; ++v )
Deck [ i]. Sut = s ; bit flelds addressed
Deck [ i]. Value = v ; Just ,‘;";”Zg”ﬂ'y
Deck [i]. InPlay = & ;

mow does the compiler arrange the storage of bit fields? In the above
example, common sense would suggest that the compiler would pack
each seven-bit record into an eight-bit byte, wasting one bit per record,
Possible. Bul you camnot know; the method of storage depends on the
whim of the compiler.

27 ou can, however, declare unnamed bit fields to create boundaries
where computers lke them best s» at powers of 2:

;ypedef struct

unsigned Value: 4;
unsigned Suit: 23
unsigned InPlay: 1;
unsigned : 1;

}

Bit fields are useful to programmers who work at low level szclose to
the machine s and best left alone by the rest of us. If you want to play
card games there are more appropriate faciities in C than bit fields.
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W AT LAST! WE CAN DEFINE
THE REMAWIG SYNTAX OF C
Ty PEYISHAPE

‘Ehe syntax of scalar 4pe is defined in Chapter 4 as :

signed short ot
e S A
lype signed short int
unsigned long
char
float
e
long  double
void

‘ﬁhe concept of #pe is now extended to siructures, unions and
enumerations. These are collectively termed ‘aggregates’ We extend the
4pe diagram to include aggregates. But to make subsequent explanations
clearer we use the term sfape for the extended part of #pe:

: g
shape struct name
union ame { declaration ; }
v

3

/_N'
enum pame { name "= expression '}

D
» struct MyTag { float f, double d }

» struct MyTag
» struct { ‘int *p, struct MyTag }
» union { long 1, float f }

» enum Boolean { True = 1, False = 2 }

JAUIAS]

Examples of éype or shape can be more complicated than those shown.
To prevent complexity getting out of hand, C provides the typedef facility
for declaring an alias { in other words a synonym }) that may be used

instead of a complicated phrase: pgd Provides rares
declarato as alias
leclarator
~_,—

°

typedef | 4ype

shape

keword

alias for unsigned long int’
» typedef unsigned long int Lengihyw

Lengthy a, b, ¢ ; qzéa, b, ¢ declared unay/;éa\fo-f?g/int?
» typedef struct { double r, theta } Polar, xPolePt ; . ir’

olar ¢, d, e 3 4 670, ¢ hove the shape
PolePt p, q 3 0 v et B Poar shapes .theta ]
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DICLARATORS

4\ a(eckzratzon comprises three parts: an oplional storage class specuﬁer,
a 4pe § or s/)ape%r a list of declarators. For example:

static int i, Colour[3], Fun(float), *
(i f s}

Bach declarator provides a unique name. In this example the names in
the list of declo.rators are: i, Colour, Fun, p.

ﬁhe syntax of declarator is Formally defined as Follows
declarator ) » |name

( declarator )

( a’eclaratzon

o4 o >

> i > xp » af3lle] » xfun (int, int)

ﬂn some contexts a declarator appears without a name. An example is
the prototype declaration 'double Sine(double); where the name of the
parameter has been omitted. § Omission is optional in this case, the
prototype may be written ‘double Sine(double Angle); where le is
no more than commentary. ) But in type casts, and in s:zeof(? when
finding the size of a 4pe @ shape D, it is essential to omit the name. A
declarator that omits the name is called an ‘abstract declarator’
@ abstractor for short )) and is defined as follows:

v —

abstractor >/:
( yame_)

( abstractor )
Ers 2.7)
» > * »[3][e] » x(int, int)

furxction with two int parameters
ﬂ}a Qm returning pointer to ...

ﬂn sizeof ( 4pe-name), ond optionally as parameters in a prototype, the
entity denoted Ype-name combines fype and abstractor as follows:

type-name type abstractor
‘ shape

alias

[ expresszan ] ,

/_\
[ expression ]
~— —

declaration. ...
( \raz ) )

» double <&JFas in (double) i
» int [3lle]<akas in sizeof (int[3]e])

» struct Tx<gas in void Fun(struct Tx
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DICLI'ARATION SELECT SYNTAX DIAGRAM ACCORDING TO CONTEXT

4\ funchion definition and the declaration of a structure employ different
symbols. The declaration of a parameter shows by its form and content
whether the function is being defined or whether it is being declared as a
prototype. So although it is possible to draw a single diagram defining the
syntax of all declarafions, it is not felpful to do so. For a particular
context the general definition would not show which paths through the
diagram were permitted and which forbidden.

E;ere are seven separale diagrams, each defining declaration in o
di '

ferent context.
this path for tagged
f shapes only

.
. . —
declaration > | extern Lype | declaration = Imitials 3
sﬁape \ . ___/

GLOBAL ( OUTSIDE ) OBJECT

static
alias expression
75 s,
pinti; g7 { Jﬁt_’fb/ , 1

» struct Street {int No; char *Namel;

» struct Street MyStreet={14, "Downing" };
this path for
’/ lagged shapes only

OBJECT IN A BLOCK

T T
declaration > | auto Lype declaration m B
extern sha \
pe R /

alias

\ register for
scalar lypes only
» static int n = 188, k3

MEMBER OF STRUCTURE OR UNION integral
/‘ (rumber of bits)

declaration lype declaration expression

register

static

abstractor is for bit Relds only. & is
mandatory for zero-lengtlh bit Relds

alias ~—_
’

shape abstractor

»char * Ref ; » struct Street MyStreet ; » unsigned Suit:2;
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FUNCTION DEFINITION ( ALWAYS GLOBAL )

P R
declaration extern type declarator block
’ static shape

altas
/_ﬂ
» double Sphere ( double r ) { geclaration  statement }
{ Yo W

return 4 x3.1415927 *r*xr*r/3 ;

PARAMETERS OF A FUNCTION DEFINITION

] T A
declaration register type declarator
for scalar ) shape
types only alias
»int i » char * p > int x fn()

PROTOTYPE DECLARATION

A
declaration extern lype declaralor
‘ static shape

alias

» double sin ( double ); » void Fun ( int i, float f );

PARAMETERS OF A PROTOTYPE DECLARATION

declaration register lype declarator
‘ shape abstractor
alias
»int i » char »int x ()
SIMPLIFICATION const AND volatile EXCLUDED

Ehese definitions exclude the qualifiers const and volatile. Including them
would complicate the syntax diagrams out of all proportion to their worth.
Placement { to the left of the enﬂpl qualified )) 1s depicted for const at
the foot of Page 81 The effect of volatile depends on the implementation.
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STACKS

ﬂ programmer's stack is a simple concept with
wide application. Stacks can be found in all

kinds of program, ot system level and in every
field of application. To maintain the analogy of
a physical stack { of bricks or trays )
@ of numbers,
characters or siructures }) upside down.

draw the programmer's stack

A SIMPLE DATA STRUCTURE WITH WIDE APPLICATION

-pos [4 ]

we A

Stack_ Type

& stack may be created, as depicted, from an array of stackable
objects and an integer variable for storing the number of objects

currently stacked.

[ﬂhhree funclions are all we need to manage such a stack:

Push

Pop
remove the top object

Peep
removing i.

D!ace a new object on the top of the stack

i}ake a copy of the object at the top of the stack, then

‘Eake a copy of the object at the top of the stack without
end a signal if the stack was emply.

@elow is the lype definition of the shape depicted above, sefting it up to
stack characters. On the right of the page are compatible function
definitions of Push, Pop and Peep. For typical invocations of these, see

the program on Page 141.
—

;ypedef struct

int pos;
char Al4s];

Stack_Type ;

‘Ehe next chapter explains
how to avoid arrays ( for
which you have to specify a
maximurn height of stackB

by using dymamic storage.

138

\{/old Push (Stack-Type *q, char c)

if ( q-> pos < 48 )
; Q->A[q->pos++]=c;

@ar Pop ( Stack_Type *q )

f (g ->pos >0)
r%turn q -> Al--q -> pos];
else
i return NULL;

<Ehar Peep ( Stack_Type *q )

iF(q—>pos>¢)

return g -> A[q -> pos-1];
else

return NULL;
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USE OF STACKS
@gebraic expressions in conventional form may be expressed in reverse
Polish notation which has no parentheses ({ 'Polish’ because the notation
was devised by the Polish logician Jan Lukaciewicz which only Poles can

pronounce ; ‘Reverse’ because his original order of operators and
operands has been reversed ). As an example of reverse Polish notation:

A+ (B-C)*xD-F /(6 +H)transforms to ABC-Dx+FGH+/~

ﬁhe reverse Polish expression is easier o evaluate than might appear.
For example let A =6, B = 4, C=1,D =2 F=236=7H=5. Wih
these values the expression to be evaluated is:

6 4 1 - 2 * + 3 7 5 + [/ -

Vork from left to right taking each item in turn. Whenever you come to
an operator, apply it lo the previous two lerms, reducing two terms to one:

6 4 1 - < 7-9)

¢ @ 9200,

Oy
heck: 3 7 5 + i

x-S (r08)) TT 3 oft3 / cEhs /2,2 427)
= 178 2 %25) - <R o S T RSOT)

[‘E‘he above should demonsirate that reverse Polish notation would be
useful for evalualing expressions by computer. So how do you transform
an expression such as A+ (B -C)*D-F /(G +H) in the Ffirst
place? The process employs two stacks; the steps are explained below:

A+(B-C)*xD-F/(G+H)=

expres.
’s on A;
lors on
When you find a right
bractet, dig out the malching

lef one, popping the diggings
and pushing them on X

precedence
L hut do not stack one operator
on top of anotker unless the one * 3 (kigh)
below has lower prececernce - / 3
or is a left bracket. Dig down,
popping Y and pushing on A, + 2
until you reach a lef} bracket - 2
or the Roor. ( 1
= @

[;.\oﬂce that the left bracket is included in the precedence table and
allocated low precedence. This is a Irick to avoid having to hreat explicitly
the condition ...or is a left bracket . Clever.
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dig out malchi
brgctet as bef:rge

the eguals sign ( the
ter/mhaetg‘; ) is treated as
an operalor wilh lowest
precedence of all; see table

ﬂn addition to the functions Push() and Pop() a function is needed to
return the precedence of an operator. The function shown below is given
a character as its parameter and returns the corresponding integer from
the little table.

int
int Prec ( char ¢ ) roperator rec ;
switch ( ¢ )
{ * 3 (high)
case =’ : return 4 ; / 3
case ,(' : return f ; + 2
case + : case - @ return 2 3 - 2
case ¥ : case /': return 3 ; ( .
y default : printf ("\nChaos") ; > 5
}

@n the next page is a program
to transform conventional
expressions to reverse Polish. To
use the program lype the
expression and terminate with an
equals sign:
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m AN EXAMPLE TO WLUSTRATE THE USE OF STACKS

———
#include < sidio.h >
typedef struct -pos Stack_ Type
{ int pos [¢1 011 [2] [3] £39]
1 H
int oS . O i s o A

Stack_Type;

void Push (( Stack_Type *,)char )s

char Pop ( Stack_Type * );

char Peep ( Siack_¥ype x ) <y prototypes
int Prec ( char );

}roid main (void)

Stack_Type X = {8}, Y={¢61;
char ch;

int 13

do

{

ch = gelchar ();
?wifch (ch)

case (%
Push ( &Y, ch );
break;
case ):
while ( Peep (aY) 1= (")
Push ( &X, Pop (&Y) );
ch = Pop (&Y);
break;
case '+: case - case '*: case '/t case '="
while (Peep (& Y ) !1=NULL a& Prec (ch) <=Prec (Peep(&Y)))
Push ( &X, Pop (&Y) );
Push ( &Y, ch );
break;
default:
if ( ch > 'A 88 ch <= 'Z )
; Push ( &X, ch );

while ( ch 1= "2 );
for ( i=@; i< X.pos; +4+1)

printf ("%c", X.A[i] )3
printf ("\n");

o

~—
‘\A; place tere:  Push (), Pop (), Peep (), Prec() _.,]
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EXERCISES]

ﬂ What is one third times seven eighths? Answer: Seven
twenty-fourths precisely. By conirast, #.3333 times 8.875 gives an
opproximate answer. Write a set of functions to add, sublract,
multiply and divide pure fractions and produce pure fractions. Base
the work on a special shape defined to contain fractions:

;ypedef struct

unsigned int .Numerator ;
unsigned int . Denominator ;
int .Sign;

} Fraction_Shape

Use HCF (), defined on Page 24, to convert vulgar fractions to
simpler form ( 1474/693, for example, reduces to 7¢/33 when
numerator and denominator are divided by their highest common
factor of 21 ) .

Devise a_test program for reading two fractions { as two pairs of
integers ), selecting an operation { add, multiply, ec.)) and printing
the resulting fraction.

8 ﬁ\dapt the book list program on Page 131 for looking up other
books or other kinds of information particular to your own field.
There is no reason to confine the search to the frirst member; let
the user of the program specify any of the members and provide
a fragment of text for the search. In the case of numerical
members, adopt o suitable convention sssuch as a match wherever
a date falls within a year of the search date.

8 'ﬁihe program on Page 141 transforms an algebraic expression from
one notation to another. Change the program so that it reads a
numerical expression instead of an algebraic one = and produces a
single numerical resutt.

