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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 4:
Multi-dimensional Arrays

#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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3-d Array Index
¢ [1]0]Ik]

Interpret as recursive indirections
Interpret as hierarchical sub-arrays
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L, M, N — the number of index values

k=0

int ¢ [L][M][N]; = | N =

k=2

k=3

¢ [1]0][k] L =

L 1=0 =1 N =

k=3

k=0

k=1

= N k=2

k=3

k=0

k=1

k=2

k=3

M k=0

i=1 j=1 N k=1

k=2

k=3

k=0

k=1

k=2

k=3
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Index value tree — all possible combinations

L

int ¢ [L]IM][N];

¢ [1]0][k]

i=0

i=1

Series: 6. 6
Applications of Arrays
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The number of elements of subarrays

INnt

Series: 6.

¢ [LIIM]IN];

¢ [1]0l(k]

Applications of Arrays

o L*M*N elements

Cli] ceevvnnnnnnnnn. M*N elements

clilii] -+-vvevnnnnnnnn N elements

array covering

names elements
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From a 3-d index to a 1-d index

int ¢ [LIMIINJ; L

c [0 /

[1] U] [k]
| |

*M*N +J*N + k

("M +])'N + k
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I*M*N, J*N, K — Index offset values

i*M*N i*N

c[O] c[0][0]

a[0]

al]

int ¢ [L][M][N]; =

al2]

a[3]

a[4]

c [k zom

a[5]

a[6]

a[/]

I*M*N

c[O][2] a[8]

a[9]

a[10]

ajll]

a[12]

Co) e
=

a[13]

J*N

a[14]

a[15]

a[16]

¢ [1][1][1] @D

1=1 =1 k=1 x a[17]

a[18]

a[19]

a[20]

a[(1*3 + 1)*4 + 1] c[1]2]

a[21]

a[22]

a[23]
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Indexing In int p[24]

int [24] int int

p[O]
p[1]
p[2]
p[3]
pl4]
p[5]
p[6]
p[7]
p[8]
p[e]
p[10]
p[11]
p[12]
p[13]
p[14]
p[15]
p[16]
p[17]
p[18]
p[19]
p[20]
p[21]
p[22]
p[23]

p

NAX XX XXX XXX XXX|X|X[XX]|X]|X|X[X|[X]X]|X

24
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Indexing in int p[8][3]

int [8][3] int [3] int int

p p[0] p[O][Q]
p[O][1]
p[O][2]
p[1][0]
p[1][1]
p[1][2]
p[2][0]
p[2][1]
p[2][2]
p[3][0]
p[3][1]
p[3][2]
p[4][0]
p[4][1]
p[4][2]
p[5][0]
p[5][1]
p[5][2]
p[6][0]
[

[

[

[

[

p[1]

p[2]

p[3]

p[4] I

p[5]

p[6]

p6][1]
pl6][2]
pI71[0]
pI71[1]
pL71(2]

p[7]

XX XXX XXX XXX XX XXX XX XXX X]|X]|X

24 24/8 = 3
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Indexing In int p[2][4][3]

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

p[O][O][0]
p[O][O][1]
p[O][0][2]
p[O][1][0]
plO[1][1]
p[O][1][2]
p[O][2][0]
plO][2][1]
plO][2][2]
p[O][3][0]
p[O][3][1]
plO][3][2]
p[1][0][0]
P[L][O][1]
p[L][0][2]
p[L][1][0]
p[LI[1][1]
p[LI[1][2]
p[1][2][C]

[

[

[

[

[

p p[0] p[O][0]

p[O][1]

p[O][2]

p[O][3]

P[] p[L][0] I

p[L][1]

p[1][2]

p[L][2][1]
p[L][2][2]
p[LI[3][O]
P[LI[3]1]
pLLI[3][2]

p[L][3]

XXX XXX XXX XXX XXX[X]X|X|X[X[X]|X]X]|X

24 24/2 =12 12/4 =3
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Indexing in int p[2][6][2]

int [2][6][2] int [6][2] int [2] int int
p p[0] p[0][0] X p[O][O][0]
X p[O][0][1]
p[O][1] X p[O][1][0]
X p[O][1][1]
p[O][2] X p[O][2][0]
X p[O][2][1]
p[O][3] X p[O][3][0]
X p[O][3][1]
p[O][4] X p[O][4][0]
X p[O][4][1]
p[0][5] X p[O][5][0]
X p[O][5][1]
p[1] p[1][0] + X P[1][0][0]
X p[L][O][1]
p[L][1] X p[1][1][0]
X p[LI[1][1]
p[1][2] X p[1][2][0]
X p[1][2][1]
p[1][3] X p[1][3][0]
X p[L][3][1]
p[1][4] X p[1][4][0]
X p[LI[4][1]
p[1][5] X p[1][5][0]
X p[L][5][1]
24 24/2 = 12 12/6 = 2
Series 4: 13 Young Won Lim
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Indexing in int p[2][2][3][2]

int [2][2][3][2] int [2][3][2] int [3][2] int [2] int
P p[O] p[O][O] p[O][0][0] X p[O][0][0][0]
X p[O][0][O][1]
p[O][O][1] X pP[O][0][1][0]
X p[O][O][1][1]
p[O][0][2] X p[0][0][2][Q]
X p[O][0][2][1]
p[O][1] p[O][1][0] X p[O][1][0][0]
X p[O][1][O][1]
p[O][1][1] X p[O][1][1][0]
X p[O][1][1][1]
p[O][1][2] X p[O][1][2][0]
X p[O][1][2][1]
p[1] p[1][O] p[1][0][0] X p[1][0][0][0]
X p[1][0][0][1]
p[1][0][1] X p[1][0][1][0]
X p[1][0][1][1]
p[1][0][2] X p[1][0][2][Q]
X p[1][0][2][1]
p[1][1] p[1][1][0] X p[1][1][0][0]
X p[1][1][O0][1]
p[L][1][1] X p[1][1][1][0]
X p[1][1][1][1]
p[1][1][2] X p[1][1][2][0]
X p[1][1][2][1]
24 24/2 =12 12/2 =6 6/3=2
Series 4: Young Won Lim
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Indexing In muti-dimension arrays

int p[24] int p[8][3] int p[2][4][3] int p[2][6][2] int p[2][2][3][2]

p[O] P[O][0] p[O][O][0] p[O][0][0] p[O][0][0][0]
p[1] p[O][1] pP[O][O][1] p[O][O][1] p[O][O][O][1]
p[2] p[0][2] p[O][0][2] p[O][1][0] p[O][O][1][0]
P[3] p[1][0] p[0][1][0] p[O][1][1] p[O][O][1][1]
p[4] p[1][1] pP[O][1][1] pP[O][2][0] p[O][0][2][0]
pld] | plij2l | ploJ[1I™1 | ploji21™1 | plojioji2jr**
p’ p[Z’, | PO P[0’ |O[0][11r

