Pointers (1A)

Young Won Lim
5/24/24



Copyright (c) 2024 - 2010 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and
no Back-Cover Texts. A copy of the license is included in the section entitled "GNU Free Documentation License".

Please send corrections (or suggestions) to youngwlim@hotmail.com.

This document was produced by using LibreOffice.

Young Won Lim
5/24/24


mailto:youngwlim@hotmail.com

Pointers

Series 1: 3 Young Won Lim
Pointers 5/24/24



Variables

It a;

a can hold an integer data

type :int
size :4 bytes
value : integer

address data
a=100:
&a aé= 100
a holds the integer 100
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Pointer Variables

Int * p;

p can hold an address of

an integer data

p=3&a;

p can hold an address (&a)
of an integer data (a)

type :int*
size : 4 bytes (32-bit system)
. 8 bytes (64-bit system)

value : address

address data
int *

&p pe= &a

int
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Dereferenced Pointer variables

address data
1 * . int *
p can hold an address of e
an integer data & | a
type variable address data
int *
int * P P holds the address &p p
pointer to int
int
int * p : *P holds an integer data p *Pée= 100
int
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Pointer variable p and dereferenced variable *p

&p : the address of & pointer
pointer variable p P P variable p
pointer p points here, % dereferenced

thus the address is p P P variable *p

*n and p are variables
&p is an address value

Series 1: 7 Young Won Lim
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Address-of operator and dereferencing operator (1)

the address of a variable :
address-of operator &

the content at an address :
dereferencing operator *

& * /(& p)
'\\\\\\\\ "I,,"/,,,'A \\\\\\\\\\ /,\
Cd . t \\
&p p ' Veriable p &p p '
& &(*p) *
< %’" deref d \s“\\\
ereierence
p *p variable *p p *p
& (p) = value(&p) ... value *(&p)= p ... variable
& (*p) = value(p) ... value *(p)=E*p ... variable
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Address-of operator and dereferencing operator (2)

the address of a variable : the content at an address :
address-of operator & dereferencing operator *
address data address data

&p P Variable p &p p '

P P Jarable p P P
& ( p) = value(&p) ... value *(&p) = p ... variable
& (*p) = value(p) ... value *( pP=*p ... variable
Series 1: 9 Young Won Lim
Pointers 5/24/24



Variables and their addresses

address data

int

INt a; ga a
int *
) * _
Int * p; &p | P
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Assignment of a value

address data

int

int a; ga = a=111

1 copy data value
_ int *
int b; b=a; &b | b=
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Assignment of an address value

address data

. int
nt  a; ga | a=111
copy address value
. int *
Int *p,; p = &a, &p | p=
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Arrow notations

address data

int

int a; &a a
now p has the address of a
p points to a
int *
: * — . —_ 5
Int * p=&a,; p = &a; &p p=8&a ¢
Series 1: 13 Young Won Lim
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Pointed address : p

address data

int

nt & Sop (P a

Int *p=&a; p=_&a; &p p ./'
p = &a
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Dereferenced variable : *p

address data

int

|nt a. &ais equalto p
! ais equal to *p

int *p=~&a; p=4&a; &p 0 /'
equivalence
p = &a
* p = * &a
*p = a
Series 1: oung Won Lim
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Variable p, *p

INnt

int *p;

&a;

Series 1:
Pointers

(1) copy address value

— int
ga | a=111
int
&p p=_

e
(2) p points to a
int

ga a

int*

&p p=&a ./'

.

(3) &a isequaltop

int

P a

(4) ais equal to *p

16
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Two way to access: a and *p

address data

int -< a=200
*p = 200

1) Read / Write a
2) Read / Write *p
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Double Pointers
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Double Pointer Variable Definition

Int **q;

g holds an address

int **

Int ** g , aholds an address of

a pointer to an integer pointer data
an integer pointer

int * *q : *q holds an address of

a pointer to an integer data
an integer

int
Int **Q ;  *aholds aninteger data *q **q

an integer
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Variables and their addresses

address data

int

nt a; &a a

int *

Int *p; &p p

] int **

Int **q ; &q q
Series 1: oung Won Lim
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Assignments of address values

address data

int

int a=100; a =100
copy address value

int *p=24&a; p = &a; p=&a)
copy address value

int **q=&p; q = &p; &4 |  q=&p
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Arrow notations

address data

int

nt a=100; &a a =100
now p has the address of a
p points to a
int *

Int *p=&a; p = &a; &p p=8& ¢
now q has the address of p
g points to p
int **

int **q=&p; q=&p; sa [ q=ep ¢

Series 1:
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Pointed addresses : p, g

address data

int

int a=100: @ a =100
&ais equal to p
int *

int *p=2_&a; p = &a; 9 ) A p=8a ¢
&p is equal to q
int
int *q=&p; q = &p; &q q=8&p ¢
Series 1: oung Won Lim
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Dereferenced variables : *q, **q

address data

int

int  a=100; WV EE:

p is equal to *q

a s equal to **p

int *p=&a; *q=p
Int **q=&p;
Series 1: 24 Young V\é(;g4l7i2r2
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Variable p, *p, and g, *q, **q

s . Vs .
1 int 2 Int
nt  a; O Q a = 100 @ ea a = 100
int *p; ’ p=g&a &p p=&a ¢
Int **q; &q q=&p &q q=8&p ¢
> | .
(3) Int (4) Int P
p *p ‘ :**ﬂ : '
p = &a; %\ R
a« a2 4 @
q = &p; Qﬁm\\\ Qﬁ?\\\
S R
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Aliased variables : *p,*q, **q

