Applications of Array Pointers (1A)

Young Won Lim
2/10/24



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
2/10/24


mailto:youngwlim@hotmail.com

Assumption

assume that

value(c) returns the hexadecimal number
that is obtained by printf(*%p”, c),

when the variable ¢ contains

an address as its value

type(c) can be determined

by the warning messsage of printf(*%d”, c),
when the variable ¢ contains

an address as its value

Series 3App:
Applications of Array Pointers

#include <stdio.h>
int main(void) {

int c[3] ;

printf ("c= %p \n", &c);
}

c= 0x7fffd923487c

#include <stdio.h>
int main(void) {

int c[3] ;

printf ("c= %d \n", &c);
}

t.c: In function ‘main’;

t.c:5:16: warning: format ‘%d’ expects argument of type ‘int’,
but argument 2 has type ‘int (*)[3]’ [-Wformat=]

printf ("c= %d \n", &c);
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Byte Address
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Pointer x and x+1 relationship

&X

e array pointer
e virtual pointer

X

» abstract data
e primitive data

T

*x (=x[0])

(oL

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

sizeof(*x)
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Byte addresses in an array

X =P ky &x[0] =P X[0]
sizeof(*x) sizeof(x[0])
+1 :

XL = *(x+1) sizeof(*x) XA = X1 sizeof(x[0])

+2 :

X e sizeof(*x) &x{2] =1 x(2] sizeof(x[0])
value(x+1) =value(x) + 1 * sizeof(*x) value(&x[1]) = value(x) + 1 * sizeof(x[0])
value(x+2) =value(x) + 2 * sizeof(*x) value(&x[2]) = value(x) + 2 * sizeof(x[0])
byte address byte address byte size byte address byte address byte size
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Four cases of array pointers
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Virtual pointers vs. real pointers

Case 1 virtual pointer c primitive data *c & € @ > *c
77777777777777777 c+l
Case 2 virtual pointer c abstract data *c T o *c
subarray partitioning address replication ¢+l
% sizeof(c) = sizeof(*c) * N % value(&c) = value(c)

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

Case 3 real pointer p primitive data *p &p P o | ol
p+1
Case 4 real pointer p abstract data *p & p o | ol
p+1l
sizeof(p) = pointer size (4/8 bytes) value(&p) # value(p)

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

Series 3App:
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Primitive data vs. abstract data

Case 1 virtual pointer ¢ primitive data *c AN [ *c
Case 3 real pointer p primitive data *p &gp P o | ol
p+1
Case 2 virtual pointer c abstract data *c g¢ € e S
Case 4 real pointer p abstract data *p &p p 0m *p
p+l
subarray partitioning address replication
Y sizeof(c) = sizeof(*c) * N Y value(&c) = value(c)
sizeof(p) = pointer size (4/8 bytes) value(&p) # value(p)

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

Series 3App: 9 Young Won Lim
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Sizes of integer pointers

a pointer to an int int (*)
sizeof(p) = pointer size sizeof(p) - o Case3 int (*p) :
= 8 bytes (64-bit CPU) P) L P AN !nt ( p) ’
= 4 bytes (32-bit CPU) \‘ int c[4] :
int [4]
int (*) inside array type int
an int array i C 777777777777777777777777 Case 1 e C 0 t sizeof(*c)
sizeof(c) _ cl1]
= sizeof(*c) * 4 sizeof(c) [ | VAU T .
_ ZLZAregfggt)b tis value(p+1) = value(p) cl2
y v + sizeof(*p) cl3

Case 1: virtual pointer c to primitive data *c
Case 3: real pointer p to primitive data *p

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

Series 3App:
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Sizes of integer pointers

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

' | Case 4 sizeof(p) = pointer size sizeof(c) - .

{ p @ = 8 bytes (64-bit CPU) = SiZGOf(*C) * 9 Int C[Z] [4] ]
\ = 4 bytes (32-bit CPU) = sizeof(c[0]) * 2

= sizeof(*c[0]) *4 * 2
= sizeof(int) * 4 * 2
= 4*4*2 = 32 bytes
int [2][4]
int (*)[4] inside array type int [4] int

c » c[O]

sizeof(*c)

sizeof(c)

value(c+1) = value(c)
+ sizeof(*c) C[l]
value(p+1) = value(p)
+ sizeof(*p)

O 60 6 0|6 6 6 O
= =i S RE RS S
WIN B Olw N - O

Case 2: virtual pointer c to a primitive data *c
Case 4: real pointer p to a primitive data *p

Series 3App: 11 Young Won Lim
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Case 1: virtual pointer ¢ to a primitive data *c

0-d virtual pointer ¢ primitive data *c

&c=c A &c C o °p c[O] Sizeof(*C)t

sizeofc) |1 @ .

