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Pointer to pointers

int x = 7;

int * ptr = &x;

int ** ptr ptr
ptr ptr = &ptr;

** ptr ptr = 20;
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emonic: // @ pointer to pointer

// ptr ptr value is 91

// ** access x, set x to 20
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More Examples e

intx =1, y = 2;
int *ip, *ip2;
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ip = &x; I
int **pip; // I am a pointer to pointer

pip = &ip; // pip points to pointer ip

y = **pip;

(**pip) --;

ip2 = 1ip;

*ip2 += 10;

ip = &y;

(**pip)--;

printf("%d %d\n", x, vy); f>



#include <stdio.h=>

- int main () {

int wvar;
int ‘*ptr;
int **pptr;
int  *ptr2;

int **pptr3;

var = 5;

ptr = &var;
pptr = &ptr;
ptr2 = *pptr;

pPptr3 = &ptr;

/* take the values */

printf("vValue of var = %d\n", var );

printf("Value available at *ptr = %d\n", *ptr );
printf("Value available at **pptr = %d\n", **pptr);
printf("Value available at *ptr2z = %d\wn", *ptr2);
printf("Value available at **pptr3 = %d\n", **pptr3);

return 0;



Calling by Value

g

* In C, all functions are called by value

void swap (int x,

{

}

= Value of the arguments are passed to functions, but not

the arguments themselves (i.e., not callbyreference)

int tmp;
tmp = x;

.4
y = tmp;

main () {

}

int a=3, b=4;
swap (a,b) ;

int y)
int a = 3

running [*BE B = 4

main ()

call
swap ()

g y = b=4 —3 " junning
llint tmp —3 [l swap ()




Pointers and function arguments

« In C, all functions are called by value
= Value of the arguments are passed to functions, but not the

arguments themselves (i.e., not caltbyreference)

= How to modify the arguments? increment() swap/()
= How to pass a structure such as array?

+ Modify an actual argument by passing its address/pointer

= Possibly modify passed arguments via their address!
= Efficient.




An example. Not working.

vold increment (int x)

{ N
7~ Passhy TN
kMEJ?MeHLIff

X++;

} running
main ()

vold main( ) {
int a=2;

increment(a) ;
printf ("sd", a);

-

int a =2

int b 40

I Il I I S . 1

int x = a= 2-*3|

L_____




| am expecting

The Correct Version . )
INnt pOII"ltEI’S

] ] ] in caller:
vold increment(int *px)

{

2

1n function

vold main( ) {

int a=2; PX! | o

Pass

increment (&a) ; address/pointer

printf ("s4d", a);




Now understand scanf() -- more or less

int Xx=1;: 1int v = 2;

swap (&x,&y),; 1ncrement (&x,&y)

ankt x;

scanf ("%d", &x);

scanf ("$d s%d", &x, &y);
printf("%d", X); // printf("sd", &x);

L

int x; ' But why array name is used directly |
int *px = &x; isc:—mf ("$d %s", &x, arrName)
scanf("$d”, px);  |fusts (arziame, O.stdin)y

printf ("%d", *px) ;

explain shortly



Another example

void swapIncre (int *px, int *py)

{ int tmp (::::ﬂlncrement(:k Ei};::::)
|

————————————— ?

| tmp = *Px [ /

| 4 I

| *px = *py; |

|

L f py = Hmp, _: 1 caller:
increment (f) , r) ) ;

} . .

vold increment(int *px2, int *py2) a: ‘

{ b: . A
(*px2) ++; RR
(*py2) += 10; A

} i swapIncre()

volid main( ) {
int a=2, b=40; px: | et
swapIncre (&a, &b); pY: | o1
printf("zd 24", a, b):




Pointer arithmetic

pc psh pi

©p 92 (93 94 95 (96 97 98 99 100
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c sh i

« So far deference * & Also limited math on a pointer
* Four arithmetic operators that can be applied