The left stack should be made to contain numbers instead of letters.
Whenever you are obout to place an operator on the left stack,

p two numbers, apply the operator, then push the result back on
the left stack. When you meet the ecluals sign you shouid be left
with a single number on the left stack; that is the result of the
expression. Try your program with
e+(4-1¥*z—3/(7+5)=
and the answer should be 11.75.
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9
QDY NAMICESTORACE

ﬁhis chapter explains the shortcomings of arrays having
pre-determined length and the consequent need for
dynamic storage. The use of library functions for allocating
and freeing memory is then explained.

‘Ehe concept of a linked list is introduced with particular
reference to stacks. The concept is then extended to cover
rings and binary irees.

Examples in this chapter include a program for
demonstrating ring structures and a program for finding
the shortest route through a road network. Finally there is
a sorting program based on the monkey puzzie technique.



JMEMORY JAULOCATION WK - e s

"l_jhe trouble with arrays is that the processor has to be told what space
to allocate to each of them before execution starts. There are many
applications for which it is impossible to know the detailed memory
requirements in advance. What we need is a scheme in which the
processor allocates memory during execution and on demand. A program
written to use such a scheme fails only if demands on fofal memory
exceed supply, not if one of many individual arrays exceeds its bounds.

Ifhe scheme is called 'dynamic storage.” For. practical purposes it is based
on structures. When the program needs a new shructure it creates one
from a 'heap’ of unstructured memory. When a program has finished with
a structure it frees the memory from which that structure was buit,
tossing 1t back on the heap. With good luck and management the heap
should retain enough memory lo meet all demands throughout execution.

>)ynamic storage involves linking structures of identical shape. We use a
fibrary function for allocating these siruclures.

[ﬁho create structures of identical shape it is meaningless to define a
member that has the same shape as its parent structure:

Bird |-Green[ |  strwct Puff
. Smoke «Green D struct Puft

} \ég ’ -Smoke [“Green 03 struct Pufr
i £ -5
@ut you can declare a member that points to a structure of the same

shape:

e

?ruct Puff

struct Puff struct Puff

struct Puff seem e
f Bird | .Green [] /{ JGreen L1
! :
: st

char Green; . 1 peeey
| I 13

Bird;

?o create the structure being pointed to we must allocate space for it
o allocate space, use the library function malloc() { memory allocator
whose prototype may be found in the header file < stdlibh >. This
function returns a pointer to a region of storage of a size specified by
the argument of the function.

‘Ehe prototype of malloc() is shown opposite, embellished with explanatory
remarks. The prototype of free(), which retlurns storage to the heap, is:
void free(); where p must have been established using malloc() ( or
one of its derivalives, calloc() or realioc() ) .
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lo a structured
region of storage

ﬂn the example opposite, the shape of object pointed to is struct Puff.
The size of object is sizeof (struct Puff) where the value relurned by
sizeof () is of the shape demanded by malloc () ( namely the type:
size_t ). The lbrary defines an appropriate 'size_{ for your particular
implementation and ‘mode! { tiny, huge, ek ) .

ﬂF you declare a pointer, p, pointing to objects of shape struct Puff:

struct Puff =x*p;

you may create a pointee thus:

p = ( struct Puff * ) malloc ( sizeof ( struct Puff ) ); J

cast e
pointer to type ‘struct Puff’ P M

and free a pointee thus:

free ( p ) ; J F’

&\ore usefully, you may link structures in the form of a chain:

Bird.Smoke = ( struct Puff * ) malloc ( sizeof ( struct Puff ) );

Add another link:

Bird. Smoke ->Smoke = (struct Puff* ) malloc ( sizeof ( struct Puff ) ):
Bird.Smoke -> Smoke -> Smoke = NULL

Bird . . . ke the
ir Green [ ] / Green | /P‘ Green [ ] = mae e
-Smoke [e} .Smoke [ o1

Smoke [ AL

Ehd so on: Bird.Smoke -> Smoke -> Smoke ->
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m WITH DYNAMIC MEMORY ALLOCATION

n the previous chapter, stacks are X 1. 2
Qased oﬁr arrays ang have the shape pos L] {1}
depicted on the right. A new shape of A g1
stack is introduced below; it is based on ‘
dynamic storage rather than an array.

top bottom

XB/"C/C/..C

next -next E— next [

mere is the definition of the shape of each element:

type?ef struct Element

char c;
struct Element x next;

Element_Type, * Pointer_Type;
. X~

alias for [/ taoliasb for F [!/
. ’ pointer to objects of lype
struct Flement struct Element

\j

[list processing’ is the art of diverting pointers

by copying addresses from one pointer variable to
another. To depict such operations we use the
notation shown here. The fat arrow depicts a simple
copying of contents in the direction of the arrow.
The ordinal number ({ tst, 2nd, elc. ) shows the
order of operations needed to avoid overwriting.

NoOLaLion

Notation

mere is the definition of Push(). The copy oEeraﬁons are depicted
e

opposite, together with skelches of the linkage before and after the copy
operations:

pointer to obfects of ype
/e Pointer_ Type

\{/oid Push ( Pointer_Type * g, char ch )

Pointer_Type p;

p = ( Pointer_Type ) malloc ( sizeof ( Element_Type ) ) ;
P->c=ch; o ot data

p—>nexf=*q; into new

P 3

P TP g SN

ﬂw invocation of Push() demands two arguments of which the first
nominates a pointer. For example, Push(&X, 'A" ) to push 'A’ onto stack X.
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(1) ORGINAL STACK (ii) CREATE NEW STRUCTURE ( malloc )

*qu/ W l

(i) COPY POWTERS (iv) RESULTWG STACK

Iﬂere is the definition of Pop(). The copy operations are depicted under
the definition together with sketches of the linkage before and after the
copy operalions.

ghar Pop ( Pointer-Type * q )

char ch ; poxnwr lo aé;ects of lype
Pointer Type P Pointer_ [ype
p=x 4@

,{f(*qv-nuu)

ch=p->c;

* g =p =>next;
free ( p ) ;

return ch ;

else
return NULL

(i) ORGWAL STACK (i) MAKE p POINT 7O TOP STRUCTURE

Free new lop
(iv) RESULTING STACK

(iii) COPY PONTERS

E'inany, here is the definition of Peep(). No pointers are disturbed.

‘;’:har Peep ( Pointer_Type * q )
i (*q!= NOLL)

, return ( * q ) -> ¢ ; necessary parentheses
else \* — because —>
i return NULL ; binds tz‘;/;;r than *
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ﬂ program for transforming algebraic expressions into reverse Polish
form is given below. The main loop from 'do’ to 'whie(ch != =) is
identical to that on Page 14L. Funclion Prec() is also identical. Functions
Push(), Pop(), Peep (g are replaced by the dynamic versions defined on
the previous double page, but their protolypes are the same as before.

s+ POLISH WITH DYNAMIC STACKS */ Element_ Type f
#include < stdio.h > /"
typedef struct Element <[]
. - next Lo
ar c;

struct Element * next; Pointer_ Type
Element_Type, * Pointer_Type;

void Push ( Pointer_Type *, char );

char Pop ( Pointer_Type * );

char Peep ( Pointer_Type * );

int Prec ( char );

void main (void)
wo stacks

char ch;
Pointer_Type X=NULL, Y=NULL; X[e] Y[]
do

{
ch = getchar ();
?wifch (ch)

case '(‘:
Push ( &Y, ch );
break;
this case )': i
loop while ( Peep (&Y) 1= ()
as Push ( &X, Pop (&Y) );
before ch = Pop (&Y);
break;
case ‘+': case '-': case '¥': case '/': case '=':
while (Peep (8Y) != NULL s& Prec(ch)<=Prec(Peep(aY)) )
Push ( &X, Pop (&Y) );
Push ( &Y, ch );
break;
default: f { ch >= 'A" && ch <= 'Z' )
Push ( &X, ch );

}

while ( ch 1= '<" ); /x end of do-while loop */

while ( Pop(&aY) 1= NULL ) 4:@@

while ( Peep(&X) ) = pop Fom X ko ¥
Push (&Y, Pop(&X) ); thus reversing order
while ( Peep (aY) ) A
printf ("%c”, Pop( &Y) ); <‘;<‘/ff3p and
printf ("\n"); print entire ¥

place here: Push(), Pop(), Peep(), Prec( )\""‘"""‘-"-—"“\
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m PARADIGMS FOR TRAVERSAL

INSERTION & DELETION
4\ chain is demonsirated on earlier pages in the particular form of a
stack. In general, chains are more flexible than this; they have many

applications. The example which follows this infroduction illustrates an
algorithm for finding the shortest route through a road network.

Eor demonsirating the techniques introduced below, we adopt the same
structure ({ type Element_Type ) as that employed on the opposite page
for stacks. Assume the following chain already set up;

p P < ,
= H E/ .next / -next /’ .

ql}raversal means referring sequentially to the elements of a chain. In this

[3

demonstration, referring to' involves printing the content of an element <
the content being just a single character.

Pointer _Type p, n;
r* TRAVERSAL - NON _RECURSIVE #/

= H; < o linkage:
emile (p) P ched > before
& T T () o > after

printf ("\n%c", p -> ¢ );
p = p -> next;

1

ﬂnserﬁon :

7% INSERT 'R' AFTER 'E' »/

p=1H;

whie ( p > c !='E )
p = p -> next;

n = (Pointer_Type)

malloc ( sizeof ( Element_Type ));
n->c="TR} e
n -> next = p -> next;

p -> next : n; ﬁm
Beleﬁon; -

—w // \\\\
[ /= DELETE 'E' LEAVING GARBAGE */ [E]
f (H->c=="TF) y ]
H=H -> next ; <=@3

else

case o: (f first element

p=H;
while ( p -> next > ¢ = 'E' )
p=p -> next; .

; p -> next = p -> next -> next ; /// >
<2 |zl
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SHORTESTIROV T HINNRLF A

TJHE USE OF CHANS
[}inding the shortest { or longest )) route through a network is a problem
that crops up in various discipines 5@ one of which is critical path scheduling
for the contro! and monitoring of construction projects. Given a network
such as that below, the problem is to find the shortest route from the
node marked STAR7 to that marked FAD. The journey must follow the

direction of the arrow. The number against each arrow shows the
Journey time.

‘Ehe data structure needed for a shortest-route progrom is depicted
below. There is a record for each node, and a chain runs from each
such record Each chain comprises edge records which store data describing
all the edges which run out of that node.

Head A A
Bestime |/ongTime SLink Link
Switch  {on JdJp |5 Jp |4
Route Time|_8.0 TJime | ©-2

record for node (2) record for edge @—»@ record for edge (2)—%)

mecords for all nodes are held in an arraz named ANodeFacts. The
record for node 2 is annotated more fully below. In the component
named Bestime is the value long7ime
o constant set to 1829 ). In the NodeFacts[2].Head =
component named Switch is a Boolean | NodeFacts[2]Bestime | forgrume
value, initially switched to On Uses of | NodeFacts[2]Switch |0

these items are explained later. NodeFacts[2lRoute | @

li_jhe records for edges ruming out of a node are created dynamically.
Each record has a component for

storing the link, another for storing NodeFacts[2]Head.Link
the node number at the tip, another NodeFacts[2lHead.Tip [ 5
for storing the journey time along NodeFacts[2]Head.Time [ 8.0

the particular edge. This example is
for edge 2 to 5.

‘fjhe shortest route is found by an iteralive process. Before the process
can start the chains must be formed <= and initial values placed in the
components that will eventually hold changin? values. The component
named Bestime s to hold the best time so far achieved lo this node by
different trial routes; the initial lime in this component is set so high that
the first feasible route, however slow, has to be an improvement. An
exception is the starting node: the best time to the starting node is, by
definition, nothing.

@l switches are turned Ok initially. A switch that is O implies that the
edges leading out of that node must be explored { or re-explored ) .
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?he iteralive process starts at the starling node, then cycles the array
of node records until terminated. The process terminates on detection .of
all switches being OF.

4‘.& each node the chain of edge records is traversed. For each edge in
the chain, the time to reach its tip is found by taking the best time so
far achieved at the tail and adding it to the journey time for thal edge.
The result is compared with the best time so far recorded in the node
record for the tip. If the new time is better, several things must be
recorded. These are depicted below:

node_(2) / Head
y . .Bestime
Head Switch
.Bestime .Route
Switch
Route node (3
- 2%
B oo(ErE e D)
Whenever a better route to a node is node (5)
found, the faster time is substituted and
the node switched Oh, as depicted for Head
node 5 above. To be able to trace this ‘Bestime
improved route subsequently, the Aoute ‘Switch
component is made to contain the number ‘Route

of the node through which the route
came. So the outcome of dealing with ff;e%
edge from 2 to 5 is as shown here:

@N‘}er traversing the chain of edges from node 2, the Switch at node 2
is turned off. However, the action at node 2 included turning On the
switch al node 5, so the iteration is not yet finished. The process
continues untit all switches are off < in other words until o complete
cycle through the nodes fails to make a single improvement to the route.

ﬁ\he node records are assembled as an array rather than being created
dynamically and linked as a chain. The array structure was chosen

because node records are 1
accessed in a randor.n way fNo.nodes No.edges Startnode Endnode
{ 9. when dealing with node 6 5 3 p

2 you have to refer to
nodes 5 and 4 ) . Using an
array, such references are
resolved quickly by a simple
“change of subscript.

