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n-d access of a 1-d array

» 2-d array access of a 1-d array

* 3-d array access of a 1-d array

* Accessing a contiguous 1-d array

e Accessing a hon-contiguous 1-d arrays

* Accessing static allocated arrays
* Accessing dynamically allocated arrays
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2-d array access of a 1-d array
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Array of Pointers

Int al4];

int * b[3];

int [4]
int (*) int
INt a 4 | a *i+_ al0] Integers
all
there are 4 elements a[2:
the type of each element: a/3]
an integer
int * [3]
int * * int *
Int * b 31 1 0 |. b+ b[0 Integer pointers
b[1]
there are 3 elements b[2]
the type of each element:
a pointer an integer
Series 1App.A: Young Won Lim
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Array of Pointers — a type view

int * b [3]; | PointerArray int al4];
int * [3] int * < outside array type » int [4] int
&b b bO &a a ao
b[1 all]
b[2] al2]
a/3|
int* * int * < inside array type  » int (*) int
[ b -+ b[O) w [ o] a0
b[1] all]
b[2] al2]
a[3]
Series 1App.A: 6 Young \{\ngbuzn;
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Array of Pointers — a variable view

int* | b[3]; | Pointer Aray int a[4];
int
At % . b[OL *b[O] . )
int * [3] int int [4] int
________ b +:- b[0] "fbm acial
b[1] e =_*b[1 al]
b[2] e a2
Integer \ZL *b[2 a/3]
pointers Integers
Series 1App.A: 7 Young Won Lim

Applications of Pointers 11/22/24



Assigning a 1-d array name

Int * b [3] : Pointer Array Nt a [4] ;
assignment
b[0] = a (= &al[0])
b[0]
int * [3] int * w int
________ b *i= b[0] o a e¥ 11
b/l] e —» b1| 55 22
b[2] e : 33
Integer \ * 44
pointers
bz | 99 Integers

Series 1App.A: 8
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Assigning a 1-d array name — equivalence

Int * b [3] : Pointer Array Nt a [4] ;

assignment

b[0] = a (= &a[0])

b[0]
int*[3] it M int
b -+ b0] e R

___________________ A | a ey *(b[0]+0) | b[O][O]
b[1] ef > bu| 55 oorea| *(0[01+1) | blOJ[1]
b[2] e * bior2| *(b[0]+2) |  b[0][2]
Integer \ . bioj+a| *(b[0]+3) [  b[0][3]
pointers
biz| 99 Integers
Series 1App.A: o) Young mgzblzn;
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Array of Pointers — extended dimension

int * b [3] : Pointer Array INt a [4] :
array name b assignment
int*[3]  int* b[0] = a (= &al[0])

array name b[0]

1stdim

int

*(b[0]+0) | b[O][0]

a[o] = Db[0][0] =*(*(b+0)+0) *(b[0]+1) | b[O][1]
a[1] =Db[OI[1] =*(*(b+0)+1) *(b[0]+2) |  b[0][2]
a[2] =bl[0][2] =*(*(b+0)+2) *(b[0]+3) |  b[0][3]
a[3] = Db[O0I[3] =*(*(b+0)+3) >0 gim
Series 1App.A: 10 Young \{\ngbuzn;
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2-d access of 1-d arrays

array name b[0]

int * b [3] ; Pointer Array

array name b

int * [3] int *
________ b +:~) b[O]e
b[1]®
b[2]e
_ b[1] Int
15t dim a20\‘ b[11[0]
array name b[2] bl1]+1 @b 1][1]
b11+2 f{b[1][2]
int all[4]; Por(3]
int a2 [4]; 2r dim
int a3 [4];
Series 1App.A: 11 Young \{\ngbuzn;
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2-d access of a 1-d array

Int * b [3] : Pointer Array Int * a [3*4] ;

array name b

int * [3] int * array name b[0] = &a[0*4]
b R b O — b[0]+1
------------------- b - 1: — b[0]+2

0]3]

b[1][1]
b[1][2]

(18]
b[2][0]

b[Z]Q\
array name b[1] = &a[1*4]
b[1]+1
b[1]+2

array name b[2] = &a[2*4]

b[2]+1

b[2]+2

12][3]

b[2]+3

Series 1App.A: 12 Young Won Lim
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2-d access of a 1-d array — pointer array assignment

int* b [2*3];
int a [2*3*4] ;

constraint : contiguous b[i][j] over j

b[j] = &a[j*4] (= a+j*4) 2-d access of a 1-d array

blj] + k = a+j*4 + k b[i][j] = (bl +))
*(b[i] + k) = *(at+j*4 + k) 1 1
b[j][k] = a[j*4 +K] a[i*4+j] = *(a+i*4/+j)
j=[0:5] k = [0:3]
e 1-d access of a 1-d array

constraint : contiguous a[i*4+j] over |
Series 1App.A: 13 Young Won Lim
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3-d array access of a 1-d array

Series 1App.A: 14 Young Won Lim
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3-d access of a 1-d array (1)

int ** C 2] . Int ** ¢ [2] ;
int * b [2*3] ; int* b [2*3];
Int a [2*3*4],
: c[i] = &b[1*3] (= b+i*3)

- : cli] +j = b+i*3 +j

INt w b [2*3] y *(c[i] 4j) = *(b+i*3 +j)

Int a [2*3*4] ;

c[il[i] = bli3 +i]

b[j] = &a[j*4] (= atj*4 c[ili] +k = b[i*3 +j] +k

J 4l ¢ ) - *(c[i][i] +k) = b[i*3 +j][K]

b[j] +k = a+j*4 +k P e
*(b[i] + k) = *(a+j*4 + k) ~ c[illillk] = al(i*3 +j)*4 +K]
b[j][k] = a[j*4 +K] clillil[k] = a[(l*3+j)*4+k]
j=[0:9] k =1[0:3] 0:1 j=[0:2 k=1[0
j*a+k =[0:23] (i 3[+J) ]4+k [0: 23][ | B

Series 1App.A: 15 Young mgzblzn;
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3-d access of a 1-d array (2)

int* ¢ [2]; alk]  =*(atk)
int * b [2*3] ; b[jllk] = *(*(b+j)+k)
int a [2*3*4] ; clijillk] =*(*(*(c+)+))+k)
constraint : contiguous a[i], bl[i], c[i]
Assignments 3-d access of a 1-d array
| chillk] = *(cli]h] +k)
c[i] = &b[i*3] (= b+i*3) i )
b[j] = &al;"4] (= a+™4) b[i*3+j][k] = *(b[i*3+]] +k)
i §
Initializing pointer arrays b and c a[(i*3+j)*4 _|_k] = *(a+(i*3+j)*4 +k)
\ R — ,7 1'd access Of a 1'd array
Series 1App.A: 16 Young \{\ngblzn;
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3-d access of a 1-d array (3)

Series 1App.A:
Applications of Pointers
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int* | ¢ [2]: alk]  =*@atk)

int * b [2*3] ; b[jllk] = *(*(b+j)+k)

int a [2*3*4] ; clilillk] = *(*(*(c+i)+])+k)
(((cliDlDIKD)  ij=ebir] =beirs | CC(er)H)+K)
= (b+i*3)[DIK) « = *(*(b+i*3+))+k)
= ((b[i*3+j][k]) | e | *(b[i*3+]]+k)
= ((@+(i*3+j)*4)[K]) « = *(ar(i*3+j)*4+k)
= a[(i*3+j)*4+K] = a[(i*3+j)*4+K]

Young Won Lim
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Equivalence relations in pointer array assignments

c[i] = &b[i*3] = b+i*3
b[j] = &a[j*4] = a+j*4

substitute c[i] in *(c[i]+j)
substitute b[m] in *(b[m]+k)

m = i*3+j

c[i] = &bl[i*3] = b+i*3
b[j] = &a[j*4] = a+j*4

substitute ¢[i] in cJi] [j]
substitute b[m] in b[m] [K]

m = i*3+4j

substitute cfi]

clifil  =*(clil+)
= *(b+"3+]) = b[i*3+]]

substitute b[m]
b[m]k] = *(b[m]+k)
= *(a+tm*4+k) = a[m*4+K]

clilu][k] = b[i*3+]][k] = a[(i*3+])*4+k]

substitute cfi]

dilil” = (b3
— *(b+i3+]) = b{i*3+]]
BIMIK] = (@+m*a)K

*(@a+tm*4+k) = a[m*4+K]

clili][k] = b[i*3+]][k] = a[(i*3+])*4+k]

