Special Topics



Unit 8 Objectives

« Use advanced pointer techniques

» Manipulate data with bit operators

« Use enumerated data types



Pointers Revisited



Pointer Review

e Apointer is a variable that holds an address.
Declaration reserves storage for one address,

type *identifier

int s i N
char *cp, line[BO];

All pointers must be initialized

ip = &x;

cp = line:

Indirect addressing accomplished with the «
operator

#ip = 8:  /+ x = 8 x/
tcp = 'M'; /¥ line[Q] = 'M' =/



Pointers and Casting

(type *)

if (n{fptr=fopenfargv[1l]."r")), == (EILE. *)NULL) A
Pt

struct emp person;
EILE *fp:

fread ((char #)&person, sizeof(person), 1, fp):

ant ¥status_reglister;

status_register = (int ) 077000;



Pointers vs. Arrays

e Declaration

char name [35] ; /* storage for 35 bytes */

char *po /* storage for 1 address =/

e Assignment

P = name; /¥ Pointer initialization #/
/* required before #*/
/* p can be used */

p = address /+ Legal %/
name = address /¢ Illegal #*/

« The [] and = operators may be used with both
arrays and pointers.

- Convention to use

[ ] with arrays
nameli] ='s’;
+ with pointers
p = &nameli];
D ='8";



String Constants
"This is a string”

« The value of a string constant expression
is the address where it is stored.

/+ printf() receives the string's address */
printf ("Helle worldin'):

« A string constant may be passed to a function
that expects a character pointer.

SYNOPSIS
char sstrcpy(si, s2)
char *s1, 82,
DESCRIFTION
; Copies string 52 to s1.
EXAMPLE

char line[80];
strepylling, "Reserved”),



Assigning a String Constant to a Character Pointer

A string constant may be assigned to a charact'er
pointer at declaration or in a function body.

char *proj_id = "Project 732J1";
char ¥MSg;
int status:;

switch (status) {

case 1: msg = "Access allowed":;
bBreal;
case 2: msg = "Limited access allowed":
brealk:
case 3: msg = "Access denied";
breal:
default: msg = "Unknown";
break:;

by

printf ("%s security status: ¥s\n".proj_id, msq);



Arrays of Pointers

» An array of pointers is an array of addresses
e Declaration:

dvLn

a3
54
55
=15)
a7
58
59
Ll
61
&2
E3
&4

type *identifier[integer-ezpression);

char buffer[30001]; /* Null-terminated text buffer

char *line_num[3001]; /+ Max 3002 lines =/

numbetr_lines ()
{
I der
char *p;

line_num[0] = buffer;

forn [Gpos bhuffer, o =il s bt
Lf (#p == "\n')
if (*(p + 1) !'= '"\O'}
line'pumfit+] = p + 1:
line_num[i] = (char *)NULL:

pt+)
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Initializing Arrays of Pointers
at Declaration

/¥ B sample scanner #/
/* identifies commands #/

#include <stdio.h>
#include <string.h>
char *keyword[] = {
"append",
Y g T bl
Mldist!,
"remove'",
"replace",
"substitute",
(char #)NULL

iR

/% Returns index of command, else -1 */

int is_keyword (str)
char *str:

{

int i:

for (i=0 ;keyword[i] != (char *)NULL; i++)
if (stremp(str, keyword[i])

return (i) ;
return{-1) :



Double Pointers

« A pointer is a variable that

contains the address of a variable

o Adouble pr::inter is a variable that

contains the address of a pointer

¢ Declaration:

Nt spaVilbck poidriter
int #*p; /+ double pointer #/
int *#p; /* triple pointer x/

/% and so on ... ¥/
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Double Pointers, Continued

/% A sample scanner */
/¥ ldentifies commands =/
#include <stdio.h>
finclude <string.h>
char tkeyword[] = -{
"append",
bl R T i
e [ e el
"remove'',
"replace",
"substitute",
(char *)NULL
i
/¥ Returns index of command, else -1 %/

is_keyword(str)
char #*str:

{
char 5D
for (p = keyword; #p !'= (char #)NULL; p++%)
if (strcmp(str, *p) == Q)
return (p - keyword) :
return(-1):
>



ped et

(S BT v+ TS o LT T =S oV T U I

argv Revisited

/* Prints command line arguments */

/¥ using argv as a double pointer =/
#include <stdio.h>

main (arge, argv)

int arge:;
char +EAT gV ] /* char sargv([] %/
o
for ( ; #argv != (char #*)NULL; argv++)
printf (“ys\n", +argv) ;
¥
¢ a.out filel file2 Hypothetical Stack
a.out’ addr
filel e
filed Q1774 | 02000 argy

02000 | 02020
02004 | 02026
02010 | 02034
02014 | O

02020 | aout\0
02026 | file\0
02034 | file2\0




Fointers to Functions

1 main/()}

=
10 int (xfanptr)i):
20 int maxfunc () ;
30 funptr=maxfunc; /+ initialize function pointer %/
20 ¢ = (#funptr) (a,k); /* ¢ = maxfunc(a,b) */

50 int maxfunc (i, j)

18 R ¢ = R [

52 {

53 returnitalos g e £ 8 5 3
54 3}



Example - Pointers 10 Functions

main )
{
int append (), find({), li=zt{):
int remove(), replace(), substitute();

static int (*command[]) ()} = {
append,
find,
list,
remncve,
replace,
substitute
F:

int 1, (+fp) ():
char string([80];

scanf ("¥s", string) ;

= is_keyword(string)
£{ i ==-1)
exit (0) ;

i
i

fp = command [i] : l_-’# [tcummand{i]} () =/

(#fp) () :



Interpreting Variable Declarations

L ocate the identifier.

