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(n-1)-d array pointer to a n-d array

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

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

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

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

the 1* dimension can be accessed by incrementing (n-1)-d array pointer

Series : 8. Applications of
Array pointers

1-d array
0-d array pointer

2-d array
1-d array pointer

3-d array
2-d array pointer

4-d array
3-d array pointer

(b =2a)
(9 =Db)
(r=c)
(s =d)
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n-d array name and (n-1)-d array pointer

int a[4] ; p = &al0];

int (*p) ; p=a,

int b[4] [2]; q = &b[0];

int (q) [2]; q = b;

int c[4] [2][3]; r = &c[0];

int (*r) [2][3]; I =C;

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

int °s) [2I31141; s=d T do]

the 1* dimension can be accessed by incrementing (n-1)-d array pointer
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n-d array pointer to a n-d array

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

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

int ¢ [4][2][3];
int (*r) [4][2][3];

int d [4][2][3][4];

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

Series : 8. Applications of
Array pointers

1-d array
1-d array pointer

2-d array
2-d array pointer

3-d array
3-d array pointer

4-d array
4-d array pointer

(b = &a)

(G = &b)

(r = &c)

(s = &d)
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n-d array name and n-d array pointer

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

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

int ¢ [4][2][3];
int (*r) [4][2][3];

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

Series : 8. Applications of
Array pointers

r = &C;

7))
[

&d;
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multi-dimensional array pointers

p — a[0] q —®{ b[0] [O] r—= c[0] | [0] | [O]

| afl] [1] [1]

a[2] { b[1] = [O] 2]

[ a3] hf | | [1]  [O]

{ b[2] [O] [1]

[1] [2]

b[3] [O] ~c[1] | [0] | [O]

[1] [1]

[2]

( [1]  [O]

. [1]

int a[4] ; 1-d array [2]

int (*p) ; 0-d array pointer c[2] | [0] Fﬂ

int b[4] [2]; 2-d array [2]

int (*q) [2]; 1-d array pointer | | [1] Fﬂ

intc[4] [2][3]; 3-d array [2]

int (*r)  [2][3]; 2-d array pointer c[3] | [0] [2]

intd[4] [2][3][4]; 4-d array {2%

int (*s)  [2][3][4]; 3-d array pointer [ [1] {%

[2]
Series : 8. Applications of 3 Young Won Lim
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Initializing n-d array pointers

pl— "a [a[0] s4—=_d_1do]| [0] { [0 Fﬂ

int af4] ; int d[4][2][3][4]. 2]
int (*p1)[4] = &a; int (*s4)[4][2][3][4] = &d; 1] {8}
************ (1]
................. g
q2=—= b_{b[0] Fl)% 77777 2] Fﬂ
int b[4][2]; %{
int (*q2)[4][2] = &b; [1] | [o] | [O]
************************ (1]
3 — "¢ Tc[0] [ [0] [2] }:24,%

21 | | F [ o]
@ o) H
[%] }3%
B 2] | [0]

int c[4][2][3]; %
int (*r3)[4][2][3] = &c; [3]

Series : 8. Applications of 9 Young Won Lim
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Initializing (n-1)-d array pointers

p0 —{"a[0] s3—= d[0] | [O] | [0] Fﬂ
int a[4] ; int d[4](2][3][4] %

int (*p0) = a ntCsIBMA=d | ol

[1]
3
I 9] 2] | [0]
3 [ N I B a

int b[4][2]; %{
ntCabla=br 0o o
22— c[0] | [0] | [O] [2]
; 1] [3]

- | | |- [1] [ [O]
[ [  [0] [1]
[1] [2]
[2] [3]
,,,,, [2] | [O]
int c[4][2][3]; [1]
int (*r2)[2][3] = c; %

Series : 8. Applications of 10 Young Won Lim
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array pointers to multi-dimensional subarrays

int d[4] 1210 3-; s —» d[0] | [O]
int (*s) [2][3][4];
d 4-d array name d[4][2][3][4]
3-d array pointer (*p)[2][3][4]
d[i] 3-d array name d[i1[2][3][4]
2-d array pointer (*q)[3][4]
d[i][j] 2-d array name d[i1[113][4]
1-d array pointer 9] I [1]
d[i][j][K] 1-d array name d[i][j][k][4]
0-d array pointer (*s)
|,],k are specific index values
i =[0..3],] =10..1], k=[0..2]
Series : 8 Applications of 11 Young Won Lim
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Initializing array pointers to multi-dimensional subarrays

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

d 4-d array name d[4][2][3][4] PlIDIKI[]

3-d array pointer (*p)[2][3][4] int (*p)[2][3][4] = d;
d[i] 3-d array name d[i1[2][3][4] qlil[k][!]