Series 1App.A:
Applications of Pointers
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Integer array a and pointer arrays b, c

int [24] int
: divide 2-3-4 elements ofainto | a e-» a[0]
INnt ** C [2] . six (= 2-3) partitions a[l]
. each partition has 4 elements 4
int* b [2*3]; P a[2]

nt | a [2%34]; dhide 23 semerts of bino 2
each partition has 3 elements
a[5]
a[6]
a[7]
int*[2]  int* int * int a[8]
: al9]
a[10]
ajl11]
a[12]
a[13]
a[14]
a[15]
a[16]
a[l7]
a[18]
a[19]
a[20]
aj21]
a[22]
a[23]

Serie_s 1App.A: 19 Young \{\ngbuzn;
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Pointer array initializations

Int
a+(i*3+j)*4 § k=0
int ** c [2]; *k tf; .
int * b [2*3]; =3 |
. . k=0
Int a [2*3*4] ; =
k=2
] ] ] ] ] ) k=3 [
c[i] = &b[i*3] (= b+i*3) b[j] = &a[j*4] (= a+j*4) =0
/ k=1
each element of ¢ handles 3 elements of b each element of b handles 4 elements of a k=2
- 3-element partitions in b - 4-element partitions in a k=3 .
int * S0
> k=1
N b+i*3 k=2
Int - +j k=3 B
cti ] i=0 o 5 K=0
=1 of - k=1
k=2
k=3 B
skipping i elements from ¢ k=0
= skipping i*3 elements from b skipping j elements from b k=1
= skipping i*3*4 |eaf elements from a = skipping j*4 leaf elements from a k=2
k=3 |
Series 1App.A: Young Won Lim
bp 20 11/22/24
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Partitioning arrays a and b

Int ** c [2];
Int * b [2*3];
Int a [2*3*4] ,
int ** int *
cli] b[i*3+0]
i=01 b+i*3+1 b[i*3+1] 3
b+i*3+2 | b[i*3+2]
cli]
b[i*3+)]
int * int
b[m] a[m*4+0]
j=05 atm*4+1 |a[m*4+1]
a+m*4+2 |a[m*4+2] 4
a+m*4+3 |a[m*4+3]
b[m]
a[m*4+k]

divide 2-3 elements of b
into two 3-element partitions
partition size = 3

contiguous c over i =0:1
contiguous b over j = 0:2

divide 2-3-4 elements of a
into six 4-element partitions
partition size = 4

contiguous b over m = 0:5
contiguous a over k = 0:3

Assigning pointer array

b[j] = &a[j*4] (= a+j*4)
c[i] = &b[i*3] (= b+i*3)

c[0] = &b[0*3]; (= b + 0*3)
c[1] = &b[1*3]; (= b + 1*3)

b[0] = &a[0*4]; (= a + 0*4)
b[1] = &a[1*4]; (=a+ 1*4)
b[2] = &a[2*4]; (= a + 2*4)
b[3] = &a[3*4]; (= a+ 3*4)
b[4] = &a[4*4]; (= a + 4*4)
b[5] = &a[5*4]; (= a + 5*4)

Series 1App.A:
Applications of Pointers
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Skipping leaf elements

Int ** c [2];
Int * b [2*3];
Int a [2*3*4],
b[j] = &al[j*4] (= at]*4) cli]illk] = a[(i*3 +j)*4+K]
skipping 1 elementinb skipping i*3+j elements from b
= skipping 4 leaf elements in a + skipping k leaf elements from a
= skipping (i*3+))*4+k leaf elements from a
c[i] = &b[i*3] (= b+i*3) c[illj] = b[i*3 +j]
skipping 1 elementin c skipping i elements from ¢
= skipping 3 elementsin b + skipping j elements from b

= skipping 3*4 |leaf elements in a
= skipping i*3+j elements from b

Serie_s 1App.A: 29 Young \{\ngbuzn;
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Contiguous constraints for c[i][j][K]

I *% [ . 2-element 3-element 4-element
Int c 2] : array c partitions of b partitions of a
Int * b [2*3]; int

I [D* Q% . . il

Int a [2*3*4] ;

c[i] = b+i*3 cli][i] = a+(i*3+))*4
b[j] = &al[j*4] (= a+j*4)
C[I] — &b[l*‘?’] (: b+l*3) contiguous 2-elements c[i] = *(c+i)
of array ¢ i=0,1
contiguous 3-element partitions cli][i] = *(c[i]+))
of array b ]=0,1,2
cli]li] = *(*(c+i)+j)
C[i] [j] [k] = g?r;trirgal;/o:s 4-e|emerl1(t:p%rtiiic;n§ c[il[il[k] = *(c[i][j]+k)
a[(i*3 +j)*4+K] o clillil[k] = *(*((c+i)+)+k)
Series 1App.A: 23 Young \{\ngbuzn;
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Minimal constraints and implementations

int ¢ [2];

int b [2*3];

c[0] = &b[0*3];
c[1] = &b[1*3];

c[0] = &b1[0];
c[1] = &b2[0];

Series 1App.A:
Applications of Pointers

int ¢ [2*3*4];

b[0] = &a[0*4];
b[1] = &a[1*4];
b[2] = &a[2*4];
b[3] = &a[3*4];
b[4] = &a[4*4];
b[5] = &a[5*4];

int b1 [3];
int b2 [3];

int al [4];
int a2 [4];
int a3 [4];
int a4 [4];
int a5 [4];
int a6 [4];

b1[0] = &a1[0];
b1[1] = &a2[0];
b1[2] = &a3[0];

b2[0] = &a4[0];
b2[1] = &a5[0];

\

contiguous

2-element
array c

minimal constraints

contiguous

2-element
array c

24

contiguous
2-3-element
array b

two contiguous
3-element
partitions of b

two contiguous
3-element
arrays bi

contiguous
2:3-4-element
array a

six contiguous
4-element
partitions of a

six contiguous
4-element
arrays ai

Young Won Lim
11/22/24



Accessing a contiguous 1-d array
+ 1-d array access
+ 2-d array access
+ 3-d array access

Serie_s 1App.A: 25 Young \{\ngbuzrz
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Accessing an int array a as a 1-d array

int a [2*3*4] ;

Int a [2*3*4] ;

24=2*3%4

alk] = *(at+k) int a[2*3*4] ;

Series 1App.A: 26 Young Won Lim
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Accessing an int array a as a 2-d array using b

inta[2*3*4]; a

b[O][0]
b[O][1]
[0][2]
b[O][3]
b[1][0]
b[1][1]
[1][2]
b[1][3]
b[2][0]

int a [2*3*4] ; blj] = &ali*4);
Int * b [2*3] ;

a, b take actual
memory locations

] . int * b [2*3] ; b[2][1]

b [j][k] = a [J*4 +K] [2112]
b[2][3]

=0123.4 S CEO

k=0,1,2,3 b[3][1]

b[3][2]

b[3][3]

b[4][O]

b[4][1]

b[4][2]

: N g | | b[4][3]
b[jllk] = *(*(b+j)+k) int * b[2*3] ; b[5][0]
afk] = *(at+k) int a[2*3*4] ; b[5][1]

[5][2]

b[5][3]

24=2*3%4

Series 1App.A: 27 Young Won Lim
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Accessing an int array a as a 3-d array

int a [2*3*4] ;

int a [2*3*4] ; cli] = &bli*3];
int* b [2*3]: b[i] = &a[j*4];
int* ¢ [2]; a, b, ¢ take actual

memory locations

int * b [2*3] ;

c [I|D]IK] = a [(*3+))*4+K]

a

a+1*4

at2*4

a+3*4

c[O][0][0]
c[O][O][1]

[0][0][2]
c[O][0][3]
c[O][1][0]
c[O][1][1]

[O][1][2]
clO][1][3]
c[0][2][0]
clO][2][1]

[0][2][2]
clO][2][3]
c[L][0][O]

24=2*3%4

=012 nere el cLIol[1]
k=0,1,23 c[0] '/ [1][0][2]
avaaJc[1][1][0]
cla][][1]
ety - _ [][1][2]
clijilik] =*(*(*(c+i)+j)+k) int* c[2]; ClU[L[3]
b[jl[k] = *(*(b+))+k) int * b[2*3] ; sz fer2o]
alk] = *(a+k) int a[2*3*4] ; c[1][2][1]
[1]12][2]
cl1][2][3]

Series 1App.A: 28 Young \{\ngblzn;
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Accessing a nhon-contiguous 1-d arrays
+ 3-d array access

Serie_s 1App.A: 29 Young \{\ngbuzrz
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Accessing non-contiguous 1-d arrays as a 3-d array (1)

int al [4];
nt  a[2:3+4]; WGBSk g
' : o bj] = &aj[0]; int a4 [4];
Int * b -2*3] ) nE:(l: expressio:s[ ] ?nt ab [4],
int o C 2] : aj, b, c take actual int a6 [4];

memory locations

int* b [2*3];

c [i]D]IK]

24=2*3*4
i=0,1 int** c [2];
j=0,1,2
k=0,1,2,3 c[0] '/
C[1] o]
Because the physical allocation of array ¢ and b,
the contiguous constraints can be relaxed c[1][2][0]
contiguous c[i][j][K] only for k=0,1,2,3 c[1][21[1]
[1][2][2]
c[1][2][3]
ri 1ADD.A Young Won Lim
Series 1App 30 11/22/24
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Accessing non-contiguous 1-d arrays as a 3-d array (2)

not ¢ expressions int al [4]’

. i -1 _ -rA1. int a2 [4];
INt a 2*3*4] : g['] - &8?'!03’ int a3 [4];
] - _ ilil = &a ) int a4 [4];
Int * b _2*3] ) not[!]expressionf[ ] ?nt as [4]’
INt ** C 2] : aj, bi, ¢ take actual intat 4]
i memory locations int b1 [3];

int b2 [3];

c [i]D]IK]

24=2*3*4

Int** c [2]; c[0][2]

ofo
HI—‘H

i
j
k

[
Because the physical allocation of array ¢ and b, \
the contiguous constraints can be relaxed a6, Mc[1][2][0]

contiguous c[i][j][K] only for k=0,1,2,3 C[2][1]
[1][2][2]
c[1][2][3]

Series 1App.A: 31 Young \{\ngbuzn;
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Accessing statically allocated arrays

Accessing dynamically allocated arrays

Serie_s 1App.A: 32 Young \{\Srzwzbuzrz
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Using arrays a, b, ¢ — statically allocated

int** ¢ [2];
int* b [2*3];
Int a [2*3*4] ;

static memory
allocation

int [24] int

int ** /
c[O] v/

c[i] = &b[i*3] (= b+i*3)
b[j] = &alj*4] (= a+j*4)

Series 1App.A:
Applications of Pointers

33

AN

..... a o4 a0

a[l]
a[2]
a[3]
a[4]
a[5]
a[6]
a[7]
a[8]
a[9]
a[10]

ajl11]
a[12]
a[13]
a[14]
a[15]
a[16]
a[l7]
a[18]
a[19]
a[20]
aj21]
a[22]

b[

39 dim

a[23]

0*4+0
0*4+1
0*4+2
0*4+3
1*4+0
1*4+1
1*4+2
1*4+3
2*4+0
2*4+1
2*4+2
2*4+3
3*4+0
3*4+1
3*4+2
3*4+3
4*4+0
4*4+1
4*4+2
4*4+3
5*4+0
5*4+1
5*4+2
5*4+3

Young Won Lim
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Using pointer a, b, ¢ — dynamically allocated

int *

int

a

._

aj0]

int*** ¢ = (int **) malloc(2 * sizeof(int **));
int** b = (int **) malloc(2*3 * sizeof(int *));
int* a =(int*) malloc(2*3*4 * sizeof(int));

dynamic memory allocation

c[i] = &b[i*3] (= b+i*3)
b[j] = &a[j*4] (= a+j*4)

39 dim

Series 1App.A:
Applications of Pointers
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a[l]
a[2]
a[3]
a[4]
a[5]
a[6]
a[7]
a[8]
a[9]
a[10]

ajl11]
a[12]
a[13]
a[14]
a[15]
a[16]
a[l7]
a[18]
a[19]
a[20]
aj21]
a[22]

a[23]

0*4+0
0*4+1
0*4+2
0*4+3
1*4+0
1*4+1
1*4+2
1*4+3
2*4+0
2*4+1
2*4+2
2*4+3
3*4+0
3*4+1
3*4+2
3*4+3
4*4+0
4*4+1
4*4+2
4*4+3
5*4+0
5*4+1
5*4+2
5*4+3

Young Won Lim
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Static v.s. dynamic allocation (1)

int** ¢ [2];
int* b [2*3];
int a [2*3*4],

static memory allocations

type(c) =int**[2] —Pint***
type(b) =int*[2*3] —pint**
type(a) =int[2*3*4] —Pint*

sizeof(c) = 2 * sizeof(int **)
sizeof(b) = 2*3 * sizeof(int *)
sizeof(a) = 2*3*4 * sizeof(int)

value(c[i]) = b + 3*i
value(b[j]) = a + 4%

Series 1App.A:
Applications of Pointers

Int *k%k

int **

int *

Cc
b
a

= (int ***) malloc(2 * sizeof(int **));
= (int **) malloc(2*3 * sizeof(int *));
= (int*) malloc(2*3*4 * sizeof(int));

dynamic memory allocations

type(c) =int***
type(b) =int**
type(a) =int*

sizeof(c) = 4 bytes on 32-bit system
sizeof(b) = 4 bytes on 32-bit system
sizeof(a) = 4 bytes on 32-bit system

value(c[i]) = b + 3*i
value(b[j]) = a + 4%}

35

c[i] = &b[i*3] (= b+i*3)
b[j] = &al[j*4] (= a+j*4)

Young Won Lim
11/22/24



Static v.s. dynamic allocation (2)

 static allocation * dynamic allocation

int* ¢ [2]; int *** ¢ = (int ***) malloc(2 * sizeof(int **));
int* b [2*3]; int ** b = (int **) malloc(2*3 * sizeof(int *));
int a [2*3*4], int *

a = (int*) malloc(2*3*4 * sizeof(int));

c[i] = &b[i*3] (= b+i*3)
b[j] = &al[j*4] (= a+j*4)

cli]h][k]

arrays of pointers

Series 1App.A: 36
Applications of Pointers

int

c[O][0][0]
c[O][0][1]
[0][0][2]
c[O][0][3]
c[O][1][0]
c[O][L][1]
[O][1][2]
c[O][1][3]
c[O][2][0]
c[O][2][1]
[0][2][2]
c[O][2][3]
c[O]3][0]
c[O](3][1]
[0][31[2]
c[O][3][3]
c[O][4][0]
c[O][4][1]
[0][4][2]
c[O][4][3]
c[O][5][0]
c[O][5][1]
[0][5][2]

39 dim

[O][5I[3]

Young Won Lim
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Static v.s. dynamic allocation (3)

relaxing
the 1% dim

Int * * %

int ** (*)

int ** [2] int **

_____ c_e+_cl0]
c[1]

int* ¢ [2];

static memory allocation

Series 1App.A:
Applications of Pointers

int ** ¢ = (int **) malloc(2 * sizeof(int **));

malloc(2 * sizeof(int **));

/

A

int***

C o

dynamic memory allocation

37

int **

.

c[0]

c[1]

int *** ¢ = (int ***) malloc(2 * sizeof(int **));

Young Won Lim




Static v.s. dynamic allocation (4)

relaxing

the 15t dim

int

int * (*)

int * [6] int *

..... b e-> bO]
b[1]
b[2]
b[3]
b[4]
b[5]

int* b [6];

static memory allocation

int** b = (int **) malloc(6 * sizeof(int *)):

int **
malloc(6 * sizeof(int *)); b o

int *
2’ b[O]
b[1]
b[2]
b[3]
b[4]
b[5]

int ** b = (int **) malloc(6 * sizeof(int *));

dynamic memory allocation

Series 1App.A:
Applications of Pointers

38 Young Won Lim
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Static v.s. dynamic allocation (5)

int

int [24]

aj0]

a[l]

a[2]

al3]

b[1]

a[4]

a[5]

a[6]

a[7]

b[2]

a[8]

a[9]

a[10]

a[11]

b[3]

a[12]

a[13]

a[14]

a[15]

b[4]

a[16]

a[17]

a[18]

a[19]

b[5]

a[20]

a[21]

a[22]

a[23]

Series 1App.A:

int*a = (int *) malloc(24 * sizeof(int));

relaxing
the 15t dim

int *
int (*)

int [24]

int*a [24];

static memory

allocation

Applications of Pointers

int *

int * a = (int *) malloc(24 * sizeof(int));

dynamic memory
allocation

39

int
al0]
afl]
al2]
a[3]
al4]
a[5]
a[6]
a7]
a[8]
a9]
a[10]
ajll]
a[12]
a[13]
ajl14]
a[15]
a[16]
a[17]
a[18]
a[19]
a[20]
a[21]
a[22]
a[23]

Young Won Lim
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Finding sub-array sizes

int ¢ [2][3][4] ;

[2] 3] [4]
sizeof(c[i][j][0]) = sizeof(int)
o EE
sizeof(c[i][0]) = 4 * sizeof(int)
o) e v
sizeof(c[i]) = 3 * 4 * sizeof(int)
21 (3l [ ~
sizeof(c) =2 * 3 * 4 * sizeof(int))
Series 1App.A: 40 Young \{\ngbuzrz
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Pointer increments and byte addresses

array sub-

pointer arrays

p =¥ *p
sizeof(*p)