Look to its left and right: find the operator with
the higher precedence.

Continue step 2, working outwards.

What are these declarations for?

int apbtri):

Int (ptr) ()

int  SHptelio];

L AnE s EpEr) [19])

int {*pEr [1C]) () :



Dynamic Storage Allocation

SYNOPSIS char +malloc(size)
unsigned size,

void free(ptr)
char =ptr;

DESCRIFTION
mallec returns a pointer to a block

of a least size bytes suitably
aligned for any use.

free causes a block previously
allocated by malloc to be deallocated.

EXAMPLE

struct info { int rum;
float sum :
struct info #next:
¥ item;

item.next=(struct info *) mallec(sizeof (struct info))

free( item.next )



Bit-L evel Operations



Overview of Bitwise Operators

one's complement

& bitwise AND

- bitwise EXCLUSIVE OR
I bitwise OR

<< left shift

5> right shift



Bitwise AND, OR, and EXCLUSIVE OR

Given:
int nuaml, num?;
numl = 5: S 00101 =/
numz = 11: /+* 01011 =/

Bitwise AND

(numl & num2)

Bitwise OR

(muml | num2)

EXCLUSIVE OR

{numl

num2)

numl
num2

numl
nume

nml
numa2



One’s Complement Operator

Tinteger-erpression

e [he ™ is a unary operator
» O'sand 1's are reversed
« Example:

int numl = 5:
¥ Assume 3Z2-bit word */
ruml QCOo0Co00000000000S0000000000101

“numl A i 2 b 2 B o it Ve e I I o o e Bl e B e i By Bn i B o)



Shift Operators << and >»>

integer-ezpression {< infeger-ezpression
integer-ezpression > integer-ezpresston

« Examples:

Note: the following assume a machine with an 8-bit
word size. The highest bit is the sign bit.

® = x << 2. /% Shift x to the left by 2 bits ¥4
given x = 00011000

then ®x << 2 is 01100000

y »»= 3 /* Shift y to the right by 23 bits #/
given v = 11011001
then y >> 3 is 00011011 for a logical shift

and ¥y *> 3 is 11111011 for an arithmetic shift



Bit Operations With Masks

« Aninteger may be used to hold many true/false values,

« Individual bits in the integer are assigned a meaning.

o Mask: pattern of bits used to test and change the integer.
o Masks are often #defined.

/* Masks used in a hypothetical I/0 package %/
#define READ 2 ¥ Q001 =/
gdefine WRITE 2 A% 0010 #/
#define READ_WRITE 3 A% Q011 »/
ddefine EOF &4 S+ OLOO =/
fdefine EREOR 8 A* 1C00 =/

shert int status; /+* Bits flag how file was opened, ¥,
J*¥ 1f eof was reached or an error occurred =/

/¥ Turn WRITE bit on: */
status = status | WRITE: /* status |= WRITE

/¥ Test if READ-WRITE bits on: */
if ((status & READ_WRITE) == READ_WRITE)
statement

/* Turn ERBOR bit off: */
status = status & "ERROR;



Bit Fields

-

Allows direct access to hits in a word

&

Usually used to match a hardware representation exactly
space efficient

L]

MNon-portable

« Example:
I offset Fage J (Unused) ] Segment |
/% This structure template assumes that the =/
J¥ compiler orders bit fields from left to right &/
struct virtual_addr {
unsigned int offset 10; S+ 10 bits &/
unsigned int .page 8; f/% B bitzs &/
unsigned int &; /* B unused bits x;
unsigned int segment 8; /* 8 blts =/
} target;
target.segment = 2&; S Q032 =/
target.page = 2432; S 0362 %/
target.offset = 256; Jv O&00 ®/
32 23 22 14 13 ] o
100000000 11110010 FEFPET 00011010
Offzet Page (Unused) Zegnent



Enumerated Data Types- enum



Enumerated Data Types - enum
enum [tag] { tdentifier [=constant] .. }

» Used for readability and correctness

enum instrument {banjo, wviolin, harp, piano}:
{ 1 2 ¥

enum instrument selection:
selection = piano;

if (selection == banjo)
statement;

switch (selection) {

case banjo: statement(s);
brealc:
case vielin: statement(s);
brealk:
case harp: statement(s);
bBrealk:
case piano: statement{s);
bBreal:
default: statement(s);
breal::

h



Enumerated Data Types, Continued

« Default sequence 0, 1, 2,.. may be changed

enum bread J{wheat, rye, white=10, pumpernickel }:
{ I 10 11

« May assign integer with typecast

enum bread loaf:;

loaf = (enum bread) 1;

o May be combined with a typedef
typedef enum { fglﬁe ., true } BOOLEAN:

BOOLEAN done;

done = true:



