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C for Java

Programmers

Chapter 1.

| ntr oduction

Intr oduction:
Preview

Higory of C.
Two programming paradigms; objected oriented and procedural.
Comparison of Javaand C.

Software development process

Programming idiom.

Intr oduction:
About C

u 1972: The C programming language developed by DennisRitchie
u 1973: C used to write the Unix operating system.

u 1978: Kernighan and Ritchie set the firs sandard of C
K&R standard

u 1989: the American National Standards | ndtitute adopted the
ANSI C standard
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Intr oduction:
Pr ogramming par adigms

obj ect-oriented programming paradigm, based on the
following design rule:

decide which classes you need, provide a full set of operations for
each class, and make commonality explicit by usng inheritance.

procedural programming paradigm, based on the following
desgnrule:

decide which procedures and data structures you want and use the
begt algorithms.

Intr oduction:
Comparison of C and Java

u primitive data types: character, integer, and real
In C, they are of different sizes,
there isno Unicode 16-bit character set

u structured data types: arrays, sructuresand unions.
InC, arraysare gatic
there are no classes

u Control structures are smilar

u Functionsare smilar
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Intr oduction:
Comparison of C and Java

u Javareferencesare called pointersin C.

u Javacondructsmissingin C:
packages
threads
exception handling
garbage collection
gandard Graphical User Interface (GUI)
built-in definition of a gtring
sandard support for networking
support for program safety.

Introduction:
Why isC sill useful?

C provides
u efficiency

u flexibility and power
u many high-level and low-level operations
u gability

Cisused:

u data compression, graphicsand computational geometry
u databases, operating systems

u therearezillions of lines of C legacy code
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Introduction:
Development Pr ocess
Four stages
u preprocessing
u editing

u compiling: trandates ource code -> object code
u linking: produces executable code

u Portable programs will run on any machine.

u Program cor rectness and robustness are mos important than
program efficiency

I ntroduction:
Programming Style and
Idioms

u Programming style includes recommendations for:
lexical conventions
aconvention for writing comments

u Inanatural language, anidiom is aphrasethat has a specific
meaning such as
“don’t pull my leg”

whi l e(*p++ = *q++)

Youll learn how to identify, create and useidioms.
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Chapter 2:

Exampleof aC

Program

2: General Documentation

¢ Commentsin C are smilar to thosein Java.

¢ Thereisno standard tool such asj avadoc to produce
documentationin HTML form.

¢ An“in-line’ comment, sarting with/ / , isnot supported.

¢ The heading comment that gartsthe sample program follows a
particular style convention used throughout this book. It always

describesthe intended meaning of the program, any known bugs,
€etc.
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/* Aut hor: Tomasz Mul dner

* Date: August, 1999
* Version: 2.0
* File: Sanpl e. c

* Programthat expects one or two filenanes on the

* command |ine and produces a hexadeci mal dunp of the

* file whose nane is passed as the first argunent. |f

* the second argunent is present, the dunp is stored in
* the file whose nane is passed as this argunent.

* Qtherwise, the dunp is displayed on the screen.

* The format of the dunp is as follows:

* Each line contains 16 hexadeci mal ASCI| codes of the
* corresponding 16 bytes read fromthe file; separated
* by a blank. This line is followed by a |ine containing
* the 16 corresponding characters, again separated by a
* blank, with each non-printable character displayed

* as a dot and other characters unchanged.

2: Run-timeLibrariesand
Function Declar ations

¢ Includedirectives, gartingwith#i ncl ude, are needed in C

programsto include files, called header files whichtypically
havethe®. h” extension.

« Inmy example, three files areincluded, respectively called
stdio.h,ctype.handstdlib.h.

¢ These header files contain declarations of various sandard
functionsthat are defined in the run-time libraries
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2: Global Definitions

Global definitions define entities (such as variables),
which are availableto all the code that followsthisdefinition.

In my example thereisa single global definition:

FILE *outFil e;

that definesa file handle, availableto al the code that followsit,
boththe hex () and mai n() functions.

/* include files */
#i ncl ude <stdio. h>
#i ncl ude <ctype. h>
#i ncl ude <stdlib. h>

/* gl obal definitions */
FILE *out Fil e; /* output file */
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2: Function Declaration and
Definition

« A declaration merely provides a function prototype:

voi d hex(unsigned char *p, int max);

¢ The declaration does not say anything about the i mplementation

« Thedefinition of afunction includes both the function prototype
and the function body, where the body isthe implementation of
the function

/* Function declaration */

* Function: hex(p, max)

* Purpose: wites to the global output file

* outFil e the hexadeci nal codes of max nunber of

* characters originating at the address given by the
* pointer p. This line is followed by the

* correspondi ng chars.

* Assures that the file outFile has been

* opened for output.

* | nputs: p, nex (paraneters)

* outFile (global variable)
* Returns: not hi ng

* Modifies: outFile

* Error checking: none

*/

voi d hex(unsigned char *p, int nex);
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2: The main Function

Every C program must include a function called mai n:

int main(int argc, char *argv[])

mai n() isaninteger function, and returns one of two standard
return codes:

EXI T_FAI LURE
EXI T_SUCCESS.

int main(int argc, char *argv[]) {
FILE *inFile; /* input file handle */
int i, toFile;
const int SIZE = 16;
unsi gned char line[SIZE]; /* local buffer */

if(argc > 3 || argc < 2) {
fprintf(stderr, "usage: % filenane [filename2]\n",
argv[0]);
return EXI T_FAl LURE;
}
outFile = stdout; /* set default output stream*/
toFile = (argc == 3); /* is there an output file */
/* open I/Ofiles */
if((inFile = fopen(argv[1], "r")) == NULL) {
fprintf(stderr, "Cannot open file %\n", argv[1]);
return EXI T_FAl LURE;
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if(toFile & (outFile = fopen(argv[2], "w')) == NULL) {
fprintf(stderr, "Cannot open file %\n", argv[2]);
fclose(inFile);
return EXl T_FAl LURE;

/* main |oop; reads SIZE bytes at a tine;

* stores themin line, and calls hex()

*/

while((i = fread(line, 1, SIZE, inFile)) > 0)
hex(line, i);

/* close 1/0*/
if(fclose(inFile) == EOF) {
fprintf(stderr, "Cannot close file %\n", argv[1]);
if(toFile)
fclose(outFile);
return EXl T_FAl LURE;

if(toFile & fclose(outFile) == EOF) {
fprintf(stderr, "Cannot close file %\n", argv[2]);
return EXl T_FAl LURE;

return EXl T_SUCCESS;
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/* Definition of hex() */
voi d hex(unsigned char *p, int max) {
int i;
unsi gned char *paux;
for(i =0, paux = p; i < max; i++, paux++)

fprintf(outFile, "%2x ", *paux);
fputc('\n', outFile);

for(i =0, paux = p; i < max; i++, paux++)
fprintf(outFile, "% ", isprint(*paux) ? *paux :
t)s

fputc('\n', outFile);
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Chapter 3:

L exical Structure,
Primitive Data

Types and
Terminal I/0




3: Preview

u primitive data types
int,char,fl oat,doubl e, and their variants, such as
| ong doubl e.

u expressions, including the assignment expressions

u bascterminal I/O

u type conversons and ways of defining synonyms for exiging data
types

3: Lexical Structure

u Cisafree format language:

any sequence of whitespace characters can be used in the place of
a dngle whitespace character

u A programislexically correct if it followsthe lexical structure of
the language:

it containsonly characters from the language’ s a phabet

all itstokens are built according to the language’ srules

Cfor Java Programimer: Copyright Publishing Company, 2000

Cfor Java Programier: Copyiight Publishing Company, 2000

3: Comments

/* Hello */
W ong:
/* outer /* inner */ */

I
[ ** x|/

programming Guidelingg

Comments

if(isdigit) /* error */

/*
* Programto sort integer values
*/

k++; /* k is increnented by 1*/
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programming Guidelineg

Comments and | dentifiers

* Make every comment count.

* Don't over-comment.

* Make sure comments and code agree.

3: Line Structure, Identifiers

*« Twolines

my\
id

are joined during compiler trandation into
nyi d

u An identifier isa sequence of letters, digits and underscoresthat
does not gart with adigit

(case-sengitive, but only the first 31 charactersare significant)
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eortabiligy,

Identifiers

* The documentation of programs, which are available to clients,
should make it clear whether you are us ng identifierswhose length
exceeds 6 characters.

¢ Never useidentifiersthat have more than 31 characters.

programming Guidelingg

Identifiers

¢ Useaconsigent style throughout your code.

« Variables should have meaningful names when appropriate.

* You are encouraged to mix case to make your identifiers more
readable:

I ongl dentifier
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3: Primitive Data Types

C provides several primitive datatypes char,i nt,fl oat and
doubl e.

* No built-in Boolean type; instead usei nt :
the value 0 gands for false,
any non-zero val ue stands for true

* No guarantee that a specific amount of memory will be alocated
to aparticular data type.

All implementations of C must follow certain rules

3: Memory and
Range of Values

« Computer memory consi&s of words;

each word consigts of a number of bytes,
abyte consigs of a number of bits (usually 8 bits).

« Signed integers use the leftmog bit (3gn bit), to represent the

sgn.
The largest unsgned 16-bit integer: 216-1
The largest Sgned 16-hit integer: 215-1

¢ Cprovidesaheader filel i mi ts. h, it defineseg.

CHAR_BI T - thewidth of char typein bits(>= 8)
I NT_MAX isthe maximum value of i nt (>= 32,767).
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3: Integer Types

¢ plain, sgned and unigned

short unsigned int
signed | ong
int

e dze(short) <= gsze(int) <= gze(long)

« Arithmetic operations on uns gned integers follow the rules of
arithmetic modulo 2".
Therefore, they can not produce an overflow

eortabiliy,

Ranges

To support portability, use only integersin the ranges specified in
limts.h

For example, you can always use plain integersin the range from
-32,767 to 32,767

Any other assumptions, such asthat the sze of ani nt is4 bytes,
must not be made.
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crrors

Over flow ‘

In order to check whether the sum of two integersi and
overflows,

do not use
i+ j > I NT_MAX

Instead, use

i > INT_MAX - j

3: Character Types

¢ Therearethree character datatypesin C:
(plain) char
unsi gned char
si gned char

« Character types are actually represented internally asintegers
(unsigned or sgned).

* Two popular character sts

ASCII
(American Standard Code for I nformation Interchange)

EBCDIC (used by IBM computers)
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e ortabiliy,

Characters

In order to write portable code, you should explicitly specify
signed char or unsigned char.

Y ou should never make any assumptions about the code val ues of
characters, such asthat the value of ' A' is65.

3: Floating-point Types

fl oat

doubl e

I ong doubl e

Use fl oat. h for szesand ranges

Only guarantee:

gze(float) <= size(double) <= gze(l ong doubl e)
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3: Declar ations of
Variables and Constants

int i; /* initial value undefined */
double d = 1.23;

const double PI = 3.1415926;

programming Guidelineg

Declarations

¢ A declaration of adifferent datatype sartson anew line.
« Theligsof identifiersare aigned to gtart in the same column.
« Each variable identifier isfollowed by one space.

« Each declaration that contains an initialization appear on a
separate line:

int i =

1;
int j =2;
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programming Guidelingg
Declarations

« If comments are required, each declaration should be placed ona
separate line:

int |ower; /* lower bound of the array */
int upper; /* upper bound of the array */

« Names of congtants will appear in upper case and
const awaysappearsin front of the declaration.

3: Assghments

Anl-value:
an expression that can be interpreted as an address.

Examples:
avariableisan|-value,
acongant is not.

X =y =z
/* exactly one space before and after = */
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3: TheMain Program

« A program cond gs of one or more functions.
* There must be exactly one occurrence of mai n() :

int main(int argc, char *argv[])
int main()
* nai n() isaninteger function, which returns one of two standard
codes EXI T_FAI LURE and EXI T_SUCCESS

(defined inthe standard library st dl i b. h)
Other values will not be portable.

programming Guidelingg

Main

The main function looks as follows

int main() { theleft brace on the same line as the header
body body indented to the right
} the matching right brace aligned withi nt
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\dioms

Main Function

mai n() isaninteger function, which returns one of two sandard
return codes:

EXI T_FAI LURE
EXI T_SUCCESS

3: Literal Constants

* integer: 123 47857587L
« floating point: 12. 66 23478. 78899E- 20

e character: "\n" "d

e gring: abc
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crrors

String and Char acter
Constants

String constants and character constants are very different:

a

3: Expressions

logical AND, asin el && e2
logical OR, asin el || e2
aconditional expression, asin el ? e2 : e3
acommaexpresson, asin el, e2
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©rrors

Associativity

The expresson
a<b<ec

isinterpreted as
a<b<ec

and has a different meaning than
a<be&&b<c

programming Guidelingg

Spacing

Don't use spaces around the following operators

- m ~ ++  -- - (unary)

* (unary) &
In general, use one space around the following operators:

= += ?: + < && + (binary) etc.
Examples

a->b ali] *c

a=a+ 2;

a= b+ 1;

a = a+h * 2,
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3: Terminal 1/0

#i ncl ude <stdio. h>

¢ Standard input isusudly akeyboard, unlessit hasbeen
redirected

« Standard output isusually the screen, unlessit has been
redirected

« ECF isacongant definedinst di 0. h; it gandsfor End-Of-File.

¢ /O redirection:

F <test.in > test.out

3: Single Character 1/0

int getchar() to input a 9ngle character

int putchar(int) to output a Sngle character
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/* File: exl.c

* Programthat reads a single character and
* outputs it, followed by end-of-Iline

*/

#incl ude <stdio. h> |——— Indudestatementswill not
. . be shown in oth |
#i nclude <stdlib. h> ©Shown In other eampies

int min() {
int c; /* chars nust be read as ints */

c = getchar();
putchar(c);
putchar('\n");

‘ret urn EXI T_SUCCESS;

* Programthat reads two characters and

* prints themin reverse order, separated by
* a tab and ending with end of I|ine.

* Error checking: Programterninates if

* either of the input operations fails.

* No error checking for the output

*/

int main() {

. Idiom?
int ¢, d;

if((c = getchar()) == EOF)
return EXIT_FAI LURE, /* no output! */

}
if((d = getchar()) == EOF) \d\oms H
return EXI T_FAI LURE;
Read Single Character
put char (d);
putchar("\t");
putchar(c); .
putchar('\n'); if((c = getchar()) == EOF)
/* error, else OK */
return EXI T_SUCCESS;
}
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crrors

u Placement of brackets
if(c = getchar() == EOF)
The compiler interpretsit as follows
if(c = getchar() == EOF)

u char c;
c = getchar()

/* Read a single character, if it is |ower case
* 'a' then output 'A; otherw se output the input
* character. Finally, output the end-of-line
*/
int main() {
int c;

< "Read Single

if((c = getchar()) == EOF) Characte Idiom

return EXl T_FAl LURE;

if(c =="a")
putchar (' A");

el se putchar(c);

putchar('\n");

return EXI T_SUCCESS;
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3: Formatted 1/O pri nt f

int printf("format", exp) print formatted

printf("%l", 123);

printf("The value of i = 9%.\n", i);

printf("Hello world\n");

(void)printf("Hello world\n"); /* docunent.*/

if(printf("Hello world\n") == EOF)

©Irors

u printf() expectsastring, so
printf("\n");

iscorrect, but
printf("\n");

iswrong.
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3: Formatted I/O scanf

int scanf("format", &var) read formatted
int i;
doubl e d;

scanf ("%d", & );
scanf ("% f", &d);

scanf ("%% f", & , &d);

int main() {
int i;

printf("Enter an integer:"); \dion?
scanf ("%", & );

printf("%l\n", i);

return EXI T_SUCCESS;
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3: Formatted 1/O. Integer
Conversions

To print integers, the following conversons are used:

d signed decimal

Id long decimal

u unsigned decimal

o] unsigned octal

X, X unsigned hexadecimal

printf("v%%ox", 17, 18, 19);

3: Formatted |/O
Float Conver sions

To print floating point val ues, the following conversons are used
(the defauilt precisonis 6):

f [-] ddd.ddd

e [-] d.ddddde{sign}dd
E [-] d.dddddE{sign}dd
g shorter of f and e

G shorter of f and E

printf("9.3f\n", 123.3456789);
printf("9%.3e\n", 123.3456789);
123. 346

1. 233e+02
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crrors

doubl e fv;
long Iv;

printf("%f", fv);
scanf ("% ", &fv);
printf("%d", 1v);
scanf ("%l", & v);

printf("%", 3.5);
printf("%", 4);

3: Formatted I/0
String Conver sions
To print charactersand strings, the following conversons are used:
¢ character
s character gtring

printf("%", 'a);
printf("%l", 'a);
printf("This % test", "is");
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3: Formatted I/0
Moreon scanf ()

scanf () returnsthe number of itemsthat have been successfully
read, and EOF if no items have been read and end-file has been
encountered.

For example scanf ("%d%", & , &)
returns the following val ue:

2 if both input operations were successful

if only the firgt input operations was successful
0 if the input operation failed

ECF  if an end-of-file has been encountered.