+1

P > *(p+1) sizeof(*p)
+2

P "(p+2) sizeof(*p)
byte address byte address byte size

sub-array sub-

addresses arrays
&pl[0] =¥ pIo]

sizeof(p[0])
&p[l] =¥ p[1] sizeof(p[0])
&p[2] =¥ p[2] sizeof(p[0])
byte address byte address byte size

value(&pli]) = value(p) + i * sizeof(p[0])

Series 1App.A:
Applications of Pointers

Young Won Lim
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Byte addresses of subarrays &cli], &clil[j], &c[i][j][K]

int (* )[3][4] int [3][4]

¢ ] c[]

i=0:1
]j=0:2
k=03

int (* )[4] int [4]
cli]_~{elil[o]
&C[I][O]

value(&c[i]) = value(c+i)

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

= value(c) + i * sizeof(c[0])

= value(c) +1 * sizeof(int) *3* 4

value(&cli][j]) = value(c][i]+j)
= value(cl[i]) + j * sizeof(*c[i])
= value(cJi]) + j * sizeof(c[i][0])
= value(c]i]) + j * sizeof(int) * 4

value(&cli][jl[k]) = value(c]i][j]+k)
= value(c[i][j]) + k * sizeof(*c[i][j])
= value(c[i][j]) + k * sizeof(c[i][j][0])
= value(c[i][j]) + k * sizeof(int)

int (*) int
el [
&c[i[jl[o]

(C + i)as

| skip j elements of *c[i] from c[i]

(cli] + j)as

1 1 skip k elements of *c[i][j] from c[|][j]

(C[I][I] + K)1

Series 1App.A:
Applications of Pointers

Young Won Lim
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Address replications and subarray addresses

nt (7)., int
cliln] -] clG]
Address Replication transferring pointing address 1+ dimension
to the pointer that references itself relaxation
int (*) [4] int [4]
&X =X .clil_~=eilo]

i . . | 1st dimension
int (*) int int (*) } relaxation

value(&cli][j][k]) ;xr,—»value(c[i][j]) + k * sizeof(int)
int (*) [4] int [4] int (*) [4] int___(_’_f)___[ﬁ_]__[_fl] int [3][4]
value(&cl[i][j]) « /:/f—rvalue(c[i]) + j * 4 * sizeof(int) 3 ¢ x| c[0]
int (*) [3][4] int [3][4] int (*) [3][4] |

value(&cli]) = value(c) +1* 3 * 4 * sizeof(int)

. byte addresses values of
. of abstract data virtual pointers
=01
]=0:2
k=0:3
Series 1App.A: 43 Young \{\ngblzrz
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Address replications in a multi-dimensional array

int ¢ [2][3][4] ;

equivalences
cfili] = &c[i][][0]
cli] = &c[i][0]
c = &c[0]

address replication
value(cli][j]) = value(&eli][j])
value(c[i]) = value(&cli])
value(c) = value(&c)

c, c[0], c[0][O] :
these virtual pointers have
the same address value

a physical location
has a unique address

Series 1App.A:
Applications of Pointers

&c c
¢ = &c[O]
C @ ierrnernen
RN
\
;
&c: c ‘ ...........

44

&cl0] oo &clolfo] clojo]  &cfololo]|  clolfolfol
clo] = &cfollo] <[]0} = &c[o]o]o]
............... , c[0] ., c[0][0] ., c[0][0][0]
( N\ [ N
D S | L, 4w
............... >  c[0] @ w c[O][0] ., c[0][0][0]
................ ». &C[O][O][O] > &C[O][O][O] > C[O][O][O]
&c[0][0][0] &clojojio]| ~ cloJo]o]

Young Won Lim
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Referencing sub-arrays

int [2][3][4] int[3][4] int[4] int
int (*)[3]4] int (*)[4] int (*) ¢ -» c[0] -~»|c[o][0] -~|c[0][0][0]

int [2][3][4] int [3][4] int [4] int c[0][0][1]

R : I : c[0][0][2]
ser € &C[OL _____ C[O] &C[O][OLC[O][O] .......... &c[0][0][0] | c[0][0][0] c[O[01[3]

Golll i ECO) e &cOI0] oo c[02] | clofL]o]
I, C[l] ..... : C[l][] C[l][ ][ ] C[O][l][l]

&elilh] C[I][]] ............. &cli]][o] | c[ilil[0] cOII12]
c[0][1][3]
c[0][2] -~ c[0][2][0]

equivalence relations c[0][2][1]

- o - . i i c[0][2][2]
C[!][l] E"‘(C[I]_”fl) &C[!][l] E(C[I]_’fl) &cfi][0] =cfi] c[0][2][3]
cli] =*(c+Hi) &cli] = (c+) &c[0] =c o] —Jeror | eriono]

................... T
address replication c[1][0][2]
c[1][0][3]
value(cli][j]) = value(&cli][j]) = value(c[i]tj) = *value(c]i]+j) c[1][1]5 ..... »| c[1][1][0]
value(c[i]) =value(&c[i]) =value(c+) =*valve(e+ty | CI1I]
c[1][1][2]
cli], c[ill0] point to the same data ¢[i][0][0] __{clLI[LII3]
c, ¢[0], c[0][0] point to the same data ¢[0][0][0] c[l][2] ----- »| c[1][2][0]

c[1][2][1]
c[1][2][2]
c[1][2][3]

Series 1App.A: 45 Young Won Lim
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Types, sizes, and values of sub-arrays

int[2][3][4] int[3][4] int[4] int
i - ; ; c = c[0] :-»c[O][0] >{c[O][O][O]
int ¢ [2][3][4] ; static allocation SOI0I]
c[0][0][2]
c[0][0][3]
value(c) = value(c[Q]) = value(c[0][0]) = &c[0][0][C] c[0][1] -] c[O][1][0]
value(c[O][1]) = &c[0][1][0] c[O][1][1]
value(c[0][2]) = &c[0][2][0] c[O][1][2]
value(c[1]) = value(c[1][0]) = &c[1][0][0] c[0][1][3]
value(e[1][1]) = &c[1][1][0] c[0][2] > c[0][2][0]
value(e[1][2]) = &e[2](2 o) | | | c[Oo][2][1]
c[0][2][2]
sizeof(c) = 2*3*4 * sizeof(int) c[0][2](3]
sizeof(c[i]) = 3*4 * sizeof(int) c[l] ----- > c[l][O] ----- | c[1][0][0]
sizeof(c[i][j]) = 4 * sizeof(int) c[1][0][1]
c[1][0][2]
type()  =int[2[3][4] . LI
int (*)[3][4] C[1][1] > c[1][1][0]
type(cli)) = int [3][4] clLILIL]
int (*)[4] c[1][1][2]
type(ci]ljl) = int [4] c[1][1][3]
int (%) c[1][2] | clA][2][0]
c[1][2][1]
. c[1][2][2]
pOInterS to arrays c[1][21[3]
Series 1App.A: 46 Young \{\ngblzn;
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Using multi-dimensional arrays

Pointer Array Approach
— using explicit pointers

Array Pointer Approach
— using implicit pointers

Serie_s 1App.A: 47 Young XV;SSZVSZ
Applications of Pointers



Two types of 3-d array accesses

Pointer Array Approach (arrays of pointers)
Pointer Chain Type | v )
int *** int ** int * int it o int //’ 4
&q q o > q *q o > q **q — q ***q [ ] :77 .
- - int [2][3][4] int [3][4] int [4] int

Array Pointer Approach (pointers to arrays) B

Pointer Chain Type I |

int [2][3][4] int [3][4] int [4] int

| ¢ =" | c[0]eT—=" c[0][0] e c[0]0][0] N

ries 1App.A: Young Won Lim
posiee o 48 11/22/24
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Pointer addition — math and c expressions

Accessing c[i][j][k] — unified ¢ expressions
skip i elements skip j elements skip k elements
of c[i] from ¢ of c[i][j] from cfi] of cJi][jl[k] from c[i][j]

(c+1) (cli] +1) (cli]b] + k)

Pointer Array Approach =

(C + 1)1 (cli] + J)1a (cli]i] + k)14 -

sizeof(*c) = 1*4 sizeof(*c[i]) = 1*4 sizeof(*c[i][j]) = 1*4

Array Pointer Approach Hi

(€ + Daau (Cli] + j)as (clil[i] + K. g

sizeof(*c) = 3*4*4 sizeof(*c[i]) = 4*4 sizeof(*c[i][j]) = 1*4 H;
Series 1App.A: 49 Young \{\ngbuzn;
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Accessing c[i][jl[k] element

Accessing c[i][jl[K]

