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Variables and their addresses

address data

Int a; &a a

int * p; &p p

int ** q; &q g
Series : 5. 3 Young Won Lim
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Initialization of Variables

address data

INt a=100: a = 100

1"

Int * p = &a; p=&a)
Int ** g = &p; &q q=&p)
Series : 5. 4 Young Won Lim
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Traditional arrow notations

address data address data

a =100 &a a=100

e
B
N

%

S

(Y
S
I
%
)

Series : 5. 5 Young Won Lim
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Pointed addresses : p, g

address data

int a; %

int * p=_&a; (p)

Int ** g = &p; &q (q)
p=~&a
q=&p

Series : 5. 6 Young W%?7I7i1rg
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Dereferenced Variables : *p

address data

nt & b D | *p=a

Int * p = &a; § (p)

int **q = &p;

Series : 5. 7 Young Won Lim
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Dereferenced Variables : *p

int  a;
Address Variable
assignment aliasing
. — * e
int * p=_&a; p=¢&a m P=a
(p) = (ga) Relations after
. ] *(p) =*(&a address assignment
|nt **q:&p, *P = a
Series : 5. 8 Young Won Lim
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Dereferenced Variables : *q, **q

address data
Int a, o ¥ = g
int * p=&a; Ca) [5Ca *q=p
int ** g = &p; { (q)
Series : 5. 9 Young W%?7I7i1rg
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Dereferenced Variables : *q, **q

Int a;
Address Variable
assignment aliasing
Int * p=4&a; pn==&a wm "P=Ea
: *y =
It ** g = &p; g=&p m Q=
- **q = a
q = &p _
* — % Relat ft
*(g) ; (&B) ac?d?elggzgsi;]ment
**q = *p
**q = a
Series : 5. u i
10 roung Won L
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Two more ways to access a : *p, **q

&a | a . p *p *q **q
&p p &p ¢ p q ¢ xq
&q q &q q & ¢ q
a *D = a **g =a
Series : 5. 11 Young Won Lim
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Two more ways to access a : *p, **q

address data
&a a
P
&p P —1 **q
&q q
1) Read/Write a
2) Read/ Write *p
3) Read / Write **q
Series : 5. 12 Young Won Lim
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Variables

i nt a; address data

&a a

a can hold an integer

a= 100, address data
&a a 4= 100

a holds 100

Series : 5. 13 Young Won Lim
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Pointer Variables

int * P;

p can hold an address

i . p holds an address
N =} B ofainttype data &p p

pointer to int

I *N: *p holds
L Int P a int type data P *P
int
Series : 5. 14 Young Won Lim
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Pointer to Pointer Variable

Int ** o

g holds an address

I ** -
Int q, q ho'lds an qddress of &q q
. a pointer to int type data

pointer to
pointer to int

int * *q- *q holds an address of q *q
o ’ a int type data

pointer to int

int **q, * holds a int type data *q **Q

int
Series : 5. Young Won Lim
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Pointer Variables Examples

INt a = 200;

int * p=4&a;

iNnt ** — : |
int q=&p; & OX3CE | g 0x3AB

&0 = Ox3CE

= 0x3AB
* = Ox3A0
**0 = 200

Series : 5. 16 Young Won Lim
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Pointer Variable p with an arrow notation

address data

&a @ a 4= 200

address

& Ox3AB | P 4=0x3A0

using an arrow notation

&p =0x3AB

D = 0x3A0
*0 = 200

Series : 5. 17 Young Won Lim
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Pointer Variable q with an arrow notation

addrgss data address data

&a (OX3A0 | &= 200
&p p#@xSAO)

&( ng ' &q OX3CE = = Ox3AB

&0 = Ox3CE
using an arrow notation 0 = Ox3AB

*0 = Ox3A0

**0 = 200

Series : 5. 18 Young Won Lim
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The type view point of pointers

data (int)

address/ (int *) /
address/ (int *¥) /

Types

Series : 5. 19 Young Won Lim
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The different view points of pointers

(int) **q

(int *) / *q /
(int **) / q /

Types Variables Addresses

-
-

5 e

Series : 5. 20 Young Won Lim
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Single and Double Pointer Examples (1)

Int a ;
Int p ;
Int *q

a, *p, and **q:
int variables

Series : 5. 2 1 Young Won Lim
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Single and Double Pointer Examples (2)

INnt a a

Int * p ;

int ** q P
p P

p and *q : q
int pointer variables .R‘

singlepointers
(singlep ) al L‘
*q **q
Series : 5. 22 Young Won Lim
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Single and Double Pointer Examples (3)

Int a ; a

Int * p ;