=

int min() {
double i, j;

printf("Enter two double values:");
if(scanf("%fo%f", & ,6 &) !=2) [ Ildom
return EXI T_FAI LURE;

printf("sum= % \ndifference = %\n",
g, =g

return EXI T_SUCCESS;
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\dioms e

Read Single Integer with prompt

printf("Enter integer: ");
if(scanf("%l", &) '=1)
/* error, else OK */

Read Two Integers

if(scanf("%%l", &, &) !'=2)
/* error, else OK */

3:si zeof

si zeof (type name)
or
si zeof expression

returns the size of the data type or object represented by the
expression.

si zeof (int)
si zeof i
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3:Type Conversions

Type T iswider thantype S (and Sisnarrower than T), if
si zeof (T) >= sizeof (S)

The narrower type ispromoted to the wider type,
the wider type isdemoted to the narrower type

ani nt value can be safely promoted to doubl e
adoubl e value can not be safely demoted to i nt

3: Arithmetic Conversions

If operands of an expresson are of different types, then these
operands will have their types changed, using arithmetic
conversions. A lower precison type ispromoted to a higher
precison type according to the following hierarchy:

int

unsi gned

| ong

unsi gned | ong

fl oat

doubl e

I ong doubl e
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3: Assgnment and
Type cast Conver sions

« Assignment conversons occur when the expression on the right
hand sde of the assignment hasto be converted to the type of the
left-hand side.

¢ Thetype cast expresson

(typ) exp
convertsthe expresson exp to thetypet yp.
double f, c;
= 10; /* assignment conversion */

= 100. 2;

(5/9)*(f - 32);

( (double)5/9 ) * (f - 32); /* cast */

0O o — —
1

3: Type Synonyms: typedef

typedef existingType NewType;
For example, if you want to use a Boolean type, define
typedef int Bool ean;

Boolean b = 1;
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Lexical recommendations

« Blank lines are used to separate logically related sectionsof code

* When specifying a new type usngt ypedef , identifier names
gart with an upper case letter.
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Chapter 4:

Control Structures
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4:
Control Statements

Javaand C control gructuresdiffer inonly one respect:
C does not support labeled br eak and cont i nue satements,

which are useful for controlling program flow through nested
loops

for(i = 0; i < length; i++)
for(j = 0; j < lengthl; j++)
if(f(i, j) ==0)
got o done;

done:

Cfor Java Programimer:

/* Programthat reads two integer values, and
* outputs the maxi num of these val ues.

*/
int main() {
int i, j;
"Read
printf("Enter two integers:"); _ Two
i f(scanf("%l%d", &, &) !=2) { Integers
fprintf(stderr, "wong input\n"); with .
return EXI T_FAI LURE; 7;?21”2‘
}

printf("Maxi numof % and % is %l\n",
i, g, b > 0?0 0 );
return EXI T_SUCCESS;

Copyright Publishing Comgany, 2000
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programming Guidelingg

Control Statements

* Thebody of theif gatement isindented to the right, and all its
ingructions are aligned.

* No need for curly braceswithin a conditional gatement, when
only one satement i s present:

if(condition) {

single statenentl
} else {

singl e statenent?2

programming Guidelingg

While statement

whi | e(expr) {

stats
}
whi | e( expr)
{
stats;
}
whi | e(expr)
{
stats;
}

Cforlva Programer: Conurighi Bublishing Company 2000

Cforlva Programer:

Copyrighi Bublishing Company 2000

programming Guidelineg

Control Statements
« Awhile(1) loopisequivalent to:
for(;;) {
body
}

¢ Thefollowing
whi I e(expr !'= 0)
st at enent ;
isequivalent to:
whi | e(expr)
st at enent ;

programming Guidelineg
L oops with empty body

If the body of the loop isempty, then the corresponding semicolonis
always placed on a separate line, indented to the right:

for(i =1, sum=0; i <= 10; i++, sum+=i)

for(i =1, sum=0; i <= 10; i++, sum+=i);
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/* Exanple 4.4

* Read characters until
* the ASCI| value of the |argest
* character.

*/

int main() {

const char SENTINEL = '."';
int aux;
int mxi = 0;

"." or EOF and out put

i nput

printf("Enter characters,. to ternminate\n");

while(1l) {
if((aux = getchar())== EOF || aux == SENTI NEL)
br eak;

if(aux > maxi)
maxi = aux;

} !

‘ Idiom?

printf("The | argest value: %\ n", naxi);

return EXI T_SUCCESS;

}
\dioms a |
* File: ex4-5.c
) ) * Read integers until O and output the
Read Characters Until Sentinel * largest integer

while(1) {

if((aux = getchar()) == EOF || aux == SENTI NEL)

* It also stops on an incorrect integer and

* end-of -file

}

br eak; x]
) int main() {
o const int SENTINEL = 0;
while(1) { int i;
if((aux = getchar()) == EOF) int maxi;
br eak;
i f (aux == SENTI NEL)

br eak;
printf("Enter integers, 0 to stop\n"); d"om B
if(scanf("%l", &maxi)!= 1 || maxi == SENTI NEL){ \ s

printf("No value read\n"); Read Integers Until Sentinel
return EXI T_SUCCESS,
}
while(1l) { )
if(scanf( %", &) !=1 || i == SENTINEL) while(1) { _ '
break: if(scanf("%l", & ) !'= 1 ]| i == SENTINEL)
if(i > maxi) br eak;

mexi =i T ldiom?
h }
printf("The |largest value: %\ n", naxi);

return EXI T_SUCCESS;
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dioms

Read Until Condition

while(1) {

printf("enter integers a and b, a < b:");

if(scanf("%l%l", &, &b) ==

)

/* Read a and b until a < b */
int main() {

"Read until Condition"
Idiom

int a, b; L

while(l) {
printf("enter two integers a and b, a < b:");
if(scanf("%%l", &a, &) != 2) {
fprintf(stderr, "wong integer\n");
return EXI T_FAI LURE;

return EXI T_FAI LURE; }
if(a <b)
if(a <bh) br eak:
break; printf("a must be smaller than b\n");
}
} .../* process */
4: Switch T©rrors
switch(c) {
case ' ' : chlank++; ui =8 cmp i ==
br eak;
case '\t': ctabs++; u Watch for off-by-oneerrors
br eak;
case '*' cstars++; u Avoid thefollowing errors:
br eak;
def aul t if(c >>"'a" & c <="'2z") el & e2
cl ower ++;
br eak; el | e2
}
if(x = 1)
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Chapter 5:

Text Files

5: Preview

« 1/O operationson streams
« Nodivisoninto input greams and output sreams
* Filesare sequences of bytes
¢ Textfiles processing isline-oriented
« Binary files different processing.
« End-of-line; one of:
adingle carriage return symbol
asnglelinefeed symbol
acarriage return followed by alinefeed symbol
« End-of-file for interactive input: ~Z, "D

Cforlva Programer: Copyrighi Bublishing Company 2000
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5: File Handles and Opening
Files

FILE *fil eHandl e;

fileHandl e = fopen(fileNane, fil eMdde);

Examples

FILE *f;

FI LE *g;
f = fopen("test.dat”, "r");
g = fopen("test.out", "wh");

5: Opening Files
fileHandl e = fopen(fileNane, fil eMdde);
"r" openforinput; (file must exist)
"w' openfor output; (overwrite or create)
"a" openfor output; (always append to thisfile
"r+"  like"r" for1/O
"wt"  like"w" for 1/O
"at" like"a" for1/O

The above modes may be used to specify abinary mode, by usng
the character b

Cfor Java Programimer: Copyright Publishing Comgany, 2000
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5: Closing filesand
predefined handles

fclose(fileHandl e);

File handles are resources that you have to manage:
closefiles as soon as you do not need them!

Y ou can use three predefined file handlesin your programs:
stdin the standard input stream

st dout  the standard output stream
stderr  the standard error sream

Jdioms v

Opening afile

if((fileHandl e = fopen(fname, fnode)) == NULL)
/* failed */

Closing afile

if(fclose(fileHandl e) == EOF)
/* failed */
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crrors

u Todeclare FI LE variables, do not use
FILE *f, g;

u Do not use
open()

or
cl ose()

5: Basic File /O Operations

int getchar() int fgetc(fil eHandl e)

int putchar(int) int fputc(int, fileHandle)
int scanf(.)

int fscanf(fileHandle, .)

int printf(.) int fprintf(fileHandl e, .)
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* Exanple 5-1

* Programthat reads three real values fromthe
* file "t" and displays on the screen the

* sum of these val ues

*/

int main() {

FI LE *f; "Opening afile"
Idiom

if((f = fopen("t", "r")) == NULL) {
fprintf(stderr, " can't read %\n", "t");
return EXI T_FAI LURE;

double x, y, z;

if(fscanf(f, "%fUfWBI", &, &, &) != 3)
fprintf(stderr, "File read failed\n");
return EXI T_FAI LURE;

printf("%\n", x +y + z); Idionm?

if(fclose(f) == EOF) {
fprintf(stderr, "File close failed\n");
return EXI T_FAlI LURE;

return EXI T_SUCCESS; "Closing afile"

Idiom
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Jdioms v

Read Single Character from a File

if((c = fgetc(fileHandl e)) == EOF)
/* error */

Read Single Integer from a File

if(fscanf(fileHandle, "%", &) !=1)
/* error */

5: Testing for End-of-Line and

End-of-File
while((c = getchar()) !'="\n") /* bug */
put char(c);
putchar(c);
while ((c = getchar()) !'="\n")
if(c == EOF)
br eak;

el se putchar(c);

if(c = EOF)
put char(c);
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\dioms e

Read alLine

while((c = getchar()) !'="\n")

Read aLinefrom aFile

while((c = fgetc(fileHandle)) = "\n")

\dioms -

Read until end-of-file
while((c = getchar()) != EOF)

Read from a fileuntil end-of-file

while((c = fgetc(fileHandle)) != EOF)

Clear until end-of-line
while(getchar() '="\n")
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/* look for occurrences of inafile "t"*/
int main() {

FILE *fil eHandl e;

a

int i =0; /* counter */
int c;
const int A="a";

while((c = fgetc(fileHandl e)) != EOF) "Read from
if(c == A afile until
. ~——end-of-
I+ file"
Idiom

if((fileHandl e = fopen("t", "r")) == NULL) {
fprintf(stderr, "can't open %\n", "t");
return EXI T_FAI LURE;

if(fclose(fileHandl e) == EOF) {
fprintf(stderr, "can't close %\n", "t");
return EXI T_FAI LURE;

} printf("There are % occurrences of %\n",
I F
"Openir?g afile" return EXI T_SUCCESS; "Closngafile’
Idiom } Idiom
/* Sinple nmenu: switch(c) {
*h to say "Hello" case 'h':
*b to say "Good buy" case 'H: printf("Hello\n");
*q to quit br eak;
*/ case 'b':
int main() { case 'B': printf("Good buy\n");
int c; br eak;
case 'q':
while(1l) { case 'Q: return EXI T_SUCCESS;
printf("Enter your command (h/b/g)\n");
c = getchar(); defaul t: printf("unknown option\n");
}

" Clear until end of line"

whil e(getchar() '="\n")
; Idiom

}

} /* end of while(l) */
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/* Modify an existing file to renove all
* occurrences of "M

*/

int main() {

int c;
FILE *i nQutFil e; "Opening afile"
FILE *tenp; Idiom
if((inQutFile = fopen("test1", "r")) ==|NULL)

return EXI T_FAI LURE;

if((temp = tnpfile()) == NULL)
return EXI T_FAI LURE;

/* filter out all ~"M*/ "Read from
. _ . _ afile until
while((c = fgetc(inQutFile)) !'= EOF) end-of-
if(c!="\r") T file
fputc(c, tenp); Idiom

if(fclose(inQutFile) == EOF)
return EXI T_FAI LURE;

"Closing afile"
Idiom
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/* now, rewite testl and copy back */
if((inQutFile = fopen("test1l", "w')) == NULL)
return EXI T_FAI LURE;

!
rew nd(tenp) "Opening afile"
Idiom
while((c = fgetc(tenp)) !'= EOF)
fputc(c, inQutFile); . "Read until
end-of-file"
Idiom

if(fclose(inQutFile) == EOF)

return EXI T_FAI LURE; . )
- . "Closingafile"

Idiom
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Chapter 6:

The C Preprocessor

6: Preview

* macros (with and without parameters)
« conditional compilation

« fileinclusion

* predefined macros

« applications for debugging

macro macro replacement

macro substitution

6: Par ameterless M acr os

#define nacroNanme nmacroVal ue

During preprocess ng, each occurrence of macr oNane inthe

source file will be replaced with the text specified in
macr oVal ue.

#define PI 3.14
#defi ne SCREEN_W 80
#def i ne SCREEN_H 25

Enter two \
integers

#defi ne PROVPT

Cforlva Programer: Conurighi Bublishing Company 2000

Cforlva Programer: Copyrighi Bublishing Company 2000

6: Par ameterless M acr os

#def i ne PROWT printf("Enter real value: ")

#define SKI P whi l e(getchar() !'="\n") \
#define A 2+ 4

#define B A* 3

#define A (2 + 4)

#define B (A* 3)

programming Guidelineg
Preprocessing
* Macrosnameswill alwaysappear in upper case.

« Any congtant val ue, which might change during software
development should be defined as a macro, or asa condant.

* By using macros, you are adding new constructsand new
functionality to the language —if you do thisinappropriately, the
readability of your code may suffer.
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6: Predefined M acr os

__LINE__ current line number of the source file
__FILE__ name of the current source file

_ TIME__ time of trandation

__STDC__ 1if the compiler conformsto ANSI C
printf("working on %\n", __FILE _);

6: Macroswith Parameters

#defi ne macroNane( par aneters) nacroVal ue

Examples

#define RANGE(i) (1 <= (i) && (i) <= maxUsed)
#define R(x) scanf (" %", &) ;

#define READ(c, fileHandle) \
(c = fgetc(fileHandl e))
Parenthesize aggressively!
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©rrors

#define PI = 3.14
#define Pl 3.14;
#define F (x) (2*x)

« Enclose the entire macro, aswell as each occurrence of a macro
argument, in parentheses.

« Avoid sde effectsin macro arguments.

6: Filelncluson

#include "filenanme" thecurrentdirectory and ...
#i nclude <fil enanme> gecia systemdirectories

All relevant definitions may be grouped in a single header file
screen. h:

#defi ne SCREEN_W 80
#defi ne SCREEN_H 25

#i ncl ude "screen. h"
int main() {
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6: Standard Header Files

st di 0. h - thebasc declarations needed to perform /O
ctype. h - for teding the state of characters

mat h. h - mathematical functions, such as abs() and sin()

6: Conditional Compilation (1)

#i f const ant Expressi onl
partl

#el i f constant Expression2
part2

#el se
part3

#endi f
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6: Conditional Compilation (2)

#i f def macroNanme
partl

#el se
part2

#endi f

#i fndef macr oNane
partl

#el se
part2

#endi f

6: Debugging

for exanple */

#if 0
part to be excluded
#endi f
#defi ne DEB /* enpty, but defined */
#i f def DEB
/* sonme debuggi ng statenent,
printf("value of i = 9%", i);
#endi f

/* production code */

Cfor Java Programimer: Copyright Publishing Comgany, 2000
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int i, j;
int main() { #i f def DEB
int i, j; int res;
#endi f
printf("Enter two integer values: "); if(
if(scanf (%%, &, &) != 2) #i f def DEB
return EXI T_FAI LURE; (res =
#i f def DEB #endi f
printf("entered % and %\n", i, j); scanf (%%, &, &)
#endi f #i f def DEB
printf("sum= %l\n", i +j); )
#endi f
return EXI T_FAI LURE; ) 1=2)
}
#i f def DEB
{ 6: Header files
switch(res) {
case 0: printf("both values were wong\n");
br eak: To avoid multiple incluson:
case 1: printf("OK first value %\n", i);
br eak: #i f ndef SCREEN_H
case EOF: printf("ECF\n"); #define SCREEN H
br eak; t
case 2: printf("both oK n");: /* contents of the header */
br eak #endi f
}
#endi f
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crrors

u Avoid sde effectsin macro arguments:
#define SQR(Xx) (x*x)
SAR(i +4)

u Inaheader file, use
#i f ndef

rather than
#i f def

6: Portability
#if 1 BMPC
#i ncl ude <i bm h>
#el se

#i ncl ude <generic. h>
/* use nachi ne independent routines */
#endi f

#i fdef | BMPC

typedef int MInteger
#el se

typedef [ ong Ml nteger
#endi f
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Chapter 7:

Functions, Scope,
and
I ntroduction to M odule-
based Programming

7: Preview

- areview of functions
- modularization of programs: multiple files & separate compilation
- coperules
- introduction to module based programming:
header filesfor representing interfaces
encapsulation of datain afile
kinds of modules
- module maintenance:
modifying exigting modules
extending existing modules
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7: Functions and Their
Documentation

« A C program cong stsof one or more function definitions,
including exactly one that must be called mei n

* The syntax for C functionsisthe same asthe syntax for Java
methods

« All functions are stand-alone, which means that they are not
nested in any other congtruct, such asaclass

¢ AsinJava, parameters are passed by value

7: Function Declaration and
Definition

A declaration merely provides a function prototype:
function header (includesthe return type and the list of parameters)

voi d hex(unsigned char *p, int nmax);

The declaration does not say anything about the i mplementation.

The definition of afunction includes both the function prototype
and the function body, that isitsimplementation.
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programming Guidelingg

Function documentation

Function declaration or definition (or both) should be preceded by
documentation:

Function: name
Purpose: agenera description of the function
(typically, thisis adescription of what it is supposed to do)

Inputs: alist of parameters and globa variables read in the function

Returns: vaueto be returned

Modifies: alist of parameters and globd variables that are
modified - describes any s de-effects

Error checking: describes your assumptions about actual
parameters - what happensif actua parameters are incorrect

Samplecall:

programming Guidelingg

Function documentation

« Documentation may also include aBugs section, which documents
cases that the implementation does not handle.