&&A B é@, B & il «*@Al] P&l |

B —— L @ Y M

O 8 2 2] 0¥ _i212] (o> 410 A i)
p[9] p[3][0] p[0][3][0] p[O][4][1] py/([L][1][1]
p[10] P[3][1] P[O][3][1] p[O][5][0] p[O][1][2][0]
p[11] p[3][2] p[O][3][2] p[O][5][1] p[O][1][2][1]
p[12] p[4][0] p[1][0][0] P[1][0][0] p[1][0][0][0]
p[13] p[4][1] p[1][O][1] p[1][O][1] p[1][0][O][1]
p[14] p[4][2] p[1][0][2] P[1][1][0] pP[1][0][1][C]
p[15] p[5][0] p[1][1][0] pL][1][1] p[L][O][1][1]
p[16] p[S][1] p[L][1][1] pP[1][2][0] pP[1][0][2][0]
p[17] p[5][2] p[1][1][2] p[1][2][1] p[1][0][2][1]
p[18] p[6][0] p[1][2][0] P[1][3][0] p[1][1][0][0]
p[19] p[6][1] p[1][2][1] p[1][3][1] p[L][1][0][1]
p[20] p[6][2] p[1][2][2] pP[1][4][0] p[1][1][1][C]
p[21] p[71[0] p[1][3][0] p[1][4][1] p[L][L][1][1]
p[22] p[71[1] p[L][3][1] pP[1][5][0] p[1][1][2][0]
p[23] p[7][2] p[1][3][2] p[1][5][1] p[1][1][2][1]

Series 4. 15 Young Won Lim
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Subarray sizes of 24 element multi-dimensional arrays (1)

int p[2][2][3][2] int p[2][6](2] int p[2][4][3]

p int [2][2][3][2] p int [2][6][2] p int [2][4][3]
sizeof(p) = 2*%2*3*2 =24 sizeof(p) =2*6*2 =24 sizeof(p) =2*4*3 =24
integers integers integers
p[O] int [2][3][2] p[O] int [6][2] p[O] int [4][3]
sizeof(p[0O]) =2*3*2 =12 sizeof(p[O]) =6*2=12 sizeof(p[0]) =4*3 =12
integers integers integers
p[0][0] int [3][2] p[0][0] int [2] p[0][0] int [3]
sizeof(p[0][0]) =3*2=6 sizeof(p[0][0]) =2 sizeof(p[0][0]) =3
integers integers integers
p[0][0][0] int [2] p[0][0][0] int p[0][0][0] int
sizeof(p[0][0][0]) =2 sizeof(p[0][0][0]) =1 sizeof(p[0][0][0]) =1
integers integers integers
p[0][O][0][0] int
sizeof(p[O][0][O][0]) =1
integers

Seri?S _4: ) 16 Young Won Lim
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Subarray sizes of 24 element multi-dimensional arrays (1)

Int p[8][3] Int p[24]

X —» | X[0]
p int [8][3] P int [24]
sizeof(p) =8*3=24 sizeof(p) =24 g
integers integers
p[0] int [3] p[0] int
sizeof(p[O]) = 3 sizeof(p[O]) = 1 X[N-1]
integers integers
plO]IO] int . .
sizeof(p[0][0]) 4 sizeof(X) = N * sizeof(X[0])
integers

Seri?S _4: ) 17 Young Won Lim
Multi-dimensional Arrays 12/1/22



Abstract data type examples in int p[2][3][4];

int p[2][3][4];
(1) typedef int atype [2][3][4] ; ( atype = int [2][3][4] )
atype p; (int p [2][3][4] )
(2) typedef int btype [3][4] ; ( btype = int [3][4] )
btype p[2]; (int p[2] [3][4] )
(3) typedef int ctype [4] ; ( ctype = int [4] )
ctype p[2][3]; (int p[2][3] [4] )
(4) typedef int dtype ; ( dtype = int)
dtype p[2][3][4]; (int p[2][3][4] )
Series 4: 18 Young Wlozr}blzng
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(1) atype p; where typedef int atype [2][3][4] ;

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

p X X[0] X[0][0] X[0][0][0]

]
X[O][O][1]
X[0][0][2]

X[0][0][3]

X[O][1] X[O][1][0]

X[O][1][1]

X[O][1][2]

X[O][1][3]

X[0][2] X[0][2][0]

X[O][2][1]

X[0][2][2]

X[0][2][3]

X[1] X[1][0] X[1][0][]

X[1][0][1]

X[1][0][2]

X[1][0][3]

X[1][1] X[1][1][0]

X[1][1][1]

X[1][1][3]

X[1][2] X[1][2][0]

X[1]2][1]

X[1](2][2]

[
[
[
[
[
X[1][1][2]
[
[
[
[
[

X[1][2][3]

Seri?s _4: ) 19 Young Won Lim
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(2) btype p[2], where typedef int btype [3][4] ;

btype [2]

btype

p p[O]

p[1]

Series 4:
Multi-dimensional Arrays

X — p[o]

X « p[1]

20

int [3][4]

int [4]

int

X

X[0]

X[1]

X[2]

X[0][0]

X[O][1]

X[0](2]

X[0][3]

X[1][O]

X[1][1]

X[1][2]

X[1][3]

X[2][0]

X[2][1]

X[2](2]

X[2][3]

X[0]

X[1]

X[2]

X[0][0]

X[0][1]

X[0][2]

X[0][3]

X[1][0]

X[1][1]

X[1][3]

X[2][0]

X[2][1]

X[2][2]

]
]
]
]
]
X[1][2]
]
]
]
]
]

X[2][3]

Young Won Lim
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(3) ctype p[2][3]; where typedef int ctype [4] ;

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

P p[O] p[0][0] X X[0]
X[1]
X < p[oj[0] X2l
X[3]
p[O][1] X X[0]
X[1]
X < p[oj[1] X(2]
X[3]
p[O][2] X X[0]
X[1]
X < p[oj[2] X[2]
X[3]
p[1] p[1][0] X X[0]
X[1]
X < p[1][0] X2l
X[3]
p[1][1] X X[0]
X[1]
X < p[1j[1] X(2l
X[3]

p[1][2] X X[0]
X[1]
X - pl]i2] 2

X[3]