\\ V ) /J
AV4

physical memory locations

Abstract data c subarray partitioning Virtual pointer C address replication

% sizeof(c) = sizeof(*c) * N % value(&c) = value(c)

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

Series 3App: 12 Young Won Lim
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Case 2: virtual pointer ¢ to an abstract data *c

virtual pointer c  abstract data *c

&c=c A &c c o % c[0]
sizeofc) | | sizeof(*c)
c+l
v : ,
A ~ 4
physical memory locations
Abstract data c, *c subarray partitioning Virtual pointer c address replication
% sizeof(c) = sizeof(*c) * N % value(&c) = value(c)

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

Series 3App: 13 Young Won Lim
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Case 3: real pointer p to a primitive data *p

primitive data *p

"1 p[O] sizeof(*p) t
& #p  real pointerp  0-d " . ;
sizeof(p) physical memory locations Y
N — -
Y%

physical memory locations

real pointer size unique pointer value and address

sizeof(p) = pointer size (4/8 bytes) value(&p) # value(p)

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

Series 3App: 14 Young Won Lim
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Case 4: real pointer p to an abstract data *p

abstract data *p

_ * | plO] |
&p#p real pointer p sizeof(*p)
y o P ,
p+l
sizeof(p) physical memory locations . .
physical mer\r‘/wory locations
real pointer size unique pointer value and address
sizeof(p) = pointer size (4/8 bytes) value(&p) # value(p)

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

Series 3App: 15 Young Won Lim
Applications of Array Pointers 2/10/24



Properties of array pointers

virtual pointer c in an array c implicit array pointer
Abstractdata c[N][ ]...[ ] subaray partitioning Virtual pointer (*c)[ ] ... [ ] address replication
% sizeof(c) = sizeof(*c) * N % value(&c) = value(c)

value(c+1) = value(c) + sizeof(*c)
array pointer p explicit array pointer

sizeof(p) = pointer size (4/8 bytes) value(&p) # value(p)

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

Series 3App: 16 Young Won Lim
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Sizes of integer pointers

int (*)[2][4] int (*)[4] a pointer to an int
| J ° sizeof(p) = pointer size
{ P ’ L q N = 8 bytes (64-bit CPU)

= 4 bytes (32-bit CPU)

~int[2][4] outside array type int[4] outside array type

int (*)[4] o Nt int
4 S e I C [O] 7777777777777777 c[0][O] sizeof(*c)
- c[O][1]
sizeof(c) . :0: S
cloli3] |y
fffffffffffffffffffff c[1] c[1][O]
c[1][1]
c[1][2]
Y c[1][3]

Series 3App: 17 Young Won Lim
Applications of Array Pointers 2/10/24



Array element notation pJi]

Dereference notation *(p+i)

int a[4]; int (*p) [4] = &a; 1-d array, 1-d array pointer

int c[3][4]; int (*p) [3][4] = &c; 2-d array, 2-d array pointer

int c[3][4]; int(* q)[4] = c; 2-d array, 1-d array pointer
Seri 3App: oung Won Lim
Cblic e 18 Y gW2/1o|724
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1-d array, 1-d array pointer p — size and start address

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

value(p+1) — value(p)
= (long) (p+1) — (long) (p)

int (*) [4] int (*) [4]
P e p=2&a,; assignment P e *p=a
int [4] int int [4] int
start address = | p[0] p[0][0] P =1 (*p) (*p)[O]
0 p[O][1] Sizeot®) (“p)[ L
S p[0]2] e OB
p[0][3] (*p)[3]
start address =5 [ 5rq] p[1][0] oo p+1=% | (*(p+1)) |(*(p+1))I0]
@ p[L][1] sizeof(* (*(p+1))[1]
N f(int [4
@ p[1][Z] Zar s(ilge([)f(]i)nt) (*(p+1))[2]
p[1](3] (*(p+1)).3]
Series 3App: Young Won Lim
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2-d array, 2-d array pointer p — size and start address

- * _ . value(p+1) — value(p) = sizeof(*p) = sizeof(int [3][4])
Int ( p) [3] [4] - &C, = (long) (p+1) — (long) (p) =3 * 4 * sizeof(int)
int (*) [3][4] int (*) [3][4]
P e p=&c; assignment P ¢ *P=cC equivalence
int (*) [31[21\¢ iNt[3][4]  int [4] int int (*) [3][41Ng Int [3][4]  int [4] int

start p[0] p[0] c[0][0] p *D (*p)[0] |(*P)IO]
address c[0][0] (*p)[O]
c[0][0] (*p)[O]
c[0][0] (*p)[0]
p[O] c[0][1] sizeof(*p) p)1] P[]
o I Co
c[0][2] (*p)[1]
c[0][3] (*p)[1]
p[0][2] | clOli2] *p)2] |CPI2]
c[0][2] (*p)[2]
c[0][2] (*p)[2]
R c[0][2] (*p)[2]

Series 3App:
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Young Won Lim
2/10/24




2-d array, 2-d array pointer p — outside array type

int ¢ [3][4]; assignment dereference equivalence equivalence
int (*p) [3][4]; p=&  *p=c c = &cl0] c[0] = &c[0][0]
int (*) [3][4] int (*) [3][4]
P e p =&c; assignment P e *P=cC equivalence
int (*) [3][ int [3][4] int [4] int int (*) [3][ int [3][4] int [4] int
& | ¢ c[0] c[0] & | *p (*p)i0] |C*p)[O]
c[O] (*p)[O]
c[0] C:. i_nt [3][4] (*p)[0]
C[O] outside array type (*p)[O]
c[1] c[1] Cp)1  [Cp)[]
c[1] (*p)[1]
c[1] (*p)[1]
c[1] (*p)[1]
c[2] c[2] ¢p)2] |Cp)2]
c[2] (*p)[2]
c[2] (*p)[2]
C[2] (*p)[2]
Serie_s 3._App: _ 21 Young Won Lim
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2-d array, 1-d array pointer q— inside array type

int ¢ [3][4]; assignment dereference equivalence equivalence
int (*q) [4]; q=c q=c c = &cl0] c[0] = &c[0][0]
int (*) [4] int (*) [4]
9 e q=c, assignment q < g=c equivalence
int (*) [3][4] int (*)[4] gint [4] int int (*) [3][4] int (*)[4] g int [4] int
&c c ¢ > c[0] c[O] &c c < > q[O] q[0]
c[0] q[0]
clo][2] | e:intON q[0]
c[0] inside array type q[0]
c[O] :: int [4]
c(1] z%ﬂ outside array type ql1] ZE}
c[1] ql]
c[1] q[1]
c[2] c[2] q[2] q[2]
c[2] q[2]
c[2] q(2]
c[2] q(2]
Series 3App: 29 Young Won Lim
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Incrementing a 2-d array pointer