« Make sure comments and code agree

« Ingenera, afunction definition should not exceed one page.
Code should be broken up; in particul ar, lines which are too long should
be avoided.
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7: Function Parameters

There are two types of function parameters

formal parameter s (appear in a declaration or a definition of a

function)
actual parameters (appear inacall to the function).

int f(int x); herexisaformal parameter

i = f(2*3); here 2* 3 isthe actual parameter

correponding to the formal parameter.

/* Function: maxi

* Purpose: find the maxi numof its integer
* argunent s
* Inputs: two paraneters

* Returns: t he maxi mum of paraneters
* Modifies: nothing

* Error checki ng: none

* Sanmple call: i = maxi(k, 3)

*/

int maxi (int, int);

int maxi(int i, int j) {
return i >j 2?20 : j;
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/* Function: sqrtRev

* Pur pose: conpute square root of inverse
* | nputs: X (paraneter)
* Returns: square root of 1/x

* Modifies: nothing
* Error checking: none
* Bugs: Fails if xis O
* Sanple call: d = sgrtRev(2.4);
*/
doubl e sqrt Rev(doubl e);
#include <math.h> /* gcc -Im ...*/
doubl e sqrt Rev(double x) {
return sqrt(1/x);

/* Function: oneOverNseries

* Pur pose: conmpute the sumof 1/N series
* | nputs: n (paraneter)
* Returns: the sumof first n elenments of

* 1+ 1/2 + 1/3 + ...1/n

* Modifies: nothing

* Error checking: returns O if n negative
* Sanple call: i = oneOverNseries(100);

*/

doubl e oneOverNseries(int);
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doubl e oneOverNseries(int n) {
doubl e x;
int i;

if(n <= 0) return O;

for(x =1, i =1; i < n; i++)
x += 1/ ((double)i);

return x;

/* Check boundary conditions */

programming Guidelingg

Avoid
if(n/10 == 0)
return 1;
el se return 1 + digits(n/10);

if(n/10 == 0)
return (1);
return (1 + digits(n/10));

if(n /= 10)
return 1;
return 1 + digits(n);
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7: voi d and Conversions

« Definition:

int f() isequivalent to int f(void)
e Cdl:

f(); isequivalent to (void)f();

The val ue of each actual parameter isimplicitly converted to the
type of the corresponding formal parameter.

The samerules apply to return type converson.
int f(int);
double x = f(1.2);

7: exi t Function

To terminate the execution of an entire program:
exit(int code);

doubl e f(double x) {
if(x <0) {
fprintf(stderr, "negative x in %\n",
__FILE );
exit (EXIT_FAILURE); /* no return ...*/
}
return sqgrt(x);

}
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©rrors

u double v = f(2.5); /* call before decl. */
double f() { ...}

u double f() { return 2.5; }
doubl e f()

u double f(double v) {
if(v == 0) return;
}
¢ The code parameter of exi t () should be one of the two values
EXI T_SUCCESS or EXI T_FAI LURE.

7: Scope

* Thelifetime of avariableisthe period of time during which
memory is allocated to the variable

* Since storage isfreed in the reverse order of allocation, astack is
aconvenient data structure to represent it with

(the run time stack)

¢ C'sscoperules usefiles (Java uses classes).
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7: Blocks and
Global Variables

* A block islike acompound satement, enclosed in braces, and it
may contain both definitions and satements
* Global variables are defined outside the body of every function
inthe file (lifetime of the main program):
int flag = 0; /* global */
int f() {

}
int out =1; /* global */
int min() {

programming Guidelingg
Global variables

« Global variables should be used with caution, and always
carefully documented.
Changing the value of aglobal variable as aresult of caling a
function should be avoided; these side-eff ects make teting,
debugging, and in general maintaining the code very difficult.

* The placement of the definition of a global variable definesits
scope, but also contributesto the readability of your program.
For short filesall global variables are defined at the top;
for long filesthey are defined in the logically related place
(before definitions of functions that may need these variables).
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7: Stor age Classes and
Lifetime

« Static sorage class for local variables (declared inside a block or
function) - the lifetime of the entire program:

void login() {
static int counter = O;
count er ++;

}
¢ regiger variables
register int i;

7: Initialization of Variables

« at compiletime:
const int a = 3 * 44;

e atruntime
double x = sqrt(2.66);

« Thevalueof alocal variable that isdeclared, but not initialized, is
undefined.

¢ Global variablesareinitialized to a"zero" value.
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7: Modules; I nterface and
I mplementation

M odule condg stsof an interface and an implementation

client interface implementation
—  |(header file)
hash.h hash.c

7: Sharing Functions and
Variables: ext ern

« Separate compilation: one or more source files may be
compiled, creating object codes

« A function may be defined in one file and called in another file, as
long asthe call ispreceded by the function declaration.

File a. c
void foo(); /* extern void foo(); */
extern int nyErrorNo;
File b. c
int myErrorNo;
void foo(){ ...}
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programming Guidelingg
Programs and Files

A programtypically consigs of one or morefiles

a) each file should not exceed 500 lines and itsligting should begin
on anew page.

b) in each source file, the first page should contain the name of the
author, date, verson number, etc.

¢ ) avoid splitting afunction header, acomment or atype/structure
definition across a page break.

7: Linkage and the
st ati c Keyword (1)

¢ Therearethree types of linkage: internal, external and
"no linkage".
¢ There are various default rulesto specify the type of linkage, and

two keywordsthat can be used to change the default rules
externandstatic.

* Thethreedefault rulesare:

- entitiesdeclared at the outermost level have external linkage

- entities declared ingde a function have no linkage

-const identifiersand st ruct , uni on and enumtypes have
internal linkage.
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7: Linkage and the
st ati c Keyword (2)

* Thest ati ¢ keyword applied to global entities changesthe
linkage of entitiesto internal.

* Theext er n keyword changes the linkage of entitiesto external.

¢ Thelinker uses varioustypes of linkage as follows
- identifier with external linkage: may be shared by variousfiles,
and all occurrences of thisidentifier refer to the same entity
- identifier with no linkage: refersto digtinct entities
- anidentifier with internal linkage: all occurrencesinasngle
filerefer to the same enttity. If a second file hasan internally-
defined identifier with the same name, all of those occurrences
will betied to a second entity defined for that identifier; thereis
no sharing of internally defined entities between modules.

7: Linkage and the
st ati c Keyword (3)

¢ usestati c global to gecify private entities

* inrarecaseswhen you need to share a global variable, use
extern

« be careful to avoid conflicting definitionsin multiplefiles, e.g.:

File a.c:

int £() { ..}

File b.c:
double f() { ...}
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7: Header Files

* The header file corresponds to a Javainterface.

¢ Theclient gets
- the header file
- the object code of the implementation file.

¢ The header fileisincluded in the application code, and thiscode
islinked with the implementation file.

¢ The header file mugt contain any documentation that is necessary
for the client to understand the semantics of all the functions that
are declared init. Thisdocumentation should be des gned based
ona"need to know" principle, and should not include any
implementation detail s.

\dioms -

Use function namesthat are relevant to the module in which they
appear:
Funct i onNane_nodul eNane

Function Names

Header and I mplementation

The implementation file awaysincludesits corresponding
header file.

Static ldentifiers

Any functionsand variable definitions that are private to afile
should be qualified asst at i ¢ (their names start with _, e.g.
_counter)
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programming Guidelingg
Inter face and I mplementation s

« Header files should only include function declarations, macros,
and definitions of congtants.

« Avoid compiler dependent features if you have to use any such
festures, use conditional compilation.

« A header file should provide al the documentation necessary to
understand the semantics of thisfile.

programming Guidelingg
Inter face and I mplementation
¢ The documentation for the client isplaced in the header file.

¢ The documentation for the implementor isplaced inthe
implementation file.

¢ The documentation for the client and for the implementor may be
different.
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7: Types of Modules

¢ Layer modulesadd a cusomized interface to an existing module
« Package modules define new functions.
* Typeabstraction modules represent provide a new datatype,

operationson thistype and a set of values
¢ Modules may be stateless

« A moduleisreferred to assingleton if the client can use only one
ingtance of this module.

7. Stateless Package M odules
Li nes

Header filelinesh:

#i fndef LINES H

#define LINES_ H

/* A header file for the nodule with two sinple
* operations on lines. Here, a line is of
* the formy = a*x + b, al'=0, and is

* represented by a pair of double val ues.
* (Qperations:

* check if two lines are parallel

* check if two |ines are perpendicul ar

*/
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"Function name" Idiom

/* Function: |parallel _Lines

* Purpose: check if two lines are parallel
* Inputs: al, bl, a2, b2 (paraneters)

* Returns: 1 if y=al*x+bl is parallel to
* y=a2*x+b2, 0 otherw se

* Modifies: Nothing

* Error checki ng: None

* Sanple call:

* i = parallel _Lines(4,2,4,7);

* Since the linesy =4x + 2 andy = 4x + 7 are
* parallel the value of i will be 1.

*/

int parallel_Lines(doubl e al, double bl, double
a2, doubl e b2);

/* Function: [perpendi cul ar _Li nes ‘«—"Fundion name" Idiom
* Purpose: check if two Tines are perpendicul ar
* Inputs: al, bl, a2, b2 (paraneters)

* Returns: 1 if y=al*x+bl is perpendicular to
* y=a2*x+b2, 0 otherw se

* Modifies: Nothing

* Bugs: Returns 0 if a2=0

* Sanple call:
* i = perpendicul ar_Lines (4,2,4,7);
*/

int perpendicul ar_Li nes(doubl e al, double bl,
doubl e a2, double b2);

#endi f
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Application file main.c: “Hesder and

Implementation”

— Idiom

‘#i ncl ude "ex7-4-1ines.h"

int min( ) {
printf("Lines are % parallel\n",

parallel _Lines(1, 2, 3, 4?2 "" "not");

Implementation filelines.c:
#i nclude "lines.h"
int parallel_Lines(double al, double bil,
doubl e a2, double b2) {
return al == a2;

int perpendicul ar_Li nes(doubl e al, double bl,
doubl e a2, double b2) {

return (a2 == 0) ? 0 : (al == -1/a2);
}
. . Implementation fileio.c:
7: Layer Modulewith Error # ncl ude "io. h*
mq* 10 #define INPUT 1
#define OQUTPUT 2
int getlnt(FILE *handle) reading an integer value #define OK 0
void putlnt(FILE *handle, int i) static int errorFlag_ = OK /* private */
printing an integer value int getint_I|QFILE *f) {
int i;
if(fscanf(f, "%", &) !'=1) {
isError_I Q) to test whether or not an error has occurred errorFlag_ = I NPUT;
clearError_1 Q() toclear any error indication return 0; /* use: isError | Q) */
printError_I Q) toprintadescription of the error onthe }
gsandard error sream return i:
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void printError_I Q(void) {
switch(errorFlag_) {

case INPUT: fprintf(stderr, "input failed\n");
return;

case QUTPUT: fprintf(stderr, "output failed\n");
return;

case X return;

/* defensive style: it can not happen! */

defaul t: fprintf(stderr, "unknown error\n");
return;

}

}

\dioms -

M odule Extension

To extend amodule M to a module M1:

u define the header file M1.h and the interface M1.c.
u Ml.cincludesM1.h

u theclient of M1 includes M1.h and linksthe application code
withM.oand M1.0
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\dioms W

M odule M odification

To define module M1, which extends an existing module M, follow
these seps

1. Declare the new interfacein M1.h (M1.h does not include M.h)
2. M1.c includes both M1.h and M.h

3. Thedlient of M1 includesM1.h and links the gpplication code
withM.o and M1.0

7: Modules and Constructors

Layer module| @2, built on top of the module 10 and designed to
encapsulate file handlesin the implementation file.

There are three constructors:

construct Read_| @2(char *inFil enane);

construct Wite_lI Q(char *outFil enane);

construct ReadWite_I @(char *inFil enane,
char *outFil enane) ;
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7: Modules and Destructor s

There are three destructors

int destructRead_| Q2();
int destructReadWite_| O2();

int destructWite_IQ2();

102: Interface (cont.)

int getlnt_IQ(void);
void putlint_IQ(int i);

void clearError_I Q2(void);
int isError_I Q(void);
void printError_I O2(void);
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102: Application
swi tch(construct ReadWite | Q2("inl", "outl")) {
case OK | 2: br eak; /* success */
case FAIL_READ | O2: /* stdin instead */
(voi d) construct Read_l O2( NULL) ;
br eak;
case FAIL WRITE | O2: /* stdout instead */
(void)construct Wite_l O2( NULL) ;
br eak;
case FAIL_| O2:

(void)construct ReadWite | O2( NULL, NULL);

br eak;

102: Application (cont.)

clearError_| Q();
d = getint_IQ();

if(isError_1Q2())
printError_IQ2();
el se putlnt_lI@(d);

putint_IQ2(getint_102());
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102: Implementation

static FILE *flnput_; /* file handles */
static FILE *fQutput_;
/* macros for testing initialization */

#define NOT_INITIALIZED O

#define | NI TI ALl ZED 1
static int initializedlnput_ = NOT_IN TIALI ZED;
static int initializedQutput_ = NOT_I N Tl ALI ZED;

/* macros for testing errors */
#define READ 1
#define WRITE 2
#define OK 0

102: Implementation (cont.)

int constructRead_| Q2(char *fnanme) {

if(initializedl nput_ == I NI TIALI ZED)
return FAIL_I O2;

if(fname == NULL) { /* stdin is always K */
initializedl nput_ = I NI TIALI ZED;
flnput_ = stdin;
return O | Q2;

}

if((flnput_ = fopen(fname, "r")) == NULL)
return FAIL_I O2;

initializedl nput_ = I N TIALI ZED;

return O 1 O2;
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102: Error handling
static int ioErrorFlag_ = OK

int getint_I(void) {

if(initializedl nput_ == NOT_I NI TIALI ZED) {
i oErrorFl ag_ = READ,
return O;

}

return getlint_I Q(flnput_);

int isError_I @2(void) {
return ioErrorFlag_ !'= OK || isError_1Q();

7: Modules and Caching Data
fileOps

long words_fileOps(); thenumber of wordsinafile
long chars_fileOps(); thenumber of charactersinafile
long lines_fileOps(); thenumberoflinesinafile

construct _fileOps(fil enane);
destruct _fileOps();
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fil eOps: cache

#define CLEAR -1

static | ong words_ CLEAR;
static long chars_ = CLEAR
static long lines_ CLEAR;
/* debuggi ng version */
long words_fileOps() {

int flag = 1;

int c;

if(initialized_ == NOT_I NI TI ALI ZED)
return EOF;

if(words_ !'= CLEAR) [/* use cache */

return words_;

words_ = 0; /* reset cache */

rewi nd(f); /* read & process the input file */
while ((c = getc(f)) = EOF) {
if(chars_ < 0)

chars_--; /* cache characters? */
if(lines_ <0 & c =="\n")
lines_--; /* cache lines? */
if(isspace(c)) [/* take care of words */
flag = 1;
else if(flag) {
flag = 0;
wor ds_++;
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#i f def DEB
printf("\nword #: %d\n", words_);
fputc(c, stderr);

#endi f
} /* flag is 0 */
#i f def DEB
el se fputc(c, stderr);
#endi f
}
rewi nd(f);
chars_ = -chars_ - 1;
lines_ = lines - 1;
return words_; /* update cache */
}

7: Variable Number of
Par ameters

/* return a product of double argunents */
doubl e product (int nunmber, ...) {

va_list list;

doubl e p;

int i;

va_start(list, number);

for(i =0, p=1.0; i < nunber; i++)

p *= va_arg(list, double);
va_end(list);
return p;
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7: Overloading Functions

product (2, 2.0, 3.0) * product(1, 4.0, 5.0)
product (2, 3, 4)

Thereis no predefined type conversion between formal
parametersand actual parameters.
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Chapter 8:

Pointersand their

Applications

8: Preview

« Javareferences versus C pointers

¢ address and dereferencing operations

« dynamic memory allocation and deallocation

* pointer arithmetic

¢ passng function parameters by reference

¢ pasdng functions as parameters of other functions

« overriding afunction

« continuation of the discussion of module-based programming
D enumerations

D modules for homogenous collections

8: Stack and Heap Based

Memory
Run-time stack Hesp
free
— + L
top
push |
pop
[ ] -
stack
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8: Stack and Heap Based
Memory

Stack-based memory: implicitly managed by function callsand
function returns

Advantage: you do not have to be concerned with deallocation.
Disadvantage: may lead to programming errors, e.g.
dangling reference problem

avariable referencing a memory block
whose lifetime has expired

8: Stack and Heap Based
Memory

Heap-based memory: explicitly managed by the programmer.

May result in heap fragmentation

C programmers are responsible for memory management
Improper memory management may lead to memory leakage

Memory isaresource, and has to be managed like any other
resource (e.g. file handles for open files)
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8: Basic Ter minology

* A pointer isavariable whose value isa memory address
representing the location of the chunk of memory on either the
run-time stack or on the heap.

« Pointers have names, val ues and types.