Seri?S _4: ) 21 Young Won Lim
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(4) dtype p[2][3][4], where typedef int ctype ;

dtype [2][3][4] dtype [3][4] dtype [4] dtype int
P p[O] p[0][0] p[O][0][O] X < p[Oj[o][o] X
p[O][O][1] X « p[O][0][1] X

p[0][0][2] X < p[o][o][2] X

p[0][0][3] X « p[O][0O][3] X

p[O][1] p[O][1][0] X « p[O][1][0] X

p[O][1][1] X < p[O][1][1] X

p[O][1][2] X < p[O][1][2] X

p[O][1][3] X « p[O][1][3] X

p[0][2] p[0][2][O] X « p[0][2][0] X

p[O][2][1] X < p[O][2][1] X

p[0][2][2] X < p[O][2][2] X

p[0][2][3] X < p[O][2][3] X

p[1] p[1][0] p[1][O][0] X « p[1][o][0] X
p[1][O][1] X < p[1][0][1] X

p[1][0][2] X < p[1][o][2] X

p[1][O][3] X < p[1][0][3] X

p[L][1] P[1][1][0] X < p[1][1][0] X

p[L][L][1] X < p[1][1][1] X

p[1][1][2] X < p[1][1][2] X

p[L][1][3] X < p[1][1][3] X

p[L][2] p[1][2][0] X < p[1][2][0] X

p[1][2][1] X < p[1]2][1] X

p[L][2][2] X < p[1][2][2] X

p[1][2][3] X < p[1][2][3] X

Series 4: 29 Young W102r}1|7|2n;
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Virtual array pointers
In a multi-dimensional array

Series 4: 23 Young Won Lim
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Pointers to various data types

Int *p; inti, j, k;

p+1 ............ » &J ‘f’

...... p+2 &k
double *q;

q | ™&a L

|

...... g+l &b \

................... ﬂ

...... q+2 & |

|

size
size
size

double a, b, c;

size

size

size

pointe

— P &X

r

T XY, Z;

abstract data

>~ size

>~ size

~ Size

Series 4:

Multi-dimensional Arrays
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Pointers to primitive data

int *p; inti, j, k;

p|—»&i |

p+1 ""E ............ .> &J J :/\,,

...... pr2 ookl k|-
double *q;

q [—»&a a |

J

...... g+l oom&bl \

................... J

............. > \

...... oz &l o |

size
size
size

double a, b, c;

size

size

size

sizeof(int) = 4 bytes

sizeof(i)

— —  sizeof(*p) |

— sizeof()) —  sizeof(*(p+1))

— 'sizeof(k) —  sizeof(*(p+2))
L - -

sizeof(double) = 8 bytes

— l//s|z gof(a) — SiZieoi{(;qi)ﬁq\\{
‘3 )

[

|
— “ sizeof(b) — sizeof(*(q+1))\

— sizeof(*(q+2))/<

— }sizeof(c)

= sizeof(p)
- sizeof(p+1)
= sizeof(p+2)

%/_/

pointer size
4 or 8 bytes

~ sizeof(0)
Z sizeof(g+1)

Z sizeof(g+2)

%/_/

pointer size
4 or 8 bytes

Series 4:

Multi-dimensional Arrays
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Pointers to abstract data

T *p; T XY, Z; sizeof(T)
p__ | &X : S
a8 DR
X - size — sizeof(X) — sizeof(*p) >~ sizeof(p)
___________________ | H |
Pl ey |

\

Y ~ Size — sizeof(Y) = sizeof(*(p+1)) | = sizeof(p+1)
|
____________ TR ‘\ [
4 Csize = sizeof() = sizeof(*(p+2)) | = sizeof(p+2)
N - %
)
pointer abstract data 20(;:1t8erb)s/[[zees
type -------- array
value -------- start address
increment size -------- size
Series 4: 26 Young Won Lim
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Array pointer types v.s. array types

T* T
points to points to

int (*)[4] —— int()[4]  —— int[4]

int (**) [3][4] ———  Int(")[8][4] ——» int[3][4]

double array pointer array pointer array (abstract data)
T * S *

int (*) [8][4] —><X— int(")[4] —X—»  int()

int () [2[3][4] —>¢» it () [E][4] > int()[4]

array pointer array pointer array pointer

Series 4: i
27 Yo iz
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General array pointer types v.s. specific array types

T* T S*

) ) points to ) ) points to )

int [3] [4] < int (*) [4] ——p  int[4] c int (%) «—— Int (**)

int [2] [3][4] < int(*) [3][4] —— int[3][4] < Int(¥) [4] <« Int(*) [4]

specific general specific general

array array pointer array array pointer double array pointer
Series 4: 28 Young Won Lim
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Array pointers have augmented dimensions

typedef int (*T1) [4];
typedef int (*T1) [3][4];

typedef int T2[4];
typedef int T2[3][4];

int (*) [4] int [4]
int (*) [3][4] int [3] [4]
general specific
T1 a T1 is a pointer type
! T2 is an array type
T2 b; T1 has one more dimension than T2
a = &b a references b
]
*a = b; b is the dereference of a
(a+1) = ? a | ™&b b
*(a+l) ="?
................... >
(at+t2) =7 ey st
*@+2)=? >
Series 4. Young Won Lim
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Dual types in an array of integers

int p[3];
p is an abstract data (array) p can also be viewed as a pointer
int [4] int int * int
p p[O] Do)
P[1] p[1]
p[2] p[2]
p[3] p[3]
p is the name of an array p also has pointer characteristics
p has the size of the whole array p has the value of the starting address
p has an array type (abstract data) p is a virtual pointer
Series 4: 30 Young Won Lim
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Dual types in an array of abstract data

Abstract data array p

Virtual pointer p

p p[O] I e B \
~ sizeof(p[0]) ~  sizeof(*p)
o p[1] ) e p+l ——» *(p+1) )
S ~ sizeof(pl]) 9 ~ sizeof(*(p+1)
pI2] ) pr2 ——| (p+2) )
~ sizeof(p[2]) ~ sizeof(*(p+2))
N / \ J
p has an array type (abstract data element) p also has a pointer type
p is the name of an array p has the value of the starting address
p has the size of the whole array
p is a virtual array pointer
Series 4: 31 Young Won Lim
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Virtual pointer to abstract data

virtual pointer p abstract data *p

whole array size

........ ST
sizeof(p) —— sizeof(*p) *3
p+t1 > *(p+1) H H
s sizeof(p+1) === sizeof(*(p+1)) * 3
T H
sizeof(p+2)  —=—  sizeof(*(p+2)) * 3
: pointer size
4 |/ 8 bytes
Series 4: 32 Young Won Lim
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Dual types in a multi-dimensional array

Abstract data (array) pri] Virtual array pointer pii]
|l PL[O] T = el \
~ sizeof(p[i][0]) ~ sizeof(*p[i])
= plil[L] = | plil¥l e > *(p[i]+1) \
= g |
IS ~ sizeof(p[i][1]) © < ~ sizeof(*(p[i]+1))
o o
N N
o % o %
pll[2] plij+2 > *(plil+2)
-~ sizeof([i]p[2]) ~ sizeof(*(p[i]+2))
J \ J
p[i] has an array type (abstract data) p[i] also has an array pointer type
p[i] is the name of an array p[i] has the value of the starting address
p[i] has the size of the whole array
p[i] is a virtual array pointer
Series 4: 33 Young Won Lim
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Virtual pointers to sub-arrays

pli]::T* *pli], *pli+1] == T
array pointer type array type
...... I e e
- sizeof(p[i]) ~ size
— sizeof(*p[i]) * N
pII+L St KCIIREY sizeof( p[i[0]) * N
plil+
~ size
pli[+2 > (pli+2)
pli]+2