3 skip i elements L skip j elements - skip k elements
ofcfijfrome ~ofcfiliffromefi] - of cli[i][K] from c[ili]
(c +1) (cli] +) (clil(] + k)
Pointer Array Approach
| skip i * sizeof(int *) ~ skipj*sizeof(int*) 1 3s*kib*k’*’éiiéfo*f(’ih’t’) ””””” g g
_(=i*4) bytes frome (P4 bytesfromeli]  (=k*4)bytesfrome[ill] T B 5 -
(€ + )1z (cli] +J)vs (clil(] + k)14 |
Array Pointer Approach TTE
skipi *sizeof(int [3][4])  skipj* sizeof(int[4]) skip k * sizeof(int) =
(= i*3*4*4) bytes from ¢ (= j*4*4) bytes from ¢[i] (= k*4) bytes from ¢[i][j] =
(C +i)sas (cli] + j)as (cli]li] + k)14 ==
i ] Young Won Li
Series 1App.A: 50 oung 11(;22/2
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Accessing cl[i][jl[k] — Pointer Array Approach

int_cfilfj](k]

Pointer Array Approach

=i *4 bytes from ¢ - (e H i) = c[i]

‘skip j * sizeof(int*) j o -

=jrabyesfomeij  (ClI+D = clill]

“skip k * sizeof(int) 1 - - _ -

=k bytes from c[i][j] (c[i]j] + k)14 = ci][j][k] int* c[i][j]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

int ** ¢ int ** c[i] / \ S
int *

o—— o
skip i { ol - o]
elements ——]

._

(C + i)1.4

[TTTTT]

K

3

Il

|

skip j
elements

(c[i] + j)1s

" sizeof(c[il[j][k]) = sizeof(int) = 4

.
[
1T

 sizeof(c[i][j]) = sizeof(int *) = 4 :'I‘;Fr’n'éms u
. sizeof(c[i]) = sizeof(int **) = 4 | e
(cliJi] + ks

-~

Serie_s 1App.A: 51 Young \{\ngbuzn;
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Accessing cli][jl[k] — Array Pointer Approach

int [2][3][4] int [3][4] int[4] int
Array Pointer Approach o>l o> oy
: NN
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, c cli] c[i][i] ;C[I]U][k]
skip i * sizeof(int [3][4]) ) )
=i*34abytesfrome  (C+lsas = cli] | ¥
(C + |)3.4A4 0——.1
~ skip j * sizeof(int [4]) o - ]
ciwanpestone (1D = clll —
e e .——-l
- skip k * sizeof(int) | - - |
=krabyes fromefilj]  (CUI0]+ K)ue = cli]{i](k] ?
h 4
O—i—> AN
* subarray partitioning sanl ]
e address replication (c[i] + j)as F
[EEN|
skipk I
elements
size information (c[illi] J: k)1 B
" sizeof(cliljl[K]) = sizeof(int) = 4 —Y
- sizeof(c[i][j]) = sizeof(int [4]) = 4*4 ]
_ sizeof(cli]) = sizeof(int [3][4]) = 3*4*4
| i:
Series 1App.A: 52 Young Won Lim
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Array element address — Pointer Array Approach

equivalence relations — ¢ expressions size information

&cli]ljlk] = (e[i]i] + k) cli]jllk] = *(cli]li] + k)  sizeof(ciJ[jj(k]) = sizeof(int) = 4
&clill)l = (c[i] +)) c[i][j] =*(c[i] +)) sizeof(c[i][j]) = sizeof(int*) =4
&cli] =(c +1i) cli] =*c+1) sizeof(c[i]) = sizeof(int **) = 4

address fetch — math expressions

value(c[i][j]) *value( (c[i] + J): = *value(cJi] +j * 4) sizeof(*c[i])
value(cli]) *value( (¢ +1i)14) = *value(c +i*4) sizeof(*c)

address of c[i][j]J[k] - math expressions

&cli](j][k] = value( (c[i][j] + k). ) &cli]lilk] = (c[i][i] + k)
= value( *value( (c[i] +j)1.) +k*4) clilil =*(c[i] +j)
= value( *value( *value( (¢ +i)1s ) +j*4)+k*4) c[i] =*c+i)

= value( *value(*value(c+i*4)+j*4)+k*4)

Serie_s 1App.A: 53 Young \{\ngbuzn;
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Array element address — Array Pointer Approach

equivalence relations — ¢ expressions

Sc[ili]K = (e[l +k)  cliliK = *(c[illi] + k)
&cfillil = (clil +J) clilil = *(clil +})
&eli] =(c+i) c[i] = *(c + i)

address replication — math expressions

value(c[i][j]) = value(&c[i][j])
value(c[i]) = value(&cli])

address of c[i][j]J[k] - math expressions

&cli][jllk] = value( (c[i][j] + k).-)
=value( (c[i] +J)a2) +k*4
=value( (c +1i)zq.) +j*4*4+k*4
=value(c)+i*3*4* 4 +j*4*4+k* 4

Series 1App.A: 54
Applications of Pointers

value( (c[i] + j)as) = value(c[i]) +j * 4*4
value( (c + i)s42) =value(c) + i* 3*4*4

size information

sizeof(c[i][jl[K]) = sizeof(int) = 4
 sizeof(cli][j]) = sizeof(int [4]) = 4*4
sizeof(c[i]) = sizeof(int [3][4]) = 3*4*4

sizeof(*c[i])

sizeof(*c)
&cli][jllk] = c[i]fj] + k
&clilj]l =cfi] +j c[i][j] address replication
&c[i] =C+i C[i] address replication

e« address replication
. * combining size and |
. address information |

Young Won Lim
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Accessing c[i][jl[k] via byte addresses

Pointer Array Approach

&cli][jl[k] = value( (c[i][j] + k)12 ) = value(c[i][jl] +k*4) clillillk] = *value(c[i][jl+k*4)
&cfillil = value((c[i]+J)is) = value(cli]+j*4) cl[i][j] = *value(cli]+j*4)
&cli] = value( (c +1i)14) = value(c+i*4) cli] = *value(c+i*4)
c[i][jlk] *value( cli][j] + k*4)

*value( *value(clil]+j*4)+k*4)
*value( *value(*value(c+i*4)+j*4)+k*4) three memory accesses for c[i][j][K]

Array Pointer Approach

&c[i|ljllk] = value( (c[i][j] + k)1. ) = value( c[i][j]+ k*4) cliljllk] = *value(cli]jl+k*4)
&cfi]jl = value( (c[i] +j)as) = value(c[i]+j*4*4) cl[i][j] = *value(cli]+j*4*4)
&cli] = value( (c +i)s4s) =value(c+i*3*4*4) cli] = *value(c +i*3*4*4)
cli][j][k] *value( cfi][j] +k*4)

*value( *value(cfi]+j*4*4)+k*4)
*value( *value( *value(c+i*3*4*4 ) +j*4*4 )+ k*4)

*value(value(value(c+i*3*4*4 ) +j*4*4 )+ k*4) address replication
*value(c +i1*3*4*4 +j*4*4 + k* 4) single memory access for cli][jl[k]
Series 1App.A: Young Won Lim
- 55 11/22/24
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Equivalence relations in c[i][j][K]

Pointer Array Approach

&cl[i][jlIk] = value(c[i][jl+ k*4) = value(c]i][j]) +k* 4 clilillk] # *value(c]i][j]) +k*4
&clillil = value(clilj+j*4) =value(cfi])+j*4 c[i]lj] Z *value(c[i])+j*4
&cli] = value(c+i*4) =value(c) +i*4 cli] 7z *value(c)+i*4
v
different semantics !~ clijllk] = *value(cli]j] +k*4)
be careful in mixed ¢ and math expressions cli]fj] = *value(cfi] +])*4)
cli] = *value(c+i*4)
Array Pointer Approach
&c[i][jllk] = value( (c[i][j] + k)1. ) = value( c[i][j]) + k* 4 cliljllk] # *value(c]i]j]) +k*4
&cli][j] = value((c[i] +j)as) =value(c[i]) +]*4*4 cl[i][j] Z *value(c[i]) +j*4*4
&cli] = value((c +1i)s4s) =value(c) +1i*3*4*4 cli] # *value(c) +i*3*4*4
/V
different semantics !~ C[i][l:][k] = *value( C['][l] + k*4)
be careful in mixed ¢ and math expressions c[i]0] = *value(cfi] +]*4*4)
cli] = *value(c +i*3*4*4)
Series 1App.A: 56 Young \{\ngbuzn;
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Accessing c[i][j]IK]

: _ cli] =*(c +1) &cli] =(c+i)
int ¢ [L][M][N]; clilil  =*cll*+i) &l = (cli+))
cl]illk] =*(cli]il + k)  &c[i]fil[k] = (c[i][i] + k)
equivalence relations multiple indirections address replications
c[i = *(c+i = *(c+i = (c+i
cli][j] = *(c[l]+] = *(*(c+i)+ = ((c+i)+j
clillililk] = *(clillil+tk) = **(*(c+i)+j)+k) = (((c+i)+j)+k
*(c +i +) +k
Pointer Array Approach .
Array Pointer Approach .
Series 1App.A: 57 Young \{\ngbuzn;
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Conditions for c[i][j][K]