Int ** q ; 'pg‘
p P

q: q
double int pointer variables I'%

Series : 5. 2 3 Young Won Lim
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Values of double pointer variables

int ** p, **q :

(int **) . (int*) o
i o p=q
(int*) <
Int
(float*) o (it
(float)
Series : 5. 24 Young Won Lim
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Pointed Addresses and Data

Int a ; &a

a =100

The variable a holds an integer data

Int*p; &p

P *

—

200

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

Int**q; &q

q &—

—

*q._

The pointer variable g holds an address,

at the address q, another address *q is stored
at the address *g, an integer data **q is stored

Series : 5.
Applications of Pointers
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Dereferencing Operations

*

INt a &a a =100

*(&a) = a

?S" *

It * p &p pe—T ™>p | *p=200

*(&p) = p *(P) ="p
INt * * q &0 q &= *( e—T (] **q=30

*(&) = q *(a) = "¢ *(*a) = *q

Series : 5. 26 Young W%?7I7i1rg
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Direct Access to an integer a

Int a; &a | a=100
address value
Direct Access &a a integer

1 memory access

Series : 5. 2 7 Young Won Lim
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Indirect Access *p to an integer a

int*p ; &p P p | *p=200
address value
Indirect Access &p P

the content of the pointed

l Dereference Operator *
location

2 memory accesses

P P

Series : 5. 28 Young Won Lim
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Double Indirect Access **q to an integer a

Int**q; &q| ge~] 4] *ae | *g | *0=30
\_/
address value
Double Indirect Access &Q q
3 memory accesses l Dereference Operator *
the content of the pointed location

l Dereference Operator *
the content of the pointed location

Series : 5. 29 Young Won Lim
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Values of Variables

Int a ; &a | a=100
address value
&a a * integer
Int*p; &p D p | *p=200
address value
&p p - - address
P i el e integer
Int**q; &0 0 &~ q *q *q | **q=30
" ™~
address value
&0 q - address
q *q - address
*( **q - integer
Series : 5. u i
30 Rt
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Swapping pointers
- pass by reference
- double pointers

Series : 5. 3 1 Young Won Lim
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Swapping integer pointers

&p p=&a @& &p Pp=8&b e_
&q g=&b e_ &q g=&a @
a=111 a=111
b =222 b =222
Series : 5. 32 Young Won Lim
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Swapping integer pointers

&p p=& &p p=2&b
&q q=&b &q q=&a
Int *p, *q;
swap_pointers( &p, &q); function call
swap_pointers( int **, int **); function prototype
Series : 5. i
33 o
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Pass by integer pointer reference

void swap_pointers (int **m, int **n)
{ int** m int** n
. _
INt tmp, int* *m int* *n
—_ % .
irr?]p:_*n':n’ int* tmp
*n = tmp;
}
int a, b;

Int *p, *q; p=&a, gq=&b;

swa.b._pointers( &p, &Qq);

Series : 5. 34 Young Won Lim
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Array of Pointers

Series : 5. 35 Young Won Lim
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Array of Pointers

Int a |
Int * of|

No. of elements =4
int a [4]

Type of each element

No. of elements = 4

Int *

[4]

Type of each element

Series : 5.
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Array of Pointers — variable view

int a [4]; int * b [4];

*p[o] = 11
a[0] =11
al2] = 33
a[3] = 44 *h[2] = 33
*b[3] =44
Series : 5. 37 Young W%?7I7i1rg
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Array of Pointers — type view

int a [4]; int * b [4];

(int)
(int) (int)
(int)
(int) (int)
(int)
Series : 5. 38 Young W%?7I7i1rg
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Pointer to Arrays

Series : 5. 39 Young Won Lim
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Pointer to an array — variable declarations

iInt m:
iInt *n:

an integer pointer

int a [4] int func (int a, int b);
int | (*p) [4] int (*fp) (int a, int Db);
an integer array pointer a function pointer
Series : 5. 40 Young W%?7I7i1rg
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Pointer to an array — a type view

INt

Int *

an integer pointer

Int (int, Int)

Int (*) (int, int)

a function pointer

Series : 5. 41 Young Won Lim
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Pointer to an Array : Assignment and Dereference