~ size

pli+1] i *p[i+1]

~ sizeof(p[i+1])

— sizeof(*p[i+1]) * N
sizeof( p[i+1][0] ) * N

Series 4:
Multi-dimensional Arrays
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sizeof(*p[i]) =
sizeof( p[i][0] )

— sizeof(*(p[i]+1)) =

sizeof( p[il[1] )

sizeof(*(p[i]+2)) =
sizeof( p[il[2] )

Young Won Lim
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3-d array structure — virtual pointer representation

int c[2][3][4];

*(*(*(C +1) +)) +k)

e Hierarchical

 Nested Structure

* Virtual Array Pointers
to abstract data

(subarrays)

* Contiguous and
Linear Data Layout

* Row Major Order

Series 4:
Multi-dimensional Arrays

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

c[0][0]

c[o][0][0
clol[o][1
c[o][0][2
clol[o][3

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

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

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

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

]
]
]
]
]
]
]
]
c[O][2][0]
]
]
]
]
]
]
]
]

c[1][1][0
ClL][1][1]
c[1][1][2
C[L][1][3

c[1][2][0
cl1][2][1
c[1][2][2
c[1][2][3

[l [ N T [T (S|
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3-d array structure — abstract data representation

] ¢ c[O] c[0][0] c[0][0][O]
int cl2113114]: c[0][0][1]
[213][4]; Zo0
c[O][0][3]
((c [IDINIK " o
C 1l c[O][1][1]
c[O0][1][2]

c[O][1][3]

c[0][2] c[0][2][O]
|

|

|

|

|

|

|

|

c[O][2][1
* Hierarchical c[O][2][2
c[O][2][3
« Nested Structure c[1] c[1][0] c[1][0][0
c[1][O][1
c[1][O][2
c[1][0][3
c[1][1] c[1][1][0
C[L][1][1]
_ c[1][1][2
* Contiguous and c[L][1][3

Linear Data Layout c[1][2] c[1][2][0
c[1][2][1
* Row Major Order c[1][2][2
c[1][2][3

* Virtual Array Pointers
to abstract data
(subarrays)

[l [ N T [T (S|

Seri?S _4: ) 36 Young Won Lim
Multi-dimensional Arrays 12/1/22



Array a and virtual pointer a

int [4] int
a a[0] 1-d array a specific array type
] a[1] _
1-d array A7) sizeof(a)
a[3]
int (*) int
 a  ——> *a ~ pointer a  general pointer type
* +1
O-d array *E;Z; sizeof(a) = sizeof(*a) * 4
pointer “(a+3)

a is the name of a 1-d array

a also has a pointer type

a has the size of the array

a has the value of the starting address

ais avirtual array pointer

Se"i?s _4: ) 37 Young Won Lim
Multi-dimensional Arrays 12/1/22



Array b and virtual pointer b

2-d array b specific array type 1-d array pointer b general pointer type
sizeof(b) sizeof(b) = sizeof(*b) * 3
int [3] [4] int [4] int (*) [4] int [4]

b o0 o N e o000
b[O][1] ) ) D)L ||
bol2] 1-d 1-d array e -
b[0][3] array “((5+0)+3)

b[1] b[1][0] pomter
b[1][1] |
1-d arra
oz y
b[1][3]
b[2] b[2][0]
b[2][1] )
b2I2] 1-d array
b[2][3]
b is the name of a 2-d array b also has a 1-d array pointer type
b has the size of the array b has the value of the starting address

b is a virtual array pointer

Series 4: 38 Young Won Lim
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Array c

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

3-d array c c c[0] c[0][0] c[0][0][0]
specific array type 3-d 2-d 1-d array zggg
sizeof(c) array el c[O]0](3]
c[O][1] c[0][1][0]
c[O][1][1]
1-d array O]
c[O][1][3]
co][2] c[o][2][0]
c[O][2][1]
1-d array SO12I2]

c[O][2][3] \

c[1][0] cl1][0][0] [
5-d c[1][0][1]
1-d array c[1][0][2]
array c[1][0](3]
| c[a][1] c[4][1][o]
c is the name of a 3-d array c[1][1][1]
¢ has the size of the array 1-d array ClL[L][2]
c[1][1]{3]
c[1][2] c[1][2][0]
c[1][2][1]
1-d array c[1][2][2]
c[1][2][3]

Series 4: 39 Young Won Lim
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Virtual pointer c

int (*) [3][4] int [3][4] int [4]
2-d array pointer c i "c+0) 0070
general pointer type i} i ((*(c+0)+0)+1)
2-d 2-d 1-d array ((Cr0)70)72)
sizeof(c) = sizeof(*c) * 2 array array <((*(c+0)+0)+3)
pointer e+ 1) “(((c+0)+1)+0)
*(*(*(c+0)+1)+1)
1-d array (o) D)2)
*(*(*(c+0)+1)+3)
*(*c+2) *(*(*(c+0)+2)+0)
“CC(ct0)+2)+1)
1-d array ((cr0)+2)72)
“C¢(ct0)+2)+3)
*(c+1) *(*(ct+1)+0) *(*(*(c+1)+0)+0)
“C((ct)+0)+1)
2-d 1-d array H(*(*(c+1)+0)+2)
array *(*(*(c+1)+0)+3)
¢ also has a 2-d array pointer type (erD)+1) :(:(:(C+1)+1)+2)
¢ has the value of the starting address R ——
1-d array *(H(*(c+1)+1)+2)
c is avirtual array pointer *C((c+1)+1)+3)
*(*(c+1)+2) *(*(*(c+1)+2)+0)
H(H(H(c+1)+2) +1)
1-d array *(5(5(C+1)+2)+2)
*(*(*(c+1)+2)+3)
Series 4: 40 Young Won Lim
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Finding dual types in a 3-d array

cl2]

The type of

The type of c[i]

dual —* Int [2][3][4] abstract data type dual —> int[3][4] abstract data type
tyl;,aés Int [ ][3][4] relaxing the 1% dimension tyl:)aes int[][4] relaxing the 1% dimension
> Int (*)[3][4] virtual pointer type - gcc displaying type ™ int (*)[4] virtual pointer type - gcc displaying type
The type of c[i][j]
—» int [4] abstract data type
?yiae's Int[ ] relaxing the 1%t dimension
—» int (*) virtual pointer type - gcc displaying type
Series 4:
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Types of virtual array pointers in a 3-d array

int c[2][3][4];
***** i m o
C[illi] int [4] int ()
(k] [k] [k]
cli] int [3][4] int (*)[4]
01 K] 0l K] 01 K]
c int [2[3][4] int ()[3][4]
[l 0 [k K [l 0 K
77777777777777777777777777777777777777777777 array type (name) array pointer type
Series 4: 42 Young Wor} I7im
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Sizes of virtual array pointers in a 3-d array

int c[2][3][4];

sizeof(c[iJilk]) = sizeof(int)