VO u s NN
-
N
o

r!_['-'ried with the network

Wb B GTNN B WW

sketched opposite, data and 1.0
results would be as shown °‘éte §r°‘“26 t‘l’ 3 5
here. » Time taken is 31.0
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ﬁ m THE COMPLETE PROGRAM

rx  SHORTEST ROUTE PROGRAM x/

%

#include < stdioh >
#include < sidlib.h >

7+ ROUTE PROGRAM BEGINS */

type?ef struct Edge

struct Edge * Link 3
int Tips
double Time 3

}
Edge_Type, * Pir_Edgetype;

type{qef struct Node

Ptr_Edgetype Head;
double Bestime ;
int Switch ;
int Route ;

Node_Type, * Pir_Nodetype;

int main (void)

enum { Off, On };
double const Nothing = d.0;
double const LongTime = 1E2¢;
double Try, Best;
int Nodes, Edges, StartNode, EndNode,

Tail, Cycles, i, j, n;
Pir__Edgetype Edge=NULL, p=NULL;

array of node

Node_Type NodeFacts [ 34 1; “

printf ("\nNoNodes, No.Edges, Startnode, Endnode\n");
scanf ("%i %i %i %i", &Nodes, sEdges, & StariNode, &EndNode );

é

for ( i=t; i<=Nodes; ++i)

NodeFactsEi%.Head = NULL; e

NodeFacts[i].Bestime = LongTime; 4—4
NodeFacts[i].Switch = On; node records

NodeFacts[1].Route = @3

NodeFacts [ Starthode 1. Bestime = Nothing; < arf{’,% lme
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fgor (j=1; j<=Edges; ++j)

p = (Ptr_Edgetxpe) malioc ( sizeof (Edge_Type) );
scanf ("%i %i %1f", & Tail, & p->Tip, & p -> Time );
p -> Link = NodeFacts [ Tail 1 . Head;
NodeFacts [ Tail 1. Head = p;
N\GF chain each edge to
the node it leads

out of
Cycles = g; ] n’is augmented by !
ny= StartNode - 13 before use, herce -1 in
?hile ( Cycles < 2 ) preparation
Cycles += 13

n=n % Nodes + {;
i{F ( NodeFacts [ n 1. Switch == On )

Cycles = @5
Edge = NodeFacts [ n 1. Head;
\ghile ( Edge != NULL )

Try = NodeFacts [ n 1.Bestime + Edge -> Time;
f{ ( Try < NodeFacts[ Edge->Tip 1.Bestime )

NodeFacts [ Edge->Tip ].Bestime = Try;

NodeFacts [ Edge->Tip ].Route = n;

j NodeFacts [ Edge->Tip 1.Switch = On;
Edge = Edge -> Link;

NodeFacts [ n 1. Switch = Off;

¥
Best = NodeFacts [ EndNode 1 . Bestime;
i; ( Best != LongTime & Best != Nothing )

printf ("\nRoute from %i to %i\n", EndNode, Starthode );
n = EndNode;
while ( n )

printf ("%i", n);
n = NodeFacts [ n 1 . Route;
if ( n) printf (")

printf. ("\m\nTime taken is %.2f", Best);

}

else
printf ("\nNo way through, or going nowhere") ;
return @;
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ARTRODWEING m AN ELEGANT DATA STRUCTURE

lﬁhe fundamental record of a doubly finked Fore| e—1—>
ring has pointers pointing fore and aft thus: ARt

é\ccess to records in a ring is simplified by
employing one record as a dummy head as
lustrated below. This device makes it unnecessary to check whether the
record to be added or deleted is next to the fixed head, and, if so, to
take special action. Very messy.

Head| !E . Head[ Y ]
A

\i

o—1—>| &—F—>» | O—1+—>| o—1—> | o Q—ﬁ
o | «—10 | -9 | «—t—0 | «——o e
ANAN A

Q’i’;\,@ wilh four records linked

ﬂ ring is depicted above with four records; it is also depicted emply.

———ey

Iﬂere is the definition of a shape r

suitable for constructing a ring. To iype{def struct Petal

keep everything simple, this shape is struct Petal * Fore :

made capable of storing just a struct Petal * Aft s

single character. == char Data 3 ’

ﬂn the main program an empty ring ; .

may be set up as follows: Ring_Type, * P_Type ; -

p = ( P_Type ) malloc ( sizeof ( Ring_Type ) ) ;

4\ new record may be inserted before or after the record currently
pointed to. Procedures for both these operations are given below:

\{/oid In_After ( P_Type Old, P_Type Young )| Qd Young

Young -> Fore = Old -> Fore ;
Young -> Aft = Olds

Old -> Fore -> Aft = Young ;
Old -> Fore = Young ;

! o]
M el =
_______________ < pointers
- g K= M imtialy
2 et .
o I o M o B WSERT Young
< AFTER Ol
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\{/oid In_Before (P_Type Old, P_Type Young) Young old

Young -> Fore = Oid;
Young -> Aft = Old -> Aft
Old -> Aft -> Fore = Young;
Old -> Aft = Young;

}
Young] ® l o
S
L S 0 | finay WSERT Young
e T e > BEFORE Oid
Deletion @ without freeing and returning to the heap )) is simple:
zoid Delete( P_Type Oid ) O'd[I]

Old -> Fore -> Aft = Old -> Aft;
Old -> Aft -> Fore = Old -> Fore; e

copy these in eilher order

lﬁraversal is simple in either direction, the only difficulty is stopping. If
the aim is to traverse the ring precisely once, start by pointing to the
first record and arrange to stop as soon as the pointer points to the
dummy head ( before trying to refer to data in the dummy head ).

startin,
o[ weeaF] o[ (ET)
finishing state) S\,
| @ > | o> | o]
e e e
B ]

g = Head

q = Head -> Fore ;
while ( g != Head )

printf ("%c", q -> Data ) ; E
q = q —> Fore ;

printf ("\n") ;

f both occurrences of Fore were changed to Aft, the result of the
above piece of program would be ELBA rather than ABLE.

@verleaf is a demonsiration program designed to exercise the principles
and procedures introduced on this double page.

9: DYNAMIC STORAGE 155



HEB A PROGRAM TO DEMONSTRATE THE
PRINCIPLES OF A DOUBLY-LINKED RWG

l_u‘-'he following program maintains a doubly-linked ring organized
alphabetically. To inlroduce a letter, enter +L { or + other letter ) . To
remove a letter, enter -L { or - whatever the letter ) . To display the
stored data in alphabetical order, enter > at the start of a line. To
display in reverse order enter <. To stop, abort the run (f eg. in DOS,
hold down Cirl and press C )) .

pemere .

s RING A RING OF ROSES x/ . struct Petal

. Fore
#include < stdioh > . Aft w
. Data

type?ef struct Petal

struct Petal * Fore;

struct Petal *  Aft;
char Data;

Ring_Type, * P_Type;

void In_Before( P_Type Old, P_Type Young ) ; << proto
void Delete( P_Type yOld )

7 MAIN PROGRAM x/

void main{ void)

char Choice, lLetter:

P_T Head, p, q; 7

T wlesly V <mput bt for scant () read
Head = (P_Type) malloc ( sizeof ( Ring_Type ) ); @

Head -> Fore = Head; set up b
Head -> Aft = Head; fead ( —® j)
Head -> Data = NULL;

printf ( "\nEnter +L ( or + any letter ) to add letter to the ring"

"\nEnter -L ( or - any existing letter ) to remove letter "
"\nEnter > to list alphabetically, or < to list in reverse\n");

_f

(’E;ter +L lar + any letter]) to add letter to the ring
Enter -L (or - any existing letter]) to remave letter
Enter ) to list alphabetically, or ¢ tao list in reverse
+C

+F

+A

)

ACF
- C
FA
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while (1)
{

Choice = Lelter = g3
fflush (stdin);

sscanf ( gets(w), " %c %c ", & Choice, & Letter );
if ( Letter == g || ( Letter >= 'A" g& Letter <= 'Z") )

?witch ( Choice )

case '+
p = (P_Type) malloc (sizeof (Ring_Type));

p —> Data = Letter;
/ q = Head -> Fore;
A while ( g != Head && q -> Data < Letter )
q = g -> Fore;
In_Before ( g, p )
break;
case - :

= Head -> Fore;

/ while ( g != Head && q -> Dala != Letter )
remove Q = Q - Fore;
a letter if ( g !=Head )
Delete ( g );
break ;

case > :
q = Head -> Fore;
while ( q != Head )

{
Ust / . "y, 1

) printf ("%c", g -> Data);
alphabetically : q=q-> For%:;

rintf ("\n'");
reok ;

case < :
q = Head -> Aft s
while ( q != Head )

printf ("%c", g -> Data);
q = q -> Aft;

st in /
reverse order

printf ("\n");

} —

[ insert furctions In_Before () and Detete () here

N
ol

& application such as a book index ( a secondary sorted list under

each enitry ) can be handled as a ring of rings.

9: DYNAMIC STORAGE
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BIRARY, m MNOTHER ELEGANCE

ﬁake some letters o sort:

D’ Z‘ B, E' A’ F’C '
a node
@ring the first letter, D, to the root of a

iree and store it as a mode. { Trees grow Q
add D
upside down as do several metaphors in

computer science. J)
QOW take the next letter, Z, and bring
g

o the root node. 1t is blgger' than D
SO go right and make a new node to
(4] as shown here.

<=1 contain Z
SN

[;.\ow the third letter, B. It is T ] 1]
smaller than D so go left and [B]
moke a new node. 1]
Lo ] e fhe next letter, E, is bigger than D so
Dl go right. It is smaller than Z so go leA.

T [1] Then make a new node to contain E as
[B] /? shown here,
—= / .

ﬂn general, bring the next letter to the
root node and compare. If the new letter
is smaller go leff, if bigger go right Do
the same thing as you reach the next node, and the next and the next.

Eventually you will find no node for comparison. At that stage make a
new node and store the new lelter in it

\

- nmn
%ﬂ LN

Y a

Lo [ & L]

D]

[¢] 1] ” \
nﬂn ﬂ- -.-
add F) IE

T | L T 1 [ J&]
JA]
(e E3 [
| 1 ]
1]
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EM any stage the tree may
be traversed { or stripped'))
as shown below. Notice that
the arrow runs through the
letters in alphabetical order.

"l_jhe type of node record de- type?ef struct Nod

picted opposite is easily defined:
struct Nod * Left;
struct Nod * Right;

Lef} ﬂ-ﬂ Right char Data;
Data int Count;
Count | V\W }
\ Node_Type, * P_Type;

manging letters on a lree & depicted in stages opposite s is best done
recursively. If the current node is NULL make a new node to contain the
new letter; otherwise invoke Add_Item with the parameter specifying the
left or right pointer according to how the new letter compares with that
pointed to:

?_Type Add_item ( P_Type p, char Letter )

f ( p == NULL ) create new
pp= Create_Node ( Letter, 1 ); / HOJ;D,;IZ,—,WU
else
if ( Letter < p -> Data )
p -> Left = Add_ltem ( p -> Left, Letter );
else
if ( Letter > p -> Data )
p -> Right = Add_Item ( p -> Right, Letter );
else

p —> Count ++; g con t store twice, just
return p; add 1 o the count

lﬁ'he function for crealing a node involves the malloc{) function whose
prototype is in <stdiib.h>:

}

?_Type Create_Node (char D, int C)

P_Type p;

p = é) P_Type) malloc ( sizeof ( Node_Type ) );
p -> Left = NULL;

p —> Right = NULL;
p
p

-> Data = D;
-> Count = C; p L 5 R
return p; c

N3 ]
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BINARYATREES! ( CONTWUED )

lﬁhe tree may be traversed recursively:

void Strip ( P_Type p )

if ( p!= NULL )
{ / strip lef} tree oot 1 i

Strip ( p -> Left ); - in this case
Print ( p -> Count, p -> Data ); < Just ,Zn‘nt:a lettery

Strip ( p -> Right ); <

recursive call lo s‘p
} /l'g/?t tree
e SN

where the Print() function is as follows:

e
void Print ( int i, char ¢ )
{ /

while ( i-- )
printf ("%c", ¢);

st

Bfhe order of stripping shown above is called ‘in order’ stripping. Two
other orders are useful to programmers:

'‘pre order’ D BAC ZEF ‘post order’ ACB FEZ D
Print ( p -> Count, p -> Data ); Strip ( p -> Left );

Strip ( p —> Left )3 Strip ( p —> Right );
Strip ( p -> Right )3 Print ( p -> Count, p -> Data );

@\dding to the tree is simple, as demonsirated by the elegant brevity of
Add_Item, but true deletion is not simple because it requires re-
arrangement of the free. The following function finds the letter specified,
then decrement its count of occurrences. The Print() function ignores
letters that have a zero count, so Lose_ltem effeclively deletes letters.

goid Lose_Item ( P_Type p, char Letter )

e not found,
£ Cp = L)
if ( Leter p -> Data ) < =F recursive
Lose_Item ( p -> Left, Letter ); / calls

else
if ( Letter p -> Data )
Lose_ltem ( p -> Right, Letter );
else
if (p->Count o)
p -> Count —- ;

node found and
e X decremented if
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' m ANOTHER NAME FOR THE
i BINARY TREE. SORT

|/ MONKEY PUZZLE SORTING */
#include <stdio.h>
#include <stdiib.h>
type?ef struct Nod

struct Nod * Left;
struct Nod * Right;
char Data
int Count;

}
Node_Type, * P_Type;

void main { void )

P_Type Root ;
char Choice, Letter, wlag];

"\nEnter to fist alphabetically\n” );

Root = NULL; to leave the loop,
R A s

Choice = letter = @;
fflush (stdin);

sscanf ( gets (w), " %c %c "

switch ( Choice )
f case '+
break;
case '-': case __':

Lose_Item ( Root, Letter );
break;

case >':
Strip ( Root )3
printf ("\n™);

}
}

P_Type Create_Node ( char, int );
P_Type Add_Item ( P_Type, char );
void Lose_lItem ( P_Type, char );
void Strip { P_Type )3

void Print ( int, char );

rintf ("\nEnter +L ( or + any letter ) to add letter to iree”
p 1" Y "
\nEnter -L ( or - any existing letter ) to remove it

. & Choice, & Letter );
}F ( Letter == g || ( Letter >= ‘A" 8& Lletter <= 'Z' ))

Root = Add_lItem ( Root, Letter);

" make underscore

a synonym for
a _minus sign

9: DYNAMIC STORAGE
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EXERCISES

1

2

ﬂmplement the program on Page 148; it employs dynamic stacks.
Change the program so that it reads a numerical expression instead
of an algebraic one & and produces a single numerical result. The
way to go about it is explained on Page 142, exercise 3.