+ - ++ -

Result is a pointer (address)

int* pi=&i;//96 char* pc=&c;//91 short* psh=&sh;/ /9

pi +1 977 pi + 2 98?
psh + 1 947  psh + 3 967 P

pit+ pi = pi+l;
pct+ psh++



Pointer arithmetic -scaled

« Incrementing / decrementing a pointer by n moves it n units bytes
pt n = pzx nxunt byte
» value of a “unit” is based upon the size of the pointee type
opx n =2 pzx nxpointee-type-size

» [f p points to an integer (4 bytes), value of unit is 4
p + n advances by n*4 bytes:
p+1=96+1%4 =100 p+2=96+2"4=104

p+2

104 108

“(pr+2)

* Why would we need to move pointer? p+1; p++
« Why designed this way? “p+1 is p+4”



Pointer arithmetic — scaled. “p+7 is p+4~
pc psh pi pi+l

| l

o) 92 (93 94 95 (9¢ 97 98 99 140

00.1 0..0 | 0..11 0...0 | 0...0 | 0...0 | 0..111
' ' sh i
int* pi=&1;//96 char *pc=&c;//91 short* psh=&sh;//93
pi + 1 address 96+ 1*4 =100 assume
pi + 2 address 96+ 2*4 =104 ot 4 bytes

short 2 bytes

P, I
psh +1 address 93+ 1*2 =95 T
psh +3 address 93+ 3*2 =99 (other area)

pit+? pect+? psh++?
pi = 96 + 4 pc = 91 + 1 psh = 93 + 2



++ * ptr
* ++ ptr

(* ptr) ++

i

* ptr ++

i= * ptr;

*ptr

ptr = ptr +1;

* ptr;

i

* ptr;

* ptr

ptr

i

*

*ptr + 1

ptr + 1
ptr +1



« Array members are next to each other in memory
» arr[0] always occupies in the lowest address

o1 (92 93 94 95 (96 97 99 (100) 101 102 103 104

arr|0 ‘-ﬂ-- ‘ arr|2] I

int i[10], x:
float £[10]:;
double d[10]:
char c[10]:

main/()

{

/* Print the addresse=z of each array element. */
printi(Min================================ "y

for (x = 0; x < 10; x++)

arrayElementSize?021 ¢

printf("\nElement [%¥d): %p %p %p %p", x, &c[x), &i[x),&f[x), &d[x]):

printf ( "\ e ) -




Array members are next to each other in memory
» arr[0] always occupies in the lowest address

o1 09 93 94 95 (96 97 98 99 (100) 101 102 103 104

|_| arr|0] ‘ arr|2] I

for (x = 0; x < 10; x++)

printf ("\nAddress [%d]: %p %p %p %p", x, &c[x], &i[x], &f[x], &d[x]);

indigo 322 % a.out

0x4040=8
0x4040e5
0x4040ea
0x4040eb
0x4040ecC
0x4040ed
0x4040ea
Ox4040ef
0x4040£0
0x4040f1

0x404100
0x404104
0x404108
0x40410c
0x404110
0x404114
0x404118
0x40411c
0x404120
0x404124

float[]

0x4040c0
0x4040c4
0x4040c8
0x4040cc
0x4040d0
Ox404044
Ox4040d48
Dx4040de
0x4040e0
0x4040e4

double[]

0x404060
0x404068
0x404070
0x404078
0x404080
Ox404088
Ox404090
Ox404098
0x4040a0
Ox4040a8




Pointers and Arrays

. :ﬁp+1 ,"Sp+4”
« Array members are next to each other in memory
= arr[0] always occupies in the lowest address

92 93 94 95 96 9' 98 ][}li}“ 101 102 103 104

ptr

int arr[3]; int *ptr;
ptr = garr[0]; // 92

ptr + 1 11:?
ptr + 2 T

* (ptr+2) R



Pointers and Arrays

« There is special relationship between pointers and arrays
« When you use array, you are using pointers!
int i, arr[20], char c;

scanf("%d %c¢ %s", &i, &c, arr); // &arr is wrong

 |dentifier (name) of an array is equivalent to the address of its
1stelement. [arr == &arr[0]

» Array name can be used ‘like” a pointer. Follow pointer arithmetic rule!