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

[K] K
sizeof(cli]) = sizeof(int) *3*4
[ [ oM
sizeof(c) = sizeof(int) *2*3*4
0 K | S 1/ R 1

Element Size
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Addresses of virtual array pointers in a 3-d array

int c[2][3][4];
[11 [3] [4] [i1 [4] [k]
&c[illillkl = &c[0][0][0]  + i*3*4*4 + j*4%4 tkd
sizeof(*c[illil)
o o, I = sizeof(c[i][i][0])
- &cfi][j] - . &c[o][0o][o]  +1*3*4*4  +J4*4 sigeotin)
sizeof(*c[i])
- — - - = sizeof(c[i][0])
&cli] . - &c[0][0][0] + [*3*4*4  sizeofing 4
| | . . [k
- sizeof(*c) |
—a = sizeof(c[0])
&c, . . = &c[0][0]0)] [0

= sizeof(int) *3* 4

il K

Base Address

Young Won Lim
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Values of virtual array pointers in a 3-d array

int c[2][3][4];

the value of a virtual array pointer is its address

COIGIK] +0 = &clilGlK -
Ok = (Al : AcNO]  +k* sizeoclOD,
; - e - &c[iJ0][0]  +]* sizeof(c[il[o])

%
]
”llll"lllllllllll

sizeof(*c[i]) = sizeof(int) * 4
k

&c[0][0][0] + i * sizeof(c[0]) |
sizeof(*c) = sizeof(int)*3*4

0K

[O]
T
2 z
v}
I

Start Address

Seri?S _4: ) 45 Young Won Lim
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Virtual array pointers and abstract data in a 3-d array

int ¢ [2][3][4];

2-d array pointer int (*) [3][4] ( =@ *C int [3][4] 2-d array
(*) [3] [4] [2] [3] [4]
1-d array pointer int()[4]  C[l] =——w  *C]i] int[4]  1-d array
(*) [4] [3] [4]
0-d array pointer int (*) C[I][|] —— *C[i][j] int 0-d array
*) [4]
Virtual Array Pointers Abstract Data (Array)
Series 4: 46 Young Won Lim
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Dual types in a 3-d array

int ¢ [2][3][4];

{abstraot data int [2] [3][4]

array pointer int (*) [3][4] C — *C int [3] [4] abstract data
J int (*) [4] array pointer
abstract data Nt [3] [4]
{array pointer int (*) [4] C[|] —— *C[i] int [4] abstract dat
int (*) array pointer
abstract pjh [4]
{array poirpﬁt (*) C[|][|] —l *C[i] [l] int primitive data
Series 4: 47 Young Won Lim
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Pointed array sizes in a 3-d array

the size of a pointer type is fixed

int C [2] [3] [4], Here, the sizes of virtual pointers are shown

I.e, the sizes of different abstract data types

Cc =P int [3] [4] sizeof(*c) = sizeof(int [3][4])
(11 01 [K] X 2 01 [k
C[l] == Int [4] sizeof(*cli]) = sizeof(int [4])
] [K] x3 [K]
c[i][j] = int
(K] X 4 sizeof(*c[i][j]) = sizeof(int)
c, c[i], c[i]m]are virtual array pointers all are sizes of arrays

and they are also abstract data (arrays)

when sizes are considered,
view them as abstract data (arrays)

Series 4: 48 Young Won Lim
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Virtual array pointer sizes in a 3-d array

intc (23141 rervoe | = Wanaled +| e
C =P Nt [3][4] sizeof( ¢ ) =2 * sizeof(*c)
[0 (K] 2
C[l] = INt [4] sizeof( c[i]) = 3 * sizeof( *c[i])
[i] [K] X3 [K]
cli]fj] == int sizeof( c[i[j] ) =4 *  sizeof( *c[il[j])
[K] X4

sizeof(Virtual Array Pointer) =
sizeof(Array of the dual type)

Se"i?s _4: ) 49 Young Won Lim
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Virtual pointer sizes are subarray sizes

int ¢ [2][3][4];

c =% int [3][4]

(1] 01 [kI i1 [k

C[i] == int [4]

[i] [kI [K]

clijfj] == Int
K]

not real array pointers

virtual array pointers

sizeof(Virtual Array Pointer) =
sizeof(Array of the dual type)

sizeof(int [2] [3][4]) = sizeof(c) = 2*3*4* 4
sizeof(int (*) [3][4]) = pointer size =4 or 8

sizeof(int [3] [4])  =sizeof(c[i]) =3*4*4

sizeof(int (*) [4]) = pointer size =4o0r8
sizeof(int [4]) = sizeof(c[i][j]) =4 * 4
sizeof(int [4]) = pointer size =4 o0r8

4 bytes for 32-bit machines
8 bytes for 64-bit machines

Series 4:
Multi-dimensional Arrays
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Subarrays c, c[i], c[illi] in a 3-d array

int [2]]3][4] nt [3][4 Int [3 Int int [3][4] int[4] int int [4] int
c c[0] | c[O][O] |c[O][O][0 ‘ c[0] | c[O][O] |c[O][Q][O] c[0][0] [c[O][O][O}
c[O][O][1] c[O][O][1] c[O][O][1]
3-d array c[0][0][2 2-d subarrays [c[0][0][2 1-d subarrays
c[O][0][3] c[O][0][3] c[0][0][3
c[O][1] [c[O][1][O] c[O][1] [c[O][1][O c[O][1] [c[O][O][O
Cc[O][1][1] c[O][1][1 c[O][O][1
c[O][1][2] c[O][1][2 c[O][0][2
c[O][1][3] c[O][1][3] c[O][0][3]
c[0][2] [c[O][2][O c[0][2] |c[0][2][0 c[0][2] [c[O][2][0
c[O][2][1] c[0][2][1 c[O][2][1
c[O0][2][2 c[O][2][2 c[O][2][2
c[O][2][3] c[O][2][3] c[0][2][3]
c[1] | c[2]0] [c[1][O][O] c[1] | cl1][O] |c[1][O][O] c[1][0] [c[1][O][O]
c[1][O][1] c[1][O][1] c[1][O][1]
c[1][0][2] c[1][0][2] c[1][0][2]
c[1][0][3] c[1][0][3] c[1][0][3]
c[1][1] ] c[1][1] ] c[1][1]
] ]
] ]
] ] |
c[1][2] ] c[1][2] ] c[1][2]
] ]
] ]
Series 4: i
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Virtual array pointers c, c[i], c[i][j] in a 3-d array