Incrementing a 1-d array pointer

Series 3App: 23 Young Won Lim
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Subarray sizes referenced by array pointers p and g

Int ¢ [3][4] ;

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

int (*q) [4] ;

2-d array c

2-d array pointer p

1-d array pointer g

sizeof( ¢ ) = array size

sizeof( p ) = pointer size

sizeof( q ) = pointer size

3:4-4 bytes 4 or 8 bytes 4 or 8 bytes
int ¢ [3][4] int (*p) [3][4]
c . sizeof( int [3][4] ) (*p) or p[O] : sizeof( int [3][4] )
int ¢ [3][4] =012 int (*p) [3][4] =012 int (*q) [4] =012

cli] : sizeof( int [4] )

(p)li] o7 p[O][i] : sizeof(int [4])

*(q+i) o q[i] : sizeof(int [4])

int ¢ [3][4] 12012
cli]lj] : sizeof(int)

int (*p) [3][4]  Zoi%s
(p)IilLi] o PIO]IIL] : sizeof( int)

int (*q) [4] 120123
*(<(q+i)+) or qlilli] : sizeof( int )

Series 3App:

Applications of Array Pointers
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2-d array c, 2-d array pointer p, 1-d array pointer q

Int ¢ [3][4] ;

2 (RNl H > (). 2
3-d pOIlG] eie = pImIOIO] sz, 3-d

int (*p) [3][4] = &c;

Basic Reference Extended Reference
) 1-d *a)jl =02z > (*(q+D)[j] 202 1-
int (*q) [4] = ¢ : Ca)li @il i 1
2-dq[OJp] meres e alil] gz, 2-d
Basic Reference Extended Reference
Series 3App: 25 Young Won Lim
Applications of Array Pointers 2/10/24



2-d array c

int (*) [4]  int [4]

Int ¢ [3][4] ; sizeofcpoy [ CT0 ClO) sizeof(int [4])
_ + c[1] sizeof(int [4])
sizeof(c[0]) _ _
(int[4l)  C[i] =012 sizeof(c[0]) c+2 cl2l sizeof(int [4])
c+3 sizeof(int [4])
int (*) int
int ¢ [3][4] ; sizeoficfijo [ CLt0  clilio] sizeof(int)
_ _ cli]+1 c[i][1] sizeof(int)
sizeof(c[i][0]) - _ _ .
(int) C[I] []] =01 sizeof(<[il[0]) c[i]+2 cli][2] sizeof(int)
7R c[i]+3 cl[i][3] sizeof(int)

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

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

Series 3App: 26 Young Won Lim
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Incrementing a 2-d array pointer p

int (*p) [3][4] = &c;

int ¢ [3][4] ;

p+0
1 sizeof(*p) sizeof(int [3][4]) sizeof(2-d array)
p+
D+2 sizeof(*p) sizeof(int [3][4]) sizeof(2-d array)
sizeof(*p) sizeof(int [3][4]) sizeof(2-d array)
p+3
Cp)0G] =o:2.  PIOIIOT =072
*(p+0) @) P[0 (*(p+0))[i][] <= PIOI[i][j] used for c[3][4]
*(p+l) ¢ p[l Fp+D))ID] s p[L][1]0]
*(p+2) <« p[2 ((P+2)00]  <mmp pI2][1][)]
*(pt3) 4= p[3 (*(p+3))1D] <=y p[3][i][}]
Series 3App: 2 Young Won Lim
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Incrementing a 1-d array pointer g

Int (*q) [4] C, Int ¢ [3][4] ;
q+0
1 sizeof(*q) sizeof(int [4]) sizeof(1-d array)
+
q+2 sizeof(*q) sizeof(int [4]) sizeof(1-d array)
:+3 sizeof(*q) sizeof(int [4]) sizeof(1-d array)
(“(a+D)il =o:2- qlilli] |-c:2-
*(qt0) 4= q[O; (*(a+0))l: =) q[O][j]  usedforc[34]
“(q+l) = q[l] (*(a+1))[] = q[1]]j
*(q+2) = q[2] (*(a+2)) 0] &= q[2]]j
“(q+3) <@ q[3] (*(a+3))l. = q[3][j
Series 3App: Young Won Lim
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2-d array pointer p