2-d array pointer (*q)[3][4] int (*q)[3][4] = d]i];
d[i][j] 2-d array name d[i1[j113][4] r[K][I]

1-d array pointer (*r)[4] int (*r)[4] = d[i][]];
d[i][j][k] 1-d array name d[il[j][k][4] s|l]

O-d array pointer (*s) int (*s) = d[i][j][k];

i =[0..3], ] =[0..1], k= [0..2]

Series : 8. Applications of 12 Young Won Lim
Array pointers 7/11/20



Passing multidimensional array nhames

Int a[4] ;

int (*p) ; funa(a, ...); void funa(int (*p), ...);
int b[4] [2];

int (*q) [2]; funb(b, ...); void funb(int (*q)[2], ...);

int c[4] [2][3];
int (*r) [2][3]; func(c, ...); void func(int (*r)[2][3], ...);

int d[4] [2][3][4];

int (*s) [2][3][4]; fund(d, ...); void fund(int (*s)[2][3][4], ...);

Series : 8. Applications of 13 Young Won Lim
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Double pointer to a 1-d array — a variable view (p, Q)

int (*) [4] int a[4] ;
&q q e q=&p ; f”t (*p) [4] = &a;
/ int (**q) [4] = &p ;
P | = p=&a;
= g=&p;
al2]
al3]
Series : 8. Applications of 14 Young V\;%buzrg
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Double pointer to a 1-d array — a variable view (q)

int (*) [4] int a[4] ;
&(Q g [ 2 q=&p ; int (*p) [4] = &a;
/ int (**q) [4] = &p
& ,
P - p=&a:
= q=&p;
(**q)[0]
(**q)[1]
(*q)[2]
(**q)[3]
Series : 8. Applications of 15 Young V\;%buzrg
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Double pointer to a 1-d array — a type view

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

(int (**)[4]) e pointer to a 1-d array pointer
/ int (**q) [4] = &p ;
(int (*)[4]) 1-d array pointer

m p=&a;
m g=&p;

(int*)  apointer to an int

o

(int)

(int)
(int)

Series : 8. Applications of 16 Young Won Lim
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Virtual Array Pointers
In Multi-dimensional Arrays

Series : 8. Applications of 17 Young Won Lim
Array pointers 7/11/20



3-d array structure

int (*) [3][4] int (*) [4] int [4]
i c c[0][0]
* Hierarchical 2-d 1-d 1-d array
array array
* Nested Structure pointer pointer S[O][1]
* Virtual Array Pointers 1-d array
over
- Contiguous c[0][2]

- Linear Layout
Y 1-d array

C[1][0]

1-d array

C[1][1]

1-d array

C[1][2]

1-d
array
pointer

1-d array

Series : 8. Applications of 18
Array pointers

c[O][0][0} a[0]
c[O][O][1] a[l]
c[O][0][2] a2]
c[O][O][3] a[3]
c[O][1][O} a[4]
c[O][1][1] a[s]
c[O[1][2] a[6]
c[O][1][3] a[/]
c[0][2][0] a[8]
c[O][2][1] a[9]
c[0][2][2] a[10]
c[O][2][3] a[l11]
c[1][0][O} a[12]
c[1][O][1} a[13]
c[1][0][2] a[14]
c[1][O][3] a[15]
c[1][1][0} a[16]
C[L][1][1] afl/]
c[1][1][2] a[18]
C[L][1][3] a[19]
c[1][2][0] a[20]
c[1][2][1] a[21]
c[1][2][2] a[22]
c[1][2][3] a[23]

Young Won Lim

7/11/20




Array p and virtual array pointer p

Abstract data (array) p

Virtual array pointer p

T S
~ sizeof(p[0]) ~  sizeof(*p)
e e Pl ()
§< ~ sizeof(p[1]) q§< ~ sizeof(*(p+1))
N N
2 (o) |
~ sizeof(p[2]) ~  sizeof(*(p+2))
N J
p is the name of an array and
has a array pointer type but
has a size of the array
p is a virtual array pointer
Series : 8. Applications of 19 Young Won Lim

Array pointers

7/11/20



Virtual array pointer to abstract data

virtual array
pointer p

abstract data :
array *p

*(p+1)