Int a [4] a &a &a
int [(*p) | [4] (*p) &(*p) P
equivalence assighment
sizeof(p)= 8 bytes . the size of a pointer
sizeof(*p)= 16 bytes . the whole size of the pointed array
Series : 5. 42 Young Won Lim
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Pointer to an array — a variable view

an array pointer points to an array —

Int (*p) [4]; a aggregated type data
equivalence
*p — a
| v
Int a [4],
a+2 al2]
a+3 al3] p :int (*) [4] type
Series : 5. 43 Young W%?7I7i1rg
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Pointer to an array — a variable view

a aggregated type data

) an array pointer points to an array —

~~~~~~ assignment equivalence
____________________ q=a *q = *a
_______________________ q[0] = a[0]
| v
Int al4] ;
a+2 al2]
2+3 a3 q:int (*) =int * type
Series : 5. Young Won Li
44 R
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Pointer to an array — a aggregated type view

_ An aggregated type
int  (*p) [4]; - starting address (&a)
- size of all the array elements (16 bytes)
P ®
p (aH al0]
all]
. >
al2]
al3]
ries : 5. i
Series : 5 45 Young W%?7|7|1rg
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Incrementing a pointer to an array

_ _ Address value (p+1) — Address value (p)
Int (*p) [4]’ = (long) (p+1) - (long) (p) = 4 * sizeof(int)

Aggregated Type Size

Pt | a e Be alol |
*********************************************** all]
al2] :
al 3] )
p+1
Series : 5. 46 Young W%?7I7i1rg
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Pointer to an array — a variable view

Int a [4]; Int (*p) [4] = &a;

P * p = &a

assignment

equivalence

al0] (*p)[0] p[O][0]
a[1] (*p)[1] P[O][1]
a[2] (*p)[2] p[O][2]
a[3] (*p)[3! p[O][3]
Series : 5. 47 Young Won Lim
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Pointer to an array — an extended variable view

Int a [4]; Int (*p) [4] = &a;

p = &a;

P e can be viewed as a 2-d array name

7777777777777777777777777777777777777777777777 p+2  *(pt2) oo
p[O][0] p[1][0] p[2][0]
p[O][1] p[1][1] p[2][1]
p[O][2] p[1][2] pl2][2]
p[O][3] p[1][3] p[2][3]
Series : 5. 48 Young Won Lim
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Pointer to an array — a type view

Int a [4]; Int (*p) [4] = &a;

(int (*)[4]) o | S——————p |(int(*)[4]) -

= (nt[)) = *(nt[d) e
(int)
(int)
(int)
(int)
Series : 5. 49 Young W%?7I7i1rg
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Double pointer to an array — a type view

(int(*»)[4]) * a pointer to a pointer to an array

(int (*)[4]) a pointer to an array

o

=(int]) =(int* a pointer to an int

(int)
(int)
(int)
Series : 5. 50 Young W%?7I7i1rg
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Series of array pointers — a type view

a pointer to an int (int *) o, (int)

(int)

int[4]=int[]=int* type (int)

. . . (int)
4 in [4] is meaningful o
only in the array declaration °
— the number of array elements ®

~anint array name

a pointer to an array | (int (*)[4])
(int(M[4]) ¢ - an int array name
(int(M[4]) & \>(|nt[4]) 77777777777777777777777 ~anint array name
°
°
°
Series : 5. 5 1 Young W%?7I7i1rg
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Series of array pointers — a variable view

int (*p1)[4]; int (*);
int (*p2)[4]; e ; —
int (p3)[4]; o qg ® —— » al0]
all]
equivalence assignment al2]
(*pl) = pl[0] = a pl =&a al 3]
(*p2) = p2[0] =D p2 = &b b[O]
(*p3) =p3[0] =c p3 = &c (0]
b[1]
a b[2]
/ b[3]
a pointer to an array pl o | b
p2 o .
p3 L I C ¢
[
o
o
Series : 5. 52 Young Won Lim
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Pointer array — a variable view

int *p[3]; taking actual P[O][O]

memory locations o[O][1]

p[O][2

1-d array names D O 3

R ¢ > plo] o p[1][O]

ol pm e | po

p+2 p2] e p[1][2

| o

¢ pP[2]10!

p[2][1

equivalence assignment P[2][2]

p[0] = *(p+0) = a p[0] = a pI2][3]