arr + 17
arr + 27

93 94 95 96 97 99 (]U@‘IOI 102 103 104

l\IMI‘EﬂI\ _arr[2] |




Pointers and Arrays

« There is special relationship between pointers and arrays
+ |dentifier (name) of an array is equivalent to the address of its
1st element.

arr == &arr[0]
*arr == *(&arr[0]) == arr[0]
arr + i == &arr[i]

*(arr + 1) == *(&arr[i]) == arr|[i]

int arr[3];

int * ptr;
ptr = &arr[0]; // 92
|
ptr + 1 == &arr[i]
*(ptr + i) == arr[i]
91 03 94 95 (99 97

98 99 \lﬂQz 101 102 103 104

Illl\ (T |

ptr  arr DH+] arr+1 pir+2 HH‘Q



Pointers and Arrays

« There is special relationship between pointers and arrays

« |dentifier (name) of an array is equivalent to the address of its
1st element. [arr == &arr[0]

int arr[3],; int * ptr;
ptr = arr; /* ptr = &arr[0] */

arr+i == &arr[i]
ptr+i == &arr[i]
91 (92 93 94 95 (96 97 99 (1000 101 102 103

llll\ T

ptr  arr m1+1 arr+1 pir+2 ﬂl‘l‘—Z



Pointers and Arrays

« There is special relationship between pointers and arrays

« |dentifier (name) of an array is equivalent to the address of its
1st element. [arr == &arr[0]

int arr[3]; int * ptr;
ptr = arr; / * ptr = &arr[0] */

Compiler converts

arr [i] arr[2] to *(arr+2)
arr+i == &arr[i] * (ptr + i)
ptr+i == &arr[i] — equivalent
*(arr + 1)
Ptr[i] -
93 94 95 (96 97 99 (100 101 102 103

llll\ T

ptr  arr m1+1 arr+1 pir+2 ﬂl‘l‘—Z



Attention: Array name can be used as a
pointer, but is not a pointer variable!

int arr[20];
int * p = arr;

« p and arr are equivalent in that they have the same
properties: &arr[0]

« Difference: p Is a pointer variable, arr Is a pointer constant
= we could assign another value to p

= arr will always point to the first of the 20 integer numbers of
type int. Cannot change arr (point to somewhere else)

p = arr; /valid’/ v arr = p; /finvalid*/
p++; [*valid*/ / arr++; f*invalid*Xx



char arr[10] = "hello"; char c;

char * p;

p = arr; // p=&arr[0]

ary = p; ,)(

arr = &i; ) 4 p = arr+2;

arr = arr +1; )( *(arr + 1)='x",

NN

arr++; c = *(arr+2) ;

P = &c; now points to others*/

) 4
p++; v
v

strlen(arr) ; ~¢(_ sizeof arr ? 10

strlen(p); v sizeof p ? a



[ i [T =

0 1 2 3 4

Multi-dimension array

23

how are they stored

int arrlD[10];

a[0] all]l alz] alz] ala]l als] ale] al7] ale] al9]
= Size: type bytes * number of element
o 4710 =40 bytes
col O col 1
ow 0 | @l0l[0] | a[0][1]
+ int arr2D[3][2] row 0
» Size: type bytes * row * column row 1 | a[1100] | a[1r1]
o 47%3%2=24Dbytes
row 2 | a[2][0] | a[2][1]
rowIU row 1 rnwl.‘z m
| a[0][0] | a[0][1] |a[1][0] |a[1][1] |a[2][0] |a[2][1]




Example

 Find the minimum value in the given Array,
use float variables

float A[o] = {1.0, 0.2, 1.5, 0.5, 3.0, 2.0};



Example

 Find the minimum value in the given Array,
do not use float variables (use pointer to

float)
float A[6] = {1.0, 0.2, 1.5, 0.5, 3.0, 2.0};



Example

 Find the minimum value in the given Array,
you are not allowed to use float variables

float A[o] = {1.0, 0.2, 1.5, 0.5, 3.0, 2.0};

float *theMin = &(A[0]);
float *walker = &(A[1]);

while (walker < &(A[6])) {
if (*walker < *theMin)
theMin = walker;
walker = walker + 1;

}
printf("%.1f\n",*theMin);
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