Equivalence relations in c[i][j][K]

cli][il(k] = *(c[i][i] +k) clilillk] = (c[i]i] +k)

*(clilp] +k) = *(*(c[i] +j) +k) c[ilfi] = (c[i] +J)

*(*(cli] +)) +k) = *(*(*(c +i) +j) +k) c[i] = (c+i)

Pointer Array Approach

ik = (clill] +k) contiguous 4 cli[[j[KI's 4*(nt 4 bytes y
cli]lj] = (c[i] +)) contiguous 3 c[i][j]'s 3*(int* )

cl[i] = (c +i) contiguous 2 cJi]'s 2 * (int ** )

Array Pointer Approach

clillillk] = (c[i][j] tk) contiguous 4 c[i][jl[k]'s 4 * (int )

cli][j] = (c[i] +j) contiguous 3 c[i][j]'s 3 * (int [4] )

cl[i] = (c +i) contiguous 2 c[i]'s 2 * (int [3][4] )
Series 1App.A: 58 Young \{\ngbuzn;
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Skipping leaf elements

Continuity Constraints

cliljlik] = (c[i][j] +k) contiguous c[i][j][k] over k=0:3
c[i][j] = (cli] #j) contiguous cf[i][j] over j=0:2
cli] = (c +i) contiguous cfi] over i=0:1

Pointer Array Approach

(c[i][j] + k)12 skip k * 4 bytes from cfi][j] k leaf elements k * 4 bytes
(c[i] + )14 skip j * 4 bytes from cfi] - j * 4 leaf elements j*4* 4 bytes
(c+1)1s skip 1 * 4 bytes from ¢ i*3*4|eafelements 1*3*4*4bytes

Array Pointer Approach

(c[i]li] + k)1« skip k * 4 bytes from c[i][j] k leaf elements k * 4 bytes
(c[i] + j)ax skip j * 4*4 bytes from cfi] ] * 4 leaf elements ] *4* 4 bytes
(C+1)344 skip i * 3*4*4 bytes from ¢ i*3*4leafelements i*3*4*4bytes

. _ Young Won Li
Series 1App.A: 59 oung 11(;22/2
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3-d Access cli][j][k]

Serie_s 1_App.A P 60 Young \{\g(;r212|7|2r2
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Accessing c[i][jl[k] — Conditions

General requirements Pointer array approach Array pointer approach
int** ¢[2]; int c[2][3][4];
int* b[2*3];
int c[2*3*4];
ilj][k] = *(clil[j]+k
EE}H%[ ]: *EEE}E}; ) c[!][i][k] > !nt c[!][i][k] :: !nt
il = *(c+) c[!][|] int* c[!][|] int [4]
cl el cli] int cli] 2 int [3][4]
&cli][illk] = clilii]+k c[i] &bli*3] c &c[0][0][0]
&efilil - = cfil+) blj] &alj*4] cli] &c[i][0][O]
&cli] = C+i clilil] — &c[i]{jll0]
Hierarchical Pointer Arrays Virtual Array Pointers

&eli](j][0] = cfi][i]
&cli][0] = cfi]
&cl0] =cC

Serie_s 1App.A: 61 Young \{\ngbuzn;
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Accessing cli][jl[k] — Pointer Array Approach (1)

il &b[i*3 o~ =*c+i) scfil  =(c+i)
E[[',]] &agm]] m) ] =*cil+)  &clilil = (cli+))
clillilkl =*(clillil+k)  &clillillk] = (clillil * k)
[2][3][4]
bfj] = (a+j*4) clif = (b+i*3)
“(b[j]+k) = “(a+j*4+k); “(clil+)) =*(b+i*3+j);
b[j][k] = a[j*4+K] clilil = b[i*3+]] clilil = (a+(i*3+j)*4)
“(c[i]lil+k) = *(b[i*3+j]+k); “(c[illil+k) = *(a+(i*3+j)*4+k);
int** c[2]; cli]lillk] = a[(i*3+j)*4+K]
int* b[2*3];

int a[2*3*4];

—— 909090z 0O0OmOmO9Om 0B0©O©©©©©©m©B©m©m©m©m©m©©©©©m©©m©©©©©©©B©m©m©m©m©m©m©m©© B
Young Won Lim

Series 1App.A: 2
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Accessing cli][jl[k] — Pointer Array Approach (2)

(C + 1)1 (c[i] + J)1 (c[i]i] + k)14
cli] &b[i*3] s
bli] ga[j*4] ) ‘skipi * sizeof(int ™) skipj*sizeof(int*)  skipk* sizeof(int)
i*4bytesfrome  j*4bytesfromeli]  k*4 bytes from cfil[j]
[2][3][4]
bl = (atj*4) cfif = (b+*3)
skip j skip j*4 skip i skip i*3
elements elements elements elements
of b of a of ¢ of b
bllk] = a[j*4+k] clilil = b[i*3+]] ciijil = (a+(i*3+))*4)
skip j elements of b + skip i elements of ¢ + skip i*3 elements of b + skip i*3*4 elements of a +
skip k elements of a skip j elements of b skip j elements of b skip j*4 elements of a +
int** c[2]; cliloli] = a[(i*3+j)*4+k]
int* b[2*3] ; skip i*3*4 elements of a +
it a[2+3+4]; i R
Series 1App.A: 63 Young \{\ngblzn;
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Accessing cl[i][j][k] — Array Pointer Approach (1)

C &c[0][0][0] cli] = *(c + i) &clil = (c +1i)
cf - &cfijo]0] WM cii] = *(cli]+i) &elillil = (c[i] +])
clijil — &c[i][il[0] clijillk] =*(c[i]lil + k)  &c[i][il[k] = (c[i][i] + k)
[2][3][4]
value(c) = &c[0][0][0] sizeof(c) = 2*3*4*sizeof(int)
value(cli]) = &cl[i][0][0] sizeof(c[i]) = 3*4*sizeof(int)
value(c[i]lj]) = &cJi][j][0] sizeof(c[i][j]) = 4*sizeof(int)
value(c[i][jl[K]) = &c[i][j][K] sizeof(c[i][j][K]) = sizeof(int)
value(cli]) = &c[O][0][0] + i * 3*4*sizeof(int)
value(c[i][j]) = &c[i][0][0] + j * 4*sizeof(int)

value(c[i][jJlIlk]) = &cJi][j][0] + k * sizeof(int)

&cli] = value(c) + i * sizeof(*c) cli] = *(c + i)

&clillij = value(eli)) +j* sizeof(*ci] ) ] =*(cli+)

&c[i][illk] = value(c[i][j]) + k * sizeof(*c[i][i]) cli]jllk] = *(efill] + k)
Series 1App.A: 64 Young mgzblzn;
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Accessing cl[i][j][k] — Array Pointer Approach (2)

+ 134 1]+ ) 1] + K)o
c &C[O][O][O] (C ')344 (c[i] + J)as (cli]i] + K)as
cli] &cli][0][0] ‘ skip skip skip ‘
cfilil -~ &c[i]i[0] Ci*sizeof(int[3][4])  j*sizeof(int[4]) k*sizeof(int)
i *3*4*4 bytes j*4*4 bytes | k*4bytes
[2][3][4] _frome - frome[i] - fromelilll 1
value(c[i]) = &c[i][0][O] value(c[i]fj]) = &cfi]j][O] value(c[i][j][K]) = &cfi][j][k]
skip i cli] skip i*3*4 skip i cli] skip i*3*4 skip i cli] skip i*3*4
elements elements elements elements elements elements
of ¢fi] of ¢[i][0][0] of ¢fi] of ¢[i][0][0] of cfi] of ¢[i][0][0]
+ + + +
skip j cli]lil skip j*4 skip j clillil skip j*4
elements elements elements elements
of c[i](j] of c[i][j][0] of efi](j] of c[i]{j][0]
+ +
skip k clillj]k] skip k
elements elements
of ci][jl[k] of c[i][j][k]
Series 1App.A: Young Won Lim
PP 65 11/22/24
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Pointer Chain Types
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Pointer Chain Types

Pointer Chain Type |

int *** int ** int * int

&q q .’—N q *q .’_N *q **q k'_\**q ***q

* Pointer Array Approach (index operations are handled by a user)

Pointer Chain Type I
int [2][3][4] int [3][4] int [4] int e relaxing the 1%t dim
int (9[3][4] ?/v int (*)[4] D/' int (*) 3/' « dereference

C c[0] c[0][O]
&c c e > c[0] @ » | ¢[0][0] @ >

c[0][0][0]

* Array Pointer Approach (index operations are handled by a compiler)

Serie_s 1App.A: 67 Young XV;SSZVSZ
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Examples of two step dereferencing in type Il

int ()[3][4]

int [3][4]

virtual pointer

c[0]

outside c[0]
abstract data

int (*)[4]

int [4]