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

_ . sizeof(*p) p+0 *P sizeof(int [3][4])
INnt ( p) [3][4] 1 _ +1 sizeof(int [3][4])
sizeof(*p) P
sizeof(*p) pt+2 sizeof(int [3][4])
(int [31[4]) (*p) p+3 sizeof(int [3][4])
int [4] int (*) [4] int [4]
_ | (*p)+0  (*p)O] sizeof(int [4])
* . sizeof((*p)[0])
Int ( p) [3][4] ’ (*p)+1 (*p)[1] sizeof(int [4])
sizeof((*p)[0]) (p)+2 (2] f(int [4]
*p)+ *n sizeof(int [4
- * i1 =012 izeof((*p)[0
(nt[4]) (*p)[i] i sizeol("PI0] (*p)+3 sizeof(int [4])
int int (*) int
_ *p)[i]+0 *p)[i][0 izeof(int
int (*p) [3][4] ; sizeof(epyoqop (& PO (R steeoliny
! e+ Cp)I] sizeof(int)
sizeof((*p)[0][0]) (p)[il+2 CP)il[2] sizeof(in)
' *n)[illi Z0L2 sizeof((*p)[0][0])
o CoDT e (IS COJE]  sizeof(ing
Series 3App: 29 Young Won Lim
Applications of Array Pointers 2/10/24



2-d array pointer p

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

_ . R p+0 p[0] sizeof(int [3][4])
Int ( p) [3][4] J _ p+1 sizeof(int [3][4])
sizeof(p[0])
_ pt+2 sizeof(int [3][4])
: sizeof(p[0])
(int [3]4]) p[O] p+3 sizeof(int [3][4])
int [4] int (*) [4] int [4]
. 0]+0 0]][0 izeof(int [4
nt(p)[BI4];  swoe BT R e
! _ p[0]+1 p[0][1] sizeof(int [4])
sizeof(p[0][0])
_ ze0f(p[O][0]) p[0]+2 p[0][2] sizeof(int [4])
i C_ Sizeo
(int [4]) P[O][i] =012 P p[0]+3 sizeof(int [4])
int int (*) int
] O][i]+0 O][i][O izeof(int
int (p) [31[4] smeoppyoyoy PO POIWOL  sizeoi(ing
’ p[O][i]+1 p[O][i][1] sizeof(int)
sizeof(p[0][0][0]) Oi]+2 O10l2] zeof(int)
. P1O](1 P1O][1 sizeof(in
- i 002 izeof(p[0][0][0
(int) p[O][i][J] =012  SizeoHpIOIONO] pOiI+3  p[OI[il[3] sizeof(int)
Series 3App: 30 Young Won Lim
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1-d array pointer g

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

; q+0 *q sizeof(int [4])
* . i f(*
int ( q) [4] ’ :ZZfE*q; g+l *(g+1) sizeof(int [4])
f a g+2 *(q+2) sizeof(int [4])
. * = . 1 *
(int[4]) *(q+i) i-o0u2 sizeof(*q) 043 .
int int (*) int
: : *(q+i)+0 *(q+i))[0 izeof(int
int (*q) [4] ; sizeof((q)[0) (a+1) (*(@+))[0] sizeof(int)
*(q+i)+1 (*(g+i)[1] sizeof(int)
sizeof((*q)[0]) 4o S zeoilD
NP *(q+1)+ *(q+ sizeof(in
(nt) (*(q+0))b] =522 sizeof(Cao] | ) clariz
*(q+i)+3 (*(q+i))[3] sizeof(int)
Series 3App: 31 Young Won Lim
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1-d array pointer g

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

_ q+0 q[0] sizeof(int [4])
* . izeof(q[O
Int ( CI) [4] , sizeol(alo q+1 q[1] sizeof(int [4])
sizeof(q[0])
| _ 2eof(q(0) g+2 ql2] sizeof(int [4])
(int[4)  q[i] =012 sizeof(al q+3 sizeof(int [4])
int int (*) int
: ] i]+0 ][O0 izeof(int
int (*q) [4] ; sneot@oio) | . wreeotim
qli]+1 qli][1] sizeof(int)
sizeof(q[O][0]) 42 l[2] zeof(int)
: -1r= _ qll qll sizeof(in
(int) | 1=0,1,2 izeof(q[O][0
q[ ][l] j=0123 sizeof([oo] q[i]+3 q[i][3] sizeof(int)
Series 3App: 32 Young Won Lim
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Array element address

int ¢ [3][4] ; int (*p) [3][4] = &c;  int(*q) [4]=c¢;

value(c +1) = value(*p +1i) = value(q +1) =
value(c) + 1 * sizeof(*c) value(*p) + i * sizeof(**p) value(q) + i * sizeof(*q)
value(c[i] +j) = value((*p)li] +J) = value(qli] +j) =
value(cl[i]) + j * sizeof(*c]i]) value((*p)[i]) + ] * sizeof(*(*p)I[i]) value(q[i]) +j * sizeof(*q([i])
value(c + i) = value(c]i]) value(*p + i) = value((*p)[i]) value(q + i) = value(q[i])
address replication address replication address replication
&cfil[i] = value(e[i] + j) &Cplilli = value(Ep)il +i)  &qillj] = value(q[i] + j)
= value(c[i]) + j * sizeof(*c[i]) = value((*p)[i]) + j*sizeof(*("p)li]) = value(q[i]) + j * sizeof(*q([i])
= value(c + i) + j * sizeof(*c[i]) = value((*p) + 1) + j*sizeof(*(*p)[i) = value(q + i) + j * sizeof(*q[i])
= value(c) + i * sizeof(*c) = value(*p) + i * sizeof(**p) = value(q) + i * sizeof(*q)
+ j * sizeof(*c[i]) T 7 sizeol(*("p)[il) + j * sizeof(*q[i])
=value(c) +i*4*4+j*4 =value(®p) +i*4*4+)"4 =value(q) +i*4*4+j*4
Series 3App: 33 Young Won Lim
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Array-pointer conversions from a 2-d array type