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

..C | o] | clolo] lojlo] (0], clol0] [c[ol[0][0 . c[0][0] i—*(c[o][0][0
c[O][O][ 1 c[O][0][1] c[o1[0]/1

2-d subarrays 1-d subarrays 0-d subarrays
c[0J0]3 ooyl

c[O][1] [c[O][1][O] c[O][1] c[0][1][O] i c[0][1] ; 0][1][0
c[O]J[1][1 c[O][2][1] c[O][1][1]
c[O][1][2] c[O][1][2] c[O][1][2]

c[O][1][3] c[O][1][3] c[o][1][3
c[0][2] [c[0][2][0 clol2] e[0][2][0] §° c[oji2] +—»-c[0][2][0]
oozt | ko] e SOI2][L]
c[O][2][2 c[0][2][2]

c|0||2||3 c[O][2][3

C[LO) felalono} - f cfa]...i—>{ cl1ll0] - C[1][0] ;{00
c[1][O][1]
c[1][0][2]

c[1][0][3

e e L e
c[A][1][1]
c[1][1][2]

c[1][1][3

c[1][2] c[1][2] e 1][2][0
[L2I[1]
c[1](2][2]
c[1]2][3]

Series 4: i
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Abstract data c, c[i], c[i][j] — start addresses and sizes

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

&—»| ¢ A &c[o]—{ c[0] A &c[0][0]—s{ c[0][0] A c[0][0][0]

. . : c[O][0][1]

sizeof(c) sizeof(c[0]) sizeof(c[0][0]) c[0][0][2]

v c[O][O][3]

&c[0][1]—| c[0][1] % c[o][1][0]

' c[O][1][1]

sizeof(c[0][1]) COI[][2]

Y c[O][1][3]

&c[0][2]—| c[0][2] c[O][2][0]

- c[O][2][1]

sizeof(c[0][2]) COI2]2)

v v c[O][2][3]

&c[1]—>| c[1] A &c[1][0]—{ c[1][0] A c[1][0][0]

sizeof(c[1]) sizeof(c[1][0]) CLLIOJI1]

c[1][0][2]

1 c[1][O][3]

&c[1][1]—™| c[1][1] c[1][1][0]

sizeof(c[1][1]) <8 EIE

c[1][1][2]

v c[1][1][3]

&c[1][2]—=| c[1][2] 4 c[1][2][0]

sizeof(c[1][2]) Ll

c[1][2][2]

v v v clA[2][3]

Series 4: -
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Virtual array pointer c, c[i], c[i][j] — values (addresses)

¢ = ¢[0] = c[0][0] = &c[0][0][0] C i c[0] = c[0][0] :

a[0]

a[l]

al2]

a[3]

c[O][1] = &c[O][1][O] al4]

a[5]

a[6]

a[/]

c[0][2] = &c[0][2][0] a[8]

al9]

a[10]

a[ll]

c[1] = c[1][0] = &c[1][0][O] a[12]

a[13]

a[14]

a[15]

c[1][1] = &c[1][1][0] a[16]

a[17]

a[18]

a[19]

c[1][2] = &c[1][2][0] a[20]

a[21]

a[22]

a[23]

Series 4: 54 Young Won Lim
Multi-dimensional Arrays 12/1/22



Virtual array pointer c, c[i], c[i][j] — values and types

means

¢ = c[0] = c[0][0] = &c[0][0][0] :> value(c) = value(c[0]) = value(c[0][0]) = value(&c[0][0][0])
type(c) # type(c[0]) # type(c[O][0]) = type(&c[O][0][0])
int (*) [3][4] int(*)[4] int* int *
c[0][1] = &c[O0][1][0] :> value(c[0][1]) = value(&c[O0][1][0])
type(c[O][1]) = type(&c[O][1][0])
int * int *
clo2) = &efoli2lio) value(c[0][2]) = value(&[0][2][0)

type(c[0][2]) = type(&c[O][2][O])
int * int *

means

c[1] = c[1][0] = &c[1][0][O] value(c[1]) = value(c[1][0]) = value(&c[1][0][0])

type(c[1]) # type(c[1][0]) = type(&c[1][O][0])

]

int(*)[4] Int* int *
[ = &eqo] value(c[1][1]) = value(&c[1][1][0])
type(c[1][1]) = type(&c[1][1][O])
int * int *
C[l][Z] — &C[l][Z][O] % Value(C[l][Z]) = Value(&C[l][Z][O])
type(c[1][2]) = type(&c[1][2][0])
int * int *
Series 4: 55 Young Won Lim
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Virtual array pointer c, c[i], c[i][j] — vertical displacement

¢ = ¢[0] = c[0][0] = &c[O][O][O] c[o][0][0] a0]

For address values c[0][0][1] a[l]

c[o][0][2] a[2]

Horizontal displacements

are not counted c[O][0][3] a[3]

c[O][1] = &c[O][1][O] c[O][1][0] a[4]

Only vertical displacements c[O][1][1] a[5]

are considered c[0][1][2] a[6]
c[O][1][3] a[7]
c[0][2] = &c[0][2][0] c[O][2][0] a[8]
c[O][2][1] a[9]
c[O][2][] a[10]
c[O][2][3] a[11]
c[1] = c[1][0] = &c[1][0][O] c[1][O][O] a[12]
c[1][O][1] a[13]
c[1][0][2] a[14]
c[1][0][3] a[15]
c[1][1] = &c[1][1][O] c[1][1][O] a[16]
C[L][2][1] a[17]
c[1][1][2] a[18]
c[1][1][3] a[19]
c[1][2] = &c[1][2][O] c[1][2][O] a[20]
c[1][2][1] a[21]
c[1][2][2] a[22]
c[1][2][3] a[23]
Series 4: 56 Young Won Lim
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Virtual array pointers — types, sizes, and values

int c[2][3][4]; cli]i] c[ilf]io]
' : e abstract data type
:2: Eil)] / :2: e array pointer type
sizeof(c[i][j]) = sizeof(c[i][j][O]) * 4 = sizeof(int) * 4
c[ilil = &c[i][o]
int c[2][3][4]; cfi] c[i][0]
int [3][4] int [4] » abstract data type
int (*)[4] / int (*) e array pointer type
sizeof(c[i]) = sizeof(c[i][0]) * 3 = sizeof(int) *4 * 3
cfi] = &cfi][0][0]
int c[2][3][4]; c c[0]
int [2][3][4] int [3][4] * abstract data type
int (*)[3][4] / int (*)[4] e array pointer type
sizeof(c) = sizeof(c[0]) * 2 = sizeof(int) *4*3 * 2
c = &c[0][0][0]
Series 4: 57 Young Won Lim
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Summary of virtual array pointers in a 3-d array

clif = *(c +)