ﬂmplement the shortest route program on Page 152. Contrive a
network in which there is more than one 'shortest’ route. Which

does the program choose and why? Modify the program so that it
detects multiple shortest routes and warns the user of their existence.

Aodify program ROSES such that it stores words in alphabetical
order rather than just letters.

As a challenge, develop the program as a tool for book indexing.
The structure on the ring should contain a pointer to a chain of
integers representing page numbers. Each shructure on the main ring
should also contain a nested structure § of similar shape ) defining
a sub-ring to enable an entry in the book index to look something
like this:

cats, 172ff
care of, 172-4
habits of, 176-7
in literature, 178-81

in which the sub-entries for ‘cals’ are in alphabetical order.

@ ﬂmplemenf the monkey puzzle program on Page 16t. Extend its

162

scope so that entering < from the keyboard makes the list of
letters appear in reverse order.  The scope of binary irees is
only touched on in this book. )
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lE‘his chapter presents the functions of the ANSI C library.

Bach function is described by name of funclion, name of
header file in which it is defined, its prototype, a brief
description of the funclion, and an example of its usage.
Functions are grouped according to application; use the
summary in Chapter 11 for alphabetical reference.

l}uncﬁons concerned with multi-byte characters and foreign
locales are not fully described in this book. For full details
see ANSI X 3.195 which also explains why such functions
were included in the standard library.



IRPYTNOV TPV TQFILES]

I}unctions for dealing with input, oulput and file management are
described under the following subheadings:

¢ Low-level input & output

* Single character input & output
* File management

* Random access

+ String input & output

» Formats for input & output

+ Temporary files

» Buffering

LOW LEVEL 11O

fwrite, fread

| #include <stdio.h >
size_t fwrite ( const void * buf, size_t b, size_t ¢, FLE * s );
size_t fread ( void * buf, size_t b, size_t ¢, FLE * s );

Low level functions for writing from buffer to file and reading from file
to buffer. Both funclions return the number of items successfully
transferred. size_t is a special type defined by typedef in sitdioh.

fwrite ( P_out, sizeof ( char ), 884, OuiStream );

Nr__Out
fread ( P_in, sizeof ( char ), 8@, InStream );

Nr_In

Ny ORI

SINGLE CHARACTER 1,0

fputc, putc, putchar
= #include <stdio.h >
int fputc ( int ¢, FLE * s );

Output a single character lo slream s.
. #include <stdio.h>

int putc ( int ¢, FLE * 5 );

int putchar ( int ¢ );

macros: putc() is equivalent to fputc(), so avoid arguments that have
side effects; putchar() is equivalent to putc( int ¢, stdout );

fputc ( Ch, stdout );

fgetc, getc, getchar

] #include <stdio.h>
int fgetc ( FILE * s );
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Input and return a single character from stream s

] #include <stdio.h >
int getc ( FILE * s );
int getchar ( void );

macros: getc() is equivalent to fgetc(), so avoid arguments that have
side effects; gefchar%) is equivalent to getc(stdin).

L Ch = fgetc ( stdin ); ;l

ungeic

] #include <stdio.h>
int ungetc ( int ¢, FILE * s );

Causes the next fgetc()  or other ‘gef function)) on this stream to pick
up the character 'ungol'. If a second character is 'ungot’ before the first
has been picked up, the first is lost. Returns the code of the character
‘ungot’, or EOF #f unsuccessful

ungetc ( Ch, stdin ); 1

FILE MANAGEMENT

fFlush

n #include <stdio.h>
int Fflush ( FILE * s );

Flush input buffer on stream s. Return g if successful.

LjFlush ( stdin ) J

fopen, freopen, fclose

#include <stdio.h>
FILE * fopen ( const char * file, const char * mode );
FILE * freopen ( const char * file, const char * mode, FLE * s );

Function fopen() opens a file in the mode specified and returns a
pointer to the associated stream. Returns NULL if unsuccessful. The
composition of *mode is defined on Page 117.

Function freopen() is similar to fopen(), but points to stream s, thereby
redirecting input or output from stream s to the nominated file.

u #include <stdio.h>
FILE * fclose ( FILE * s );

Closes an open stream, flushing the output buffer if writing. Returns & i
successful, otherwise NULL.
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char *p = "C:\\MYDIR\\MYFILE.ME";
MyStream = fopen ( p, "w+" );
freopen ( "PRNTFILETXT", "w", stdout );
fclose ( YourStream );

remove, rename, rewind

] #include <stdio.h >
int remove ( const char * Ale);

Deletes a file, currently closed, and returns & if successful.

] #include <stdio.h >
int rename ( const char * old, const char * new )

Renames a file, whether it is open or closed, returning g if successful

n #include <stdio.h>
void rewind ( FILE * s);

Clears end of file and error flags for siream s. Locates the file pointer
such that the next read will pick up the first item.

printf ( "%s\n", remove( "MYFILEDOC™) ? "Error™ "OK" );
printf ( "%s\n", rename ( "HER.SUR", "HIS.SUR™ ? "Error” : "OK" );
rewind ( MyStream );

s e,

clearerr, feof, ferror

] #include <stdio.h >
void clearerr ( FILE * s );

Resets the error indicator and end-of-file indicator without rewinding.

u #include <stdio.h >
int feof ( FLE * s );
int ferror ( FLE * 5 );

Returns non-zero if there has been an attempt to read the sitream
beyond its end-of-file indicator, or the error indicator has become set.
Returns zero if al's well Each function clears its associated indicator. See
page 118 for fuller description.

RANDOM ACCESS

fseek, ftell

n #include <stdio.h>
int fseek ( FILE * s, long offset, int origin );

Locates the file pointer:
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« at the start of stream s if origin specifies 4,
* one byte post the end of the file if origin specifies 2,
» at offset bytes from the start of the file if origin is 1

For clarity: enum { SEEK_SET, SEEK_CUR, SEEK_END 1}
is defined in stdio.h as constants for @, 1 and 2.

The function returns @ if successful, but under MS DOS may return ¢
after an unsuccessful attempt.

[ ] #include <stdio.h >
long ftell ( FLE * s );

Returns the position of the file pointer. If the return is used as offsel in
fseek(), origin must be zero ( SEEK_SET).

fseek ( MyStream, @, SEEK_SET );
ftell ( YrStream );

fsetpos, fgetpos
] #include <stdio.h>
int fsetpos ( FILE x s, const fpos_t * p );

Sets the file pointer for stream s to the value pointed to by p. If
successful, the funclion clears the end-of-file flag for stream s and
returns @. If unsuccessful, the function sets the global variable errno and
relurns a non-zero value. fpos_t is a special type defined by typedef in
stdio.h.

] #include <stdio.h>
int fgetpos ( FILE * s, fpos_t * ¢ );

Saves the position of the file pointer on stream s at the location pointed
to by ¢ If successful, the function returns @, otherwise it sets the global
varioble ermo and returns a non-zero value.

fpos_t * PosPoint
fgetpos ( MyStream, PosPoint );
fsetpos ( MyStream, PosPoint );

STRING 11O

fgets, gets, fputs, puts

[ | #include <stdio.h >
char * fgets ( char * 4, int n, FLE * s );

From siream s the function reads os many as n-1 characlers to buffer 4/ 1
It stops reading if it meets \n ({ which it RETAINS)) or EOF. It appends
NULL to the character siring. The function returns a pointer to buffer 4,
or NULL if the operation fails.
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u #inciude <stdio.h >
char * gets ( char * 4 );

Reads characters from stdin until meeting \n ({ which it DROPS)) or EOF.
It appends NULL to the character siring. The funclion returns a pointer to
buffer 4, or NULL if the operation Fails.

| ] #include <stdio.h>
int fputs ( const char * 4, FLE * 5 );

Sends the character siring in buffer 6 ( which must be NULL terminated))
to stream s Relurns @ if the operation fails.

| #include <stdio.h>
int puts ( const char * 6 );

Sends the character siring in buffer & { which must be NULL terminated))
to stream stdout. The function returns @ if the operation fails.

char wlag ], v[ss];
fgets ( w, 88, stdin );

?efs (v )
puts ( w, stdout );
puts ( v %

FORMATS FOR 110

fprinif, printf, sprintf
] #include <stdio.h>
int fprintf ( FILE * s, const char * /A, .. );

Prints on stream s as many items as there are single percentage signs in
fmt that have malching arguments in the .. list. Pages 11¢ and i1 describe
the composition of the format string. The function returns the number of
ittems actually printed.

| #include <stdio.h >
int printf ( const char * At . );

As fprintf() but with stdout implied for stream s.

= #include <stdio.h>
int sprintf ( char * p, const char * fmt, .. );

As fprintf() but with string p in place of stream s
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char fmat [1 = "First %i, then %6.2f then %c then %s\n";
char sink [ 82 I;

fprintf ( stdout, fmal, 1, 125, 'A, "OK" );

printf ( fmat, 1, .25, ‘A, "OK" );

sprintf ( sink, fmat, 1, 125, ‘A, "OK" );

printf ( "%s", sink );

First 1 then 1.25 then A then OK
First 1 then 1.25 then A then OK
First 1 then 1.25 then A then OK

vfprintf, vprintf, vsprintf

] #include <stdio.h>
#include <stdarg.h>

int vfprintf ( FLE * s, const char * fmt, va_list ap );
int vprintf (const char * fmt, va_list ap );
int vsprintf ( char * p, const char * fmt, va_list ap %

These functions correspond to fprintf, printf, sprinif respectively, but
instead of having a list of arguments they have a pointer of type va_list
pointing to the 'next’ argument retrievable by va_arg(). Page 9 explains
the use of va_arg(). va_list is a special type defined by typedef in
stdarg.h.

for { n=g; n<Count; ++n)
vprintf ( "%f", va_arg ( ap, double ) );

fscanf, scanf, sscanf

| #include <stdio.h>
int fscanf ( FILE x s, const char * /A, .. );

The function reads from siream s as many #tems as there are
percentage signs in fmt for which there are corresponding pointers in the
.. list. White space in fmt is ignored. The function returns the number of
tems actually read; if excess arguments are provided they are ignored.
Pages 112 and 113 describe the composition of the format string.

] #include <stdio.h>
int scanf ( const char * /i, .. );

As fscanf() with stdin implied for stream s.

] #include <stdio.h>
int sscanf ( const char * 4, const char * fmt, .. );

As fscanf() but with string 4 in place of slream s.

fscanf ( stdin, "%i", an );
scanf ( "%", &n );

char w [ 80 I;
gets ((w );
sscanf ( w, "% %f %F", &n, ax, &y );
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TEMPORARY FILES

tmpfile, tmpnam

n #include <stdio.h >
FiLE * tmpfile ( void );

Opens a nameless, temporary file in mode "wb+" and returns the
associated stream. Mode is defined on Page 117. The funclion returns NULL
if opening fails. The nameless file is automatically deleted on closure of
the stream.

L #include <stdio.h>
char * tmpnam ( char * nam );

Generates a unique name and returns a pointer to it. The argument
points to the array in which you want the name stored. The minimum
length of array is given by L_tmpnam, the maximum number of names
by TMP_MAX, these constants being defined in stdio.h. Absence of an
argument implies storage in the form of a constant. See Page 12¢ for
clarification,

FILE * BriefStream;

BriefStream = tmpfile(); 44
l fclose { BriefStream‘S‘;\

tmpnam ( R );

1
FILE * S;
S = fopen ( M, "w+b" );
fclose ( S )3
remove ( M );
BUFFERING

setvbuf, setbuf
] #include <stdio.h>
int setvbuf ( FLE x s, char * 4, int mode, size_t sz );

Changes the buffer for stream s from that allocated by the system to
that specified by 4 The mode of buffering should be specified as:

o _IOFBF for full buffering,

« _IOLBF for buffering a line at a time,
» _IONBF for no buffering.
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Buffer size is specified by sz The mode constants, and the special type
size_t, are defined in sidio.h. )

[ | #include <stdio.h >
void setbuf ( FLE * s, char * 56 );

As setvbuf() but with mode set to _JOFBF and sz set to BUFSIZ. The
constants are defined in stdio.h.

setvbuf ( MyStream, MyBuf, _IOFBF, 2048 );
setbuf ( YrStream, YrBuf );

PROCESSICONTROL!