« Value of p versus value pointed to by p

24

v

8: Declaring and Casting
Pointers

For any C datatype T, you can define a variable of type
"pointer to T":

int *p; pointer toi nt, ori nt pointer
char *q; pointer to char , or char pointer
doubl e **w; pointer to pointer to doubl e

Here:

p may point to ablock of si zeof (i nt) bytes

g may point to ablock of si zeof (char) bytes

w may point to ablock of si zeof (doubl e*) bytes
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programming Guidelineg
Pointers =

* The placement of the whitespace around the asteri sk in a pointer
declaration:

int* p;
int * p;
int *p;

| use the third convention

©rrors

Declaring pointers

To declare two pointers of the same type, use

int *pl, *p2;
rather than
int *pl, p2;
You can use
typedef int* Pint;
Pint pl, p2;
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8: Dereferencing Pointers and
the Address Oper ator

int *p;

pisani nt pointer,
*p isthe contents of the memory object p pointsto;
(*p isexactly likeani nt variable)

24

8: Dereferencing Pointersand
the Address Oper ator

int i;

i isani nt variable
& islikeani nt pointer, pointing to the variablei
(but you must not assign to it)

24

v
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8: Pointer Assignments

Crrors

Pointersand Errors

int i;
. . - -
f nt . PP & u Never use uninitialized pointers
int j =3 >
int *jPtr = &; T u To increment a dereferenced pointer, use
. i
Consider: 1R (*p) ++
*jPtr = *iPtr; 5 |3 rather than
i = 4
*Ptr = i; jPr j * * *
J ' ] ] p++ /* correct but means ..*/
iPtr =j;
8: Using Pointers 8: Qualified Pointers
int i, j; A const qudlifier:
int *pi = & ;
int *pj = & ; const int *p; pointer to acongant integer, the value of p

scanf (" %%, pi, pj);
printf("o%\n", *pi > *pj ? *pi : *pj);

may change, but the value of * p can not

int *const p; consant pointer to integer; the value of * p
can change, but the value of p can not

const int *const p; constant pointer to congant integer.
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8: Generic Pointersand NULL

« Java areferenceto "any" kind of object
use avariable of type Cbj ect

* C: areferenceto "any" kind of object
use avariable of typevoi d*

void *p;
definesageneric, or typeless pointer p. Often castedto ( T*) p

¢ NULL value can be assigned to any pointer, no matter what its
type.

8: Generic Pointersand NULL

void *p = NULL;

int i = 2;
int *ip=&;

p=ip;
printf("%d", *p);

printf("od, *([int*)p]) )
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Jdioms v

Generic Pointers

Data stored in a memory object can be recovered asa value of a
ecific data type. For example, for a generic pointer

void *p

which points to an object containing a double val ue,
you can retrieve this val ue using the following syntax:

*(doubl e*)p

8: Architectures

There are two architectures that use different byte ordering.
"little-endian" or right-to-left byte ordering architecture (e.g. Intdl),
"big-endian” or left-to-right byte ordering architecture (e.g. SPARC)
Below, block B of memory of typei nt , congstsof two bytes

‘ B > < B
I —
address of B address of B
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eortabiliy, cd

Architecture

Programs that assume a particular architecture (for example, abig
endian) are not portable.

Often, anissue in data compression and image process ng.

8: Heap Memory M anagement

Two primary methods of allocating memory:
void *mal |l oc(size_t requestedSize);
void *calloc(size_t requestedCount,
size_t requestedSi ze);

T *p;
p = mall oc(sizeof (T)); /* or: */
p = calloc(1l, sizeof(T));

Y ou should alwaysremember to check if acall to amemory
allocation function was successful.
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8: Memory Allocation

int *p;

/* A block to store one int */

if((p = malloc(sizeof(int))) == NULL)
exi t (EXI T_FAI LURE) ;

*p = 12;

int *q;

/* a block to store 3 ints */

if((g = malloc(3*sizeof (int))) == NULL)
exi t (EXI T_FAI LURE) ;

*q =5’

\dioms =

Memory Allocation for n

integers
int* p;
if((p = malloc(n*sizeof (int))) == NULL)
error

#define MALLOC(p, type, n) \
((p) = malloc((n)*sizeof (type))) == NULL)

Copyright Publishing Comgany, 2000
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Cfor Java Programimer:

portabili, cd

mal | oc

Alwayspasssi zeof (type) asaparameter toamal | oc()
call, rather than the absol ute val ue.

For example, use

mal | oc(si zeof (int))
ingead of

mal | oc(2)

8: Memory Deallocation

Memory should be deallocated once the task it was allocated for has
been completed.

int *p;
i f(MALLOC(p, int, 1))
exi t (EXI T_FAI LURE) ;
*p = 12;
free(p);
/* p not changed; don't use *p */

Copyrighi Bublishing Company 2000
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\dioms e

Memory Deall ocation

Alwaysfollow the call to

free(p)
with
p = NULL

©rrors

Memory
u Avoid mixing gatically and dynamically alocated memory

int i;
int *p;
& = mal l oc(sizeof (int));

* Memory dedllocation usng f r ee() should only be used if
memory has been previoudy alocated with mal | oc() :

p = &;
free(p);

Conrighi Bublishing Company 2000
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crrors

Memory ‘

¢ The value of apointer p should never be dereferenced after the
cdltofree(p).

« Do not create “ garbage” objects, such as
MALLOC(p, int, 1)

MALLOC(p, int, 1)

©Irors

Memory

« Giventwo pointersp and g, theassgnment p = ¢ does not
copy the block of memory pointed to by q into ablock of
memory pointed to by p

¢ Remember that after p = q; p and g sharethe value;
if youcal free(p) thiswould aso deallocate g,
now you must not call f r ee( q)
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8: Pointer Arithmetic

Valid operations on pointersinclude:

- the sum of a pointer and an integer

- the difference of a pointer and an integer
- pointer comparison

- the difference of two pointers.

8: The Sum of a Pointer and
an Integer

To access other objectsin the block of memory pointed to p, use
p+n

wheren isaninteger. Thisexpression yields a pointer to the n-th

object beyond the one that p currently pointsto.

The exact meaning of "object" isdetermined by the type of p.

This operation is not defined for generic pointers, and it’s useful to
define a macro:
#define VO D(targ,size) \

((void *)(((char *)(targ)) + (size)))
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8: The Sum of a Pointer and
an Integer

#define SIZE 3
doubl e *p;

i f (MALLOC(p, double, SIZE))
exi t (EXI T_FAI LURE) ;

(pr Y =2
(P2 =3

p ptl  p+2

8: The Sum of a Pointer and
an Integer : i-th object

To access the i-th object in a memory block:
*(pti)
or

pli]

p[ 0] and * p are equivalent.
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8: The Sum of a Pointer and
an Integer : i-th object

#define SIZE 3
doubl e *p;

i f (MALLOC(p, double, SIZE))
exi t (EXI T_FAI LURE) ;

for(i = 0; i < SIZE, i++)
if(scanf("%f", p+i) == 0) /* no & */
exi t (EXI T_FAI LURE) ;

*(p+SI ZE) = 1.2;

8: The Sum of a Pointer and
an Integer : i-th object

&p[i] & (p+i)  pti
are equivalent.

/* read in using [] */
for(i =0; i < SIZE, i++)
if(scanf("%f", &p[i]) == 0)
exi t (EXI T_FAI LURE) ;

/* find product */
for(i = 0, product = 1; i < SIZE;, i++)
product *= p[i];
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8: The Sum of a Pointer and
an Integer: Traversals

Pointersare often used for traversalsin loops, for example
doubl e *pi;

for(i =0, pi =p; i < SIZE i++ pi++)
product *= *pi;

Jdioms v

Thei-th Object

p[i] islikearegular variable representing thei-th object in ablock
whose beginning is pointed to by p.

Inparticular, * p isthe sameaspl[ 0] .
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8: Difference of a Pointer and
an Integer

Often, we need to access objects
preceding the object pointed to p p+2
by apointer g.

qg-n

yieldsapointer to the
n-th object before the one
that g currently pointsto. o2 gl q

8: Example
#define SIZE 3
doubl e *p, *q;
i f (MALLOC(p, double, SIZE))
exi t (EXI T_FAI LURE) ;

..I* initialize the block */
/* output in reverse order */
for(i =0, q = p+SIZE-1; i < SIZE, i++)

printf("%\n", *(g-i));
or

for(i =0, g = p+SIZE-1; i < SIZE, i++)
printf("%\n", q[-i]);
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©rrors

Memory

Given ablock of memory of SI ZE objects, pointed to by p,
you can set g to point to the last object in the block using:

p+SI ZE- 1
rather than

p+Sl ZE
(‘off by one' error).

8: Pointer Comparison

« Two pointers of the same type, p and q, may be compared aslong
asboth of them point to objects within a single memory block

« Pointersmay be compared usingthe <, >, <=, >= == I=
« When you are comparing two pointers, you are comparing the

val ues of those pointersrather than the contents of memory
locations pointed to by these pointers
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8: Pointer Comparison

Assuming
doubl e *p, *pi;
and p pointing to the block of SI ZE doubles

for(pi = p, product = 1; pi < p+SIZE, pi++)
product *= *pi;

/* print backwards */
for(pi = p+SIZE-1; pi >= p; pi--)
printf("%\n", *pi);

Jdioms v

Block Traversal

for(pi = p; pi < pt+SIZE, pi++)
use pi here
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8: Pointer Comparison

/* Find the largest elenent in the block p */
doubl e *nmax;

for(max = p, pi = p+l; pi < p+SIZE, pi++)
if(*max < *pi)

max = pi;
printf("The largest value is %\n", *nax) ;\
"Block Traversal"
Idiom

8: Pointer Comparison

Copy the contents of ablock pointed to by p of Sze SI ZE to
another block pointed to by g:

doubl e *pi, *qi;

i f (MALLOC(q, double, SIZE))
exi t (EXI T_FAI LURE) ;

for(qi = q, pi =p; qi < q+SIZE qi++ pi++)
*qi = *pi;
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8: Pointer Subtraction

Given two pointers, p and g, such that:
 both pointersare of the same type,
* P>q
« both point to objectsin a s ngle memory block,
the expression
p-q
yieldsthe number of objects between p and q,
including the object pointed to by q.

The type of the result of pointer differenceisptrdi ff _t,
defined inst ddef . h.

8: Pointer Subtraction

Find the first occurrence of the value O in ablock of doubles
(ECF if not found):

int position;

doubl e *p, *pi;

/* pinitialized */

for(pi = p; pi < p+SIZE, pi++)
if(*pi == 0.0)

br eak;

position = (pi == p+SIZE) ? EOF : pi-(p+l);
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8: Working with Memory
Blocks

Operationson memory blocks pointed to by generic pointersare
declared inthe gandard header filest ri ng. h.
Generic pointers can not be dereferenced.
To copy amemory block of 9zel en fromasourcesr ¢ to adegtination
dest (these blocksshouldn't overlap):
voi d *nencpy(void *dest, const void *src,

size_t len);

or, for overlapping blocks
voi d *nemmove(void *dest, const void *src,
size_t len);

8: Filel/O for Memory
Blocks: Binary Files

« Binary filesdo not have aline-oriented structure

« They cons & of blocks of objects, (for example, double objects)
which allowsthemto store information in a concise way.

* Many applications can process binary data efficiently, but to
digplay thisdatain a human-readable form, a specialized program
is needed.

« Unfortunately, binary filesare often not portable.
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eortabiliy, cd
Binary Files

When you open binary files, you should alwaysuse b inthe
second argument for f open()

For example, use:

fopen("test.bin", "wh")
rather than:

fopen("test.bin", "w')

8: Binary Files
Random Access

Random access: you can directly operate on data stored at any
position within the file.

Functionsthat can be used to operate on binary files
(assuming that the file has been opened):

long ftell (FILE *f)

returnsthe current positionin afile
upon error, returns- 1L and setserr no
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8: Binary Files
Random Access

int fseek(FILE *f, long offset, int node)
setsthe current postionin afile by the pecified offset
returns O if successful and a non-zero val ue otherwise.

There are three predefined macros

- SEEK_SET the offset isfrom the beginning of the file

- SEEK_CUR the offset isfromthe current position in the file
- SEEK_END the offset isfrom the end of thefile.

rewi nd(Fl LE *f) sameas fseek(f, OL, SEEK SET)

8: Binary Files
Random Access

Examples, for afile of double values

fseek(f, sizeof(double), SEEK SET)
fseek(f, sizeof(double), SEEK CUR)
fseek(f, -sizeof(double), SEEK CUR)
fseek(f, -sizeof(double), SEEK END)

I ong currentPosition;
currentPosition = ftell (f);

fseek(f, currentPosition, SEEK_ SET)

Copyright Publishing Comgany, 2000
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/* conpute the size of a file */
long fileSize(const char *filenanme) {
FILE *f;

long size;
if((f = fopen(filename, "r")) == NULL)
return -1L;

if(fseek(f, OL, SEEK END) == 0) {
size = ftell (f);
if(fclose(f) == EOF)
return -1L;
return size;
}
fclose(f);
return -1L;

8: Binary Files
Read and Write

size_t fread(void *buf, size_t elSize,
size_t count, FILE *in);

readsfromthefilei n upto count objects, eachof Szeel Si ze
and sores them in the block pointed to by buf

returns the number of objects that have been actually read; 0 on
error (to tell the difference between the end-of- file and an error use
ferror())

size_t fwite(void *buf, size_t elSize,
size_t count, FILE *out);

Copyrighi Bublishing Company 2000
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8: Binary Files
Read and Write

To trand ates a text file containing double valuesinto abinary file:
while(fscanf(in, "%f", &) == 1)
if(fwite(&d, sizeof(double), 1, out) != 1)

To trand ate abinary file of double datainto atext file:

whi l e(fread(&d, sizeof(double), 1, in) == 1) {
fprintf(out, "% \n", d);

8: Pointer sand Functions

Pointer Parameters: Pass by Value
formal paranmeter = actual paraneter

voi d show(const char *p) {
char *q;
printf ([ ");
for (g =p; *qg!="\0"; qg++)

printf("% ", *q);

printf("]\n");

}

/* Call: show("abc"); */

Conrighi Bublishing Company 2000
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8: M odifying Actual
Parameters
(Call by Reference)

In order to modify the actual parameter (passit by reference) use:
formal parameter = &(actual parameter)

Trace the execution of:

void swap(int *x, int *y) {

int tenp;
temp = *x;
*X =*y;
*y = tenp;
/* call: int i =2, j =3; swap(&, &); */

dioms

Pass by Reference

=

Declare the formal parameter FP asa pointer, for example

int *FP

In the body of the procedure, dereference FP, that isuse *FP

3. Inthecall

u if the actual parameter AP, isavariable, use the address of AP;
for example f ( &AP)

u if actual parameter AP isapointer, use AP without the address

operator;

for example f (AP)

N
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8: M odifying Actual
Parameters
(Call by Reference)

Examples of "Boolean” functionswith val ue/reference parameters

/* read up to n characters;

* return the nunber of occurrences of ¢

*/

int readlt(int n, char c, int *occurrences);

/* return the sum and product of two values */
int compute(int n, int m
int *sum int *product);

8: Functions
Returning Pointers

/* get a block of menory to store int values */
int* getBl ock(size_t size) {
return malloc(size*sizeof (int));

}
int *p;
if((p = getBlock(10)) == NULL)
error
The client isresponsible for usng the "Memory Dedlocation” idiom:
free(p);
p = NULL;
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programming Guidelineg
Pointers =

Any memory allocation in afunction must be documented clearly
that the client knowswho is responsble for freeing this memory.

if((*p = (int*)nmallocfn*sizeof (int))) == NULL)
return O;
return 1;
}
int *q;
i f (get Bl ockRef ( , 10) == 1)
success
"Pass by Reference”
Idiom

8: Passin
Pointer s by References

int getBl ockRef (int * unsi gned n) {
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8: Protecting Return Values
and Parameter Values: const

doubl e product (doubl e *bl ock, int size);
/* Does it nmodify menory pointed to by bl ock?*/

doubl e product (doubl e *bl ock, int size) {
int i;

for (i =1; i < size; i++)
bl ock[ 0] *= bl ock[i];

return bl ock[O];

8: Protecting Return Values
and Parameter Values: const

doubl e product (const double *block, int size);

/* return a pointer to a constant */
const int* f(int p) {

int *i;

if((i = malloc(sizeof(int)) == NULL)
return NULL;

*i = p’

return i;
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Jdioms v

Efficient Pass by Reference

void f(const T* p);

Publishing Company, 2000

8: The Dangling
Reference Problem

Stack-based data are deall ocated as soon as the function which
definesthe data terminates

int *pi;
void f() {
int i =2;

pi = & ;
printf("the value pointed to by pi is %\n",
*pi);
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8: Overriding Functions:
Pointer sto Functions

A pointer to afunction determinesthe prototype of this function,
but it does not pecify itsimplementation:
int (*fp)(double); /* a pointer to a function */
int *fp(double); /* a function returning ... */
Y ou can assgn an exigting function to the pointer aslong as both have
identical parameter listsand return types:

int f(double); /* another function */

fp=f1;
Youcan call the functionf () through the pointer f p:

int i =fp(2.5);

\dioms

Override Function

To override afunction, use a pointer to the function.

One gpplication of thistechniqueisto write generic sort functions
that make the user provide the required function;
such asthe comparison function.
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8: Functions as Parameters

voi d tabul ate(doubl e | ow, doubl e high,
doubl e step, double (*f)(double)) {
doubl e x;

for(x = low, x <= high; x += step)
printf("o%d3.5f 9%20.10f\n", x, f(x));
}
doubl e pol 1(double x) {
return x + 2;

tabul ate(-1.0, 1.0, 0.01, pol1l);

8: Reusability of Functions:
Generic Pointers

Functions provide reusability:
¢ canbe called over and over to perform the same task

« arerequired to specify both return types and alig of typed formal
parametersto help catch various errorsat compilation time.