Address Variable
. assignment aliasing
nt a=100; o -
_ p = &a, p = a
Int *p==&a;
: p = &a
Int **q=&p,; “(p) ="(2a)

* p = a

int

&a a=100
\ q=&p; = *q=p
int * - **q = a

&p p=&a J

q = &p : :
_ equivalent relations after
. (@) =7(&p) address assignment
int * *q = p
_— *% = *
&q q=8&p J **g - ;|:
Series 1: 26 Young Won Lim
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Two aliased variables of a: *p, **q

int int
&a | a . p *q **q
int *
&p q *q %
int **
&q q J
a *p = a **q =a
*q=p
Series 1: 27 Young W(7n I7im
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Two more ways to access a : *p, **q

address data il a= 200
&a *p =200
- **g =200
&p
&q
1) Read/Write p 1) Read/Write a
2) Read/ Write *q 2) Read/Write *p
3) Read/ Write **q
Series 1: 28 Young W(;n I7im
5/24/24

Pointers



Single and Double Pointers
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Pointed Addresses and Data

int

Inta:; ga | a=100

The integer variable a holds an integer data

int * int

int*p; &p p*——_Pk *p=200

The pointer variable p holds an address,
at this address, an integer data is stored

int ** int * int
Nt * * aq. &q q Q—\CL ] e— Yq | **q = 30
The pointer variable q holds an address,
at the address q, another address *q is stored
at the address *q, an integer data **q is stored
Series 1: 30 Young Won Lim
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Dereferencing Operator *

%
Int a ; &a a=100
the expression a is a variable *(&a) =a

that can be assigned

*

Ay,
W 1y,
R 7,
R

N\ 7,
N 7,
\)
&

int*p ; &

pe——=p | *p=200

<

the expression *p is a variable *(&p) = p *(p) = *p

that can be assigned

ey, W, i,
\\\\ (7 ), \\\\ /,,, R \\\\ I,, ,
& S S
N O > —

the expression *q, **q are variables *(&q) =(q *(q) = *q *(*q) = **q

that can be assigned

Series 1: 31 Young Won Lim
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Math operator & : the inverse operator of *

&
\\\\““ll,,
. »
Nt a ; &a a =100
*&X returns X &a
&*y returns 'y
& is the inverse operator of *
& &

\\\\\\HHI,,,,, \\\““”"l/
INt*p ; &p pe— >p | *p=200
*&X returns x &p &(*p) =p

&*y returns 'y
& is the inverse operator of *

& & &

S
\) /7

: [ » [ 3
Int * * q. &q q &g *( @——=*q | **q=30
*&x returns x &q &(*CI) = q &(**CI) = *q

&*y returns 'y
& is the inverse operator of *

Series 1: 32 Young Won Lim
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Inta:

the C expression &a returns
an address value
that cannot be assigned

Int*p;

the C expression &p returns
an address value
that cannot be assigned

Int**q;

the C expression &q returns
an address value
that cannot be assigned

Series 1:
Pointers

C operator & : address-of operator

&a = value(&a)

& is a mathematical operator (the inverse operator of *)

Wiy,
W\ 4y,
N v,

[ [
sp | pe—T—=p | *p=200

&p = value(&p) &(*p) = value(p)

& is a mathematical operator (the inverse operator of *)

iy, u i
& W %, \\\\“ “"'I/ s\‘\“ II"'/
| “, > “, > “,
% | % » %,
7 7
&q q .’—N q *q ./—\ *q **q—30

&q = value(&q) &(*q) = value(q) &(**q) = value(*q)

& is a mathematical operator (the inverse operator of *)