“(p+2)

sizeof(p) —— sizeof(*p) *3

I \

sizeof(p+1) —=— sjzeof(*(p+1)) * 3

sizeof(p+2)  —=— sizeof(*(p+2)) * 3

Series : 8. Applications of

Array pointers
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Array a and pointer a

int [4] int
a[0] 1-d array a specific array type
a[1] eof
al2] sizeof(a)
a[3] )

int (*) int

____g____E—P *a } pointer a general pointer type

) *(a+l) _ o
1-d array “(ar2) sizeof(a) = sizeof(*a) * 4
*(at3)

a is the name of a 1-d array and
has a pointer type but
has a size of the array

ais a virtual array pointer

Series : 8. Applications of 21 Young Won Lim
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Array b and 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 b[0] b[0][0] i b : *(*(*b+0)+0) L
_ _ b[O][1] . *(*(*b+0)+1) ,
2-d array 1-d array b[0I2] 1-d d arra e (
b[0][3] array *(+(*b+0)+3)
b{1] b[1][0] pointer “(b+1) ((br1)+0)
. b[1][1] | . *(*(*b+1)+1)
1-d array b[L[2] - 1-d array (br1)72)
b[1][3] *(*(*b+1)+3)
b[2] b[2][0] *(b+2) *(*(*b+2)+0)
. b[2][1] . *(“(*b+2)+1)
1-d array b2I2] 1-d array ~(b72)72)
b[2][3] ) *(*(*h+2)+3)

b is the name of a 2-d array and
has a 1-d array pointer type but
has a size of the array

b is a virtual array pointer

Series : 8. Applications of 29 Young Won Lim
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Array c

int [2][3][4] int [3][4] int [4]
3-d array c c[O] c[0][0]
specific array type 2-d 1-d array
sizeof(c) array
c[O][1]
1-d array
c[0][2]
1-d array
c[1][0]
1-d array
c[1][1]
c is the name of a 3-d array and 1-d array
has a 2-d array pointer type but

has a size of the array c[1][2]

c is avirtual array pointer

1-d array

Series : 8. Applications of 23
Array pointers

c[0][o][0]

c[O][0][1]

c[0][0][2]

c[0][0][3]

c[O][1][0]

c[O][1][1]

clO][1][2]

c[O][1][3]

c[0][2][0]

c[O][2][1]

clO1[2][2]

c[0][2][3]

c[1][0][0]

c[1][0][1]

c[1][0][2]

c[1][0][3]

c[1][1][0]

c[L][1][1]

c[1][1][2]

c[1][1][3]

c[1][2][0]

c[1][2][1]

c[1][2][2]

c[1][2][3]

Young Won Lim




Pointer ¢

int (*) [3][4] int [3][4] int [4]
2-d array pointer c | . c_—> *(*c+0) *(*(*(c+0)+0)+0)
eneral pointer type “(*(*(c+0)+0)+1)
’ ’ P 2-d 1-d array *(*(*(c+0)+0)+2)
sizeof(c) = sizeof(*c) * 2 arr_ay *(*(*(c+0)+0)+3)
pointer K(c+1) (("(c+0)71)+0)
“(*(*(c+0)+1)+1)
1-d array (o) D)72)
“("(*(c+0)+1)+3)
*(*c+2) *(*(*(c+0)+2)+0)
“C((c+0)+2)+1)
1-d array "((0r0):2)+2)
“(C(ct0)+2)+3)
*(c+1) *(*(c+1)+0) *(*(*(c+1)+0)+0)
“C((ct))+0)+1)
2-d 1-d array *(*(*(c+1)+0)+2)
array *(*(*(c+1)+0)+3)
*(*(ct+1)+1) *(*(*(c+1)+1)+0)
(G erD)+1)+1)
c is the name of a 3-d array and 1-d array *(*((c+1)+1)+2)
has a 2-d array pointer type but *(*(*(c+1)+1)+3)
has a size of the array *(*(c+1)+2) *(*(*(c+1)+2)+0)
: . : C((c+1)+2)+1)
c is avirtual array pointer 1-d array e T
H(*(*(c+1)+2)+3)
Series : 8. Applications of 24 Young Won Lim
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Pointers to primitive data

int *p; inti, j, k;
p [—»&i i - size — sizeof(i) — sizeof(*p) Z sizeof(p)
p+l " &j j - size — sizeof()) — sizeof(*(p+1)) Z sizeof(p+1)
p+2 ™ gk Kk ) size — sizeof(k) — sizeof(*(p+2)) ~ sizeof(p+2)
-
pointer size
4 or 8 bytes
double *q; double a, b, c;
g “a a - Size — sizeof(a) — sizeof(*q) Z sizeof(q)
— &b \‘ i
A b - Size — sizeof(b) — sizeof(*(g+1)) Z sizeof(g+1)
) | |
: ¢ c - Size — sizeof(c) — sizeof(*(g+2)) Z sizeof(q+2)
—
pointer size
4 or 8 bytes
Series : 8. Applications of Young Won Lim
25 7/11/20
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Pointers to abstract data