chifp] = *(chif +))

cljbl[k]= *(clijbl +k)

int (*) [3][4] 2-d array pointer c
int [2] [3][4] 3-d array name c

int (*) [4] 1-d array pointers c[i]
Int [3] [4] 2-d array names ci]

int (*) 0-d array pointers cf[i][j]
int [4] 1-d array names c[i][j]

address value c +1i

&c[0][0][0] + i * sizeof(*c)
&c[0][0][0] + i * sizeof(c[0])
&c[O][0][0] + i* 4*3*4

address value cfi] + |

&C[i][0][0] + j * sizeof(*c]i])
&c[i][0][0] + j * sizeof(c[i][O])
&c[i][0][0] + j* 4* 4

address value cfi][j] + k

&cli][jl[0] + k * sizeof(*c[i][j])
&cli][jl[0] + k * sizeof(c[i][j][O])
&cli][j][0] + k* 4

leading elements
c[O][O][O]

leading elements
c[O][0][0]

c[1][0][0]

leading elements
c[0][0][O]
c[O][1][0]
c[0][2][0]
c[1][0][0]
c[1][1][0]
c[1][2][0]

Series 4:
Multi-dimensional Arrays
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Dual type constraints
In a multi-dimensional array
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Virtual array pointers to subarrays in a 3-d array

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

int [4]

int

FLLLLLLEL LT P ey

virtual 2-d array pointer N c[O]

sizeofc)=
sizeof(c[0]) * 2

int  c [2][3][4];

c[0][0]

c[0][0][0]

c[O][O][1]

c[0][0][2]

c[O][O][3]

c[O][1]

c[O][1][0]

c[O][1][1]

c[O][1][2]

c[O[1][3]

c[0][2]

c[0][2][0]

c[O][2][1]

c[0l[2][]

c[O][2][3]

virtual 1-d array pointer i c[0]

SiZeOf(C[O]) _ T
sizeof(c[0][0]) * 3

virtual 0-d array pointer

sizeof(c[0][0]) =
sizeof(c[0][0][0]) * 4

Series 4:
Multi-dimensional Arrays

int [4]

int

c[o][0]

c[O][0][O]

c[O][0][1]

c[0][0][]

c[0][0](3]

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

60

int

c[0][0][0]

c[O][O][1]

c[0][0][2]

c[0][0][3]

the first 2-d subarray

sizeof(c[0]) =
sizeof(int [3][4])

the first 1-d subarray

sizeof(c[0][0]) =
sizeof(int  [4])

the first 0-d subarray

sizeof(c[0][0][0]) =
sizeof(int )

Young Won Lim
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Virtual array pointer ¢, c[0], c[0][0] — types and sizes

int  c [2][3][4];

Types - array pointers

int (*) [3][4] int [3][4] int (*) [4] int [4] int [4] int
array pointer array (abstract data) array pointer array (abstract data) array pointer array (abstract data)
A g BT ...0l0] = cl0]o]
c[1] c[O][1]
c[0][2]

Sizes - abstract data

sizeof(c) sizeof(c[0]) sizeof(c[0][0])

sizeof(int [2][3][4]) sizeof(int [3][4]) sizeof(int  [4])

sizeof(int) *2* 3 * 4 sizeof(int) * 3 * 4 sizeof(int) * 4

sizeof(int [2][3][4]) = 96 sizeof(int [3][4]) = 48 sizeof(int [4]) = 16

sizeof(int (*)[3][4]) =4/ 8 sizeof(int (*)[4]) =4 /8 sizeof(int (*)) =4/8
Series 4: 61 Young Won Lim
Multi-dimensional Arrays 12/1/22



Contiguous subarrays c[i], c[illj]. clilljl[k]

array pointer

c

int [2][3][4] Contiguous 2*3*4 integers

array (abstract data)

c[0]

c i

int (*) [3][4

array (abstract data)

c[i][O]

array pointer

for agiveni

int (*) [4]

array pointer

int [3][4] Contiguous 3*4 integers

c+0
c+1

INt
2 c[i]’s, contiguous
c[O] sizeof(int [3][4])
c[1]

int [4] contiguous 4 integers

array (abstract data)

for agiveni,j ‘i

c[ilfil[O]

int

3 c[i][j]'s, contiguous

c[i]+0
cli]+1
c[i]+2

clil[O]

cli][1]

clil[2]

¢ [2][3][4];

sizeof(int [4])

4 c[il[jl[k]'s, contiguous

c[iji]+o
clilil+1
clilii]+2
cfilil+3

c[i0io]

SiniEy

clilfil[2]

clilGII3]

sizeof(int)

Series 4:
Multi-dimensional Arrays
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Dual types of ¢, c[i], c[i][j]

c:int (*) [3][4]
—» c[i]  int [3] [4]
c[i] :: int (*) [4]
—» c[i][j] :: int [4]
C[illi] :: int (*)
e C[il][K] :: int

int  c [2][3][4];

2-d array pointers
2-d arrays
1-d array pointers
1-d arrays

c =% c[0] = c[0][0] c[0][0][0] ... c[O][O][3]

c[O][1] c[O][1][O] ... c[O][1][3]

c[0][2] c[0][2][0] ... c[O][2][3]

c[1] — c[1][0] c[1][0][0] ... c[O][O][3]

c[1][1] c[1][1][C] ... c[O][1][3]

c[1][2] c[1][2][0] ... c[O][2][3]
int[2] [3][4] int[3][4] int[4] int int
int () [3][4] int(*)[4]  int(*) int int

Series 4: 63
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Values of virtual array pointers c, c[i], c[i][j]

int C [2] [3] [4], virtual array pointers have address values
in each row in the following figure

have the same address value

[
¢ = ¢[0] = c[0]0] = &c[O][0][O]
c[olll] = &c[O][1][0]
c[ol2] = &c[0][2][0]
cl] = c[1]J[0] — &c[1][O][0]
clill] = &c[1][1][0]
Y cliliz] = &c[1][2][0]

Horizontal displacements are not counted
only vertical displacements are considered

for address values

virtual assignments
c[i]i]= &c[i][][0]
cfi] = &c[i][0][0]
¢ =&c[O][0][0]

Series 4: 64
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Finding values of virtual array pointers c, c[i], c[il[j]