33 Young Won Lim
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Pointers to various types on 32-bit system (1)

char ** char * char char a;
&q q q *q *q **CI =g’ char * p = &a,;
.\\/ .\ char * * q= &p;
4 bytes 4 bytes 1 byte

on a 32-bit system

short ** short * short short a;
&q q *~_ q *q q | **q | =10 short * p = &a;
N, 4 ™~ short * * g = &p;
4 bytes 4 bytes 2 bytes

on a 32-bit system

int ** int * int |nt a;
&q q q g e *q **q =30 int* p = &a;
A 4 int * * g = &p;
4 bytes 4 bytes 4 bytes

on a 32-bit system

Series 1: 34 Young Won Lim
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Pointers to various types on 32-bit system (2)

float ** float * float float a:
&q q q *q *q **q =1.0F  float* p = &a;
N 4 N float * * q = &p;
4 bytes 4 bytes 4 bytes

on a 32-bit system

double ** double * double

double a;
&q q *~_ q *q *q **q =2.0 double * p = &a;
~——" .\\/v' double * * q = &p;
4 bytes 4 bytes 8 bytes
on a 32-bit system
Series 1: 35 Young Won Lim
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Neighborhood of *p

int  a=100; cbovact - feferencad
int *p=4&a,; .
int * int )
p-3 *(p—-3)
p—2 *(P—2)
p-1 *(p-1)
P *P
p+1 *(p+1)
int * p+2 *(p+2)
&p p O— p+3 *(p+3)
Series 1: o L
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Neighborhood of *p — various sizes of referenced data

Nt *p ; short * p ; char *p ;
int * short * char *
&p p 3 &p p 3 &p p 3
int short char
p-3 | *(p-3) p-3 p-3
p—2 | *(p-2) p-2 p-2
p-1 | *(p-1) p-1 p-1
p *p p *p P *P
p+1 | *(ptl) p+1 p+1
p+2 | *(p*+2) p+2 p+2
p+3 | *(p+3) p+3 p+3
< > <+—» >
S veotnt = 4 bytes S veot(ahort) = 2 bytes S veof(thar) = 1 byte
Senes - 37 Youna Vion on



Neighborhood of *p —the same abstract address

Int*p; short * p ; char *p ;

p-3 *(p-3)  =the3“item
p—2 *(p—2) | =the2™item

p—1 *(p—1) =the 1titem | before the currently pointed item *p
P *P
p+1 *(p+1) =the 1%titem | after the currently pointed item *p

p+2 *(p+2) | =the2™item
p+3 *(p+3) | =the3"item

i)
abstract _ |
address independent of the referenced data type (int, short, char, ... )
Series - 38 Young Won Lim
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Neighborhood of *p — word aligned view

Int*p ; short * p ; char *p ;
»~~ Word Address ~~ Least Halfword Address /- Least Byte Address
among 2 halfwords among 4 bytes
word aligned word aligned
v v v
p-3 | *(P-3) p—6 p-12
p—2 | *(p-2) p-4 p-8
p-1 | *(p-1) p—2 | 3 & p—4
P *P P ! P P S B
p+1 *(p+1) p+2 +2 +1 p+4 +3 [ +2 | +1
p+2 | *(p+2) p+4 . p+8
p+3 | *(p*+3) p+6 p+12
< > < > < > DL I I o i
4 bytes 2 bytes 1 byte
word view
Series 1: oung Won Lim
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Neighborhood of *p — least bytes

Int*p ; short * p ; char *p ;
Least Bytes Least Bytes Least Bytes
1 ] 1 13111
p-3 | 1pr3) p-6 p-12
P2 | 1(pL2) p-4 p-8
p-1 | Hprl) p—2 p—4
p tp p *p p *p
p+1 | Hprl) p+2 p+4
pr2 | 1pr2) p+4 p+8
p+3 |_Hpi3) p+6 p+12
< > < >« > <4 PP <>
4 bytes 2 bytes 1 byte
Word Aligned Word Aligned Word Aligned
word view
Series 1: oung Won Lim
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Neighborhood of *p — least byte addresses

Int*p ; short* p ; char *p ;
o +0)) =
value(p+0) =, value(p+0) ' sizeof(*p) value(p+0) .
= 2 bytes value(p+1)=> sizeof(*p)
sizeof(*p) =1 byte
= 4 bytes value(p+1)=> value(p+2)=»
value(p+1)=> value(p+2)=—»
byte addresses
of characters
byte addresses
of short integers
value(p+2) =»
byte addresses
of integers .
’ —byte view
Series 1:
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Neighborhood of *p — incremented pointer values

Int*p ; short * p ; char *p ;
abstract address abstract address abstract address
expression p+1 expression p+1 expression p+1
least byte address least byte address least byte address
int *(p+1) short *(p+1) char *(p+1)
value(p+1) = value(p) value(p+1) = value(p) value(p+1) = value(p)
+ sizeof(*p) + sizeof(*p) + sizeof(*p)
value(p+i) = value(p) value(p+i) = value(p) value(p+i) = value(p)
+1*4 +1*2 +1i*1
Series 1: .
42 o

Pointers



Pointer Variable Example

Series 1: 43 Young Won Lim
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Pointer variable p of the type int *

address data address

int

@ *p &a | Oxffa72ch0
&p S E p 2 ' &p | Oxffa7cba.