T *p; T XY, Z;
P > &X A S
- N
X ~ Size :‘ sizeof(X) — sizeof(*p) ‘ ~Z sizeof(p)
p+l [—» &Y ‘
Y ~ size — sizeof(Y) = sizeof(*(p+1)) \ ~ sizeof(p+1)
p+2 [—" &Z . ‘ ‘
7 ~ Size :" sizeof(Z)  — sizeof(*(p+2)) // — sizeof(p+2)
N -
pointer abstract data EOA?J[SGL;Z:S
type -------- array
value -------- start address
increment size -------- size
Series : 8. Applications of 26 Young Won Lim
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Virtual pointers in a multi-dimensional array

p[i]:: T1 *plil, *p[i+1] :: T2
~ size  — sizeof(*pli]) = sizeof(p[i]) = sizeof(*p[i]) * N
sizeof( p[i][0] ) sizeof( p[i][0] ) * N
p[i] is a virtual pointer
to the abstract data *p[i] = p[i][O]
~ size — sizeof(*(p[i]+1)) = p[i] is also an abstract data
sizeof( p[i][1] )
-~ SIZ& — gizeof(*(p[i[+2)) =
sizeof( p[il[2] )
sizeof(p[i+1]) = sizeof(*p[i+1]) * N
sizeof( p[i+1][0] ) * N
T1 T2
int (*) [4] —p int[4] < int (*)
int (*) [3][4]  — int[3][4] < int (*)[4]
Series : 8. Applications of 27 Young Won Lim
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Virtual pointers in a multi-dimensional array

T1 T2
int [3] [4] < int (*) [4] —p int[4] c int (¥
int[2] [3][4] < int(*)[3][4] —— int[3][4] c Int(*) [4]
specific general specific general
typedef int (*T1) [4]; typedef int T2[4];
typedef int (*T1) [3][4]; typedef int T2[3][4];
Tl a; T2 b;

T1 references T2
T2 is a dereference of T1

T1 is a pointer type
T2 is an array type
T1 has one more dimension than T2

Series : 8. Applications of

; 28 Young Won Lim
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Virtual array pointers — types, sizes, and values

int c[2][3][4]; c[illj] clilljl[o]
| -0 L De—
sizeof(c[i][j]) = sizeof(c[i][j][O]) * 4 = sizeof(int) * 4
cfilil = &cfil[io]
int c[2][3][4]; c[i] c[i][o]
o — it . 2y pointer type
sizeof(cl[i]) = sizeof(c[i][0]) * 3 = sizeof(int) *4 * 3
cfi] = &cfif[o]
int c[2][3][4]; c c[0]
int [2][3][4] int [3][4] * abstract data type
int (*)[3][4] int (*)[4] * array pointer type
sizeof(c) = / sizeof(c[0]) * 2 = sizeof(int) *4 *3 * 2
c = &cl0]
ieries : 8. Applications of 29 Young Won Lim
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virtual array pointers c, cli], c[i][j] — sizes

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

Series : 8. Applications of
Array pointers

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

sizeof(c[1]) <
sizeof(int [3][4])

N

30

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

sizeof(c[0][1])<
sizeof(int [4])

sizeof(c[0][2])<
sizeof(int [4])

sizeof(c[1][0])<
sizeof(int [4])

sizeof(c[1][1])<
sizeof(int [4])

sizeof(c[1][2])<
sizeof(int [4])

a[0]

a[l]

al2]

a[3]

af4]

a[5]

a[6]

a[7]

a[8]

a9

a[10]

all1l]

a[l12]

a[13]

a[14]

a[15]

a[16]

a[l17]

a[18]

a[19]

a[20]

al21]

a[22]

a[23]

Young Won Lim
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Virtual array pointer c, c|i], cl[i][j] — values (addresses)

¢ = c[0] = c[0][0] = &c[0][0][0] 1 ¢ i c[0] =i c[0][0]

a[0]

a[l]

a[?]