Case 1l
int [3][4]
ccfr] )]
Case 2 o Case 3
int (*)[4] int * [3]
(*(c+n) [ 1] *clir]+))
array pointer pointer array
parenthesis
required
double pointer
*(*(c+)+ )
int **
Case 4
Series 3App: 34 Young Wz%oblzn;
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2-d array-pointer conversion types

int [3][4] int (*) [4]
cli]l] (*(c+1)b]
2-d array 1-d array pointer
int * [3] int **
*(cli]+)) *(*(cti)+))
1-d array of pointers double pointer
Series 3App: 35 Young Wz%oblzn;
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Types of ¢

Case 1 Case 2 Case 3 Case 4
int [3][4] int (*)[4] int * [3] Int **
array pointer pointer array double pointer
C points to an array c is an array of C points to an
of 4 integers 3 integer pointers integer pointer
= = — = = —_ * - =- — = =
cli]i] = (M)l  =*(chl+) = *(*(c+)t))
&cli]{j] = *c+i)+j = cli) = *(ct+)+
the address of c[i][j] is *(c+i)+j or c[i]+] The row address is *(c+i) or c[i]
Series 3App: i
36 R
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*Pointer conversions in array types
*Simulating array accesses by real pointers
*Dynamic memory allocation

Series 3App: 37 Young Won Lim
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Pointer conversions in 2-d and 1-d array types

int [3][4] | N int (*) [4]
S relaxing the 1% dimension : ;
cliji = (*(c+i))[]
2-d array c 1-d array pointer
int * [3] Int **
* . relaxing the 1° dimension e .
1-d array c double pointer

relaxing the 1% dimension

Series 3App: 38 Young Won Lim
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Relaxing the 15 dimension of an array

Virtual pointers
Case 1l

int [3][4] | Integer Array

i) [y]

array
Case 2 Case 3
int (*)[4] int * [3]

(*(c+1) [1] *clr]+))

array pointer pointer array
parenthesis
required
Virtual pointers

double pointer

*(*(cH)+ )

Case 4 Pointer Array

int **
Series 3App: 39 Young Won Lim
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Pointer conversions in 2-d and 1-d array types

Only the 1t dimension can be relaxed

Virtual Pointer @ -------------------------- »  Abstract Data
Series 3App: 40 Young Won Lim
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Pointer conversions in 2-d and 1-d array types

Only the 1t dimension can be relaxed

Series 3App: 41 Young Won Lim
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Pointer conversions in 2-d and 1-d array types

Only the 1t dimension can be relaxed

Abstract Data

Series 3App: 42 Young Won Lim
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Case 3) 1-d array c, pointer c[i]

virtual pointers
int * [3] int * int
Int c ||[3]| [4] c | 0] e : c[0][O0]
c[O][1]
C 1-d array C[g]{g%
type : int * [3] CLY.
c[1][0]
. sizeof(int *) = es Cl[l]
Int c [3]] [4] 0] Zflf,tc)[Z]frzg% be c[11[2]
agjacent to eacn otner - -
| c[1][3]
c[i] pointer c[2][0]
type : int * c[2][1]
cl2][2]
Int pointer cl2][3]
- - cisanarrayof = m—m————— Tzl
*(C[ [ ]+ ]) 3 integer pointers . 2{2} : ,,,,,,,,, :
c[2] @4--»
Series 3App: 43 Young Won Lim
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Case 4) double pointer ¢, pointer c[i]

virtual pointers
int ** int * int
Int c [3]|[4] | C  @iwep  C[0] @ c[0][0]
c[O][1]
C double pointer C[g]g%
type : int ** il
c[1][O]
: sizeof(int *) = 4bytes c[1][1]
nt e B S 1112}
| c[1][3]
c[i] pointer 1 2] @ c[2][0]
type : int * c[2][1]
c[2][2]
Double pointer cl2][3]
- - C points to an : t e
*(*(C'H)'l' j) integer pointer . z: gm: ,,,,,,,,,,, :

Series 3App: 44 Young Won Lim
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Case

int [4]

int

c[O]

c[0][0]

virtual pointers

int

c[O][1]

c[O][2]

cl0][3]

c[0][0]

c[O][1]

c[0][2]

c[O][3]

c[1]

c[1][0]

c[1][1]

c[1][2]

c[1][3]

[1]00]

[1][1]

[1][2]

1[3]

c[2]

c[2](0]

c[2][1]

cl2][2]

c[2][3]

1[0]

1[1]

1[2]

O 0O 0O 00O 0O 0O 0
NINNNPRE -

1[3]

*(F(c+D)+ )

Series 3App:

C points to an
integer pointer

Applications of Array Pointers

Young Won Lim




Types in a 2-d array

int [c| [3] [4] nt | c|[3] [4

C 2-d array relaxing the 1*dimension — ~  1.d array pointer (virtual)
type : int[3][4] type : int (*) [4]
size : 3 *4*4 Size : 3 *4*4
value : &c[0][0] value : &c[0][0]
nt [ c [3] [ c B [
c[i] 1-darray relaxing the 1 dimension  C[I] 0-d array pointer (virtual)
type : int[4] type : int (*)
size : 4*4 size : 4*4
value : &c[i][0] value : &cli][0]
Series 3App: 46 Young Wé?i'o%”i
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Abstract data and virtual pointer types