[}uncﬁons for process control are described under the separate
subheadings:

Termination
Environment

Locale

Error recovery
Signals & exceptions

TERMINATION

l'l_fhe following functions are concerned with terminating a program,
printing explanatory messages and lidying up at exit. Three lbraries are
involved.

exit, abort, assert

u #include <stdlib.h >
void exit ( int status );

Call exit() to exit a program normally. The function flushes file buffers,
closes files left open. If you registered a set of functions using atexit(),
these are now invoked in the reverse order of their registration.

Constants EXIT_SUCCESS and EXIT_FALURE are defined in stdibh for use
as an argument. EXIT_SUCCESS has the value zero.
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u #include <stdlib.h >
void abort ( void );

Call abori() to exit a program abnormally. The funclion does not flush
file buffers or call functions set up using atexit().

] #include <asserth>
void assert ( int expression );

A macro intended for program development. If expression evaluates as
zero, ceriain diagnostics are sent to siderr, then abort() is invoked. You
can disable assert() using macro NDEBUG in the preprocessor.

if ( Chaos ) abort();
if (! Chaos ) exit (@);
assert ( Nodes > Edges );

perror

] #include <stdio.h >
void perror ( const char * mess );

Prints on stream stderr the message you give as argument. Precedes the
message with the error number currently held by the global variable
errno.

perror ( "out of memory"” );
exit (2);

atexit

] #include <stdlib.h >
int atexit ( void ( * fun ) void ) );

When -atexit() is invoked it registers’ the function pointed to by fun as a
function to be invoked by exit(). The exil() function invokes all registered
functions in the reverse order of their registration. You may register as
many as 32, possibly more, see local manual for the number permitted.
Registered functions should be simple ones that cause no side affects.

atexit ( Second_Func() );
atexit { First_Func() );
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ENVIRONMENT

"_l}he following functions are concerned with a program’s environment,
Environment strings may be interrogated and commands to the operating
system executed from inside the program.

getenvy

n #include <stdlib.h >
char * getenv ( const char * Mame );

The name used as an argument is malched against the list of
‘environment names’ held gy the systern; for example "PATH" or "MYFILE2".
If a maich is found the function returns a pointer to the corresponding
data object, otherwise it returns NULL. Do not attempt to change the static
object pointed to.

p = getenv ( "PATH" ); i

system

n #include <stdlib.h>
int system ( const char * command );

Executes, from inside a program, a command addressed to the
computer’'s operaling system. The command should be encoded as a
slring. Given NULL as the argument, the funclion returns non-zero to
indicate the presence of a command processor, zero to indicate absence.

l-:ystem ( "DIR" );

monetary values in different countries are printed in diverse styles; for
example $5.95 versus £3-15. Separators and groupings of digits vary, also
the usage of commas and periods. A set of such conventions may be set
up in a C progrom as a named siructure, and these may be picked up
for use in any 'international’ functions you may write. A locale has
categories ({ accessed by the constants LC_NUMERIC, LC_TIME,
LC_MONETARY efc. ) which may be independently changed.

LOCALE

By defaull, the structure named C specifies only the use of a period as
a decimal point. Mo function in the C library refers to any locale comvention
save that of the decimal point. -

The prototypes shown below declare Functions for selting conventions for

a locale and interrogating the structure. See ANSI X3.453 for further
information.
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setlocale, localeconvy

| #include <locale.h>
char setlocale ( int category, const char x locale );
struct lconv * localecony ( void );

setlocale ( LC_ALL, "C" ),
printf ("Out, damned %s, out I say\n", localecony () -> decimal_point) ;

ERROR RECOVERY

4fhe 'goto’ statement, which causes a Jump to a label in the same
function, can be useful for error recovery but is limited in scope. The
Facilities, longjmp() and setjmp(), are designed to serve a similar
purpose as the ‘goto’ and the label respeclively, but their use is not
constrained to the scope of a single function.

A macro, setjmp(), is defined in <setjmph>. Also defined is an array
type named jmp_buf. On invocation, setjmp() saves its caling environment
in the nominated buffer for use by the next invocation of longjmp(). The
location of setjmp() serves as the 'label.

The macro returns @ if successful.

When a subsequent longjmp() is executed, control returns to setjmp().

The second argument of longjmp() provides an error code which setjmp( )
then returns. The program behaves as though there had been no
interruption to its flow.

To avoid unwanted interaction, calls to longjmp() should be made only in
simple contexts. A definition of the four allowable contexts, referred to
above as 'simple’, may be found in 4.6..1 of ANSI Xa.59.

set jmp, longjmp
L] #include <setjmp.h>
int setjmp ( jmp_buf saver );
void longjmp ( jmp_buf saver, int valwe ),

if ( ErNo = setjmp(MyBuf)==¢ )
{ normal program}
else
{ fandle errors: switch (ErNo) }

if ( Chaos )
longjmp ( MyBuf, 1 );
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SIGNALS, EXCEPTIONS

r‘l}he signalh header file provides tools for handling failures, errors and
interruptions, described collectively as ‘exceplions. When an exception
occurs during execution the processor raises a corresponding ‘signal.

The header file defines the following macros for processing signals:
e SIG_DFL default treatment, depends on implementation

« SIG_IGN ignore

e SIG_ERR the value returned by signal() if signal fails.

The header file defines the following signals:

» SIGABRT abnormal termination, as with abort()

+ SIGFPE arithmetic error ( such as division by zero )
e SIGILL illegal instruction

* SIGINT interrupt ( typically Ctri+C from keyboard )
¢ SIGSEGV attempted access outside memory range

* SIGTERM request for termination received by program.

gignals are objects of type sig_atomic_t, a type defined in the header
file. When an exception arises, the corresponding signal is automatically
raised, and 'handled’ as specified in the function { which you may write
nominated as the second parameter of signal(). This function may, iself,
invoke signal() in various ways, and may be designed to abort the run
or return to the place where the signal was raised.

Instead of writing a handiing function you may call one of the standard
macros SIG_IGN or SIG_DFL for ignoring the signal or trealing it in the
default manner. After ignoring a signal, control reverts to where the
signa! was raised. The 'default manner’ depends on the implementation.

In addition to handiing signals you may raise them. A signal is raised by
means of the raise() function.

signal, raise

. #include <signalh>
void ( * signal ( int sig, void ( * fndlr ) int ) ) ) (int );
int raise ( it sig );

The first argument of signal) should be one of the six listed. The
second argument may be the name of a function you have written for
handiing the exceplion, or it may be SIG_DFL or SIG_IGN. When the
nominated exception arises, the associated funclion or macro is called. If
the signal() function fails it returns SIG-ERR.

If you write a handiing function it should have a single int argument for
the signal to be handled and return a value of like type.
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if ( signal ( SIGINT, MyHandler )} == SIG_ERR );
perror (" signal failure™), exit(1);

signal ( SIGFPE, SIG_IGN );

raise ( SIGSEGY );

VARIAGLTJARCORERTJLIST,

[}unc}ions may be defined with an argument list comprising at least one
argument always present followed by a variable number of ‘extra’
arguments. <stdargh> provides tools for picking up the extra arguments.
The pointer must have the special type, vo_list, defined in the header file.

va_start, va_arg, va_end

] #include <stdarg.h >
void va_start ( va_list p, name );

Place function at start of exiraction sequence. The first argument
declares the pointer, the second is the name of the last fixed argument
in the funclion.

#include <stdarg.h >

type va_oarg ( va_list p, type );
This is obeyed once for each argument exiracted. &pe will be int, float,
double, efc. according to the type of argument to be exiracted in each
case.

] #include <stdarg.h>
void va_end ( va_list p );

Place function at end of extraction sequence. See Page 96 for clarification.

va_list ap;
va_start ( ap, Count );
va_end ( ap )

IMEMORY JALLOCATION

When one siructure points to another of the same type, memory has to
be allocated for the siructure pointed to. Memory is allocated from a
'heap’ maintained by the processor. Allocation functions specify the number
of bytes required.

If a pointer o a structure is made to point elsewhere, the structure

formerly pointed to becomes 'garbage’, which may be freed and
returned to the heap.
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malloc, calioc, realloc, free

[ ] #include <stdlib.h >
void * malloc ( size_t bytes );

The function returns a pointer to a buffer comprising storage of the
specified size. The type of pointer may be indicated by a cast. Size is
measured as a total number of bytes, usually by sizeof() which returns
a value of the required type.

= #include <stdiib.h>
void * calloc ( size_t Mumflts, size_t FltSiz ),

The function returns a pointer to a buffer for an array having Aumfits
elements, each of £USiz bytes. The lype of pointer may be indicated by

a caost. The size of element is usually given via sizeof() which returns a
value of the required type.

» #include <stdlib.h >
void * realloc ( void * p, size_t newsiz );

Changes the size of an allocated section of memory, pointed to by p, to
the new size of newsiz byles. If the new size is smaller than the previous
size, the new content will remain the same as far as it goes. The pointer
should have been established by malloc(), calloc() or realloc() — or it
may be NULL, in which case realloc() behaves lke malloc().

= #include <stdlib.h >
void free ( void * p );

Frees the section of memory previously allocated, and pointed to by p,
returning it to the heap. See Chapter 9 for clarification.

(Pir_to_Edgetype) malloc ( sizeof ( Edge_Type ) );
( int * ) calloc ( 1808, sizeof ( int ) );

STRINCRTOINUMBER;

i}he functions described below are for converting values expressed in
character form to values in numerical form and vice versa.

| o

atoi
» #include <stdlib.h >
int atoi ( const char x s );

Returns the decimal int value represented by the argument. Equivalent to
the calt (int) strtol (s, (xxchar) NULL, 14 ).

printf ( "%\n", atoi ( " -987" ) ); w
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atol

| #include <stdlib.h >
long atol (const char * s );

Returns the decimal long int value represented by the argument.
Equivalent to the calk sirtol ( s, (char=x) NULL, 18 );

printf ("% li\n", atoi (" -98765") );

atof

] #include <stdlib.h >
double atof ( const char * s );

Returns the double value represented by the argument. Equivalent to the
call: strtod ( s, (char*x) NULL );

1, " n " -/
! printf ( "%f\n", atof ( " -98.765" ) ); M

sirtod

u #include <stdlib.h >
double strtod ( const char * s, char * x p );

Short for 'string to double’. The form of siring is expected to be the
following:

wsp sign digils.digils exp sign digits excess

* wsp means optional white space
e sign means an optional + or -

* digits means an oplional sequence of decimal digits; at least one
digit must follow the decimal point if there is no digit before it

* expis E, e, D or d 1o signify times ten to the power..’

* excess signifies any trailing, non-conforming string such as "ABC" in
"-4.5e6ABC".

The function returns the value represented by the string. It leaves p
NULL, or pointing to the start of the trailing slring if such exists. If the
converted value is too big for its type, the funclion returns the value of
the constant HUGE_VAL and sets errno.

char String [1 = "-4.5e6ABC";
printf ("%If ", strtod (String, & p ) ); ~7

intf (" %s\n", p );
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strtol, strioul

n #include <stdlib.h >
long strtol ( const char * s, char * * p, int base );
unsigned long strtoul ( const char * s, char * x p, int radix )

Short for 'string to Jong' and 'string to unsigned long. The form of string
is expected to be:

wsp sign 4 x digits

e wsp means optional white space

* sign means an optional + or -

* x means on oplional x or X

* digits means a sequence of oclal, decimal or hex digits.

» excess signifies any trailing, non-conforming siring.

The function returns the value represented by siring s, leaving p NULL, or
pointing to the irailing string if such exists. If the value is too big for its
type, strtol() returns the value of the constant LONG_MAX or LONG_MN
according to the sign given in s, and sets errno; strtoul() returns
ULONG_MAX and sets errno.

The argument, fase, which specifies the number base, may be set from 2
to 36 or to zero. If set zero the base is deduced from the initial
characters of s by the following rules: first character 8, next ¢ to 7,
implies base 8 (octal); first character @, next x or X, implies base 16
(hex); First character 1 to 9 implies base 18 (decimal).

char String[] = "+12345xxx", * p;

printf ( "%li\n", strtol(String, &p, ) );
printf ( "%s\n", p ) K¢
printf (" %lu\n", strtoul ("@777", ap, 8 ) );

51 decimal is 777 octal

MATHEMATICS:

'ﬁhe mathematical functions are described below under the headings:

Arithmetical
Trigonometrical
Hyperbolics

Random numbers
Modular division
Logarithms & exponentials

* © & o o 0
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&\ost of the mathematical functions and macros are defined in the
mathh header but a few are to be found in stdlibh. These are functions
concerned with:

» absolute values ({{ abs, fabs, labs)
+ pseudo-random numbers { rand, srand )
» modular divisions { div, Idiv) .

If an argument supplied to a function is outside the domain over which
the function is defined, the global variable, errno, is set to the value
returned by macro EDOM. I(’g the value computed by a function cannot
be represented by type double, errno is set to the value returned by
macro ERANGE. In either case the value returned by the function then
depends on the implementation. The value returned by macro HUGE_VAL
may be employed. Check local manuals about domain and range errors.