Series 1App.A:
Applications of Pointers

virtual pointer
inside ¢[0]

c[0][0]

outside ¢[0][0]
abstract data

int (*)

int

c[0][0] 2"

,,,,,,,,,,,,,,,,,,,,,,,,

virtual pointer
inside ¢[0][0]

c[0][O][0]

c[O][0][1]

c[0][0][2]

c[O][O][3]

primitive data

638

int [3][4]
c[O]

abstract data

relaxing
the 1% dim

sizeof(c[0]) =

~ of int[3][4] type, ¢[0]
| can be relaxed to
. a pointer of

| int (%)[4] type

 ¢[0][0] = *(c[0]+0).s

3 * sizeof(c[O][0]) )

int M[4] 2w int [4]

c[0] c[0][0]

virtual pointer abstract data
relaxing
the 15" dim
sizeof(c[0][0]) =

4 * sizeof(c[O][O][O]); :

int (*)
c[0][0]

virtual pointer

- within an array ¢[0][0]
- of int [4] type, ¢[O][0]
! can be relaxed to
- a pointer of

- int (*) type

~ cl0J0][0] = *(€[0][0]+0):

Math Expression

c[0][0][0]

abstract data

Young Won Lim
11/22/24



Pointer Chains in Type 1l (1)

Pointer Chain Type Il

int [2][3][4] e int [3][4] e int[4] e int e relaxing the 1% dim
int (*)[3][4] / int (*)[4] / int (%) / e dereference

© c[0] c[0][0]
&C c e > c[0] @ » | ¢[0][0] @ » | c[0][0][0]
C points to 2 elements cli] i=0,1
sizeof(c) = 2 * sizeof(c]i]) *(C+i)z4.
cH clij @ C[ii cli][0] @ c[i][Ol c[i][0][O]
c[i] points to 3 elements  ¢Ji][j] j=0,1,2
sizeof(c[i]) = 3 * sizeof(c[i][j]) *(c[i]+))a
W cimn e—— 1 ciygirol

c[i][j] points to 4 elements clillil[k] k=0,1,2,3
sizeof(cli[j]) = 4 * sizeof(c[i][j][K]) *(c[i][j]+K)1

Serie_s 1App.A: 69 Young \{\ngbuzn;
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Pointer Chains in Type 1l (2)

e relaxing the 1% dim

int [2][3][4] »int [3][4]
int (*)[3][4] 5/ e dereference

C points to 2 elements c[li] i=0,1
sizeof(c) = 2 * sizeof(cli]) *(C+i)z4
********* j=012

int [3][4] @ » int [4]
nteE L
c[i] points to 3 elements  cJi][j] j=0,1,2
sizeof(c[i]) = 3 * sizeof(c[i][j]) *(C[i]+j)4.4

c[i][j] points to 4 elements cli]jllk] k=0,1,2,3
sizeof(clil[j]) = 4 * sizeof(c[ililk)  *(C[i][j]+K)x |

Series 1App.A: 70 Young XV;SSZVSZ
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Pointer Chain Type | — * and & operators

* * * *
\\\\\\\l Iy, , \\\\\\“ Iy, u, RO/ 1y, \\\\\u I, 1,
&q q V—N q *q V—N *q **q ./'—\**q ***q
“(@a)=q @) =" ‘(a)="q “(*a) =g
C expression *(&q) C expression *(q) C expression *(*q) C expression *(**q)
equals to the variable q equals to the variable q equals to the variable **q  equals to the variable ***q
& & & &
\\\\\"ll[,,,, \\\\\H”,,,, \\\“lll,,,, \\\\“l”[,,,,
R ,,,, O /,,', \\\\ /,,,, ) /,,,,
value ’ 2% value ' % value ’ % value’ %
* *%
&q q e —» q *q o— 1 0 o q ***q
&q = value(&q) &(*q) = value(q) &(**q) = value(*q) &(***q) = value(**q)
C expression &q C expression &(*q) C expression &(**q) C expression &(***q)
equals to value(&q) equals to value(q) equals to value(*q) equals to value(**q)
which is the address which is the address which is the address which is the address
value of a variable q value of a variable *q value of a variable **q value of a variable ***q

Series 1App.A: 71 Young \{\ngbuzrz
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Pointer Chain Type Il —* and & operators

* * * *
s\“\\ /,‘ s\\\\\ /,‘ T\\\\\\\ //,,“ O]\\\\‘\\\ ,,,‘
&c c e Sy clo] @ SR crogor @ clOllg) ' cronror[0]
*(&c)=c *(c) =c[0] *(c[0]) = ¢[0][0] *(c[0][0]) = c[O][0][O]
(int (*)[3][4]) ¢ can be (int (*)[4]) ¢[0] can be (int (*)) ¢[0][0] can be
viewed as a pointer viewed as a pointer viewed as a pointer
to (int [3][4]) c[0] to (int [4]) c[0][0] to (int) c[0][0][0]
& & & &
value '\\\\ ,,,,"’/,, value ’\\\\ ,’/,,"/,, value ’\\\\ I/,,/"/,, value ’\\\\ ,,,,,,’/,
&c c o Cyp  co] @ R clogo; @ ClOlY)  croqpoq[0]

&c = value(&c) &(c[0]) = value(c) &(c[0][0]) = value(c[0]) &(c[0][0][0]) = value(c[O][0])
(int (*)[3][4]) ¢ has the (int (*)[4]) c[0] has the (int (*)) c[0][0] has the
address value of address value of address value of
(int [3][4]) c[0] (int [4]) ¢[0][0] (int) ¢[0][0][0]

Serie_s 1App.A: 72 Young \{\ngbuzn;
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Pointer Chain Type I — skipping elements

Pointer Chain Type | multiple indirection Size: pointer size
int *** int ** int * int
q *q **(
&q qa e —= " e Qg **q
\\ [ ] | [ ] | | [
s S S T VS S () N
faH) T = (qt) o= *™(a+)
“skip i * sizeof(int **) . N .
A R @)
| S J - *(*(ati)t) 4/_\ *(*(q+i)+)
‘,//777:77:7*777.777777:777’;77\‘ 3 :
| | sklp! leeof(lnt )  x((qri)+) ko
. 14 )
w N *(*("(q+i)+j)+k)
/ R 3 additional memory access ~ skip k * sizeof(int)
= = o to get an int data B - 4IZ (n
s \\\\\ ) B

Young Won Lim

Series 1App.A: 7
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Pointer Chain Type Il — skipping elements

Pointer Chain Type Il virtual pointer to an abstract data size: abstract data size
int [2][3][4] e int [3][4] :/v int [4] :/v int e relaxing the 1% dim
int (*)[3][4] / int(M[4] ¥ int(*) ¥ e dereference
©OOO&C| ¢ ey C[0] @ A o e—"G  cpojoio]
N\
5 . . i * sizeof(c[0])
ceflofo L ol e——= cfijlo] e—=15% cfi[o][o]
| j * sizeof(cli][0])
e . . &
e skip i * sizeof(int [3][4]) s .
E . i*3*4*4 L\ - A4
st “* MM elif) @<ty cfiyfjio]
] . | . 1 - ok silzeof(c[i][i][O])
S . | sklpj*5|zeof(mt [4]) c[il[j]+k i T
scfillk] | . jrac4 ,f clijiik] v
N skip k * sizeof(int)
— no additional memory access | k* 4 |
to get an int data s
ries 1ApD.A : Young Won Lim
Series 1App 4 11/22/24
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Two step deferencing in type Il (1) — without skipping

- abstract data type

o int [213]4]

/
/
,
. &C
\

\

\

cC o

o pint (*)[31[4]

“» virtual pointer type

e relaxing the 1% dim

e dereference

o int [3][4]

& : mathematical & operator

Series 1App.A:
Applications of Pointers

N

|nt (4]

c[o][0] ®-

\ \\\> int (*)

\
\
L G0
\
A S

75

c[O][0]

~ ~
> *C s *c[O
int [3][4] int [4]
*
\\\\\\\I Iy, ,,,, \\\\\\\\ 1y, ,’,, \\\\\u 1y, ",
4 L ¥
N S ‘\
C c[0]
c e > c[0] @ » ¢c[0][0] ®
3 S S
\f & ‘,,,/ \\s*
“ W ,"//u R W
&

\

%,

int

c[0][0][0]

int

-

*c[0][0]

c[0][0][0]