data

int

ae 200

int *

©p ¢m oxffa72ch0

&P =) Oxffa72cb4

int a=200:
Int* p=&a, P =) Oxffa72ch0
“P = 200
Series 1: .
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Pointer variable q of the type int **

address data

int

( /* o - |

**q

int *

(q ) [$ *q

int a=200;
Int* p=&a,
Int ** q = &p;

address data
int

&a [ Oxffa72cb0 } a= 200

int *

&p Oxffazzcha | | © Pdm | Oxffaz2cho

int **

&0  Oxffa72chg { q@m | oxita72chs]

&(C4m Oxffa72ch8
(4= Oxffa72cb4
*O4m Oxffa72cb0

() 4m 200

Series 1:
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Pointer variable example codes

// t.c printf (" &p=%12p \n", &p);
#include <stdio.h> printf (" p=%12p \n", P);
printf (" *p=%12d \n", *p);
int main(void) { printf (“\n”);
int a = 200;
int *p = &a; printf (" &g=%12p \n", &q);
int **gq = &p; printf (" gq=%12p \n", a);
printf (" *g=%12p \n", *q);
printf ("&a=%p a=%d \n", &a, a); printf (" **g=%12d \n", **q);

printf ("&p=%p p=%p \n", &p, pP);
printf ("&g=%p g=%p \n", &g, 9);

&p= O0Oxffa’72cb4
p= O0Oxffa72cbO

gcec -Wall -m32 t.c *p= 200
./a.out
&g= Oxffa72cbs8
&a= 0xffa72cb0 a= 200 g= Oxffa72cb4
&p= O0xffa72cb4d p= O0xffa72cbO *g= 0xffa72cb0
&qg= O0xffa72cb8 g= O0xffa72cb4d * ok = 200
Series 1: 46 Young Won Lim
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Byte addresses of variables

abstract byte byte
MSByt LSByt
address address 7e 7 address
&a a 0xffa72cb0 | 00 | 00 | 00 | 8 Ox£fa72cb0 |e8
&p p 0/1:> Oxffa72cb4 | £f | a7 | 2c [ b0 Oxffa72cbl | gQ
&q q %D Oxffa72cb8 | £f | a7 | 2c [ b4 Oxffa72cb2 | gQ
Oxffa72cb3 | 00
sizeof(a) = sizeof(int) = OwE T2
sizeof(p) = sizeof(int *) = e =]t
sizeof(q) = sizeof(int **) = Oxffa72cbs | 2¢
4 bytes O0xffa72cb6 | 57
Oxffa72cb’
int a=200; 58
int *p=&a; Oxffa72cb8 ['p4
int **q = &p ; address value
- - Oxffa’72cb9 | 24
sa= Oxffa72cb0 mvalue (&a)  byte address of |
T Oxffa72cb
sp= Oxffa72cbd m value (&p) the least significant byte shrarecharat
&gq= Oxffa72cb8 mm value (&q) . in a little endian system Oxffa72cbb | £
here, the values of &a, &p, &q
are displayed
Series 1: A7 Young Won Lim
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Abstract vs. byte addresses

abstract byte
address address MSByte LSByte
(int*)  &a in) a 0x££a72cb0 | 00 | 00 | 00 | c8

(int™)  &p (int*) p - Oxffa72cb4 | ££f | a7 | 2c [ B0

U\

(int*=*)  &q (int*) q (= Oxffa72cb8 | £ff | a7 | 2¢c | b4
4 bytes
abstract address contains byte address contains
information of type, size, value value information only
Abstract  Type Size Value Byte Value
Address (address value) Address
&a int* 4 bytes 0xffa72cb0 value(&a) 0xffa72cb0
&p int** 4 bytes 0xffa72cb4 value(&p) Oxffa72cb4
&q int *** 4 bytes 0xffa72cbs8 value(&q) O0xffa72cbs8
Series 1: 48 Young Won Lim
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Endianness and memory alignment
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Pointers and abstract addresses

char c ; short s ; Inti;
char *pc = &c ; short *ps = &s ; Int *pi = &i ;
pc —| C ps —| s pi — I
pc+l —— ps+1l — pi+l —>
next char next short next int
sizeof(*pc) = sizeof(*ps) = sizeof(*pi) =
sizeof(c) = sizeof(s) = sizeof(i) =
sizeof( int) = 1 byte sizeof( short ) = 2 bytes sizeof( int ) = 4 bytes
sizeof(pc) = 4 or 8 bytes sizeof(ps) = 4 or 8 bytes sizeof(pi) = 4 or 8 bytes
type(pc) = char * type(ps) = short * type(pi) =int*
value(pc) = byte address value(ps) = byte address value(pi) = byte address
Series 1. Young Won Lim
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Pointer values and byte addresses

char *pc ;
byte
address
value(pc) =——p } sizeof(*pc)

value(pC+l) =—p|

next char

The value of a pointer
(address value) is

the byte address of the
least significant byte

in a little endian system

pc points to
the least significant byte, i.e.,
the 1 byte of char

value(pc+1)
= value(pc) + sizeof(*pc)

short *ps ;

byte
address

value(ps) ==

sizeof(*ps)

value(ps+1l) ==—p|

next short

ps points to
the least significant byte
among the 2 bytes of short

value(ps+1)
= value(ps) + sizeof(*ps)

int *pi ;

byte
address

value(pi) ==

value(pi+l) ==

next int

pc points to

the least significant byte

sizeof(*pi)

among the 4 bytes of an int

value(pi+l)

= value(pi) + sizeof(*pi)

Series 1:
Pointers

o1

Young Won Lim

5/24/24



Little Endian and Big Endian

MSB LSB

int 1 = 0x01020304,;

Oxffaas8fs4 | 04 [LSB Little Endian
stores LSByte first
< Oxffaa8f85 | 03
+3 42 +1 +O Oxffaa8f86 | 02
oxfraasrea |01 | 02 | 03 |04 0xffaas8f87 | 01 |vss
MSB LSB
Oxffaasfs4 | 01 [MsB Big Endian
stpres MSByte first
> Oxffaasfss | 02
H0 41 42 43 Oxffaas8fge | 03
Oxffaa8fs4 01 i 02 i 03 04 | Oxffaag8fs7 | 04 [LSB
MSB LSB
Series 1:

Pointers
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Word addresses and byte addresses

Little Endian store LSByte first

word addresses

~ OxffaaB8f84

> 0xffaa8f88

byte addresses
~ O0xffaaB8f84
»0xffaa8f85
»0xffaaBf86
»0xffaa8f87

‘s Oxffaa8f8s8

MSB LSB
+3  +2 +1 +0
01({02]|03|04
04 | LsB

03

02

01 | vsB

Big Endian store MSByte first

word addresses

/*Oxffaa8f84

> 0xffaa8f88

byte addresses
~0xffaa8f84
»0xffaa8£85
»0xffaaBf86
»0xffaa8f87

‘s Oxffaa8fss

MSB LSB
+0 +1 +2 +3
01 02]03(04
01 | vsB

02

03

04 | LsB

Series 1:
Pointers
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Little Endian Examples

MSB LSB
int 1 = 0x01020304,; Mse LB
int i = 0x01020304;
char *p = (char *)&i;
printf ("$p \n", &i);
<
printf ("$p $x \n", p+t0, pl[01]);
+3 +2 +1 +0 printf("$p : %$x \n", p+l, p[l]);
| T ~n | T printf ("%p $x \n", pt2, pl2]);
Oxffaa8f84 LQ}?L 02i 9\1?’77} 04'77J prlntf (n%p o \I'l", p+3, p[3] ) ;
MSB LSB
Oxffaa8f84
. . LSB address Oxffaa8f84 4 LSB data
Little Endian Oxffaa8f85 3
Oxffaa8f86 2
store LSB first MSB address 0xffaa8f87 1 MSB data

Least Significant Byte (LSB)

assume 32-bit CPU
32-bit address
32-bit data (1 word, 4 bytes)

Young Won Lim

Series 1:
o4 5124724
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Storing values in a little endian system

MSB LSB word address LSB
boundary
long a = 0x1020304050607080 ; &a —» 80
70 0
MSB (Most Significant Byte) 60 %
LSB (Least Significant Byte) g
word address 50 g’
Little Endian System boundary 40 9
)
store the LSB first o
30 =
20
word address 10 v
boundary MSB
Series 1: 55 Young Won Lim
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Memory alignment in a little endian system

increasing address

<<
1012013014050 |60( 70|80 2 a +
12 34| 11| 22|33 |44 E | ¢ + b +
99|01 |02 |03 |04 iy [ et d 1+
word address word address word address
boundary boundary boundary
LSB

long a = 0x1020304050607080 ; a T

LSB
It b =0x11223344 b +

LSB

short ¢ =0x1234 ; | ¢ 1

. LSB
int d = 0x01020304 ; d 1

LSB

v char e=0x99 ; | e‘l’
Series 1: ouna Won Lim
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Memory alignment — performance

Memory alignment No memory alignment
a T a T
saves memaory
b + b + loses performance :
[ < § T A
d + I e<l|> d instead of &y
I e I memory hardware constraints
long a = 0x1020304050607080 ;
LSB
Int b= 0x11223344 ;
LSB
short c¢= 0x1234 ;
LSB
Int d= 0x01020304 ;
LSB
char e= 0x99 ;
+
Series 1: ouna Won Lim
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Pointer Type Cast

Series 1: 58 Young Won Lim
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Assigning pointer variables

long a; &a long
int long
nt  * 0P P & ¢ga
short long
short * ' q ; q & ga
char long
char * [r|: r e ga
Series 1: oung Won Lim
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Type cast pointers

Iong a, address of along value  &a
address of an int value int address conversion

int  * [p ; P & (nt * &a

address of a short value short address conversion

short * ' q ; q ¢ (short*) &a

address of a char value char address conversion

char * I'r ; r €& (char *) &a

Series 1: 60 Young Won Lim
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View windows — type cast pointer

integer short character Little Endian
view window view window view window Memory System
int * short * char * LSB
p —» q » r ﬂ &a —» 80
70 "
— 3
60 S
E
50 o
e £
40 S
o
30 =
MSB LSB 20
long  a=0x1020304050607080 ;
10 \4
int Bl o I MSB
short *q ;
char *r ;
Series 1: 61 Young Won Lim
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Applying type cast pointers to a memory location

type cast type cast type cast Little Endian
integer short character Memory System
int * short * char * LSB
p HE q HE r &a - » 80
70 70 70 70 o
60 60 60 60 %
50 50 50 50 5
20 40 40 40 g
on 30 30 30 £
long  a=0x1020304050607080 ; 20
10 v
int *p =(nt * &a,; MSB
short *q = (short *) &a;
char *r = (char *) &a;
ks 62 k-



De-referencing type cast pointers

type cast type cast type cast Little Endian
integer pointer short pointer character pointer Memory System
int * int short * short char * char LSB
p[] a ¢ {] S E
sizeof(*r) =1 9
(O]
sizeof(*q) = 2 S
c
(@)
=
)
sizeof(*p) = 4 o
long a = 0x1020304050607080 ;
\/
int  *pP=(nt * &a; *p = 0x50607080 WSB
short *q = (short*) &a; *q = 0x7080 sizeof(a) = 8
char *r =(char *) &a; *r =0x80
Series 1: 63 Young Won Lim
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Re-interpretation of memory data — case |

&a

long a; 0x1020304050607080

. * *p M

Int p 0x50607080 ={(nt *| &a

*q 4
short *q : 0x7080 =| (short*)| &a
*r

char *r ; 30 r'= (char *) | &a
Series 1: oung Won Lim
eries 04 Y gV\s/s/24524
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Re-interpretation of memory data — case |

&a
long a; 0x1020304050607080  +
. . “(p+1) “p |
INt P ; o[1] p[0] 1 ={(int *) | &a ;
— “(q+3) *(q+2) *(q+l) *q
short *q i [ars) [ a2l [ ary [ &m0l + =|(short") § &a. ;
*(r+7) *(r+6) *(r+5) *(r+4) *(r+3) *(r+2) *(r+1) *r m
char *r ; r[7]|r[6]| r[5] | r[4] | r[3]| r[2] | r[2] | F[OH r= [(char *) | &a ;
Series 1: oung Won Lim
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Re-interpretation of memory data — case ||

&a Memory alignment
/ constraint may not
long a; 10|20 |30|40|50]|60| 70|80+ be met
next int
Nt *p ; |10|20(30]|40+ + (int *) | & +1;
* next short
short *q ; 50 | 604 1 (short*)| &a '+1;
* ‘/w next char
char *r ; 203+ 3+ (char *)| &a  +1;
Series 1: -
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Re-interpretation of memory data — case |l

&a Memory alignment

/ constraint may not
long a; 10|20 30| 40|50 60|70 |80t 215

% ] ‘/w next char

char *r ; 703+ 4+ = [(char *)| & +1;
short *q : 60 7mﬂ: (short *) r
int  *p ; 40 | 50 | 60 7mﬂ= (int ") f r 3
Series 1: 67 Young V\é(;r214I7|2r2
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Arrays

Serles 1: 68 Young Won Lim
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Accessing array elements — using abstract addresses

Int X[5] ;

X holds the starting address
of 5 consecutive int variables

abstract
_ _ address data
5 int variables Iyl iy
index  data x+0 ’ *(x +0)

a 4 X+1 —> *(X + 1)

0 x[0] X+2 —F *X + 2)

- x[1] X+3 — *(X + 3)

2 x[2] o —> “(x + )

3 X[3]

4 X[4]

cannot change address x (constant)

Series 1: .
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Accessing array elements — using byte addresses

INt

X[5] ;

X holds the starting address
of 5 consecutive int variables

5 Int variables

value(x + 0)
value(x + 1)

value(x + 2)

value(x)
value(x)

value(x)

byte address

Series 1:
Pointers

byte address

+ 0%
+ 1%

+ 2%

sizeof(*x)
sizeof(*x)

sizeof(*x)

sizeof(int) = 4 bytes

70

value(X + Q) =

value(X + 1) =

value(X + 2) =

byte

address

sizeof( *(x+0) )
= sizeof( int)
= 4 bytes

sizeof( *(x+1) )
= sizeof( int)
= 4 bytes

sizeof( *(x+2) )
= sizeof( int)
= 4 bytes

Young Won Lim
5124124



Two aspects of x

Int X[5];
abstract data X  ----ccceeeeee size
pointer X-.c.-:--. starting address

Series 1: 71 Young V\é(;r214I7|2r2
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Abstract data x

Int X[5];

the size of x Is the total size

abstract data x size
int [5] int
starting
address — > &X| X x[0]
X[1]
x[2] sizeof(x) = 5 * sizeof(int)
X[3] element / subarray partitioning
X[4]
Series 1: .
Pointers 72 Young Vo



Recursive structure

int [5]

int [5] type data must include
5 int elements (primitive data)

nested (recursive) structure in a multi-dimensional array,

nested sub-arrays
instead of primitive data

int [5] int
starting &x | x starting  &x[0] x[0] sizeof(x[0])
address address x[1]
sizeof(x) x[2]
x[3]
x[4]

abstract data x primitive data x[i]

Series 1: 73 Young Won Lim
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Pointer x

Int X[5]; X[i] = *(x+i)
x[0] E;x’ N

&X[0] =X  equivalence relations

X holds the starting address

pointer x starting address
int (*)
Sddress = x| X e E[ #(x+0) 5 consecutve int variables
*(x+1) value(x) = value(&x[0])
*(x+2)
*(x+3) .
the starting address (&x) of the array x
e, value(&x) = value(x)
address replication
Series 1: 74 Young Won Lim
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Aggregate Data Type — 1-d Array

Int X[5];

X holds the starting address

Aggregate data with 5 elements

the start address of each element int (*) int

value(x+0) = value(x) + 0 *| sizeof(*x) X . __________ - *(x+0) = X[0]

value(x+1) = value(x) +1* sizeof(*x) X+l . 1) = x[1]

value(x+2) = value(x) + 2 * sizeof(*x) X+2 e |+ 2) = x[2]

value(x+3) = value(x) + 3 * sizeof(*x) X+3 e - *(x+3) = X[3]

value(x+4) = value(x) +4* sizeof(*x) X+4 e | *(x+4) = x[4]

value(x) = the start address of the array sizeof(x) = sizeof(*x) * 5

Series 1: .
75 Y
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 An array X and a pointer p

Series 1: 76 Young Won Lim
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Sizes of an array x and a pointer p

Int X [5] ; int *p;
int [5] int

ex [ x >+ x[0] | | | p |- sizeof(p)
X[1]
X[2] ~ sizeof(x)
X[3]
X[4] |~

sizeof(x) = 5 * sizeof(int) sizeof(p) = size of a pointer

= 4 bytes (32-bit system)
8 bytes (64-bit system)

Series 1: 77 Young Won Lim
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Address values of an array x and a pointer p

Int X [5] ; int *p;
X : an array variable name (constant) p : an variable name
value(x) : the starting address of value(p) : the address
5 consecutive int variables of an int variable
int [5] int int *
int *
ex [ x et *(x+0) ol p K
x+1 *(X+1)
x+2 *(X+2)
X+3 *(X+3) int
et | *(x+4) o[ *p
Series 1:

' 78 Young Won Lim
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Out of range index

Int X [5] ; Int *p;
int [5] / int * int int * int

-2 * X -2 . = -2 *(p-2)=7?
X— *(X - =7 P — ] —1 | * - =7

E1 *(X 1) ? \i (E 1) ="

&x| X e H(x+0) MK

x+1 | *(X+1) pri *(p+l) = ?
x+2 | *(X+2) | - sizeof(x) pr2 *(p+2) = ?
s [F(x+3) s H(p+3) = 2
xva | K(X+4) | pra | *(p+4) = ?
x+5  *(X +5) = ? p+5 | *(p+5) = ?
x+6 | *(X +6) = ? pr6 | *(p+6) = ?

A programmer’s responsibility

Series 1: 79 Young Won Lim
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Assignment of a new address

Int X [5] ; int *p;

>< new address

&x| x ei= *(x+0) & | P new address
"""""""" x+1 | *(X+1)
X+2 *(X+2) int
Xx+3 *(x+3) &a a
X+4 *(X+4)
X is a constant variable p is a pointer variable
(not an Ivalue) (a Ivalue)
x and &x give the same a memory location is allocated
value of &x[0] (address replication) for a variable p
this address value(x) is assigned by value(p) can be changed by an
the compiler and cannot be changed assignment statement, i.e,
p=&a