ARITHMETICAL
abs, fabs, labs
] #include <stdlib.h >
int abs ( int » );
long labs ( long w );
] #include <math.h>
double fabs ( double o );
Absolute ({ positive ) value of the argument.
printf ("%i %i %i\n", abs(-2), abs(g), abs(2) ); |
printf ("% li\n": labs (-2); s 0 2
printf ("%.4F\n", fabs(-.4¢2) ); 5
= 0.0020
ceil, Floor
L #include <math.h >

double ceil ( double & );
double floor ( double & );

The nearest whole number above the value of the argument, and the
nearest whole number below the value of the argument respectively.

printf ( %.2f\n", ceil ( 2.8¢1 ) )3
printf ( %.2f\n", floor ( 2.999 ) )} 3.00
2.00
pow
n #include <math.h >

double pow ( double x, double ¢ );
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The result of x raised to the power y. A domain error if x is negalive
gnd y non-integral. A range error occurs if the computed value is too
ig.

printf ( "%.2f %.2f\n", pow (2,3 ), pow (25, 35 )% (¢ 00 24.71

sqrt
[ ] #include <math.h>
double sqrt ( double a );

The square root of an argument that must be positive. Domain error if
the argument is negative.

printf ( "%.2f %.2f\n", sqrt (2), sqrt (13.45) );

TRIGONOMETRICAL

sin, cos, tan

| #include <math.h>
double sin ( double ar );
double cos ( double ar );
double tan ( double ar );

The sine, cosine, tangent ({ respectively ) of an angle measured in radians.

const double pi = 3.1415926;

printf ( "%.3f %.3f\n", sin ( pi/6 ), sin (@) );
printf ( "%.3f %.3f\n", cos ( -pi/6 ), cos ( pi ));
printf ( "%.3f\n", tan ( pi/4 ) ); rd

asin, acos

L] #include <math.h>
double asin { double a );
double acos ( double a );

The arc sine { the angle whose sine ..) , and arc cosine ( the angle
whose cosine is..)) . The vale returned is measured in rodians. For asin{ )
the range is [-7/2, +72], for acos() the range is [8, ml. Domain error if
the argument falls oulside the range -1 to +.

Erintf ( "%.3f %.3F\n", asin(d.5), acos(sqrt(3)s2) ); l
K

0.524 0.524
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atan, atan2

] #include <math.h>
double atan ( double a );
double atan2 ( double g double x );

The arc tangent (the angle whose tangent is..)) . The argument of atan()
specifies the ratio of y to x; arguments of atan2() specify the same
ratio but with y and x independently signed. The value returned is
measured in radians. For atan() the range is [-/2, +7/2]; for atan2() it

is [-m, +ml

rprinff { "%.3f %.3f\n", atan(t), atanz2(-1, -1) ); 0.785 -2.356

HYPERBOLICS

sinh, cosh, tanh

| | #include <math.h>
double sinh ( double x );
double cosh ( double x );
double tanh ( double x );

The hyperbolic sine, hyperbolic cosine, hyperbolic tangent respectively. A
range error occurs with sinh() or coshg feif the computed value is too big.

const double d = 7.6889025
printf ( "%.3f %.3f %.3f", sinh(d), cosh(d), tanh(d) )

1000.000 1000.000 1.000

RANDOM NUMBERS

rand, srand

] #include <stdlibh>
int rand (void);

Returns a pseudo random number having a value between zero and the
constant RAND_MAX which is defined in stdibh. The starting value (( the
seed)) may be set by a call to function srand().

] #include <stdlib.h >
void srand ( unsigned int seed );

When called, the function sets a seed for the rand() function. The seed
is based on the argument given to srand(); if a program is re-run with
identical seeds, rand() will generate an identical sequence of numbers. In
the absence of any srand() function, srand(1) is implied.

srand ( 18 );
printf ( "%i %i %i\n", rand(),rand(),rand() )

|

10345

30957
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MODULAR DIVISION

div, Idiv
= #include <stdlib.h >
div_t div ( int num, int denom );

The arguments specify the numerator and denominator of a division
operation. The function returns the quolient and remainder of that
operation in a structure of type div_t. This structure is defined in stdlibh
as:

:’ypedef struct

int quot;
int rem;
} div_t;

L #include <stdiib.h >
Idiv_t Idiv ( long mum, long denom );

The function works as described above, but involves long integers. The
structure returned is defined in stdlibh as:

;ypedef struct

long quot;
long rem;

1 idiv_ts

div_t shorty;
shorpl = div ( 37, 8 )
(

print " %i\n", shorty.quot, shorty.rem ) '
frnod

= #include <malth.h >
double fmod ( double x, double y );

Returns the remainder of a floaling point division, where the division
operalion is designed to stop when the quotient reaches the highest
possible integral value, positive or negative.

printf (" %.2f %.2f\n", fmod(36.4, 6.3), fmod(36.4, -6.3) );

S
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modf

] #include <math.h>
double modf ( double 4, double * p );

Returns the fractional part of a floating point number, 4, leaving p
pointing to a whole number expressed in floating point form. If o is
negative, both parts are token as negative.

-

double Frac, Int;
Frac = modf(~12.34, & Int);
printf ( "%.2f %.2f\n", Int, Frac );

-12.00 -0.34

LOGARITHMS & EXPONENTIALS

log, logid, exp

= #include <mathh>
double log ( double a );
double logig ( double a );
double exp ( double a );

The natural logarithm  base e)) of the argument, the base 18 logarithm
of the argument, the natural anti-logarithm of the argument — in other
words e raised to the power of the argument.

const double e = 2.718282;
printf ( "%.2f %.2f %.2f\n", log(D), log(e), logtd(1800);
printf ( "%.2f %.2f %.2f\n", exp(8), exp(1), exp(log(123)));

e

frexp, ldexp 0.00 1.00 3.00

] #include <math.h > 1.00 2.72 123.00
double frexp ( double x, int x p );

The composition of binary floaling point number x is m times 2 to the
integral power , where /m is the 'mantissa’. Function frexp() returns the
mantissa of x and leaves p pointing to the integral exponent.

[ | #include <math.h >
double Idexp ( double x, int 7 );

Function idexp() returns the product of x times 2 to the power s

double Man;

int Exp;

Man = frexp ( 6.3, & Exp );

printf ( "%.4F %i\n", Man, Exp );
printf ( "%.2f\n", Idexp( Man, Exp ) );
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CHARRCTERS

[Functions for identifying characters ( s # an integer? efc. ) are defined
in header file ctypeh. Functions for converting values from character
representation to numerical representation, and vice versa, are defined in
header file stdlib.h.

isalnum, isalpha, isdigit, isxdigit

] #include <clype.h>
int isalnum ( int ¢ );
int isalpha ( int ¢ );
int isdigit ( int ¢ )
int isxdigit ( int ¢ )

These functions return a non-zero value (rue) if the test passes,
otherwise ¢ (false). The tests are respeclively for:

» isalnum(), an alphanumeric character, letter or digit
« isalpha(), a letter

« isdigit(), a digit from g to 8

« isxdigit(), a hex digit, 8 to F (or f)

[ printf ("% %i % %i\n", isalum('*), isalpha('G), isdigit(’b’), isxdigit(b?) s

—

isgraph, isprint

] #include <cltypeh>
int isgraph ( int ¢ );
int isprint ( int ¢ );

These functions return a non-zero value (true) if the test passes,
otherwise ¢ (false). The tests are respectively for:

» isgraph(), a printable character excluding a space character
» isprint(), a printable character including a space character

printf ("% %i %i\n", isprint(x), isprint(’ ), isgraph(’ ) );

islower, isupper

= #include <ctype.h>
int islower ( int ¢ )
int isupper ( int ¢ );
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These funclions return a non-zero value {irue) if the test passes,
otherwise ¢ (faise). The tests are respectively for:

« islower(), o letter from a to z
+ isupper(), a letter from A to Z

printf ("% %i\n", islower('n), isupper('n’) );

iscnirl, ispunct, isspace ( #0
u #include <ctype.h> . example

int isentrl (int ¢ );
int ispunct ( int ¢ );
int isspace ( int ¢ );

These functions return a non-zero value (true) if the test passes,
otherwise @ (false). The tests are respectively for:

» iscntrl(), a control character such as that sent from the keyboard
by holding down Cir] and pressing C.

» ispunct(), a punctuation mark such as ; or : or .

+ isspace(), one of the white space characters TN, AN, N, AL AV

—

printf ("% %i %i\n", iscntri(’ ), ispunct(’x"), isspace(’y) );

tolower, toupper

| #include <ctype.h>
int tolower Z int ¢ );
int toupper ( int ¢ );

Returns the lower case or upper case equivalent of the argument
respectlively. If there is no such equivalent, the function returns the same
value as its argument, ireated as type inh

_(

! printf ("%c %c\n", tolower('A"), iouppe:(;:') %

urnchanged

STRINCS

Qost of the following functions are defined in stringh, a few in
<stdlibh>. They concern character arrays and their manipultation. In the
explanations that follow, the phrase 'string s’ is used as a short way of
saying ‘e array pointed to by s.
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The functions are described under the following subheadings:

* Siring length

* String copy & concatenate
» String comparison & search
¢ Miscellaneous sltrings

STRING LENGTH

strien

n #include <string.h >
size_t sirlen ( const char x s );

Returns the number of bytes in the nuli-terminated siring pointed to by s,
NOT counting the null terminator.

printf ( "%i\n", strlen ( "ABC" ) ); LAAJ_
3

COPY & CONCATENATE

'iihhe library offers several string copying functions, all subtly different in
behaviour.

strcpy, strmcpy

n #include <string.h>
char * strcpy ( char x si, const char * 52 );
char * strncpy ( char x sf, const char * sz, size_t n )

Function strcpy() copies string s4, including its terminating null, to sz
strncpy() does o similar job, but copies only n characters. If a
terminator in sz is met before all » characters have been copied, the
target string is padded with null characters to the full count of n The
functions return a pointer to the copied string. For neither function should
the strings overlap.

char Slel;
strncpy (S, "ABCDE", 8);
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memcpy, memmove

] #include <string.h>
void x memcpy ( void * bf, const void * bz, size_t n );
void * memmove ( void * b, const void * Az, size_t n );

The objects copied by these two functions are not limited to null-
terminated strings. memcpy() copies n characters from buffer 42 to
buffer 41 returning pointer 4. The objects should not overlap.
memmove() does a similar job to memcpy() but behaves as though the
n characters were first copied from 4z to a private buffer, then copied
from the buffer to Af thus tolerating overlap.

char S[3];
memcpy ( S, "ABCD", 3 );

strcat, strncat

| #include <slring.h>
char * strcat char * sf, const char * 52 );
char * strncat ( char * sf, const char * sz, size_t n );

Function sircal() copies sz onto the end of s overwriting the terminating
null of s/ with the first character of sz The copied siring is not disturbed.
The return value is st strncal() does a similar job, but appends only the
first n characters of sz, then adds a null terminator. For neither funclion
should the sirings overlap.

char S[e]l = “XY";
strncat (S, "ABC", 2 )%

STRING COMPARISON

strcmp, strncmp, memcmp

= #include <slring.h>
int strcmp ( const char * sf, const char * 52 );
int strncmp ( const char * s5, const void * sz, size_t n J;
int memcmp ( const void * sf, const void * sz, size_t 7 );

Function strcmp() compares s/ and sz, character by character, until it
reaches the end of both strings or encounters a difference. If it reaches
the end, the function returns zero; if it encounters a difference it
returns a positive or negative value. The value returned is positive if the
first non-matching character in s/ is greater ({ treated as unsigned char )
than the corresponding character in 52, otherwise the value returned is
negalive. strncmp() does a similar job, but considers only the first n
characters — fewer if a null terminator is met early. memcmp() is similar
to strncmp() but not constrained to work with null-terminated strings.

+re

printf (" %i\n", strcmp( "ABCDeFG", "ABCDEFG" ) ); | for example

e > £, 101 > 69
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STRING SEARCH

strchr, strrchr, memchr

= #include <string.h>
char * strchr { const char x s, int ¢ );
char * strrchr { const char * s, int ¢ );
void * memchr ( const void * 4, int ¢, size_t » )

Function strchr() returns a pointer to the first occurrence of cin s or
NULL if it fails to find one. strrchr() is similar to strchr() but returns the
last occurrence instead of the first. In both these functions, "\&' is
included as one of the characters of the siring. memchr() does a similar
job to strchr() but is not constrained to work with null-terminated strings
and considers only the first 7 characters of buffer 4

}'printf ("%s %s\n", strchr( "abba", 'b"), strrchr("abba", b)) );

bba ba

strcspn, strpbrk, sirspn, sirsir

a #include <string.h>
size_L strespn ( const char x sf, const char * 52 );
char * sitrpbrk ( const char * sf, const char * 52 );
size_{ strspn { const char x si, const char * 52 %
char * sirstr { const char * sf, const char * s2 );

Function strcspn() returns the number of characters in s/ encountered
before meeting any of the characters in sz strpbrk() returns a pointer
to the First character encountered in ss that malches any of the
characters in sz strspn() returns the number of characters in s/
encountered before meeting one that is outside the list in s2 Funclion
strstr() finds the location of sub-siring s2 in st and returns a pointer to
its leading character. Returns NULL if there is no match.

printf ( "% leading consonants\n", strcspn("Phrygian”, "aeiou”) );
printf ( "%s\n", strpbrk ("Phrygian”, "aeiou”) );
printf ( "%i leading digits\n", ‘strspn( "1e84 JULY 23", "#123456789") );
printf ( "%s\n", strstr(" "Mares eat oals", "at") );
5 leading consonants
ian
sirtok 4 leading digits
m  #include <string.h> at_oats

char * sirtok const char * sf, const char * s2 );

The function returns pointers to successive tokens constituting the slring sz
Characters deemed o separate the tokens are listed in 52 On the first
call to striok() the first argument should identify the siring full of tokens;
on subsequent calls the first argument should be NULL to signify the same
string as before; the terminators may be different on each call. The
function returns NULL when there are no more tokens to deal with. The
original string is overwritten with undefined information.
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char * 'p, Line[] = "Para 37.6 : drs = xt / 12.73%;

printf ( "%s", p=strtok (Line, ™") );

while (p)

printf (" %s", p=striok( NULL, " /=") );
printf ("M\n'"); {
Para 37.6 drs,x1,12,73, (null),
MISCELLANEOUS STRINGS

strerror
n #include <string.h >

char * strerror ( int 7 );

Returns a pointer to a system message corresponding to the error
number given as the argument. The argument is typically the value of the
global variable errno. The content of the message depends on the

implementation.
printf ( "%s\n", strerror( errno ) );
‘ =
memset
] #include <string.h >

void * memset ( void * b, int ¢, size_t n );

The function sets the first /7 characters of buffer 4 to the value ¢ and
returns the pointer you give as the first argument. Make sure 4 has at
least n characters.

memset ( MyBuffer, \&', 2048 );

strcoll, strxfrm

Functions for comparing the sirings employed in particular locales. strcoll()
is designed for use where few comparisons are expected; strxfrm() is
for transforming sirings such that their transformed versions can be
compared ropidly by strcmp(). See ANSI Xa.159 for details.

mblen, mbstowcs, mbtowc, wctomb, wcstombs

The ANSI C library defines a set of funclions that work with multi-byte
and ‘wide' characters such as those in the character sets of Asian
languages. See ANSI X3.158 for details.
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‘i}he’ following functions typically employ a Quicksort algorithm and ‘binary
chop’ respectively, but ANSI X3.153 does not demand any particular
methods of implementation.

gsort
| #include <stdlib.h >
void gsort ( void x b, size_t n, size_t w, comparison );

where comparison is a function call in the form:

int ( * £) ( const void *, const void *);

The function rearranges the 7 pointers held in 4 such that the objects
they foint to ( each of w bytes ) may be accessed in ascending order.
Specify which order by providing a function to compare the objects
indicated by its arguments. Use a library function like strcmp() or write
your own. The funclion should relurn a positive integer if the first
argument points to the greater object, a negative integer if it points to
the lesser, otherwise zero.

char Kids [1 [6] = { "mo", "meeny”, "eeny", "miny" 1
int i, n = sizeof Kids / sizeof Kids[g];

?sort ( Kids, n, 6, strcmp ); -
or (i= @; i<n, +# )

printf ( "%s ", Kids[i] ); eeny meeny miny mo
printf ("\n"); »

bsearch

a #include <stdlib.h >
void * bsearch ( const void * & const void * 4, size_t n,
size_t w, comparison };

where comparison is a function call as defined for gsort().

The function searches the first #» objects in a sorted array, 4, each
element of size w byles, and compares them with the key indicated by 4
Comparisons employ the function you nominate, the key being associated
with first argument, the array element with the second. If a match is
found, the function returns a pointer to the matching element, otherwise it
returns NULL. If more than one element matches the key, one of them is

pointed to, but which of them is unspecified. L‘r/—@a___

char Kids [1 [6] = { "eeny”, "meeny”, "miny", "mo" I
char * Key = "meeny™;
printf ( "%s\n", bsearch ( Key, Kids, 4, 6, strcmp ) );
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DATERERTAME:

Bor the functions defined in the time.h header file, there are two distinct

representations of time:

* as a lype, time_t
¢ as a shructure, struct tm

ﬂs a lype, time_|, time is represented as the number of seconds since
the start of New Year's day, 1974, in Greenwich. The definition of struct

tm is as follows:
struct tm

int tm_sec;

int tm_min;

int tm_hour;
int tm_mday;
int tm_mon;
int tm_year;
int tm_wday;
int tm_yday;
int tm_isdst;

L
asclime, clime
» #include <time.h>

/%
1%
/%
/%
1%
1%
/%
/%
1%

range allows up to two
leap seconds ’\

seconds after the minute, 8-61 */
minutes ofter the hour, #-58  x/
hours since midnight, #-23 */
day of month, t-31 */
months since January, g-1t */
years since 19¢¢ */
days since Sunday, #-6 */
days since st January, #-3e65 */
daylight saving time flag */

char * asctime ( struct tm * ¢ );
char * ctime ( const time_t * ¢ );

Function asctime() returns a pointer to a siring. The slring contains an
encoding of what is represented in the structure indicated by £ Function
ctime() does the same thing, but for an argument of type time_t. The

form of the encoding is:

Sun Nov 18 21:21:08 199{\n\g

—

struct tm MyBirthday = { 4, o, 19, 28, 1, 38 };
printf ( "%s', asctime ( & MyBirthday ) );

— |

clock

] #include <time.h>
clock_t clock ( void );

Sun Feb 28 10:00:00 1930

Returns the lime, measured in 'ticks’, since the current process was

started. The duration of a 'lick depends on the implementation; to obtain
the number of seconds, divide the returned value by CLOCKS_PER_SEC,
which is a macro defined in the timeh header file. If the implementation
does not provide a clock facilty the function returns -1 ({ cast as type

clock_t) .
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l i = clock (); — J
process

j = clock ();

printf ( "%i secs\n", { j - i )/CLOCKS_PER_SEC );

CLOCKS_PER_SEC
according to ANS/ x3.159-1983
but CLK_TCK is the name used
in some implementations

difftime
| #include <time.h>
double difftime { time_t, £z, time_t ¢ );

Returns the number of seconds belween the earlier time, 4, and the later
time, (2.

Lapse = difftime ( Start, Finish );

gmtime, localtime

u #include <time.h>
struct tm * gmtime ( const time_t x ¢ );
struct tm x localtime ( const time_t * ¢ );

Decodes information contained in the object pointed to by the argument,
¢, stores the expanded information in a structure of type struct tm, and
returns a pointer to this structure. The results are based on Greenwich
Mean Time or local time according to the function chosen; see your
particular manual about the implications of GMT and local time.

p = gmtime ( & Start );

mktime
"] #include <time.h>
time_t mktime ( struct tm * p );

Encodes information representing local time, and held in the structure
pointed to by p, then returns this information encoded as type time_t.
Two of the fields, tm_wday ond tm_yday, play no part in the encoding.
Returns -1 { cast as time_t ) if the funclion fails.

time_t Occasion;
Occasion = mktime ( & MyBirthday );

time
= #include <time.h > .
time_t time ( time_Lt * ¢ );

Consults the computer's timer. Returns the current date and time encoded
as type time_t. If ¢ is not NULL, the resut is also copied to the location ¢
points to.
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time_t TimeNow;
time ( & TimeNow );
printf ("Time is now %s\n", ctime ( & TimeNow ) );

Time is now Thu Dec 19 15:50:05 1991

sirftime

A function for formatting the date and fime held in a structure of type
struct tm as a slring to your own design. A battery of about twenty
format specifiers is provided; each begins with a percentage sign on the
principles adopted in printf() and scanf() but using mulli-byte characlers.
The application of sirftime() is sensitive o locale. See ANSI Xat59 for
details.
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SUMWRRIES

ﬁhis chapter contains summaries of information designed
for quick reference. It contains:

e Operator summary, including a table showing the
relative precedence of operators.

« Syntax summary, showing all syntax diagrams
included in the text

+ Library summary, listing alphabetically the
prototypes of all library functions except those
concerned with multi-byte characters and foreign
locales.



OPIRATOR PRECEDENCE, ASSOCIATIVITY
& SEMANTICS
Hgr O 11 N - pOsthix ) ->
-« - + * i:(:;pr) - sizeof
> x / %
-+ -
| «< >>
S & = =
S Sos
Q
§ S A
a & |
- &8
Il
4| ?:
low = x= /= Y= 4= -= &= >>= g= |= =
PREFIX OPERATORS
+ » +a confirmation
- » -a negalion
& » &v address of |-value
* » xp pointee of { object pointed to by )
~ »~m ones complement ~[IIZ] c{>
! »!m logical not {1 if n faise ) KEY
A — > ++1 increment § decrement ) lovalue

then use value

i integral (-value
WFIX OPERATORS a,b  expressions
m,n  integral expressions
* » axb  product pointer
/ » a/b  quotient ‘member name
% » m%n remainder
+ - » a+b sum { difference )
s | A » man bitwise and § or ) ( exclusive or )
< > » m<<n m shifted left § right ) n positions
s » G ,b evaluate & discard a, eval & retain b
> > < <= == I= pn>m 1 if comparison is frue, otherwise @
& || » n&sam logical and § or )
= » v=a assign value of a lo ~value v
= .= %= 4= Y%= p a+=b short for a=a+b { and similarly )
= = A= » na=m short for n=nam @{n=n|m}) gn=n’m)
<<= >>= » n<<=m short for n=n<<m {{ n=n>>m )
. » v.w member w of structure v
-> » p—>w short for (xp)w
POSTFIX OPERATORS
++ - > i+t use value, then increment {decrement))
OTHER OPERATORS
?: »m?a:b if m=g value is a, otherwise b
(type-name)  » (double) a result is a double ( 'a’ undisturbed )
sizeof » sizeof v size in bytes of object v
sizeof () » sizeof (double) size of every object of type double
() signifies function, [] signifies array
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THE NOTATION EMPLOYED
iS5 DEFINED ON PAGE 28

A
a
B
C
C
D
d
E
e
1 1 1 f
2 z 2 2 2 G
3 octal 3 @ 3 g
4 4 4 H
5 5 5 h
6 6 6 |
7 7 7 i
8 8 J
9 9 j
A s&ia K
sI5s |k
: D Ligd !
? E e M
'? F <&If m
' (ronyms) | N
"n n
' (8]
, \| a e pe 0

/ b i 85
22/ =\ f kg FF 5
?- =0 n = M q
8/:, r KEI R R

t R 4T
13 A r
7.? D{)’ * ( ,Cb y7‘ S
- , ?

= ”

! ? ‘ E,
> m [ X it u
( \'
) Y
20 =1 W
22> : ] w
29< 5;;: { X
27> g% ’;
?? + y
Z
z
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loken N feyword

name
constartt
sy (1
operator ()
punctuator {1
- letter letter -
digit *
~— *
emply
A TN
L character "

nulti-byte
characters
not covered
in this book

integer
integer
enumerator
char-const ,
int
T
git
(egery| o aor, | |1 ke T dow)
Lov gt || okeE and;
Cor X Y digit
. double
V.t A

e
rnters ot g

E
e
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auto
break
case
char
const
continue
default
do
double
else
enum
extern
float
for

oto
7
int
long
register
return
short
signed
sizeof
static
struct
switch
typedef
union
unsigned
void
volatile
while

digit l Frsd or F (float)
L

or | (long double)




| operalor prefix
infix

postfix
olher
EZE "
&
*
semantics of !
these operators - other 2
summartized on —
Page 164 (type)
O
[1
sizeof
expression prefix term posthix
\\ infix —/
of an object:
constant variable, array,
strz’ng / structure, urnion,
) /4 or enumeration
name
mme 23 name [ expression ]
of an :

array

imvocation of
a Function

¢

—_— e
L, name ( _expression )
b

sizeof expression
( type-name )

( expression )

L ( type-name )  expression

expression T expression :  expression
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- statement iblock

/_\
if ( expression ) statement else statement

while ( expression )  statement

do statement while ( expression )}

A e U
for ( expression s expression ; expression ) staterment

switch ( expression ) statement
case expression : statement
default : statement

break;

continue;

return expression ;

A~y f
oto  name 3 norminates
o o

, name staterment
label el ~NF null statement
nominated . represented by
expression ; solitary semicolon
A
m { declaration  statement }
\_/ N
i precisely one
program declaration declaration must
>~ be a definition
of main()
keyword —\4
typedef pe declarator
shape | ~_
alias
. ]
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signed short nt

signed short Cint
unsigned long

char
F loat

long double permutations
void allowed

ﬂam'e { aeclaration; }
-~

struct name

l shape D

union

o T
enum name { name = expression }

AT

name ] [ expression ]

A
declarator X

declarator ( ceclaration , .. )

of a
parameter

T
[ expression |

A
abstractor *

( abstractor )

( ceclaration , . )
~

{ name )
>,
for casts
and
for sizeof()
| Lype abstractor

shape
alias
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GLOBAL OBJECT DECLARATION ( OF OBJECTS )

p -——a
declaration extern Lype
‘ static shape
alias

OBJECT N A BLOCK

1 D
declaration auto Lype
: extern shape

—_—
declarator = initials 3

register alias —

static w expression
MEMBER OF STRUCTURE OR UNON { initials "'}
i e ||
‘ ‘ shape abstractor

alias - . _/

FUNCTION DEFINITION DECLARATION (f OF FUNCTIONS ))

declaration extern type dectarator block
’ static shape
alias

PARAMETER OF A FUNCTION DEFINITION parameler declarations

1 A
declaration »  register lype declarator
shape
alias Note:
const £ volatile
omilted from diagrams
PROTOTYPE DECLARATION see Page 137?
'
declaration » | extern Lype declarator
‘ static shape
alias

PARAMETER OF A PROTOTYPE DECLARATION

declaration register type l declarator I
shape abstractor
alias
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Each directive must be on a line of its own PREPROCESSOR
@ possibly extended by NJ[J | D

preceding the program it is to modify

preface  >| #define name replacement

#define rame ( name ) replacement
-,

#undef name
#include "Ale"

#include < file >

current
input
#lne constant  fle -
N number of
next lne

#if expression preface

integral
( conditional )

ol
ot

#elif expression preface
#ifdef name preface
\_/

#ifndef name preface
u

#endif

ﬁze;lacmnt )
:t;##/

D)
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American National Standard for Information Systems
Programming language - C, ANSI X3.159-1389

lﬁhe Standard defines the dialect of C presented in this
book. National standards can be forbidding documents, and
expensive, but ANSI X3.59 is worth having if you are going
to program seriously in C. The document is beautifully
organized and the prose inteligible. It is not a tutorial text,
buf appended to the Standard is a 'rationale’ to explain
difficult paragraphs of the Standard and say why certain
ibrary functions were included.

Kernighan, BW, & Ritchie, D.M. (1988) 7#e C programming
language, Second edition. (Prentice Hall)

Dennis Ritchie invented C; this book is its bible. The first
edition is dated 1978 and remained the only authoritative,
and certainly the best, book on C ( although not the
easiest to read)) until the second edition was published ten
gears later. During the intervening decade there must have
een an enormous amount of feedback from readers. The
second edition shows every sign of professional
involvement in its authorship, responding to the feedback
and resolving the old ambiguities. The book is marked "ANSI
C. It is a joy to read.

Bakakati, N. (1989) 7he Waite Group s Essential Guide to
ANS/ C, (Howard W. Sams & Co.)

‘Ehis is a pocket-sized reference to ANSI C. It covers the
language and keywords, but most of it describes the
library. The description of each library function comprises
a short explanation of its purpose, its syntox, an example
call, a description of what it returns, and a list of names
of related functions. A useful reference for the practical C
programmer.



Italics indicates an ANSI C library function
bold indicates a keyword of ANSI C

Operators A
! 13, 39 abort, 112
1= 40, 46, 196 abs, 188

string-izer, 63 absolte value, 22
*# paster, 69 acos, 181
% 39, 46, 196 address, 8, 881
%= 42, 46, 196 aggregate, 132
& arithmetical, 41, 46, 196 alias, 31, 138, 134

lOgiCOI, 8, 44, 46, 80, 196 area of po]ygon, 54
&& 40, 46, 196 arguments, 8, 82, 88
&= 42, 46, 196 arrays, 16, 84-5, 93-4
* arithmetical, 39, 46, 196 asctime, 192

reference, 8, 44, 46, 84, 196 asin, 181
*= 42, 46, 196 assert, 172
+ 39, 46, 196 associativity, 47
++ 43, 46, 196 atan, 182
+= 42, 46, 196 alanz, 182
’ 43, 46, 196 a[eXlt, 172
- 39, 46, 196 atof, 118
-- 43, 46, 196 atoi, 177
-> 44, 46, 80, 129, 196 alol, 178
. 127, 128 auto storage class specifier 73-7, 128
/ 39, 46, 196 automatic versus static, 23
= 42, 46, 196
< 40, 46, 196 13
<< 41, 46, 196
2:’ ‘l:;* ’;‘g ’132 back-slash, 7, 29, 33, 67, 197
_ &2 46 196 Backslang, example, 1#4-5
- > Backus Naur form, 28
== 40, 46, 19 bibliography, 243
> 40, 46, 196 binary
>= 48, 46, 19 digits, 32, 48-1, 46, 133, 196
>> 41, 46, 196 1/0, 121-3
SO e frees, 158-60
5 41' 46’ 96 bit fields, 133
Am 42' 46' 196 bits, see binary digits

v 140, blocks, 3, 12, 13, 36, 75-7, 137

| 41, 46, 196 Booklist, example, 13t
|= 42, 46, 196 Boolean, 12
I 48, 46, 19% break statement, 36, 58, 59
~ 41, 46, 196 bsearch, 191
. bubble sort, 18
Directives bytes, 121
#deFFine, 34, 66
#elif, 71-2
#else, 71-2 G
:f;"d.',ﬁ'_ ) C, old-style, 38, 137
#iF::leF 71-2 call by value, 20-1, 82

v
#ifndef, 71-2 calloc, 17

case, upper & lower, 4, 33

include 72
#include, 6, case statement, 36, 58

#undef, 68, 72
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cast, 45, 71
Cats ( utilty ), 119
cetl, 188
chaining, 148-53
char type, 15, 3t, 32, 134
characters, 15, 29, 33, 164, 197
multi-byte, 129, 190
Christmas, 14, 59
clearerr, 118
clock, 192
closing a file, 47
commg list, 28
command line, 95, 119
compiler, 5, 66
components of C, 27
concatenation
of files, 119
of quoted sirings, 67
const qualfier, 34, 73, 81, 137
constants, 33
character, 33
literal, 33, 48
named, 33, 34, 89
pointer, 84, 89
continue statement, 36
control, 51
cos, 181
cosh, 182
ctime, 192

D

Database, example, 123
decisions, 12-13
declarations
complex, 99
in a block, 76
of paraometers, 77
of pointers, 8t
outside functions, 74
redundant, 74
style of, 13¢
syntox of, 136-37
typical, 3, 6-7, 31
versus definitions, 37
declarator, 3t, 135
abstract, 135
default statement, 36
defined ( preprocess operator ) i
definitions
function, 2¢
in header fie, 74
tentative, 74
versus declarations, 23, 37
demotion, 48
difRime, 193
digit, 29, 34

directives, 3, 7, 67-72

div, 183

do statement, 36, 52

DOS, 99, 116, 156

double type, 31, 32, 134
dynamic storage, 143
concept of, 144

E;

edi, 5

else keyword, see If statement
enum keyword, see enumeration
enumeration, 34, 142, 185, 152

EOF, 93
escape,

from loop, 14, 53
sequence, 7, 29, 197
Euclid's hcf method, 24

execution, 5
exit, 1M

exp, 184
expression, 9, 35

extension of name, 4

extern storage class specifier, 73-7, 128

?

fabs, 188
factorial, 25

felose, 111, 120, 166

feof, 118
ferror, 18
Fush, 112, 165
,/fgetc, 128, 165
/qeéoos, 167
fgets, 167

FLE, lbrary type, 16, 118
files, temporary, 124
float type, 31, 32, 134

Aoor, 188
fmod, 183
fopen, 116, 165

for statement, 36, 53

format, 8, 118
fprintf, 168
foute, 109, 164
fputs, 168
Fread, 124, 164
free, 145, 177
freopen, 16, 165
frexp, 184
fscanf, 163
fseek, 122, 166
Ffsetpos, 167
Rell, 122, 167

function prototypes, see prototypes
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function, 3, 8, 20 labs, 180
pointer to, 88 ldexp, 184
fwrite, 121, 164 ldiv, 183
letters, 29, 32
linker, 5, 66

gelc, 108, 165 list processing, 146
gelchar, 188, 165 localecorw, 174
gelerv, 173 localtime, 183
GetNext, input function, 114-5 log1a, 184
gets, 112, 168 log, 184
global scope, 23, 74 long type, 31, 32, 134
gmtime, 193 longymp, 174
goto statement, 36, 59 loops, 14
counted, 53
[ﬂ escape from, 52
infinite, 14
hef, 24 tested, 52
header 3, 21
file, 38, 74 53\
heap, 144
hidden names, 23 macros, preprocessor, 68-9
Hooke's law, 18 main, €
malloc, 145, 177
ﬂ matrix multiplication, 17
milen, 190
mbstowes, 198
IDE, 4-5 mblowe, 190

identifier, 32
if statement, 12, 36, 55
indentation, 13

memxchr, 189
mememp, 188

initialization, 16, 31, 34 memcpy, 18:388
in declaratlions, 37 memmove,
of loop, 53 me/{rset, 199
of strings, 92 mkt‘zj/;ze, 193
input, 147 modf, 184

Monkey-puzzie sort, 16t
moving a file, 118
multi-byte characlers, 33, 194, 194

int iype, 31, 32, 134
interest, on bank loan, 2, 22

isalrum, 185

isalpha, 185

iscnirl, 186 m

iscigit, 185

isgraph, 185 name space, 78

islower, 185 ngsr?es 30

iSpri nesting

iﬁgﬁ}, 1;3856 of blocks, 36

isspace, 186 of braces, 16
isupper, 185 g; I;ng:xia o
isxdigil, 185 NULL, 85

& 0

keyword, 34, 198

in macro, 78 object code, 5
ob ject
Lii concept of, 3¢
definition of, 37
lobal, 74
value, 42 g ]
label, 36 OO0P, 75
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operating system, 4
operators, 8
access, 129
action of, 49
arithmetical, 38
assignment, 42
bitwise, 39
demotion & promotion of, 48-9
incrementing, 43
logical, 38
precedence & associativity of, 47
reference, 44
summaries of, 46, 196
syntax of, 38
sequence, 43
organization, 65
output, 147

?

parometers, 8, 88
as pointers, 82
coercion of, 48
counting of, 9
names of, 21
parentheses, in macros, €8
Parlour trick, example, 86~7
parse trees, 94, 91
paster, 63
perror, 172
pointee, concept of, 84
pointer arithmetic, 84-5
pointer
concept of, 88-1
constant, 88
declaration of, 8t
to functions, 88
pow, 180
power cables, example, 66
precedence, 47
preprocessing, conditional, 71
preprocessor, 34, 67
purpose of, 66
print format, 18
printf, 168
program
concept of, 2-3
processing, 66
syntax of, 36
promotion, 48
prototypes
concept of, 38
in header files, 7¢
punctuators, 67
pultc, 199, 164
putchar, 189, 164
puts, 168

Q

gsort, 19
gzaliﬁer, 34, 73, 8t
icksort, 62-3, 83

R

raise, 175, 182

random access, 122
realization, 4

realloc, 177

recursion, concept of, 24

register storage class specifier, 73-7

remove, 17, 166

rename, 118, 166

return statement, 36, 53

reverse Polish, example, 133-41, 148
rewind, 17, 166

ring structures, 154

Roman numerals, 56

Roses, example ring, 156

g

scan format, 112
scanf, 1, 169
scope,
concept of, 74
of dechrations, 37
of variables, 23
semicolon, 7
setbuf, 11
seljmp, 114
setlocale, 114
setvbuf, 118
shape, synonym for type
short type, 31, 32, 134
shortest route, example, 15¢-3
signal, 175
signed type, 31, 32, 134
sin, 181
sinf, 182
sizeof operator 45, 71, 145
spacing, see whitespace
specifiers, 31, 1id, 113
sprintf, 168
sgrt, 18t
srand, 182
sscanf, 112, 169
stacks, 138,
dynamic, 146
statement, 3, 7,
as a block, 36
compound, 12
syntax of, 36

stalic storage class specffier, 23, 73-7, 128
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stdin, 15, 116

stdout, 5, 15, 116

strcal, 188

strchr, 188

stremp, 188

streoll, 198

strepy, 187

strespn, 189

stream, concept of, 148, 116

strerror, 190

sirftime, 194

string
arguments, 69
arrays, 93
length of, 108
pointers, 93
terminator, 98
utilities, 98

string-izer, €9

strings, 92ff
comparing, 142
concatenated, 67, 181
copying, 16t
printing of, 34
quoted, 67

strien, 187

strrcal, 188

strremp, 188

strrepy, 187

strpbrk, 189

strrchr, 189

strspn, 189

strstr, 189

strtod, 178

striok, 189

stréol, 179

strioul, 179

struct keyword, 134

structures
concept of, 126-7
usage of, 128
syntax of shape, 134

strxfrm, 190

subscripts, see arrays

switch statement, 36, 58

symbol-state table, 56-7

syntax
notation for, 28
of C, 28-46, 134~7
of preprocessor, 67, 72
summary, 197-2¢3

system, 173

gy

tan, 18t
tanh, 182
temporary files, 128

214

tentative definition, 74
time, 193
tmpfile, 120, 178
Impnam, 1208, 110
token, 4
tolower, 186
loupper, 186
translation unit, 66
traversal, 149, 159
pre & post order, 168
trigraphs, 28, 187
truth tables, 48
type cast, see cast
fype, 31, 32, 134, 134
mixed, 49
type-name, 135
typedef statement, 134, 134

Q

underscore, 3¢

ungelc, 193, 165

union keyword, 134
unions, 128, 132

unsigned type, 31, 32, 134

V4

va-arg, 176

va-end, 176

variables, 6

va_list ( type ) 96

va_start, 176

vector algebra, 64

vertical bars, 28

vfprintf, 169

visibility, 37

visibility, concept of, 75

void type, 31, 32, 134
pointer to, 145

volatile qualifier, 73, 137

vprintdf, 169

vsprintf, 169

Y

westombs, 198
wetomb, 19¢
while statement, 36, 52
whitespace, 7, 9, 67
in scan format, 113

21

zero
padding, 16
ASCII, in strings, 92
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