p[l] =*(pt1) =D p[1]=b °
p[2] =*(pt2) =c p[2] =c .

Series : 5. 53 Young W%r/17I7i1r781
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Pointer to consecutive 1-d arrays

int (*p)[4];
p+0
a pointer to an array
P o p+1
equivalence assignment p+2

“(p+0)=pl0]=a  p=2&a
“(p+1) = p[1] = b
“(p+2) = p[2] = C
“(p+2) = p[2] = d 0+3

if arrays a, b, c, d
are consecutive

Series : 5. 54
Applications of Pointers

fffffffffffff poj e —=  plO][O
P[O][1]
p[O][2
p[O][3] |
p[1] e p[1][O]
P[1][1
P[1][2
pli][s] |
fffffffffffff pe] e pI2][0
p[2][1]
pI2][2
| p[2][3]
p[3] o> p[3][0]
p[3][1
p[3][2
p[3][3

Young Won Lim
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A 2-d array and its sub-arrays — a variable view

the array name c of a 2-d array
as an array pointer which points to
its 1% 1-d sub-array of 4 elements.

c[0] the 1* 1-d sub-array name
c[1] the 2" 1-d sub-array name
c[2] the 3 1-d sub-array name
c[3] the 4™ 1-d sub-array name

cl[0], c[1], c[2], c[3] can be
implemented without taking
actual memory locations

Series : 5.
Applications of Pointers

a 2-d array
with 4 rows
and 4 columns

55

c[O][O]

c[0][1]

clo][2]

c[O][3]

c[11[0]

c[1][1.

c[1][2]

c[1][3]

c[2][0]

c[2][1]

c21[2:

Cl

WNEOWN

Wwww N

OO 0O 0

Young Won Lim
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A 2-d array and its sub-arrays — a type view

Series : 5.
Applications of Pointers

a 2-d array
with 4 rows
and 4 columns

c+l £ (i

c+3 £ (i
SO

56

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

(int)

Young Won Lim
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1-d subarray aggregated data type

sizeof(c[0]) = 16 bytes (ntm) c[0] = (int) c[O][O]
sizeof(c[1])=16bytes | (int) c[O][1]
s!zeof(c[Z]) = 16 bytes t (int) c[0][2]
sizeof(c[3]) = 16 bytes The 1% subarray (int) c[0][3]
int) c[1] e = (int) c[1][O]

***************************************** | (int) c[1][1]

(int) c[1][2]

(int) c[1][3]
int) c[2] «— (int) c[2][0]
*********************************************** (int) c[21[1]
(int) c[2][
(int) c[2]
(intM) c[3] e—— (int) c[3]l

(int) c[3][
(int) c[3][
(int) c[3][

W N

e e R

The 4" subarray

Series : 5. 57 Young Won Lim
Applications of Pointers 6/7/18



2-d subarray aggregated data type

2-d array : (int (*) [4])

sizeof(c) = 64 bytes

1-d sub-arrays :
sizeof(*c) = 16 bytes

(int)

c[0][0]

(int)

c[0][1]

(int)

clol[2]

(int)

c[O][

3]

(int)

c[1]

0.

(int)

c[1]

1

(int)

c[1]

23

(int)

c[l]fBj

(int)

(int)

c[2][0]
(1]

c[2]

(int)

c[2][

(int)

cl2]

(int)

cl3ll

(int)

c[31I

(int)

c[31I

(int)

c[31

EE— | ™

Series : 5.
Applications of Pointers
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2-d array name as a pointer to a 1-d subarray

(nt()[4) C e[t c[0] * = (int) c[O][O]
************************************************************************* | (int) c[O][1]
) (int) c[O][2]

The 1% subarray (int) c[0][3

(int (*) [4]) c+1 (inth)  c[1] (int) c[1][O]
(int) c[1][1]

i (int) c[1][2]

The 2" subarray inty c[11[3]

(int (*) [4]) c+2 (int) c[2] (int) c[2][0]
(int) c[2][1]

. (int) c[2][2]

The 3™ subarray (int) C[2];3;

(int (*) [4]) C+3 (inth)  c[3] (int) c[3][O]
(int) c[3][1]

. (int) c[3][2]

The 4" subarray int) c[31[3

Series : 5. 59
Applications of Pointers

Young Won Lim
6/7/18




Assignment of array pointer variables

[4][4] ;
T T

[4][4]

it [4)  p = &c|O]; (int)[A4) g = &C;
p=C,
p[O0] = c[O] (*a)[0] = c[O
p[1] = c[1] (*a)[1] = c[1.
p[2] = c[2] (*a)[2] = c[2
p[3] = c[3] (*a)[3] = c[3.
Series : 5. 60 Young W%?7I7i1rg
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Assignment of array pointer variables

(int () m = &c[0]; (int()[4]) n = &c;
M = C,
m[0] = c[O: (*n)[0] = c[O]
m[1] = c[1. (*n)[1] = c[1]
m[2] = c[2 (*n)[2] = c[2]
m[3] = c[3] (*n)[3] = c[3.