= J
Gespul O c ® [ co]e > cO]0]
| i clojy] | ¥
int (*)[4 ¢ points to a 1-d array array pointer
( )[ ] with 4 elements cloli2]
clO][2]
\J
[ array pointer inc
S I
e c o ] ool ®] [ co
| . c[l] e | |y c[1][0]
int * [3 cis a 1-d array —
3] of integer pointers c2] ol ¥V | c[2][0]
pointer array j  J
Iy
pointerinc  j
I
**e+)H) 00000 | c e o c0] ® | c0]0]
c[l] o] | |y c[1][0]
int ** ¢ points to c2l of ¥ | » o0
an integer pointer double pointer j M
Joy
pointerinc

Series 3App:
Applications of Array Pointers

47

Young Won Lim



Casel) 2-darray c, 1-d array c[i]

int [3][4] int [4] int
int | c]| [3] [4]} C o[0] 228;{(1)}
Cc 2-d array C:8:[:-23]
type : int [3][4] — E[_lJEO}
| c[1][1]
int | ¢ [3]] [4] c[1][2]
c[1][3]
c[i] 1-darray c[2] c[2][0]
type : int [4] c{Z}El}
c[2][2
Abstract Data c[2][3]
cc[r]D[J]
2-d array c
Series 3App: 48 Young Wé?i'o%”i
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Case 2) 1-d array pointer c, 1-d array c[i]

int (*) [4] int [4] int
int |c| [3] [4] L.c..e» clo] c[0][0]
[ ]W c[O][1]
C 1-d array pointer C[g]gi
.o * C
type : int (*) [4] o <[1][0]
_ c[1][1]
int | ¢ [3]] [4] c[1][2]
c[1][3]
C[i] 1-d array c[2] c[2][0]
type : int [4] c[2][1]
c[2][2]
Abstract Data c[2][3]
(*(c+i) [j] otainegers
2-d array c
i;gﬁiaﬁﬁﬁg :of Array Pointers 49 Youns W2320|7|2n2



Case 3)

1-d array c, pointer c[i]

real pointers int

int | |[c||[3]l| [4] . . c[0][0]
int * [4] int * / COTF11
C 1-d array ¢ ClOll o= c[0][2]
- cll] e~ c[0][3]

type : int* [3] c[2] o\\»
: c[1][0]
int || c [3] [4] c[1][1]
| c[1][2]
c[l] pointer c[1][3]

type : int*
: c[2][0]
Int pointer c[21[1]
- c[2][2]
fClil+i) 21
1-d array c
Series 3App: Young Won Lim
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Case 4) double pointer ¢, pointer c[i]

real pointers int
T LGN
Cc double pointer  f C o " """"" > c[O] . c[0][2]

type : int ** g{;} :\ c[0]3]
: c[1][0]

int || c [3] [4] c[1][1]

_ _ c[1][2]

c[i] pointer c[1][3]
type: int*

_ c[2][0]

Double pointer c[2][1]

c[2][2]

cl2][3]

1-d array c
Series 3App: 51 Young Wz%oblzn;
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Nested Structure — abstract data, virtual pointer

int [31[4] int [4] int int (*) [4 int [4] int
c c[0] cloJjlo] | c @l c[0] c[0][0]
c[O][1] c[O][1]
c[0][2] c[01[2]
c[0][3] c[0]1[3]
c[1] c[1][0] c[1] c[1][0]
c[1][1] c[1][1]
c[1][2] c[1][2]
c[1][3] c[1][3]
c[2] c[2][0] c[2] c[2][0]
c[2][1] c[2][1]
c[2][2] c[2][2]
c[2][3] c[2][3]
Case l Case 2

][] (*(c+1) [1]

nested structure

2-d array c
Series 3App: 52 Young Won Lim
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Nested structure — abstract data, virtual pointer

int * [4] int * CES;E‘E int * * int * / ctgﬁ(ﬂ
e C
¢ ct0] * clolr2] ] - clol ] clolrz]
c[2] o c[2] o
c[1][0] c[11[0]
c[1][1] c[11[1]
c[11[2] c[1][2]
c[11i3] c[11[3]
c[2][0] c[2][0]
c[2][1] c[21[1]
c[2][2] c[2]112]
c[2][3] c[2][3]
Case 3 Case 4
* i i * (% - -
(cl1]+]) (*(c+n)+))
nested structure 1_ d arr ay C

Young Won Lim

Series 3App: 53
2/10/24
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*Pointer conversions in array types
*Simulating array accesses by real pointers
*Dynamic memory allocation

Series 3App: 54 Young Won Lim
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c Is a double pointer and a 1-d array pointer

*(*(C_|_O)_|_0) ‘ **c a double pointer

(*(c+0))[0] == (*c)[0] avdaray pointer

Series 3App: 55 Young Won Lim
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c Is a double pointer and a 1-d array pointer

Case 1l Case 2 Case 4

array pointer double pointer

int [3][4] -—— INt(*)[4] <e—— Int **

Incrementing the Incrementing the
1st dimension pointer 2" dimension pointer

Case 1l Case 3 Case 4

pointer array double pointer

int [3][4] <=e-—— Int *[8] w—— int * *

Incrementing the Incrementing the

2" dimension 1%t dimension pointer

pointer
Serie_s 3._App: _ 56 Young Won Lim
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2-d array access via a double indirection