. . append [0] to the right
e c [2][3][4] c = 0] = c[0][0] % &c[o][0][0]
c[O0][1] = &c[O][1][O]
col2l = &c[o][2][0]
c[l] = c[1][0] = &c[1][0][0]
cUll] = &c[1][L][O]
clll2] = &c[1][2][0]
int (*) [3][4] int (*) [4] int [4]
c[0][0][0] : c[i][o][0] c[il[il[o] :
leading leading leading
elements elements elements
of ¢ of cfi] of c[i[j]
&c[O][0][0] &c[0][0][0] &c[O][0][0]
&c[O][1][0]
&c[0][2][0]
&c[1][0][0] &c[1][0][0]
&c[1][1][0]
&c[1][2][0]
Series 4: 65 Young Won Lim
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Finding sub-arrays with the address &c[i][j][0]

delete [0] from the right

int ¢ [2][3][4]; &c[Oo][0][0] % cojo] = o] 2 c
gefO[Lo] = clo1]
gelo]2l0] =  c[0][2]
&e[ajo)lo] = c[o] = c[1]
ge[a][ao] =  c[1[]
gea)2]0] =  c[1][2]
int int [4] int (*) [4] int (*) [3][4]

c[0][0][O] is the leading element of c[0][0], c[0], c

c[O][1][O] c[O][1]
c[0][2][0] c[0][2]
c[1][0][0] c[1][0], c[1]
c[1][1][0] c[1][1]
c[1][2][O] c[1][2]
Series 4: 66 Young vvlozr}lbuzn;
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Dual types in a 3-d array

Abstract data (array) X Virtual array pointer X
&X | X X XL X
X XL 00
X X2 ] 002)
array (abstract data) array (abstract data) array pointer array (abstract data)
c[i]j] starts from &c[i][j][0] cliljl ~ points to c[i][j][O]
c[i] starts from &cJi][0] c[i] points to c[i][0]
C starts from &c[0] C points to c[O]
) N address value
&cli]i] = &c[i][]lo] c[i]i] = &c[i][j]Io]
&cli] = &cli][0] c[i] = &cli][0]
&C = &c[0] / C = &c[0]
Series 4: i
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Dual type constraints

array pointer array (abstract data)
&c[i]i]l0] = chil] Virtual cfijil  points to  c[i][j][O] oK
&clil[0] =] array c[i] points to  c[i][0]
&cl[0] =C pointer C points to c[O]

address value

array (abstract data) array (abstract data)
&cfi][i]l0] = &cfi][j] Abstract . starts from  &cfi][j][0] &XiTR
&cli][0] = &cfi] data clil starts from &c[i][0]
&clo] = &c (array) c starts from  &c[O]
array (abstract data) Address of an array pointer
c[il[j] = &c[i][j] c[i]j] pointer value = pointer address &c|i][j]
c[i] = &cfi] c[i] pointer value = pointer address &c|i]
C = &C C pointer value = pointer address &c
X &X
Series 4: Y Won Li
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c[0] = c[0][0] relation

Nt c [2][3][4]; c = c[0] = c[0][0] = &c[0][0][0]

value(c[0]) = &c[0][0][0]
value(c[0][0]) = &c[0][O][O]

type(c[0])  =int(*)[4]
type(c[O][0]) =int [4]

c[0] = c[0][0] means
value(c[0]) = value(c[0][0])

c[0] = c[O][0] does not mean
type(c[0]) = type(c[0][0])

&c[o][0] c[o][0] of

&efo] iclo] e &cfojolo] c[oj[o][o]
Series 4: 69 Young V\/102r}15|2n§
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Addresses and Values of ¢[0] and c[0][0]

int  c [2][3][4];

&cl0]

c[0] = c[0][0]

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

S &clojo]

N (11 (S) S—
c[0] = c[O][O] &c[0][0][0]
&0l 0
r/ ...................................... -~ T&cloJoo] clojoio]
&c[0][0] LloJo].......... o
A virtual pointer’s address and value are the same
address | VAIUS e address
& P i & X
=&X =&X
Series 4: 70 Young Won Lim
Multi-dimensional Arrays 12/1/22



c[i] and c[i][0] point to the same c[i][0][0]

int ¢ [2][3][4]; c= c[0]= c[0][0] = &c[oJ[o][0] - value
int(*)[3][4] int(*)[4] int(*) int type
c[1] = c[1][0] = &c[1][O][O] value
int(*)[4]  int(*) int type
TR IR [01[01~ = &c[0][0][0] | c[o][o][O]
''''''''''''''' A Lol - &c[iolo] [ c[Lol]

These virtual pointers have different types
but the same value (address)

Seri?S _4: ) 71 Young Won Lim
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&cli][0] and &c[1][0][0] — equivalence relations

int(*)[??[4] |nt£*)[4] int(*) int * equivalences
int ¢ [2][3][4]; E Q@ LS i) = Ben o[0] = &30l
s aclo] aclol] c[0][0] = &cfo]fo][o]

equivalences

E 1] = el1]o] = &efLjoy] c[1] = &c[1][0]
&cfl]  &cl][0] c[L1[0] = &cfL][o][o]

Horizontal displacements are not counted
only vertical displacements are considered
for address values

equivalences

c = &cl0],
c[i] = &c[i][0]
c[i][0] = &c[i][0][0]

Series 4: 72 Young Won Lim
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c[i] = &cli] and c[i][0] = &ci][0]

int ¢ [2][3][4]; o “f @— c[O][o\F &clo][o]o]

y c+ /@C[OLt\cScC[O] 0]

ol = cl1][0] = &ef1][0](0]
o .
&c[l] &c[l][O]

&eli] i ofi °ﬁ—'&0[l][0] [0] | c[i[O][O]

......................................

&efiio] & clio] ° i

Seri?S _4: ) 73 Young Won Lim
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c[i] = &cli] and c[i][0] = &ci][0]

Int C [2] [3] [4], A virt:(illr fs(:inter\’/::II l:';lec'lsdress and v?;der)esasre the same
& Pt 86
= &X =&xX c[O][o]{0] c[O][0][0]
R
eel idl.....o.. (&clloNo] [ chlojo

&eliio] i cllo]. . °;

&cfilo][0]  { &c[i[0][0] ¢ i  &clil[ol[0] | cli[o][O]

Series 4: 74 Young Won Lim
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Array Pointers to c[i][0][O0]

virtual pointers:
the address of a pointer is
the same as its value

&c[i][0][0] = c[i][0]

&clij[o] |

C+Hi = C + i*sizeof(*c)
= &c[0][0][O] + i*3*4

delete [0] from the right

&cloo]0] ==  c[ol0] — c[0] — c
&e[a]oo] = cayo] L cfa]
Series 4: 75 Young Won Lim
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Array Pointers to c[i][j][0]

&cfijplio] = efilp]

= cfi] +j = c[i] + j*sizeof(*c[i])
= C + i*sizeof(*c) + j*4
= &c[0][0][O] + i*3*4 + j*4

delete [0] from the right

-[0] -[0] -[0]
&elo][o]lo] @ c[o]jo)] — c[0] — ¢
&c[o][1][0] T c[O][1]
&e[0][2]0] T clo][2] o
&c[1][0][0] T c[i0] — c[]
&c[1][1][0] Tr  c[1][1]
&c[1][2]l0]  —  c[1][2]

Seri?S _4: ) 76 Young Won Lim
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