N
S
\)
N

?, N\
U

&

Young Won Lim




Two step deferencing in type Il (2) — with skipping

- abstract data type

int 213](4] o int [3][4] . int[4] int
&c cC o cl[i] -1 cli][j] 0\.\ clil[j][K]
| “Bint (93]4] \\ e int (4] 11 N it g >\ int "
\ 1 \ 1 \ 1
> virtual pointer type \ I \ I K I
PREORE N N R
e relaxing the 1° dim \\\ R ] \\\ i S ~ol xrmrr
e dereference C+.I> (c+i) C[i]+}> (cli]+)) C[i][i]+k> (clil]+k)
int [3][4] int [4] int
* * * *
\\\\\\ll"l,,,,, \\\\Hlll/, : \\\\‘\u”,,, \‘“"”"I
= C+i cli]+j - cli]lil+k -
&c c cli] ci]li] cli](](k]
,/"lll I n\\‘\\\ //'/m I \\\\\‘\\ W >
& & & &
& : mathematical & operator
Series 1App.A: Young Won Lim
- 76 11/22/24
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Two step deferencing in type 1l (3)

abstract data ¢ = abstract data c[i]

///fabstract data cf[i][j] ///::iprimitive data c[i][j][k]
int[2I3]4] O it YT N int
s 1, [
& e e el el el &y | cfilllk
o inteEIE N N N e @ N int
virtual pointer ¢ \\ \\\“‘\ virtual pointer ¢fi] \\\ “\“;‘ virtual pointer c[i][j] \‘ |

®\\ ) ) E\B\

\

' \ \\\
. - abstract data *(c+i) = ¢fi] Y, -abstract data “(elil+h) = eflil, ~ - primitive data *(c[i]li]+K) = c[i][i][K]
\ \
N . N . S N
& *(C+i » *(cfil+ e x(fillil+k
il (c+i) o[+ (c[i]+)) lillil+k (cli]lj]+k)
int [3][4] int [4] int
2¢fi]s 3 cilj]s | A cfil[jlK]'s |
i=0,1 - j=0,1,2 | - k=0,1,2,3
int [2][3][4] e-._ - int[3][4] e, o int[4] & > int
:ﬁéa)l(glgim:} //ﬁ’ereference ;ﬁéa)l(lgglm; //fj/e'reference ;ﬁ?)l(i?gim /} ,/(Ijgreference
Ve /5 e P ’,/
int (*)[3][4] **" int ()[4] € int (*) @~

Series 1App.A:

77 Young Won Lim
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Skipping elements

virtual pointer type

int [2][3][4] int [3][4] int [4] int
&c c & &cfi] clif &4 &l clilil] ©-<. &clillillkl|  c[il[j]k]
int (EIA] S, Tt N HETE R nt 4
\ 1 \ 1 \ 1
abstract data type ‘@ EE \@ EE ‘@ EE
N \\ \\
C expression (C+i)\* *(c+i) (C[I]+j)* *(cli]+)) (c[i][i]+k)*> “(cli]lil+k)
int [3][4] int [4] int
Math expression (C+i)3.4.4 (C[i]+j)44 (C[i]l]]+k)14
skip 1-3-4 skip j-4 skip k-1
integer integer integer
elements elements elements
from ¢ from cfi] from c[i][j]
sizeof(*c) = 3*4*4 sizeof(*c[i]) = 4*4 sizeof(*c[i][j]) = 1*4
value((c+i)sa) value((c[i]+j)s) value((c[i][jl+k)2)
= value(c) + i *3*4*4 = value(c]i]) + ) *4*4 = value(c]i][j]) + k *4
I A Young Won Lim
Series 1App.A 78 kv
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Address replication

virtual pointer type

int [2][3]4] int [3][4] int [4] int
&c c & &cli] clij @4 &l clilil] ©-<. &clillillkl|  c[il[j]k]
int (EI4] S, iiint (*)4] \\\ ii int () \\ int ii
abstract data type \\@ i NG " NGO "
N T ‘\ T \\ T
. \\ * . Sal & 1A S 4 .
Math expression (CH)os (C+i)zau (clil+) : (c[i]+j)a- (c[i][j]+k): (c[i][j]+K)1
equivalence relations — ¢ expressions address replication — math expressions
cfiilkl =*lilil+k  &c[ijlkl = (clilil+k N -
cilil ~ =*(clil +]) &clijil = (c[i] +J) ~value( c[ili]) = value( (cli] + j)a-)
cli] =*(c +1) &cli] =(c+i) value(cli]) =value((c + i)ss4)
I A Young Won Lim
Series 1App.A 79 kv
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Applying address replication

virtual pointer type

int [2][3][4] int [3][4] int [4] int
&C c o~ &cfi] clif] &4 &clill clilil ©-+._ &clilllkl| c[i][{]k]
int (EI4] S, iiint (*)4] \\\ ii int () \\ int ii
abstract data type \\@ i NG " \@ "
\ T S T T
N\ \ N\
\ N \
. ~ * a ~ % o o g S & e
Math expression (C+i)as (C+i)z4s (C[il+i)s - (clil+j)a- (il (clilli]+k)1-
L address replication ‘ address replication
element size value((c+i)3.4.4)§ value((c[i]+])4-) value((c[i][j]+k).~)
EZ'E‘;?Q(;”D = value(c) = value(c[i]) = value(c[illi)
+1*3* 474 + j *4%4 - +k*4
Series 1App.A: 80 Young \{\ngblzrz
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const pointers

Series 1App.A: 81 Young Won Lim
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const type, const pointer type (1)

const int * p; Int * p;
int * const q ; int * q ;
constint * constr ; int * r ;

constant  must not be changed
must not be updated
must not be written
must not be assigned

Serie_s 1App.A: 82 Young \{\ngbuzn;
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const type, const pointer type (2)

----------------

const int * p ] *p : constant integer value
e
""""" | nt * | const ql; g : constant (int *) pointer
constant pointer
const int *constr ; *r : constant integer value
e
const int * [constr |; r : constant (int *) pointer

constant pointer

const, |

group with the following

Series 1App.A: 83 Young Won Lim
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const type, const pointer type (3)

const int | *p; int *lconst q| ; const int |*/const | ;

read only read only
p *p X q *0 r *r X
: Wr : : Wr
Integer Integer Integer
read only read only
&p p o &q q 7 Xu  &r r J X
Wr Wr
cannot point cannot point
to other location to other location
Series 1App.A: Young Won Lim
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const examples (1)

const int * pc;
int* p, i;
const int ic;

pc = &i;
*pc = 5;

Il (const int *) — (int *)
/Il (const int) error

Writing to the writable memory location (i)

Is forbidden via pc ... (no harm, OK)

p =&ic; //(int*) « (constint*)warning
*p =5 J(int)

Writing to the read only memory location (ic)
Is not forbidden via p ... (hazardous, not OK)

C A Reference Manual, Harbison & Steele Jr.

Series 1App.A: 85
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pc = &i

pc *pc read only M

pc can point to i
*pc must be const

the same memory location
that can be written via i
cannot be written via *pc

*pc should not write
the writable memory location

_p=gic.
| p O

iop *p=5

Assume p points to const ic
the same memory location
that cannot be written via ic,
can be written via *p

thus *p can write
the const memory location

therefore, p should not point to const ic

Young Won Lim
11/22/24



const examples (2)

const int * pc;
int*p,i=>5;
constint ic=7;

p = &i;
pc = &ic

Il more constrained type — general type (O)
pc =&I; //(constint* « int?*)
pc = p; /l(constint* — int?*)

Il general type — more constrained type (X)
p =&ic; //(int* — constint*) warning
p = pc; //(int* « constint*) warning

C A Reference Manual, Harbison & Steele Jr.

Series 1App.A: 86
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const int *

int *

.
“‘
-
.
.
.
.
-
.
& [ )

int * int

constint* constint

JRUPIT SR &|C|I| =*p =*pc

constint *

Young Won Lim
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const examples (3)

read only
const int * pc; e pe | % b al 0]
int * p, i; integer wr integer integer
constint ic;
read only
wr
p =&i; /I (int*) < (int?)
*p=5

*p =5; /1 (int)
pc = &i; /l(constint*) « (int?*)
*pc = 5; Il (const int) error

i

*pc  read only M

p =&ic; //(int*) < (constint*) warning &p| p o

* =05; /] (int) p=gic ;< P *n —
pc = &ic; /[ (constint*) « (constint *) » Riic j@mdom _—
*pc =5; /I (const int) error e B
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const examples (4)

read only
const int * pc; pe e | % p P | &i i
int * p’ i; integer wr integer integer
constint ic;
read only
&pc pc ./‘ &p ‘ p ./‘ &ic ic ‘ X
wr
pc = p=&j;
pc = &ic
P = 5
*pc = 5; // invalid *pC :: cons int
pc = &i; /l (constint* « int*)
pc = p; Il (constint* « int*)
p = &ic; // invalid (int * —« constint *)
p = pc; // invalid (int * —« constint *)
p = (int*) &ic; Il type cast
p =(int*) pc; I/ type cast
C A Reference Manual, Harbison & Steele Jr.
i ] Y Won Li
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