Series : 5. 61 Young W%?7I7i1rg
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Pointer variable to a 1-d array

(nt()[4) C e——=l (nt[) c[0] &= (int) c[O][O]

********************************************************************************* | (int) c[O][1]

(int) c[0]1[2]

&p (Int(*)[4) p e (int) c[O][3]

c+l | (nt) c[1] (int) c[1][O]

P = C; (int) c[1][1]

(int) c[1][2]

_ . (int) c[1][3]

p - &0[0]1 c+2 (int ) C[2] (int) C[2][O]

(int) c[2][1]

(int) c[2][2]

An array pointer: | s c[2][3]

sizeof(p) = 8 bytes c+3 | (ntl) c[3] (int) c[3][O]

(int) c[3][1]

1-d sub-arrays : (int) c[3][2]

sizeof(*p) = 16 bytes int) c[31[3]
Series : 5. 62 Young W%r/17I7i1r781
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Pointer variable to a 2-d array

(int()[4) C e—= (nt[) c[0] *— (int) c[O][O]
*************************************************************************************** | (int) c[O][1]

&q | (intM)[4][4]) Qe (int) c[O][2]
| (int) c[O][3]
q = &C; c+l [(@ntD c[1] e——=(int) c[1][O:

************************************************ | (int) c[1][1]
(int) c[1][2]
(int) c[1][3]
c+2 | intm  c[2] e (int c[2][0]

*********************************** | (int) c[2][1]
An array pointer: (?nt) )
sizeof(q) = 8 bytes _(int c[2][3]
c+3 | (nt[) c[3] e—— (int) c[3][O]
l-dsub-arrays: | (int) c[3][1]
sizeof(*q) = 64 bytes (int) c[31[2]
(int) c[3][3
g+l
Series : 5. 63 Young W%r/17I7i1r781
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Using a a pointer to a 1-d array

p[O][O0]
p[O][1]
p[O][2]
p[O][3]
p[1][0]
p[1][1]
P[1][2]
p[1][3]
p[2][0]
p[2][1]
p[2][2]
o

a 2-d array

INt (*p) 4] ; with 4 rows
i |

and 4 columns

int  [c[4] | [4]

& (nt(®)[4) p <

1l
£

e e e
O 0O 0O O
LN = O

WS ©

WNPOWN

3
Ell
El
3

© O T 0O

© O |0 |0 O

Series : 5. 64 Young Won Lim
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Using a pointer to a 2-d array

(*qg)[0][0]
(*qg)[0]1[1]
(*qg)[0]1[2]
(*q)[0][3.
(*q)[1][O0]
(*q)[1][1.
(*q)[1][2]
(*a)[1][3]
(*q)[2][0]
(*q)[2][1]
(*q)[2]I
(*q)[2]l
(*q)[3.
(*q)[31I
3]
3

a 2-d array

INt (*q) [4] [4] : with 4 rows
i |

and 4 columns

int | ¢ | [4]14];

&p |(nt™M[4]4]) q®

g = &c;

(q)l
(q)l
(q)l
(q)l

e
OO0 0o
LN O

LN RO

(*q)
(*q)

WNHOWN

Series : 5. 65 Young Won Lim
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Pointer to multi-dimensional arrays (1)

int a[4] ;
int (*p) ;

int b[4] [2];
int (*q) [2];

int c[4] [2][3];
int (*r) [2][3];

int d[4] [2][3][4];
int (*s) [2][3][4];

Series : 5.
Applications of Pointers

A pointer to a 0-d array (an integer)
can be viewed as a 1-d array name

A pointer to a 1-d array
can be viewed as a 2-d array name

A pointer to a 2-d array
can be viewed as a 3-d array name

A pointer to a 3-d array
can be viewed as a 4-d array name
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Pointer to multi-dimensional arrays (2)

int a[4] ; p = &a[0];
int (*p) ; p=a

int b[4] [2]; q = &bl[Q];
int (*q) [2]; q=Db;

int c[4] [2][3]; r = &c[0];
int (*r) [2][3]; I =C;

int d[4] [2][3][4]; s = &d[0];
int (*s) [2][3][4]; s= d;

Series : 5. 67 Young Won Lim
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Pointer to multi-dimensional arrays (3)
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int (*r) [2][3];
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int i [2][31[4];| | | [1]
int (*s)  [2][3][4]; 8
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To pass array hame

int a[4] ; void func(int (*p), ...);
int (*p) ; func(a, ...);
Int b[4] [2]; void func(int (*q)[2], ...);
int (*q) [2]; func(b, ...);
int c[4] [2][3]; void func(int (*r)[2][3], ...);
int (*r) [2][3]; func(c, ...);
int d[4] [2][3][4]; void func(int (*s)[2][3][4], ...);
int (*s) [2][3][4]; func(d, ...);
Series : 5. 69 Young W%?7I7i1rg
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