Using generic pointers we can support typeless parameters
¢ more general
¢ more dangerous
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/* Search a bl ock of doubl e val ues */
int search( \const doubl e *block|, size_t size,

doubl e val ue) {
.
doubl e *p; "Efficient Pass by

Reference”
i f(block == NULL) Idiom
return O;
for(p = block; p < block+size; p++)
if(*p == val ue)
return 1;
return 0O;
} " Block Traversal"
Idiom

8: Genericsear ch

C does not support polymorphic programming, but it can be
dmulated using generic pointers(i.e. voi d*).
A function prototype may specify that ablock of memory and the
value it islooking for are not typed:
int searchGen(const void *bl ock,
size_t size, void *value);
/* non-typed val ues
* Need nore paraneters:
*/
int searchGen(const void *bl ock,
size_t size, void *value, size_t el Size
int (*conpare)(const void *, const void *));
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8: Genericsear ch

and M odules
Header file contains
int searchGen(const void *bl ock,
size_t size, void *value, size_t elSize,
int (*conpare)(const void *, const void *));
conpar e() iscaled:

« avirtual function; itsimplementation isnot known to
sear chGen() but will be provided when sear chGen() iscalled.

« acallback function, because it calls back the function supplied by the
client.
Theimplementation needs to know how to compare two elements. This
type of information is provided by the callback function, which can be
called by the implementation file, and defined by the client.

\dioms -

Callback

Theimplementation file may get information from the client
using a callback function

passed as a parameter of another function in the interface.
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8: Implementation of Generic

search (incorrect)

int searchGen(const void *bl ock,
size_t size, void *value, size_t elSize,
int (*conpare)(const void *, const void *)) {
void *p;

i f(block == NULL)
return O;
for(p = block; p < block+size; p++)
i f(conmpare(p, value))
return 1;
return O;

8: Application of Generic
sear ch

The client's reponshilities

int comp(const double *x, const double *y) {
return *x == *y;

int comp(const void *x, const void *y) {
return *(doubl e*)x == *(doubl e*)y;

}

Note that thiscallback is sufficient for search, but not for sort.
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/* Application of a generic search */
#define SIZE 10
doubl e *b;
double v = 123. 6;
int i;
i f(MALLOC(b, double, SIZE))
exit (EXI T_FAI LURE) ;
for(i =0; i <SIZE, i++) /* initialize */
if(scanf("%f", &l[i]) '=1) {
free(b);
exit (EXI T_FAI LURE) ;
}

8: Correct | mplementation of
Genericsear ch

int searchGen(const void *bl ock,
size_t size, void *value, size_t el Size,
int (*conpare)(const void *, const void *)) {
void *p;
if(block == NULL)
return O;
for(p = (void*)block; p<VO D(block, size*elsize);
p = VO D(p, elsize))
if(conmpare(p, value))

return 1;

printf("% was % one of the values\n", return 0:

v, searchGen(b, SIZE, &v, sizeof(double), conp) }
==17?"" "not");
\dioms Va ©rrors
Traversing a Block of Generic Objects rntois ,
void *p = & ;
for(p = (void*)bl ock;

p < VO D(bl ock, size*elsize); *p = 2;

p = VO D(p, elsize)) *(int*)p = 2;

Accessing thei-th Object in a Block of Objects

To accessthe i-th object, use:
p = VO D(bl ock, i*elSize)
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crrors

void* f() {
int *ip;

if((ip = (int*)nmalloc(sizeof (int))) == NULL)
error;
return ip;

() =2
*(int*)f() = 2;

8: Pointersto Blocks
Containing Pointer s

block ——

21

3.1

4.1

A block containing three pointersto double objects
In order to access a 9ngle object, the code hasto
apply dereferencing twice
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8: Pointersto Blocks
Containing Pointer s

"Memory Allocation
doubl e **bl ock; Idiom

#define SIZE 3

8: Pointersto Blocks
Containing Pointer s

The complete code to initialize the block: |diom ?

i f((block=calloc(SIZE, sizeof(double*)))==NULL)
error;

for(i = 0; i < SIZE i++)
bl ock[i][0] = 2.1 +i;

for(i = 0; i < SIZE, i++)
if((block[i]=calloc(1l, sizeof(double)))==NULL)
error;

*(*bl ock) = 2.1,
bl ock[0][0] = 2.1;

To free memory :

for(i = 0; i < SIZE i++)
free(block[i]);

"Memory Ded location

free(bl ock); — diom
I

bl ock = NULL;
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\dioms e

Block of Pointers

For ablock b of pointers, use

bli][]j]

to refer to thej -th object in ablock pointedtoby b[ i ] .

#define SIZE 3 /* Triangul ar bl ock of nenory */

i f((block=calloc(SIZE, sizeof(double*)))== NULL)
error

for(i =0; i < SIZE, i++)
if((block[i]=calloc(i, sizeof(double)))== NULL)

error
/* read in values */
for(i =0; i < SIZE i++) [* for each row */
for(j =0; j <=1; j++)
if(scanf("%f", &dlock[i][j]) !'= 1)
error

/* find the sum */
for(i =0, sum=0; i < SIZE i++)
for(j =0; jJ <=1i; j++)
sum += bl ock[i][]];
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8: M odule-based
Programming: Part 2

A data structureis

* homogenousif it cond stsof objectsof the same type
« heterogeneousif it containsobjects of different types
There are two types associated with any data structure:
 thetype of each object

« thetype of the data structureitself.

A data structureis

« concreteif the type of each element isknown;

¢ generic otherwise

Theinternal representation of the type of data structure should be
hidden fromthe client; these types are called opaque.

8: Homogenous Collection
of Objects

Example. A homogenous generic module, called Ops, designed to
operate on an ordered collection of objects

« congstsof objectsof the same type

 thistypeisnot known at the time the module isimplemented
« theclient of the module determinestypes of objects

¢ isasingleton module

« to compare two elements, uses a callback function
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8: Interface of Ops

int construct_Ops(size_t nElenents,
size_t el Size,

int (*conpare)(const void *, const void *));

int destruct_Qps(void);

int read_QOps(const char *fnane, size_t* size);
int search_QOps(void *value, int *result);
int sort_Qps();
int setSort_Qps(
void (*sort)(void *base, size_t nElenents,
size_t el Size,

int (*conpare)(const void *, const void *)));

8: Application of Ops

#i ncl ude "ex8-10-ops. h"

/* User-defined callback function */

int doubl eConp(const void *x, const void *y)
doubl e dx = *(doubl e*) x;
doubl e dy = *(doubl e*)y;

if(dx < dy)
return -1;

if(dx > dy)
return 1;

return O;
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#define SIZE 10

int main() {
size_t elenents;
doubl e val ue;
int result;

/* start with constructor */
i f(construct_Ops(SIZE, sizeof(double),
doubl eConp) == 0)
return EXI T_FAI LURE;
if(read_Ops("8-10.dat", &elenents) == 0)
return EXI T_FAI LURE;

printf ("% val ues read \n", elenents);

printf("Enter a value to search for: ");
if(scanf("%f", &alue) != 1)
return EXI T_FAI LURE;

i f(search_Ops(&val ue, &result) == 0)
fprintf(stderr, "search failed\n");
else printf("% was % found\n", val ue,
result ==12?"" : "not");

/* do not forget to destruct */
i f(destruct_Ops() == 0)

return EXI T_FAI LURE;
return EXI T_SUCCESS;
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8: Implementation of Ops

The implementation provides

* by default, aquick sort gsort ()

¢ an“intelligent” search function — this function keepstrack of
the state of the data (sorted or unsorted), and chooses either a
binary or linear search implementation accordingly

For abinary search, useabuilt-inbsor t ()

8: Implementation of Ops

static int initialized_ = 0; /* initialized? */
static int isSorted_ = 0; /* sorted ? */
static void *base_ = NULL; /*stores collection */

static size_t nElenents_; /* size of collection*/

static size_t el Size_ ; /*size of each el enent */

static size_t actual Size_; /* current size */
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8: Implementation of Ops

static void (*sort_)(void *base,
size_t nElenents, size_t elSize,
int (*conpare)(const void *, const void *));
/* current sorting routine */

static int (*conpare_)(const void *,
const void *);
/* call back function */

int construct_Ops(size_t nElenents, size_t el Size,
int (*conpare)(const void *, const void *) ) {

if(initialized)) /* singleton */
return O;

i f(nElenents==0 || el Size==0 || conpare== NULL)
return O;

if((base_ = calloc(nEl enents, el Size)) == NULL)
return O;

nEl ements_ = nEl enents;

el Size_ = el Size;

conmpare_ = conpare;

sort_ = gsort; /* set default sort */

initialized_ = 1;

return 1;

}
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int search_Ops(void *value, int *result) {
if(linitialized_)

return 0O;
if(isSorted_) /* binary search */

*result = bsearch(val ue, base_, actual Size_,

el Size_, conpare_) != NULL;

el se { /* 1linear search */

void *p;

*result = 0;

’(or(p = (void*)block; p < VO D(block, size*elsize);
p = VO D(p., elsize))

i f(conpare_(value, p) == 0)
*result = 1;

} "Traversing a Block
return 1; Of Objects”
Idiom

int sort_Qps() {

if(linitialized)

return O;
sort_(base_, actual Size_, el Size_, conpare_);
isSorted_ = 1; [/* caching */
return 1;

int destruct_Ops(void) {
if(linitialized.))

return O;
free(base_); "Memory Dedllocation”
base_ = NULL; Idiom
initialized_ = 0;
return 1;
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8: Pure M odules:
Enumer ation

"Pure module" :
amodule that congstsof only a header file,
(has no accompanying i mplementation).

int hasMoreEl ements_Enun(); isthereanother element
voi d* next El ement _Enun(); get the next element
void reset_Enumn(); reset the enumeration.

Why doweneed r eset _Enun() ?

8: Using Enumer ations

Ops with enumerations
/* read val ues */
reset _Enum();
whi | e( hasMor eEl ement s_Enunt())
scanf ("% f", (doubl e*)nextEl enent_Enumn());

/* show all values */
reset _Enum();
whi | e( hasMor eEl ement s_Enunt())
printf("%\n", *(double*)nextEl enent_Enun());
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8: Implementation of
Enumer ation

static int current_;
int hasMoreEl ements_Enun() {
return current_ < actual Size_;

}
voi d* next El ement _Enun() {

int i =current_;

if(current_ >= actual Size )

return NULL;

current _++; "Accessing the

return ‘VO D(base_, i*elSize ); J[— i-th Object"
} Idiom

8: Homogenous Concr ete
M odules

Homogenous module, with the element type defined in the header.
The client decides on the type of element and modifies the type:

typedef doubl e El ement_Ops1i;

Less general, but easer to implement and use.
Theconpar e() calback functionisstill required.

We do not want to change anything in the implementation code
when changing El enent _Ops1.
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8: Interface of Ops1

typedef doubl e El ement _Ops1i,;
int construct_Opsl(size_t nEl enents,
int (*conpare)(const Elenment_QOpsl *,
const Elenent_Opsl *));

int destruct_Qpsl(void);
int read_Opsil(const char *fnanme, size_t *size);
int search_QOpsl(const Element_Qpsl *val ue,

int *result);
int sort_Qpsi();
int setSort_Qpsl(void (*sort)

(El ement _Ops1 *base, size_t nElenents));

int setSize psl(size_t size);

8: Application of Ops1

int doubl eConp(const El enent_Opsl *x,
const El enent_Opsl *y);
if(construct_Ops1(SlZE, doubl eConp) == 0)
return EXIT_FAI LURE;
(void)setSize_Ops1(SlZE);
reset _Enun();
whi | e(hasMor eEl ement s_Enun()) {
if(scanf("%f", &) != 1)
return EXIT_FAI LURE;
if((dp = nextEl enent_Qpsl) == NULL)
return EXIT_FAI LURE;
*dp = d;
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9: Preview

« Functionswhich process single characters

Chapter 9: « Definitions of Stringsand String Congtants
« Formatted and Line Oriented String /0
Str | ngs « C String operations: length, copy, comparisons, search

¢ Processing Tokens

¢ String-to-number Conversons
¢ Standard Error Handling

* Module for String Tokenizing
¢ Main Function's Arguments
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9: Character Processing 9: Character Processing

Functions Functions
To classfy: To classfy (continued):
int isalnunm(int c) isc anaphanumeric int isprint(int c) isc printable(notacontrol character)
int isalpha(int c) isc anaphabeticletter int isgraph(int c) isc printable(notaspace)
int islower(int c) isc alowercaseletter int ispunct(int c) isc printable(not space or aphanumeric)
int isupper(int c) isc anuppercasletter int isspace(int c) isc whitespace
int isdigit(int c) iscadigt
int isxdigit(int c) isc ahexadecima digit To convert:
int isodigit(int c) iscanoctd digit

int tolower(int c)
int toupper(int c)
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9: Stringsin C

C goresa tring in ablock of memory.
The gring isterminated by the\ O character:

S
|H e | | o \0
40 1]

9: Definitions of Strings

Strings are defined as pointersto characters
char *s;

To alocate memory for a string that can hold up to 10 characters:

#define SIZE 10
if((s = malloc((SIZE+1)*sizeof (char))) == NULL)
L

S[0] = '\0O': \
"Memory dlocation" Idiom
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\dioms "

Memory Allocation for a
string of n characters

if((s = calloc(n+l, sizeof(char))) == NULL)

i-th character of astring

Torefer tothei -th character inthe gring s, uses[i ],
where 0 <= i < lengthof s.

CIrors

1. When you allocate memory for a gtring that can have n characters
cal l oc(n, sizeof(char))

2. Do not use
cal l oc(sizeof (string), sizeof(char))

3. Initialized pointersare not necessarily initialized grings.
(If aninitialized pointer pointsto amemory block that does not
contain the null character, the sring is not initialized).
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9: Definitions of Strings

S
|H e | | o \0
40 1]

Thedring s above hasthe length 5; "hel | 0"
s+1 (a suffix of s) haslength 4; "ello"

s+2 (a suffix of s) haslength 3; "1l o"

s+5 (a suffix of s) hasalength O; (it isanull gring) " "
However, s+6 isnot well defined.

dioms a

String Suffix

If s pointsto agring, then s+n pointsto the suffix of thisstring
garting at the n-th position
(here, n hasto belessthan the length of s).
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9: String Constants

char *nane = "Kasia";
The block of memory for a string constant may be stored in
"read-only" memory, and its contents should not be modified;
therefore, do not reset any of the charactersin the congtant sring:

nang[0] = 'B';

Crrors
Double and single quotesthat enclose a single character sgnify

different things

"W denotesa pointer to amemory block containing two
characters
W \0

" W denotesthe ordinal value of the character W
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9: Strings Par ameters

C grings can be used as parameters asany other pointers

void nodi fy(char *s) {

s[0] = toupper(s[0]);
"Memory dlocation" Idiom

}

char *p; [/* nodify(p); */

‘if((p = cal l oc(10, sizeof(char))) == NUi_L) error
plO] ="h"; p[1] ="'0o"; /* p[2] =="\0" */

modi fy(p) ;

‘r’mdi fy(p+l); "String suffix" 1diom

char *q = "hell 0o";

modi fy(q);

9: Strings Par ameters

/* Sane as strlen() */
int length(const char *s) {
char *p;

for(p =s; *p; ptt) /* *p I="\0" */

return p - s;

Publishing Comgany, 2000
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dioms 2

Traversing a String

for(p =s; *p; p++)
use *p

char *strdup(const char *s) { /* return copy of s */
char *kopy; /* copy of s */
char *ps; /* used for copying */
char *pkopy; /* for copying */

if((kopy =calloc((length(s)+1),sizeof(char)))==NULL
return NULL; 4

|
"Memory dlocation”

Idiom
/* menory allocated, now copy */

for(ps = s, pkopy = kopy; *ps; ps++, pkopy++)

“pkopy = *ps; \

*pkopy = *ps; I
"String Traversal" Idiom

return kopy;

Bublishing Company 2000
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char *nodi fy(const char *s) {
/* return a copy of s nodified */
char *news;

if((news = strdup(s)) == NULL)
return NULL;

<—"i-th character"

news[ 0] = toupper(news[0]);
Idiom

return news;

}
char *q = nodify("c for java");
char *s = nodify("c for java" + 6); |<———Ildiom

(thelagt onereturns “ Java’)

"String suffix"

9: Strings Par ameter s and
Return Values

void nodi fyl(const char *s, char **news) {
/* return through paraneter a copy of s nodified*/
if(s == NULL)
return;

*news = strdup(s);

(*news)[ 0] = toupper((*news)[0]);
}
char *p;
nodi fyl("hello", &p);

Conrighi Bublishing Company 2000
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9: Formatted String I/0

Theformal control gring %s is used for gtring /0.

L eading whitespace characters are skipped in a search for the firs
non-whitespace character, and input sopswhen aword isread
(aword isa seguence of characters not contai ning any whitespace).

Therefore, scanf () canread at most one word.