Case 1 Case 2 Case 4
int [3][4] int (*)[4] int **
pointer array ) double pointer
i J
c [1][] (*(c+)] *(*(c+i)+))
expand the 1% dimension expand the 2" dimension
c [i]) = (*(c+i) b=+
contiguous memory contiguous memory
locations are assumed locations are assumed

int | c| [3] [4]} nt [c| [3] [4 |int [He] (3]} [4]

C points to an array C points to an

of 4 integers integer pointer
Series 3App: 57 Young Won Lim
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2-d array access via a double indirection

Case 1l Case 3 Case 4
int [3][4] int * [3] int **
array pointer double pointer
J i
c [1][] *(lc [i] +)) *(*(c+i)+)
J J
expand the 2" dimension expand the 1% dimension
b=+ c [i]) = (*(c+i)
contiguous memory contiguous memory
locations are assumed locations are assumed

int | c| [3] [4]} int | |[c][81| 41 |int [c] [3]] [4]

c is an array of C points to an

3 integer pointers integer pointer
Series 3App: 58 Young Won Lim
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Cases 1, 2,4

int ¢ [3] [4]; int (*p) [4];

Case 1 Case 2 Case 4

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

i J
c [1i)0] (*(c+0)] *(*(c+i)+))
= pIoIClo) equivalence

p=c e o

p [1]0] (*(p+1))0] *(*(p+)+))
Series 3App:

Young Won Lim
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Cases ], 3,4

int ¢ [3] [4]; Int **p, *q[3];
Case l Case 3 Case 4
int [3][4] int * [3] int **
J I

c [ih] CUNy) *(*(c+)+))

— g al0l=cl0l.  myst be allocated
P=0; dCIZeh) and initialized

p [i])0] *(tp [1I))+)) *(*(p+)+))

Series 3App: 60 Young Won Lim
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Simulating 2-d array accesses by real pointers

Case 1l
int [3][4]

celr) [1]

Case 2 Case 3
int (*)[4] int * [3]

(*(c+1) [1] *clr]+))

array pointer pointer array
parenthesis
required
double pointer

e+ )
Case 4

Series 3App: 61 Young Won Lim
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Incrementing pointers

(*(e+)l]

int (*) [4] c points to a 1-d array
with 4 elements

J

c & | o] e

array pointer

> _clO][0]

c[0][1] array
c[0][2]
c[0][2]

[ array pointer inc

*(elil+)

int * [3] cis a 1-d array
of integer pointers

I

pointer array

c o o clo] O]/ y[ co]o]
c[l] e /| |yl c[1]o]

2l eof ¥ | w0
A
J .

|
J

pointer inc

*(*(cH)+)

int ** c points to
an integer pointer

c ® | yclo] o

" |y c0][0]

double pointer

I
pointer inc

v
J

pointer inc

Series 3App:
Applications of Array Pointers

62
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2-d array access using an array pointer p

int ¢ 3] [4]; int (*p) [4]
int [4] int

int (*) [4 c[0] c[0][O] p[O][O]

o v clol1] | ploj1]

g cloli2] | ploli2]

cloli3] | pl0(3]

p = &cl0] ] c[1][0] | pl1][0]

oI clull1] | pl11]

| Cmel | clili2] | pl1l[2]

TLETH clll3] | pl1li3]

(e c[2] c[2][0] p[2][0]

L c2]1] | pl2][1]

-~ ((p+0)b] == plh] cl212] | pl2][2]

& Y 2131 pl2Ii3]

Series 3App: 63 Young Won Lim
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2-d array access using a pointer array q

int ¢ [3] [4]; int *q[3];

int
| | c[01[0] q[01[0]
int * [4] Int * //) c[0][1] qlO][1]
q ql0] ] c[01[2] ql01[2]
qll] - c[01[3] q[01[3]
q[2] \\»»cmm q[11[0]
—— ] | c[11[1] q[1][1]
. Case3 a1 = geltlio] cl1ll2] | ql1l[2]
int * [3] \\ q[2] = &c[2][0] ; c[1]1[3] q[11[3]
*(cli]+) c[2]10] | q[2][0]
. e c[2][1] [2][1]
\( qlil+) = qfilli] BIBl | 2]
- c[2][3] ql21[3]
Series 3App: 64 Young Wz%oblzn;
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2-d array access using double pointers g

Int c [3] [4];

Int **p, *q[4];

int

int ** c[0][0]
&p p ol p-éqo; c[O][1]
| | c[0][2]
int * [4] int * c[0][3]

N o -
q gm ~ | ol
— 2] e c[1][1]
~ Cased4 c[1][2]
int * * \\ \ c[1][3]
(e o) = seitlio] c[2][0]
o care . al21=&cf2]0]: 2111
CEHD) - Pl D2ll2
- g c[2](3]

Series 3App:
Applications of Array Pointers
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plO][O]
plO][1]
plO1[2]
plO][3]

p[1][0]
pl1][1]
pl11[2]
pl1][3]

p[2][0]
pl2][1]
pl2][2]
pl2][3]

Young Won Lim
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Case 4) double pointer ¢, pointer c[i]

real pointers int
Int C [3] [4] int * * int * c[0][0]
c[O][1]
c double pointer ¢ 7 clO][2]
type : int ** X c[0][3]
e IR 1 (0
int | c [3] [4 — c[1][1]
SHE izl \ cl1][2]
C[i] pointer cl1][3]
type : int * c[2][0]
c[2][1]
Double pointer cl2][2]
c[2][3]