Series 1: 30 Young Won Lim
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Pointer variable can point different locations

int

Int * p ! 0x1200 | *(p+0)
p = address 2 0x1204 | *(p+1)
(0x1200) 0x1208 | *(p+2)
0x120C | *(p+3)
0x1210 *(pt+4)
int * int *
@[ P ] P&
int
P = address 1
(OxFF00)
P+0 ] *(p+0) oxFroo | *(p+0)
Pl *(p+1) oxFFo4 | *(p+1)
Ptz *(p+2) oxFrog | *(p+2)
P3| *(p+3) oxFroc | *(p+3)
P4 *(p+4) oxFF10 | *(p+4)
Series 1: .
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Pointer to an array element

int (*p) ;

assignment

______
-
-
.
-
-
-
S .
-~

int* ﬂ int * inside array type
&p p ° & &x | X .! *(X+O) = *(p+0)
V i | *(x+1) | =*(p+1)
_ 2 | X(x+2) | =*(p+2)
P =X oo [5(x+3) | =*(p+3)
equivalence x| *(x+4) | =*(ptd)
Series 1: Younga Won Li
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Pointer to an array

int (*q) [3] ; Int x [5] ;
int (*) 5] assignment
e q s q=ax: T

-
-
-
-
-------

int (*) [5]“\‘ int[5] outside array type

ﬂ ex [ x x[0] | =(q)[0]
X[1] | =(q)[1]
X[2] | =(*q)[2]
X[3] | =(q)3]
* —
("q) =x X(_| =(q)
equivalence
q is a pointer variable that
points to an array with 5
integer variables
Series 1: ! i
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Pass by Reference

Series 1: 84 Young Won Lim
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Variable Scopes

int funcl (int a, int b)

S
inti, int j;
. ., Only top stack frame is active
: ar)d 1S and its variable can be accessed
variable scope
Communications are performed
} - only through the parameter variables
< cannot access
each other
i{nt main () 1 a
int i, int j;
. . . funcl’s
int x, inty; x and y's Stack —— b
variable scope Erame Iy ? o *
funcl (10, 20); (10, 20)
main’s X
- Stack int x, int y; y
} Frame
Series 1: Young Won Lim
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Pass by Reference

int funcl (int* a, int* b)

{

inti, int j;
x and y are made known to funcl
funcl can read / write x and y
through their addresses
e *a
} *b
a=&x
b=24&y
int main ()
{ ’ int i, int j;
int x, inty; funcl’s
Stack int*a,int*b
Frame
xandy’'s f f
funcl (&x, &y ); variable scope (&x, &y)
main’s .
. Stack int x, int y; 2
} Frame b
Series 1. Young Won Lim
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Example :
swapping integers
swapping pointers

Series 1: 37 Young Won Lim
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Swapping integers

&a a=111 = &a a=222
&b b=222 &b b=111
Int a, b;
swap( &a, &b); function call
swap( Int*, Iint* ); function prototype
Series 1: .
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Pass by integer reference

void swap(int *p, int *q) {
Int tmp;

tmp = *p;
*p —_ *q’
*q = tmp;

Inta =111, b =222:

swap( &a, &b );

Series 1:
Pointers
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int

int
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Swapping integers

int * ‘ int
&p p=& ®—— > & a=111
int * int
&q q=&b & ™ gb b=222
int * : int
&p p=& &————» & a=222
after
int * int
&q qg=8b e ™ &b b=111
in swap() in main()
Series 1: u i
90 o,
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Swapping integers via integer pointers

int * 3 int

&p p=& ®— > & a=111 void swap (int *p, int *q) {
| int tmp;
int * int tmp = *p;
&q q==&b e —™gb b=222 Po=*q;
‘ *q = tmp;
(1} }
int * $‘\\\\\ int lll\
&p p=¢&a ®&——» p | *p=111

Int
int * S it & <_J
&q qg=8b e ™ q *q=222

in swap() in main()

Series 1: 91 Young Won Lim
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Swapping integer pointers

&p p=&a ‘> &p p=&b
&0 g=&b &q g=_&a
int  *p, *q ;
pswap ( &p, &q); function call
void pswap( int **, int **); function prototype
Series 1: u i
Pointers 92 Youns V\!/S(724|72n;



Pass by integer pointer reference

void pswap (int **m, int **n)
{ int* m  int* n
Int * tmp; int*  *m int * *n
int *m int **n
tmp = *m;
m ="n; .
}
int a=111, b=222; int** m
Int *p = &a, *q = &b; int*  *m
Int *m

pswap ( &p, &q );

Series 1: 03 Young Won Lim
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Swapping integer pointers

int **

int *

int

&gm m=g&pe® — » & p=&a® — »& a=111
int ** 3 int * int

&n n=&qe__™&y q=& e ___™8&b b=222
int ** int * int

&m | m=&p & —» &p p=&b e &a| a=111
int ** | int * int

&n n=&q e ___™& q=8&a e &b| b=222

in pswap() in main()
Series 1: Young Won Lim
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Swapping integer pointers via double pointers

int ** 3 int *
&m m=&p®— > & p=8&a void pswap (int **m, int **n)
| {
Int * tmp;
|nt ** |nt * tmp - *m;
& | n=&qe__ _—™g&q q=2&b *m = *n:
: *n =tmp;
Wi }
int ** i s“\\\ int * "
&m | m=&Q®—  —>m | *m=&a
i \\\\\\\u I m,,’//, tm p
int ** S int*\]
&n n=&p ®&__ __—™n *n= &b <—J
in pswap() ~ in main()
Series 1: o5 Young Won Lim
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