CIrors

To input astring:
* use

scanf ("%", s)
« rather then

scanf ("%", &s)

« make surethat s isinitialized; i.e. there is some memory
alocated for s (for example, usngcal | oc())

* make sure that thereis enough memory allocated for s, and
congder using the field width to avoid overflow.
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\dioms

Read a Single Word
(at most 10 characters):

if(scanf("%0s", s) !=1)
error

int lower(char *s) { /* return nunber of |.c. letters */
int i;
char *q;
for(i =0, q =s5s, *q, g++)
if(islower(*q))
i++;
return i;
}
int main() {
const int M= 10;
char *p;
if((p =calloc(M+ 1, sizeof(char)) == NULL)
return EXI T_FAl LURE;
i f(scanf("%0s", p) == ECF)
return EXl T_FAl LURE;
printf("%l |ower case letters in %\n", lower(p), p);
return EXI T_SUCCESS;
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9: For matted String 1/0

There are two formatted string 1/0 operations:
int sscanf(s, "format", argunents)
int sprintf(s, "format", argunments)

#define N sizeof (int)+sizeof (doubl e)+6
int i; double d; char *s;

if((s = calloc(N+l,sizeof(char))) == NULL)
return EXIT_FAI LURE;

sprintf(s, "% % %", "test", 1, 1.5);

if(sscanf(s+4, "%% ", & , &d) != 2)

9: Line Oriented String 1/0

char* fgets(char *buf, int n, FILE *in);

reads aline fromthefilei n, and storesit in the block pointed to by
buf . Stopsreading when:

- n- 1 characters have been read

- end-of-line has been encountered; (\ n is gored at the end of buf )
- end-of-file has been encountered.

Inany case, buf isawaysproperly terminated (\ O is stored).

The function returns buf if successful and NULL if no characters
have been read or there has been areading error.

Oftenit isuseful to rewrite the end-of-line character:
buf[strlen(buf)-1] = "\0";
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\dioms "

Read aLine
(at most n-1 characters)
from a File

if(fgets(buffer, n, f) == NULL)
error

/* find the length of the |ongest line; at nost nmax */
I ong | ongest (const char *fnane, const int nmax) {
char *line;
FILE *f;
long i = 0;
if((f = fopen(fnane, "r")) == NULL)
return -1;
if((line = calloc(max + 1, sizeof(char))) == NULL) {
fclose(f); return -1;
}
while(fgets(line, max, f) !'= NULL)
if(strlen(line) >1i)
i = strlen(line);
free(line);
if(fclose(f) == EOF)
return -1;
return i - 1;
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9: Line Oriented String 1/0

int fputs(const char *s, FILE *out);
writesthe string s, excluding the null character, to the fileout ;
returns EOF on error, and a nonnegati ve val ue otherwise.

char* gets(char *buf);
likef gets() but
if end-of-line has been encountered, it isnot sored in buf

int puts(const char *buf);
likef put s() but
it writesto st dout and always gppends\ n to the string buf .

9: C String Operations:
strlenandstrcpy

To compute the length of a gtring, use:
size_t strlen(const char *string);

To copy src todest andreturndest :
char *strcpy(char *dest, const char *src);

To copy n charactersof src todest and returndest :

char *strncpy(char *dest, const char *src,
size_t n);

If thelength of st r islessthan n, thentrailing charactersare set to\ O

(dest may not be terminated by the null character).
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9: C String Operations:
strcat

Append (or, "catenate") sr ¢ todest and return dest :
char *strcat(char *dest, const char *src);

Append n charactersof sr c todest and returndest . If the length

of sr c islessthan n, thentrailing charactersare set to\ O

(always append the null character):

char *strncat(char *dest, const char *src,
size_t n);

#define SIZE 5
char *dest;

if((dest =calloc(sizeof(char)*(SlIZE+1)))== NULL)
error

strcpy(dest, "Acadia");

strncpy(dest, "Acadia", SlZE);

strncpy(dest, "Acadia", strlen("Acadia"));

strcat(dest, "H");

dest[0] = "\0";

strcat(dest, "");
strcat(dest, "H");
strcat(dest, " how');

strncat (dest, " how', SIZE-strlen("H"));
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char *strdup(const char *s) {
/* return a copy of s */
char *kopy; /* copy of s */

if((kopy = calloc(strlen(s) + 1,
si zeof (char))) == NULL)
return NULL;

strcpy(kopy, s);

return kopy;

CIrors

e strcpy(dest, src) andstrcat(dest, src) assume
that there isenough memory allocated for the dest to perform
the required operation

e strncpy(dest, src) doeshaveto append the zero character

e if(strlen(x) - strlen(y) >=0)...
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9: C String Operations:
Comparisons

To lexicographically compares1 and s2:
int strcnp(const char *s1, const char *s2);

returns anegative value if s1 islessthan s2, O if the two are equal,
apostivevaueof s1 isgreater than s2.

To lexicographically compare n characterss1 and s2:

int strncnp(const char *sl1, const char *s2,
size_t n);

Crrors

e Tocheckif strlislessthanstr2:

if(strenp(strl, str2))
if(strenp(strl, str2) == -1)
if(strl < str2)
if(stremp(strl, str2) <0)...

¢ Tocopyadringstr 2 toanother gringstr 1

strl = str2
strcpy(strl, str2);
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9: C String Operations:
Search

Tosearchst r for thefirst occurrence of ¢ and return a pointer to
thisoccurrence; (NULL if not found):
char *strchr(const char *str, int c);

To look for the last occurrence of c:
char *strrchr(const char *str, int c);

To search for asubgtring:

char *strstr(const char *str, const char *sstr);
Returns a pointer to the first occurrence of a substring subst r inthe
gring st r, NULL if not found

9: C String Operations: search

To search st r for thefirst occurrence of any character that does not
appear in set:

size_t strcspn(const char *str, const char *set);
return the length of the longes prefix of st r that has been skipped
(or spanned): strcspn("Java after”, ”"va") returnsl.
To search st r for thefirst occurrence of any character that does appear
inset:

size_t strspn(const char *str, const char *set);
return the length of the longest prefix of st r that has been skipped:
strspn("Java after", ”Ja") returns2.

To return apointer to the firs character
char *strpbrk(const char *str, const char *set);
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/* strip froms leading and traling characters from
* set. For exanple:

* char *p = strip(" ,hi, how are you,", " ,");

*/

char *strip(const char *s, const char *set) {

int start = strspn(s, set); /* leading characters */
int end; /* trailing characters */
char *kopy;

int length = strlen(s);

if(length != start) { /* there are chars not in s */
for(end = length; end > 1; end--) /* trailing */
if(strchr(set, s[end]) == NULL)
br eak;

length = end - start + 1; /* left after strip */

/*char *strip() continued */

if((kopy = calloc(length + 1, sizeof(char)))==NULL)
return NULL;

mencpy(kopy, s + start, length);

kopy[l ength] = "\0";

} /* length != start */

else { /* here, no characters in s */

if((kopy = calloc(length + 1, sizeof(char)))==NULL)
return NULL;

strcpy(kopy, s);

}

return kopy;

}
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9: Processing Tokens

char *strtok(char *str, const char *sep);

separatesst r into tokens, using characters from sep as separators

« Thefirs parameter st r may be NULL (but not inthe first call).

* Thefirst call teakesthe non-null firg parameter, and returnsa
pointer to the firgt token (skipping over all separators)

¢ All subsequent call stake NULL asthe first parameter and return a
pointer to the next token.

o If thefirg cal doesnot find any charactersin sep, the function
returns NULL.

* Modifiesthe string being tokenized (to preserve a string, you
have to make a copy of it before you call st rt ok() ).

9: String-to-number
Conversions

doubl e strtod(const char *s, char **p);
long strtol (const char *s, char **p, int base);
unsi gned long strtoul (const char *s, char **p,
int base);
Convert agrings to anumber. If the conversion failed:
*p is<et to the value of the original gring s,
the global error variableer r no isset to ERANGE.
Otherwise, p isset to point to the firgt character inthe string s
immediately following the converted part of this string.
A default base, signified by 0, isdecimal, hexadecimal or octal, and it
isderived fromthe string. (It also may be any number from 2 to 36).
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9: Modulefor String
Tokenizing

Files often gore data records using a delimited format; e.g.
nane| sal ary|id

Here, the firgt field isa gring, the second isadouble,
and the third isalong integer. For example:

Mary Snit h| 2000| 185594
John Kowal ski | 1000| 2449488

We need to tokenize these strings.

9: Interface of modulet oken

int construct_Token(const char *str,
const char *delimters);
int destruct_Token(void);

int hasMore_Token();
char *next_Token();

int count_Token();

int reset_Token();

Cforlva Programer: Conrighi Bublishing Company 2000

Cforlva Programer: Copyrighi Bublishing Company 2000

56



9: Application of module
t oken

char *naneS;
char *sal arysS;
char *idS;
/* reads lines froma file */
whil e(fgets(line, SIZE, in) !'= NULL) {
line[strlen(line)-1]= "\0";
construct _Token(line, delim;
i f (hasMor e_Token())
nameS = next_Token();
el se
error

i f (hasMore_Token())
sal aryS = next_Token();
el se error
i f (hasMore_Token())
idS = next_Token();
el se error
salary = strtod(sal aryS, &err);

if(err == salary9)

error

id = strtol (idS, &err, 10);
if(err ==1dS) error

printf("Name: %, salary %, id: %d\n", naneS,

salary, id);
destruct _Token();
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9: Implementation of module
t oken

The condructor tokenizesthe entire string and goresit in ablock of
pointersto tokens
The module maintai ns several private variables

int construct_Token(const char *str,

const char *delimters) {

char *token;
char *copyStr;
int i;

if(initialized )

return O;
if((copyStr = strdup_(str)) == NULL)
static char **bl ock_; /* pointers to tokens */ return O
static int tokenNunmber_; /* nunber of tokens */ /* traverse to set the value of tokenNunber  */
static int current_; /* current token nunber */ for(tokenNunmber _ = 0,
static int initialized_ = 0; token = strtok(copyStr, delimters);
token !'= NULL;
token = strtok(NULL, delimters))
t okenNunber _++;
if((block_ = calloc(sizeof(char*),tokenNunber_)) int destruct_Token(void) {
== NULL) { int i;
free(copyStr); if(linitialized)
return O; return O;
} for(i = 0; i < tokenNunber_; i++)
strcpy(copyStr, str); free(block_[i]);
/* traverse the string and store pointers to tokens*/ initialized_ = 0;
for(i = 0, token = strtok(copyStr, delimters); free(block );
token !'= NULL; return 1;
token = strtok(NULL, delimters), i++) }
bl ock_[i] = strdup(token); char *next_Token() {
initialized_ = 1; if(linitialized_ || current_ == tokenNunber_)
current_ = 0; return O;
free(copyStr);
return 1; return bl ock_[current_++];
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9: Main Function’s Arguments

agv — |argv[0] hex\0
file1\0
argv[1]
hex filel file2 i
agv[?] file2\0

int main(int argc, char **argv);
int main(int argc, char *argv[]);

\dioms =

Command Line

int main(int argc, char **argv) {

switch(argc) {
case ...
default: fprintf(stderr, "usage: % ..\n",
argv[0]);
return EXI T_FAI LURE;

}
Thisidiom only checksthe number of required arguments
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9: Main Function’s Arguments

To pass numerical val ues on the command line; for example:
inaprogram, which displays up to the firg n linesfrom afile:

show - n fnane

This program can be invoked without the firgt argument (- n),
to display up to the first 10 lines.
Assuming we have:
int display(const char *fnanme, int n,
int Max);

#defi ne DEFAULT 10
#def i ne MAX 80
int main(int argc, char **argv) {
int |ines = DEFAULT;
switch(arge) {
case 3: /* retrieve the nunber of |ines argunent */
if(argv[1][0] !="-" ||

sscanf(argv[1l] + 1, "%l", & ines)!=1 || lines <= 0)
return EXI T_FAl LURE;
ar gv++; /* no break: retrieve filenane */
case 2: if(display(argv[1], lines, MAX) == 0)
return EXl T_FAl LURE;
br eak;
defaul t:

return EXI T_FAl LURE;
}
return EXl T_SUCCESS;
}
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crrors

Redirection isnot a part of the command line of a program.
programone two < f1 > f2

has two command line arguments, not Sx.
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10: Single-Dimensional Arrays

C arays
« have alower bound equal to zero
* aredatic - their sze must be known at compile time.
To define an array:
type arrayNane[size];

For example
int id[1000];
char *nanes[ 2*50+1] ;
#define SIZE 10
doubl e scores[ Sl ZE+1] ;

10: Single-Dimensional Arrays

Congtants can not be used to define arrays

const int S = 10;
int id3[S];

int foo() {
int id4[S]; /* Ok with gcc */
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10: Single-Dimensional Arrays
and Pointers

A dngledimensiona array isatyped constant pointer initialized to
point to ablock of memory that can hold a number of objects.

int id[1000];

int *pid,

i disani nt pointer that pointsto ablock of memory that can hold
1000 integer objects
pi disapointertoi nt .

id= pid;
pid = id,

Crrors

e int arrayNane[ S| ZE] ;
arrayNane[ SI ZE] = 2;

e int n=3;
doubl e s[n];

* Arraysare not I-values

* Side-effects make the result of assgnmentsinvolving index
expressions implementation dependent
a[i] = i++
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10: Comparing Arrays

#define SIZE 10

int x[SlIZE];
int y[SlIZE];
...initialization of x and y ...
if(x ==vy) Blotl:kTraversaI
|diom
int *px, *py;
for(px = X, py =vy; px < X + SIZE, px++, py++)
if(*px = *py)
di fferent

Canbesimpler...

\dioms -

Comparing Arrays

for(i =0; i < SIZE, i++)

if(x[i] !'=y[i])
di fferent

Copying Arrays

for(i = 0; i < SIZE i++)
x[i] = y[il;

Cforlva Programer: Conrighi Bublishing Company 2000

Cforlva Programer: Copyrighi Bublishing Company 2000

59



10: Arrays: si zeof
int id [1000];
int *pointerld;
si zeof (i d) is 1000*si zeof (int)
si zeof (poi nt erld) isthe number of bytes used to storea
pointertoani nt .

To st poi nt er | d tothelast element of thearray i d:

pointerld = id + sizeof(id)/sizeof(id[0]) - 1;

\dioms =

Array Type

typedef El enfType ArrayType[ size];

typedef int ArrayType[20];
ArrayType X;
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10: Arrays as Parameters

When arrays are used as function parameters, they are actually
treated as pointers The following two declarations are equivalent:

int maxi A(double arr[], int size);
int maxi P(double *arr, int size);

The second parameter is necessary to specify the sze of the array.

int readArray(int x[], int size) {

int i;
for(i = 0; i < size; i++)
if(scanf (%", &[i]) !'=1)
return 0O;
return 1;
}
void printArray(int x[], int size) {
int i;
for(i = 0; i < size; i++)

printf(o%", x[i]);
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/* Applications of readArray and printArray */
#define SIZE 20
doubl e d[ SI ZE] ;

if(readArray(d, SIZE) == 0)
error;

printArray(d, SIZE);

printArray(d, SIZE - 10); /* prefix */

printArray(d + 2, SIZE - 2); [* suffix */

printArray(d + 2, 5); /* segnent */

\dioms -

Prefix and Suffix of an Array

For afunctionf (T* arr, int n,..) operatingon
anarray arr of szen, cal

f(arr+start, segSize)
to operate on the segment of array ar r of SzesegSi ze, garting

fromposdtionst art
(here, segSi ze+st art must be lessthan or equal to n)
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/* return the maxi numvalue in the array through

* function, mninmumvalue through paraneter

*/

doubl e maxM n(double arr[], int size, double *min) {
doubl e max;
doubl e *p;

for(max = *mn = arr[0], p = arr + 1;
p < arr + size; p++) {

if(max < *p)

mx = *p;
if(*_m' n > *p) Block Traversal
*mn = *p; Idiom

}

return max;

}
doubl e maxi = maxM n(d, SIZE, &mn);

©Irors

si zeof (array)
returns the number of bytes allocated for the array;
not the number of objects.

void f(double b[]) {
...sizeof (b). ..

Thecall tosi zeof ('b) withinthe function body
returns the sSze of a pointer, not the sze of array b.
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10: Array Initialization and
Storage

« Local non-stetic arrays are allocated memory from the stack

¢ Global arraysand static local arrays are alocated memory ina
ecia data segment, called BSS (Below Stack Segment), and
their lifetime isthe same asthat of the main function.

Arrayscanbeinitialized: { v1, v2, .., vn}

int x[] = {1, 2, 3};

int x[3] ={1, 2, 3};

int x[3] {1, 2}; /* x[2] is 0 */
int x[3] = {1, 2, 3, 4};

10: Arraysand Dangling
Reference

char *setNane(int i) {

char nanel[] = "Mary";
char nane2[] = "John";
if(i ==0)

return nanel;

return nane2;

char *p = setNane(1);
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10: Multi-Dimensional Arrays

int x[2][3];

t PP —pr w

X

for(i =0; i <2; i++) {
for(j =0; j < 3; j++)
printf("x[%l][%] = %\t", i, j, x[i][i]);
putchar('\n");

10: Dynamic Array Module
(with Preconditions)

A sngleton module Ar r :

* supportsoperations on a sngle dimensona array

« the element typeisknown to the implementation (char type)

* supportsadynamic array; i.e. itssizeisdefined at run-time
through acal to the congructor of the module

¢ afunctionset (v, i) will expandthearray if thevalueofi is
greater than the current array Sze.

« additional error checking ensuresthat the index expressons used
on the array are within the current array bounds.
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10: Testing Preconditions

A precondition isanecessary condition that must hold in order for
an operation to be performed; e.g. for an array X[ si ze]
0 <= i < size isapreconditiontousngx[i]

The gandard library assert . h providesassert (int e):
assert (0 <= i & & i < size)

The meaning of this macro depends on another macro NDEBUG
By default asser t () is“enabled”, and you have to explicitly
undefine NDEBUG to disable it (this can be done on the compiler's
command line).

10: Testing Preconditions

Cdlingassert (i):

* NDEBUGisnot defined and i evaluatesto O:
the error message i s diplayed and the execution of the
programisaborted calling abor t () . The contents of the

error message includes the text of the actual parameter, and
two pre-defined macros __FILE__and__LINE__

* NDEBUGisnot defined and i evaluatesto a value different from
0, or NDEBUG i s defined:

theresult of callingassert () isvoid.
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10: Interface of Arr

typedef char El ement_Arr;

int construct_Arr(int initSize);

El enent _Arr get_Arr(int i);

void set_Arr(El ement_Arr value, int i);
int length_Arr();

voi d destruct_Arr(void);

Pre-conditions:

0 <=i < length forget(i) (I ength isthe szeof thearray)
0 <= forset (v, i)

10: Application of Arr

Read aline of an unlimited length.
The client of the module initializesthe array to hold 80 elements:
construct _Arr(80);
Then, to read, and print thisline:
for(i = 0; (c =fgetc(f)) !'="\n"; i++)
set _Arr(c, i);
printf("The line is: ");
for(i =0; i <length_Arr(); i++)
put char (get _Arr(i));
Finally, the array isdegructed:
destruct _Arr();
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10: Implementation of Arr

static Elenent _Arr *block_; /* to store data */
static int size_; /* size of the block */
static int init_ = 0; /* initialization flag */
static const int increment_ = 10; /* for expand */

int construct_Arr(int initSize) {
if(init_) return O;
if((block_ =calloc(initSize, sizeof(El ement_Arr)))
== NULL) return O;
size_ = initSize;
init_ =1;
return 1;

/* private function to expand */
static int expand_(int size) {
El ement _Arr *new,

int i;

if((new = calloc(size, sizeof(El enent_Arr)))

== NULL)

return 0O;
for(i = 0; i < size_; i++)

newWi] = block_[i];
size_ = size;
free(block_);
bl ock_ = new,
return 1;
}
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/* set the i-th elenent, expand if needed */
void set_Arr(El ement _Arr value, int i) {
int res;
/* precondition */
assert(i >= 0 & init_);
if(i <0 || tinit))
return;
if(i >=size_) { /* expand */
res = expand_(i + increnent_);
assert(res);

if(res == 0)
return;
}
bl ock_[i] = val ue;
}
R P oy 200

Chapter 11:

Structures
and their

Applications

11: Preview

« Comparison of sructuresand Java classes

« How to declare gructures, combine structuresand pointersas
well asarrays, etc.

« Continuation of the discussion of module-based programming

(structures used to design modules for which the user can create
multiple ingances)

11: Structuresand Classes

« adructure has only data members (no functions)
« alitsmembersare public.

Consider aJava classFr act i ons with a member method
Add( Fraction).

A cdl: x. Add(y) involvestwo objects
* "t hi s" object (here x)
« the object passed as a parameter (herey).

In C, functions that emul ate methods need an extra parameter
to represent "t hi s" object.
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11: Declaring Structures

Structures are user defined data types, which represent
heterogeneous collections of data.

struct info {
char firstNane[ 20];
char | ast Nane[ 20] ;
int age;

H

struct info il, i2;

info j;

11: Declaring Structures

struct info {
char firstNane[ 20];
char | ast Nane[ 20] ;
int age;

}oil, i2;

typedef struct info { /* can be omtted */
char firstNane[ 20];
char | ast Nane[ 20] ;
int age;

} InfoT;
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11: Using Structures

typedef struct InfoT {
char firstNane[ 20];
char | ast Nane[ 20] ;
int age;

| nf oT;

I nfoT p1;
In order to access members of a structure:

pl.age = 18;
printf("%\n", pl.firstNane);

©Irors

struct exanple { ... };
exanpl e e;

struct exanple e;

struct example { ... } [/* no ; */

Copyright Publishing Comgany, 2000
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11: Nested Structures

typedef struct {
char firstNane[ 20];
char | ast Nane[ 20] ;
int age;
} InfoT;
typedef struct {
I nfoT info;
doubl e sal ary;
} Enpl oyeeT;
Enpl oyeeT el,;
el.info.age = 21,

11: Assigning and Comparing
Structures

InfoT i1, i2;
il =12
This abitwise ass gnment, which only performs a shallow copy.

il1==1i2
strenp(il.firstNane, i2.firstNanme) == 0 &&
strcnp(i 1.1 astNanme, i2.lastNane) == 0 &&
il .age == i2.age
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11: Structures and Pointers

struct pair {
doubl e x;
doubl e y;

}owo o*p;

typedef struct pair {
doubl e x;
doubl e y;
} PairT, *PairTP;
PartT x;
Pai r TP p;

programming Guidelines
Structuresand t ypedef

* Namesof structures defined witht ypedef gart with an upper
case |etter and end with the upper case T.

« Type namesrepresenting pointersto structures have names
ending with TP

Bublishing Company 2000
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11: Structures and Pointers

typedef struct pair {

doubl e x;
doubl e y;
} PairT, *PairTP;
PairT w,
PairTP p = &w,
PairTp q;
if((g = malloc(sizeof (PairT))) == NULL)
if((g = malloc(sizeof (struct pair))) == NULL)
W, X = 2;
p->x = 1; (*p).x = 1; *p.x = 1;
g->y = 3.5;

\dioms =

Member Accessthrough
Pointer

If p isapointer to a gructure that has a member w, then
p->w
gives accessto w.

Memory Allocation for a Structure

For agructure s and apointer p to this sructure, use:

if((p = malloc(sizeof(struct s)) == NULL)
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eortabilig, Ed
Size of structure
Y ou can not assume that the size of a sructure isthe same asthe

sum of the szesof all its members, because the compiler may use
padding to satisfy memory alignment requirements

11: Structuresand Functions

typedef struct pair {
doubl e x;
doubl e y;
} PairT, *PairTP;
Pai r T constructor Func(doubl e x, double y) {
PairT p;

p.X = X;
p.y =y,
return p;

}
Pai rT w = constructorFunc(1, 2.2); /* COPY */
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void constructorP(PairTP this,
doubl e x, double vy) {

this->x = x;
this->y =vy;
}
PairT w
Pai r TP p;

constructorP(&w, 1, 2); /* copy only doubles */

constructorP(p, 1, 2);
if((p = malloc(sizeof (PairT))) == NULL) error;
constructorP(p, 1, 2);

Pai r TP constructor(double x, double y) {
/* client responsible for deallocation */
Pai r TP p;
if((p = malloc(sizeof(PairT))) == NULL)
return NULL;
p->x = X;
p-=y =Yy
return p;

int conpare(const PairTP p, const PairTP q) {
return p->x == Qg->X && p->y == g->y;
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11: Using a constr uctor

Pai r TP pl constructor(1, 2);
Pai r TP p2 = constructor(1, 3);

int i = conpare(pl, p2);

free(pl);
free(p2);

Avoid leaving garbages

i = conpare(pl, constructor (3.5, 7));

©Irors

To alocate memory for a gructure:
struct s { ..};
mal | oc(si zeof (struct s *))

mal | oc(si zeof (struct s))
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11: Blocks of Structures

rectangle —pair

pair

pair
Pai r TP rect angl e;
Pai r TP aux;
doubl e x, vy;
if((rectangle= nalloc(4*sizeof (PairT)))==NULL)error;
for(aux = rectangle; aux < rectangle + 4; aux++) {
printf("Enter two double values:");
if(scanf("%WfAf", &, &) !=2) /* error */
break;
constructorP(aux, X, y);

}

pair

11: Blocks of Pointersto

Structures
prectangle—* B pair
A, |par
’ ) 1, [pair
int i; 3
Pai r TP *prectangl e; — |pair
for(i =0; i < 4; i++) {
printf("Enter two double values:");
if(scanf("%WfAf", &, &) !=2)
error;
if((prectangle[i] = constructor(x, y)) == NULL)
error;
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11: Blocks of Pointersto

Structures
prectangle— | pair
1 | y XY
4, |par
T |par

for(i =0; i < 4; i++)
printf("vertex %d = (% %)\n", i,
prectangle[i][0].x, prectangle[i][0].y);
prect angl e[ 1] isapointer to the 1-th pair,
prectangl e[ 1] [ 0] isthe1-th pair,
prectangl e[ 1] [ 0] . x is the x member.

11: Structuresand Arrays

Tl 1,2 |34 |56 |[7,8

name vertices

rectangle

#defi ne MAX 20
typedef struct {
char nane[ MAX+1] ;
PairT vertices[4];
} Rectangl eT, *RectangleTP;
Rect angl eT rect angl e;
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T1 1,2 |34 (56 |7.8

name vertices

rectangle

voi d Show(const Rectangl eTP s) {

int i;

printf("Rectangle %\n", s->nane);

for(i =0; i < 4; i++)

printf("vertex % = (% %)\n", i,
s->vertices[i].x, s->vertices[i].y);

}
s- >nane the array of characters
s->vertices the array of pairs
s->vertices[i] thei -th pair
s->vertices[i].x thex-coordinate of thei -th pair

11: Initialization of Structures

typedef struct {
doubl e x;
doubl e y;
} PairT,;
PairT q = {2.3, 4};
typedef struct {
char nane[ MAX+1] ;
Pai rT vertices[4];
} Rectangl eT;
RectangleT s = { "first",
{ {0, 13, {2, 3}, {4 5}, {1, 2}}
H
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programming Guidelines
Arraysand Structures

For the sake of clarity, initializing arraysin gructuresalways use
nested braces

11: Binary Files

There are up to 100 students every sudent has name, up to 10 grades,
the actual number of gradesis stored, and the gpa:

#def i ne STUDENTSN 100
#def i ne MARKSN 10
#def i ne NAMELENN 20

typedef struct {
char nanme[ NAMELENN+1] ;
int mar ksNunber ;
doubl e nmar ks[ MARKSN] ;
doubl e gpa;

} StudentT;

St udent T i nf o[ STUDENTSN ;
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/* Purpose: wite nunber structures, contained in the

* array info, to the file fnane.
* Returns: 1 if successful; otherwise 0
*/
int saveStudent (const char *fnane, StudentT info[],
int nunmber) {
FI LE *out;
if((out = fopen(fnane, "wb")) == NULL)
return O;

if(fwite(info, sizeof (StudentT), nunber, out)!=nunber){
fclose(out); return O;

}

if(fclose(out) == EOF)
return O;

return 1,

}

/*

* Purpose: initialize all of the gpa fields;
* reading data froma file and then

* witing themback to this file

*/
int updateCpa(const char *fnane) {
FI LE *inQut;
St udent T buffer;
int i;
if((inQut = fopen(fnanme, "r+b")) == NULL)

return O;
/* read one structure at a time */
whi | e(fread(&buffer,sizeof (StudentT), 1,inQut)!= 0) {
for(i =0, buffer.gpa = 0.0; i < buffer. marksNunber;
i ++) /* conpute gpa */
buffer.gpa += buffer. marks[i];
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i f (buffer.marksNunber != 0)
buffer.gpa /= buffer.marksNunber;
/* nove file pointer to the current structure */

i f(fseek(inQut, -sizeof(StudentT), SEEK CUR)!= 0) {
fclose(inQut); return O;

}

if(fwite(&buffer, sizeof (StudentT),1, inQut)==0) {
fclose(inQut); return O;

}

} /* end of while */

if(!feof (inCut)) {

fclose(inQut); return O;

/* set gpa */

11: Introduction to Linked
Lists

A list isacollection of elements, each element contai ns data; here
double values:
typedef doubl e DataType;
typedef struct elem{
Dat aType val ue;
struct el em *next;
} Elenl, *El enTP;

}
if(fclose(inQut) == EOF) The value of next will be NULL if thereisno next element,
return 0; otherwise it will be a sructure representing the next element.
return 1;
}
11: Introduction to Linked 11: Introduction to Linked
Lists Lists: create and destroy
Li st TP construct (void) {
typedef struct { ListTP p;
El enTP first; if((p = malloc(sizeof (ListT))) == NULL)
} ListT, *ListTR; return NULL:
p->first = NULL; T
Thevaueof first isthefirs element of thelis, or NULL if the return p; MfemoryAllocaIion
lig isempty: } Idiom
. . o
p > [first value 2 vaue 35 voi d destruc.t(Ll stTP *this) {
I N clear(*this);
- next next NULL -
ListT ElemT ElemT free(*this); . Memory Deallocation
*this = NULL; Idiom
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11: Introduction to Linked
Lists

There are two kinds of list operations

« traversals, for example print al dementsinthelis
(you do not need to use memory management functions)

« modifications, for example insert or delete an element

(you need to respectively usemal | oc() toinsert anew element
andf r ee() toremove the exiging element).

All ligt operations must preserve the following lig invariants:

o foranemptylig p, p->first isNULL

« for anon-empty lig p, the value of next belonging to the last
element isNULL.

11: Introduction to Linked
Lists: Traversals

void printAll (const ListTP this) {
El enTP aux;
for(aux=this->first; aux!=NULL; aux=aux->next)
printf("%\n", aux->val ue);

}
p — |first vaue 2 value 3.5
- next T [next NULL
ListT ElemT ElemT
ax
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\dioms W

Traversal tothe End of aList p

for(aux = p->first; aux!=NULL; aux=aux->next)...

Traver sal to the Predecessor of
theLast Object inalist

Assuming the list has more than one element

11: Introduction to Linked
Lists: M odifications

int insertFront(ListTP this, DataType d) {
El enTP aux;

if((aux = malloc(sizeof (Elenl))) == NULL)
return O;

aux->next = this->first; /* save state */

aux->val ue = d;

for(aux = p->first; aux->next != NULL; this->first = aux;
aux = aux->next)... return 1;
}
11: Introduction to Linked 11: Introduction to Linked
Lists: delete Lists: delete (cont.)
int deletelLast(ListTP this, DataType *value) { for(aux = this->first; aux->next->next != NULL;

El enTP aux;

if(this->first == NULL) /* enpty list */
return O;

if(this->first->next == NULL) { /* single */
*val ue = this->first->val ue;
free(this->first);
this->first = NULL;

aux = aux->next)

/* the predecessor of last elenment */

*val ue = aux->next ->val ue;
free(aux->next);
aux->next = NULL;

return 1; return 1;
} }
11: Introduction to Linked 11: Implementation of Opaque
Lists: delete Types
int deleteFirst(ListTP this) {

El eniTP aux = this->first; Client Implementation
i f(aux == NULL) /* enpty list */

return 0; ) File: Mod.c
this->first = aux->next; File: Mod.h
free(aux); fypedef struct Concrete *Absiract |sruct Concrete{ ... }
return 1;

}
void clear(ListTP this) {
whi | e(del et eFirst(this))

this->first = NULL;

{ J
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\dioms W

Opaque

In order to represent an opaque type Abst r act
use the definition of the form

typedef struct Concrete *Abstract
in the header file.

Define the structure Concr et e intheimplementation file.

11: Multiple Generic
Enumer ations

typedef struct Concrete_Enuneration |—  opaque
*Abstract _Enuneration; Idiom

Interface:

Abstract _Enuneration create_Enuneration(void *);
int

hasMor eEl enent s_Enuner ati on( Abstract _Enuneration);
voi d* next El ement _Enunerati on( Abstract _Enuneration);
/* use free() to destruct */
/* Auxiliary macro: */
#defi ne next El enent Typed_Enuneration(type, p) \

((type) next El enent _Enuneration(p))
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11: Generic Dynamic Array
M odule with Enumer ations

A generic module Ar r that can be used to create dynamic arrays of any
datatype.
The client can create multiple enumerations used to traverse the array.

typedef struct Concrete_Arr *Abstract_Arr;
Abstract _Arr construct_Arr(size_t el Size,
int initSize);
voi d *get_Arr(const Abstract_Arr this, int i);
voi d set_Arr(Abstract _Arr this, void *value, int i);

11: Application of Arr

Read aline of unlimited length from afile:
al = construct_Arr(sizeof(char), 80));

for(i =0; (c =fgetc(f)) '="\n"; i++) {
if(c == EOF) {
fprintf(stderr, "could not read first line\n");
destruct _Arr(&l);
return EXI T_FAI LURE;

}
set _Arr(al, &c, i);

int length_Arr(const Abstract_Arr this); }
voi d destruct_Arr(Abstract_Arr *this);
11: Application of Arr 11: Implementation of Ar r
a= construct_Arr()
e = construct_Enum(a)
/* show using an enuneration */
el = construct_Enuneration(al);
whi | e( hasMor eEl enent s_Enuneration(el)) e — |ar 7—1—4—’
put char (next El enent Typed_Enuner ati on(char, el)); block _
pos 0 T
/* destruct an array and an enuneration */ struct Concrete_Arr { a
destruct _Arr(&al); voi d *bl ock_; struct Concrete_Enuneration {
int size_; int pos;
free(el); size_t el Size_; Abstract_Arr arr;
int init_; b
};
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Abstract _Arr construct_Arr(size_t el Size,
int initSize) {

/* Array constructor */

Abstract _Arr arr;

if((arr=nalloc(sizeof(struct Concrete_Arr)))==NULL)
return NULL;

arr->init_ = 1;

arr->el Size_ = el Si ze;

if((arr->block_ =calloc(initSize, elSize))==NULL) {
free(arr);
return NULL;

}

arr->size_ = initSize;

return arr;

Abstract _Enuneration construct_Enuneration(void *p) {
/* Enumeration constructor */
Abstract _Enuneration e;

if((e = calloc(1,
si zeof (struct Concrete_Enuneration))) == NULL)

return NULL;

e->arr = (Abstract_Arr)p;
e->pos = 0;

return e;

}
#define VO D(targ, size) ((void*)(((char*)(targ))\
+(size)))
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static int expand_(Abstract_Arr this, int size) {
/* private function to expand */
voi d *new,

if((new = calloc(size, this->elSize_)) == NULL)
return O;

mencpy(new, this->block_, this->size_ );
/* copy the old array */

this->size_ = size;

/* update size_ and block_ */
free(this->block_);

thi s->bl ock_ = new,

return 1;

voi d set _Arr(Abstract_Arr this, void *value, int i) {
/* set the i-th elenent */
int res;

assert(i >= 0 & this->init_);

if(i <0 || !this->init_)
return;

if(i >= this->size_) { /* expand */
res = expand_(this, i + increnent_);
assert(this);
if(res == 0)

return;

}

nmencpy (VO D(thi s->bl ock_, i*this->elSize_),
val ue, this->el Size_);

Cforlva Programer: Conurighi Bublishing Company 2000

Cforlva Programer: Copyrighi Bublishing Company 2000

voi d* next El ement _Enuner ati on( Abstract _Enuneration e)
{

/* get the next enuneration el ement */
voi d *aux;

assert(e->arr->init_);
if(e->pos == e->arr->size_ )

return NULL;

aux = VO D(e->arr->bl ock, e->pos*e->arr->el Size_);
e->pos++;

return aux;

11: Li st Module

1) the type Dat aType of the data stored in list elementsis known to
the implementation

2) any number of ligts can be created; al liss must have e ements of
the sametype, Dat aType

3) the module support enumerations
4) the module does not support pers stence

5) the representation of theligt and ligt elementsare not visble to the
client.

Thisparticular verson of Li st will operateonalig of strings
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11: Shallow and Deep Copy

Toinsert anew element d into thelig:
aux->val ue = d;
(ashallow copy).
For a deep copy, useacallback functioncopyDat a_Li st ().
For example, for stringsand doubles:
Dat aType copyData_List(const DataType v) {
return strdup(v);

}

Dat aType copyData_List(const DataType v) {
return v;

}

11: Shallow and Deep Copy

We need another callback function, f r eeDat a_Li st ()
For example, for string and doubles

void freeData_List(DataType v) {

free(v);

void freeData_List(DataType v) {
}
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11: Interface of Li st

typedef char* DataType;
typedef struct Concrete_List *Abstract_List;

Dat aType copyData_List(const DataType v);

void freeData_List(DataType v);

Abstract _Li st construct_List(void);

int insert_List(Abstract_List this, int pos,
Dat aType val ue);

int delete_List(Abstract_List this, int pos,
Dat aType *val ue);

int length_List(const Abstract_List this);

voi d destruct_List(Abstract_List *this);

11: Application of Li st

if((al = construct_List()) == NULL) {
fprintf(stderr, "constructor failed\n");
return EXIT_FAI LURE;
}
/* read froma file words and store in the list */
whi l e(fscanf (f, "980s", buffer) == 1)
if(insert_List(al, 0, buffer) == 0) {
fprintf(stderr, "insert list failed\n");
destruct _List(&al);
return EXIT_FAI LURE;
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11: Application of Li st

if(fclose(f) == EOF) {
fprintf(stderr, "file closing failed\n");
destruct _List(&al);
return EXIT_FAI LURE;
}
/* show what is in the list */
el = construct_Enuneration(al);
printf("words backwards are:\n");
whi | e(hasMor eEl ement s_Enuneration(el)) {
aux=next El enent Typed_Enunerati on(char*, el);
printf("%\n", aux);
free(aux);

11: Implementation of Li st

typedef struct elem{
Dat aType val ue;
struct el em *next;
} Elenl, *El enTP;

Interface:
typedef struct Concrete_List *Abstract_List;
Implementation:
struct Concrete_List {
El enTP first;

g
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Abstract _Li st construct_List(void) {
/* list constructor */
Abstract _List p;

if((p = malloc(sizeof(struct Concrete_List)))

== NULL)
return NULL;

p->first = NULL;

return p;

int insert_List(Abstract_List this, int pos,
Dat aType val ue) {
/* insert at i-th position */
int i;
El eniTP auxp, auxm
int length = length_List(this);
if(pos < 0 || pos > length)

return O;
if(pos == 0) /* in front */ {
if((auxm = nalloc(sizeof (El enT))) == NULL)
return 0O;

auxm >val ue = copyData_Li st (val ue);

auxm>next = this->first; /* connect with old
this->first = auxm

return 1;

*/
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if(this->first == NULL) /* enpty list */
return O;
/* search */

for(i =1, auxp = this->first; i < pos;

i ++, auxp = auxp->next)

/* insert after auxp */

if((auxm = nmal |l oc(sizeof (El enl))) == NULL)

return O;
auxm >val ue = copyData_Li st (val ue);
auxm >next = auxp->next;
/* connect with old Iist*/
auxp->next = auxmn

return 1;

voi d* next El ement _Enunerati on(
Abstract _Enuneration e) {
/* get the next elenment */
Dat aType aux;

if(e->pos == NULL)
return NULL;

aux = copyData_Li st (e->pos->val ue);
e->pos = e->pos- >next;

return aux;
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Chapter 12:

Enumerated Types
and
Unions

12: Enumerated Types

Enumerated types are ordered collections of named congants, e.g.

enum opcodes {

I val ue, rval ue, push, plus
b
typedef enum opcodes {

| val ue, rval ue, push, plus
} OpcodesT;

enum opcodes e;
OpcodesT f;
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12: Enumerated Types

The definition of
enum opcodes {
I val ue, rval ue, push, plus
b
introduces four congtants: | val ue, r val ue, push, and pl us;
all are of type convertibletoi nt :

I val ue repreents theinteger value 0
rval ue 1
and soon

12: Enumerated Types

A declaration of an enumerated type may al o explicitly define
values
enum opcodes {
Ivalue = 1, rvalue, push, plus
H
enum opcodes e;
e = |val ue;
if(e == push)

int i = (int)rvalue; /* equal to 2 */
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12: Enumerated Types

To represent function return codes, e.g.

failure because afile can not be opened
failure because a file can not be closed
success

typedef enum {
FOPEN, FCLOSE, FOK
} FoperT,;

#define TONT(f)  ((int)(f))

12: Enumerated Types

Consider a function
FoperT process();
To output the result of calling thisfunction asa string
char *Messages[] = {
"File can not be opened",
"File can not be cl osed",
"Successful operation”,
"This can not happen”

}

printf("result of calling process() is %\n",
Messages[ TO NT(process())];
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programming Guidelines
Maintainability

* Store all program messagesin one place; it will be easer to
maintain them.

* When you consider various cases, do not forget to account for the
"impossble" cases; they do happen.

12: Unions

struct intAndDouble { uni on int O Double {

int i; int i;
doubl e d; doubl e d;
b }
int [double F‘
double
initAndDouble
initOrDouble
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12: Unions

uni on int O Doubl e {
int i;
doubl e d;

} oz

Y ou can access either member, using the familiar notation:

z.d representsa doubl e
z.i repreentsan int
z.d = 1.2;

z.i = 4
printf("%l", z.i);
printf("%", z.d);

12: Unions

Add atag field:
typedef enum {
integer, real
} TagTypeT,;
typedef union {
int i;
doubl e d;
} I nt O Doubl eT;
typedef struct {
TagTypeT tag;
| nt Or Doubl eT val ue;
} TaggedVal ueT;
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12: Unions
typedef struct {
TagTypeT tag;
union { Chapter 13:
int i;
doubl e d; . . .
} val ue; Bitwise Oper ations
} TaggedVval ueT;
TaggedVal ueT v;
if(v.tag == integer)
.v.value.i..
el se
.v.value.d..;
13: Preview 13: Bitwise &

C providesthe following bitwi se operations

& bitwise and

| bitwise or

n bitwise xor, also called exclusive or
<< left shift

>> right shift

~ one's complement

Notation:
(z); denotesthei -thhitinz

if(x); ==1and (y);==1 then (x &y); ==1
otherwise (x &y); ==0
Bitwise and isoften used to clear bitsor bytes For example:
x & Oxff clearsall bytesbut the low-order byte:

low-order byte

g
&

Ooxff |o...o |o...o |11111111 |
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13: Bitwise |

if(x); ==lor(y); ==1 then (x| y)==1
otherwise (x| vy)i==0

This operation i s often used to set bits For example to set the high
order bit of the low order byte of x, usex | 0x80,

low-order byte
X |c |515253... |
0x80 |o...0 |1ooooooo |

x| 0x80 |c |lBZB3... |

13: Bitwise

if(x); ==(y);  then (x ~y)i==0
otherwise (x My);==1

Bitwise xor clearsthose bitsthat are the same in both arguments,
and setsthe other bits

Can be used to test if two wordsare equal, for example

X Ny

returns O if x andy are equal.
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13: Bitwise ~

Bitwise complement: ~x
(=x); ==1-(x);

clear any bitsthat are 1, and set those that are 0.

For example, assume that you want to clear the 3 low-order bits of
X, and use avaue that has 1'sin all the other bits:

X & ~7

Similarly, to set avalue (i.e. al bitsequal to 1), use
~0

13: Left Shift

Left shift:i << j

The resulting word will have al bits shifted to the left by |
postions,

for every bit that is shifted off the left end of the word, thereisa
zero bit added at the right end.

X <<= lisequivaenttox *= 2

X <<= 2isequivaenttox *= 4.
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13: Right Shift

Right shift:i >> j

The resulting word will have al bits shifted to the right by j
positions, for every bit that is shifted off the right end of the word,
thereisazero bit added at the left end.

X >>= 1lisequivdenttox /= 2

X >>= 2jsequivdenttox /= 4.

e ortabilig, el

Perform shiftsonly on unsgned integer numbers. Do not use
shiftswith negative val ues, such as

X << -2
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13: Examples of bitwise
operations

get Bi t () returnsthei -thbitinw, using abitwise and of itsfirg
argument and MASK(j ) :

#defi ne MASK(j) (1 <<j)

int getBit(int w, unsigned j) {

return ((w & MASK(j)) == 0) ? 0: 1;
}
j 0..010...0 1<<j
j-th position

13: Bitfields

Bit fields provide a non-portable way to pack integer components
into amemory block that is smaller than typically allocated:

struct {
unsi gned |l eading : 3;
unsi gned FLAGL: 1;
unsi gned FLAR2: 1;
trailing: 11;
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Chapter 14:

Finale

14: Preview

« continuation of the discussion of error handling
« characterization of the various kinds of modules
« shalow and deep interfaces

« implementation of other data sructures.
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14: Error Handling

There are several techniquesto handle errors

¢ Usngthe following interface:
isError_I Q) totestwhether or not the error has occurred
clearError_| () toclear any error indication
printError_I Q) toprint adescription of the error

¢ Error handling provided by C: er r no, and two functions
strerror() andperror()

* Tedging of preconditions
« Javaexception handling (absent in C)

14: Error Handling
L ong Jumps

For avariable env of typej np_buf , the call
setj nmp(env)

savesthe current gate of the run-time stack in env, and returns O to
thecaller. A subsequent call to

| ongj mp(env, val)

regtores program execution at the point saved by set j np() :

control isreturned to set j np( env) , whichreturnsthe valueval .
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fect-4 j mp_buf env;
i3 void fact(int n, int i) {
if(n <= 1)
fact-2 I ongj mp(env, i);
fact(n - 1, i * n);
fact-1
setjmp }
longimp
Run-time stack Run-time stack
int kK = 4;
int i;
if((i = setjnmp(env)) == 0)
fact(k, 1);
else printf("factorial of % is %@\n", k, i);

14: Simulating Exception
Handling

typedef struct {
char *reason;
j mp_buf env;
} ExceptionT;

#define TRY(exc) setj np(exc. env)

#defi ne SHON exc) exc. reason

#defi ne RAI SE(exc, str) {\
exc.reason = strdup(str); \
| ongj np(exc. env, 1); \
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ExceptionT e;
/* gl obal variablel specifies the exception */
int add(int x, int y) {
if(x >0 &%y >0 & x > INT_MAX - vy)
RAI SE(e, "Overflow')
if(x <0& Yy <0 & x > INT_MN + vy)
RAI SE(e, "Underflow")
return x +y;

14: Char acterization of
M odules

« Multiplicity:
Singleton (at most one of instance can be created)
Ordinary (any number of ingtances can be created)
¢ Generocity:
Generic (the element type is not known to the implementation)

} Concrete (the element type is known to the implementation)
char *catch(int x, int y, int *res) { « Containment:
if(TRY(e)) Shallow (using standard assignment)
return SHON e); Deep (cloning)
*res = add(x, y); ¢ Persistence:
return NULL; Transient (exist only inthe internal memory)
} Persigent (can be saved in the external memory)
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14: Enumerations. Shallow
and Deep I nterfaces

The enumeration interface cond sts of:

int
hasMor eEl enents_Enuner ati on( Abstract _Enuneration);
Abstract _Enuneration construct_Enuneration(void *);

(the same for a shallow and a deep interface); and:

voi d*
next El enent _Enuner ati on( Abstract _Enuner ati on e)
(different for a shallow and a deep interface).

14: Enumerations. Shallow
and Deep I nterfaces

Consider enumerationsover alig of strings:
char *p = nextEl ement _Enuneration(e);

« Shallow copy
The client can freely access the val ue of p, for example, to print it
but must avoid modifying the value of p. To modify the data:
aux = strdup(p);

* Deep copy
The client isresponsible for deall ocating this copy:
free(p);
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hasMoreElements_Enumeration()
construct_Enumeration()

file: ex14-enum.h

/ .

nextElement_EnumerationShallow() nextElement_EnumerationDeep()

file: ex14-enumShallow.h

file: ex14-enumDeep.h

The header fileex14- enum h provides declarations of two
functions that are common to both kinds of enumerations

Depending on which verson of next El enent _Enuner ati on()
isused, the client isresponsible for either not modifying the value
returned by this function (for the shalow copy), or for deallocating the
copy whenit isno longer needed (for the deep copy).

14: Lists. Shallow and Deep
I nter faces

file: ex14-enum.h
file: ex14-enumshallow.h file: ex14-eumDezp.h

/ file ex14listh ]
file: ex14-listDeep.h
file: exL4-litShallow.h o oaiios

Y
file: ex14-listShallow.c ”

|f|Ie: ex14-listDeep.c |

Imeans: indudes header files
| | [ |

 —

—_— Imeens implements I

||rmlemertat|0n ﬁlesl
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14: Lists. Interface
typedef struct Concrete_List *Abstract_List;

Abstract _Li st construct _Lists(size_t el Size,
voi d* (*copyData)(const voi d*),
void (*freeData(void*));
int length_Lists(const Abstract_List this);
voi d destruct_Lists(Abstract_List *this);
int insert_ListsShall owm Abstract_List this,
int pos, void *val ue);
int delete_ListsShall om Abstract_List this,
int pos, void *val ue);
int insert_ListsDeep(Abstract_List this,
int pos, void *val ue);
int delete_ListsDeep(Abstract_List this,
int pos, void *value);

14: Lists. Implementation

void *value
struct elem * next

typedef struct elem{ ElemT
voi d *val ue;
struct el em *next;

* . size t elSize

} ElenT, El enTP; ' ElomTP firs

struct Concrete_List { -
Concrete List

El enTP first;
size_t el Size;
voi d* (*copyData) (const void*);
void (*freeData)(void*);
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14: List Constructor

Abstract _Li st construct _Lists(size_t el Size,
voi d* (*copyData) (const void*),
void (*freeData)(void*)){

Abstract _Li st p;
if((p = malloc(sizeof (struct Concrete_List)))
== NULL)
return NULL;
p->first = NULL;
p->el Si ze = el Size;
p->freeData = freeData;
p->copyData = copyDat a;
return p;

14: Enumeration

struct Concrete_Enuneration {

Abstract _List list;

El eniTP pos;
I
Abstract _Enuneration construct_Enuneration(void *p) {
Abstract _Enuneration e;
if((e=calloc(1,sizeof(struct Concrete_Enuneration)))

== NULL)

return NULL;
e->list = (Abstract_List)p;
e->pos = e->list->first;
return e;

}
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14: Deleting

int delete_ListsDeep(Abstract_List this,
int pos, void *value) {
int length = length_Lists(this);
El eniTP auxp, auxm
int i;

if(this->first == NULL)
return O;

if(pos <1 || pos > length)
return O;

if(pos == 1) { /* delete first */
auxp = this->first;
this->first = this->first->next;
val ue = (this->copyData) (auxp->val ue);
(this->freeData) (auxp->val ue);
free(auxp); return 1;

*/

}
for(i =1, auxp = this->first; i < pos-1,;
i ++, auxp = auxp->next)

auxm = auxp->next; /* will be deleted
auxp->next = auxp->next->next;
val ue = (this->copyData) (auxm >val ue);
(this->freeDat a)(auxm >val ue);
free(auxm; return 1;

}
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Thisisthe end of my presentation.

If you have any comments, or corrections,
please send email to:

tomasz. muldner @acadiau.ca
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