*(*(c+D)+ )

Series 3App:

Applications of Array Pointers

Young Won Lim
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Nested structure - Pointers

int int
c[0][0] c[0][0]
int * [4] int * / c[O][1] int * * int * c[o][1]
c c[0] = clolf2] c o c[o1[2]
a1l e c[01(3] Z c[01(3]
cl2] k\» <TTT0] cl0] - c[1][0]
c[1][1] cl[1] o c[1][1]
c[1][2] cl2] (. c[11[2]
c[1][3] \ c[1][3]
c[2][0] c[2][0]
c[2][1] c[2][1]
c[2112] c[2][2]
c[2][3] c[2][3]
Case 3 Case 4
*cl1]+)) *(*(ctn)t))
nested structure
Series 3App: 67 Young Won Lim
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*Pointer conversions in array types
*Simulating array accesses by real pointers
*Dynamic memory allocation

Series 3App: 68 Young Won Lim
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Dynamic Memory Allocation of 2-d Arrays

method 1 Case 4
nt G- int * *
¢ = (int**) malloc(3 * sizeof (int *)) ;

c[0] = (int *) malloc(4 * sizeof (int)) ;
c[1] = (int *) malloc(4 * sizeof (int)) ;
c[2] = (int *) malloc(4 * sizeof (int)) ;

met.h?d*f _ Case 4
:Et * g , Int * *

c = (int **) malloc( 3 * sizeof(int *) ) ;
p=(int*) malloc(4 * 4 * sizeof(int) ) ;
for (i=0; I<M; i++) c[i] = p + I*N;

mEthOd 3 Case 2

int  (*p) [3] ; A
:O - (gnl?)(*[) ][3]) malloc(3 * 4 * sizeof (int)) ; int ()[4]

Series 3App: 69 Young Won Lim
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2-d array dynamic allocation : method 1

int
method 1 c[O][O]
int *» c; c[O][1]
c = (int**) malloc(3 * sizeof (int *)) ; c[0]1[2]
c[0] = (int *) malloc(4 * sizeof (int)) ; c[0][3]
c[1] = (int *) malloc(4 * sizeof (int)) ;
c[2] = (int *) malloc(4 * sizeof (int)) ; int
| c[1][0]
int ** c[1][1]
C o c[1][2]
\ | c[1][3]
int * .
— INt
clO] c[2][0]
c[1] o c[2][1]
c[2] o c[2][2]
c[2][3]
_ may not be contiguous
_C- an arraY of because of memory alignments
mteger pomters
Series 3App: 70 Young Won Lim
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2-d array dynamic allocation : method 2

int * int

method 2 D - p[O][O]
it ** ¢ p[OI[1]
nt G R - p[OI[2]
¢ = (int **) malloc( 3 * sizeof(int *) ) ; o[0][3]
p = (int *) malloc( 4 * 4 * sizeof(int) ) ; —
for (i=0: i<M; i++)  c[i] = p + i*N; p[1]10]
pl1]i1]
- pI1][2]
¢ . pL1]i3]
\ p[2][0:
nt” p[2](1]
c[0] o pl[2][2]
cl[l] o pl2][3]

c[2] o contiguous

array of pointers
allocated physically in memory

Series 3App: 71 Young Won Lim
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2-d array dynamic allocation : method 3

method 3

it ("p) [3];
p = (int (*) [3]) malloc(3 * 4 * sizeoOf (int)) ;

int

plO]I0]

plO][1]

p[0][2]

pLO][3]

p[1][0]

p[1I[1]

pl11[2]

pL1][3]

p[2][0]

pl2][1]

pl2][2]

pL2][3]

utilize pointer
addition property

Pointer to Arrays :
No physical allocation

Series 3App: 79
Applications of Array Pointers

Young Won Lim
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C scalar data types

Arithmetic types and pointer types
- collectively called scalar types

- hold single data item

- size and format

Array and structure / union types
- collectively called aggregate types
- hold more than one data items

C scalar data types provide their size and format
The alignment of a scalar data types is equal to
its size

Scalar alignment shows scalar alignments that
apply to individual scalars and to scalars that are
elements of an array or members of a structure or
union.

Wide characters are supported (character
constants prefixed with an L)

The size of each wide character is 4 bytes

https;//stackoverflow.com/questions/35722514

Series 3App: 73 Young Won Lim
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Data Types

Void
Scalar Types
Arithmetic Types
Integral Types
Floating Types
Pointer
Enum
Aggregate Types
Array
Union
Union
https;//stackoverflow.com/questions/35722514
Series 3App: Young Won Lim
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C abstract data types

Array as an Abstract Data Type and
as a Data Structure

Abstract Data Types, ADTs are

a way of classifying data structures
based on how they are used and
the behaviors they provide.

They do not specify

how the data structure must be implemented
but simply provide a minimal expected interface
and set of behviors.

Data structure is
a concrete implementation of a data type.

It's possible to analyze the time and memory
complexity of a Data Structure but not from a

data type.
The Data Structure can be implemented in
several ways and its implementation may vary Lucasmagnum.edium.com/sidenotes-array-sbstract-data-type-data-
from language to language structure...
Serie_s 3_App: _ 75 Young Won Lim
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