a[3]

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

a[4]

a[5]

a[6]

al7]

c[0][2] = &c[O0][2][0]

a[8]

al9]

a[10]

all1l]

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

a[l12]

a[13]

a[l14]

a[15]

c[1][1] = &c[1][1][0]

a[16]

a[l17]

a[18]

a[19]

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

a[20]

al21]

a[22]

a[23]

Series : 8. Applications of 31 Young Won Lim
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Virtual array pointer c, cli], cl[i][j] — vertical displacement

¢ = ¢[0] = c[0][0] = &c[0][0][0] a[0]

For address values a[1]

al2]

Horizontal displacements

are not counted a[3]

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

Only vertical displacements a[5]

are considered a[6]

al7]

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

al9]

a[10]

all1l]

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[l17]

a[18]

a[19]

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

a[21]

a[22]

a[23]

Series : 8. Applications of 39 Young Won Lim
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Virtual array pointer c, c[i], cl[i][j] — values and types

means

¢ = c[0] = c[0]]0] = &c[0][0][O] :> 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][O][O])

int (*) [3][4] int(*)[4] int* int *
c[o][1] = &c[o][ajl0] > value(c[0][1]) = value(&c[O0][1][0])
type(c[O][1]) = type(&c[O][1][0])

int * int *

coli2] = &clolf2l0] [ value(c[0][2]) = value(&<[0][2][0])
type(c[0][2]) = type(&c[O][2][0])

int * int *
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][O])

int(*[4] int* int *
] = &e[yol value(c[1][1]) = value(&c[1][1][0])
type(c[1][1]) = type(&c[1][1][0])

int * int *
c[1][2] = &c[1][2][0] % value(c[1][2]) = value(&c[1][2][0])
type(c[1][2]) = type(&c[1][2][0])

int * int *

Series : 8. Applications of 33 Young Won Lim
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Virtual array pointer c, c[0O], c[0][0] — types and sizes

Types - array pointers

int (*) [3][4] int (*) [4]
L.l o] - clo]. i dlol[o)] c[0J0][0)
SEN RN
. clo]i2] ;
Sizes - abstract data
sizeof(c)
sizeof(c[0]) * 2 sizeof(c[0])
sizeof(c[0][0]) * 2 * 3 sizeof(c[0][0]) * 3 sizeof(c[0][0])
sizeof(c[0][0][0]) *2*3 * 4 sizeof(c[0][0][0]) * 3 *4  sizeof(c[0][0][0]) * 4 sizeof(c[0][0][0])
sizeof(int [2][3][4]) sizeof(int [3][4]) sizeof(int [4]) sizeof(int)
sizeof(int [2][3][4]) = 96 sizeof(int [3][4]) = 48 sizeof(int [4]) = 16 sizeof(int) = 4
sizeof(int (*)[3][4]) =4 /8 sizeof(int (*)[4]) =4 /8 sizeof(int (*)) =4/8
Series : 8. Applications of 34 Young Won Lim
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Abstract Data c, c[i], c[i][]] — start addresses and sizes

&C —»

C

sizeof(c)

>

\ 4

&c[0] —»

&c[l]—»

Series : 8. Applications of

Array pointers

c[O]

sizeof(c[0])

c[1]

sizeof(c[1])

>

>«

&c[0][0] —» c[0][O]
sizeof(c[0][0])

&c[0][1] —* c[O][1]
sizeof(c[0][1])

&c[0][2] —» c[O0][2]
sizeof(c[0][2])

&c[1][0] — c[1][O]
sizeof(c[1][0])

&c[1][1] ™ c[1][1]

sizeof(c[1][1])

&c[1][2]— c[1][2]

sizeof(c[1][2])

>

Yy
A

I

>«

\ 4

c[O][0][0

clo][o][1

c[o][0][2

c[O][0][3

c[O][1][0

cloJ1][1

clO][1][2

clO][1][3

c[O][2][0

clol[2][1

clo][2][2

clO][2][3

c[1][0][0

]
]
]
]
]
]
]
]
]
]
]
]
]

c[1][0][1

c[1][0][2

C[L][0][3

c[1][1][0

c[L[1][1

c[1][1][2

C[L][1][3

c[1][2][0

c[i][2][1

c[1][2][2

C[1][2][3

(il [Tl T T S Sl S Sl Sl —

Young Won Lim
7/11/20



Types in a multi-dimensional array

int ¢ [2][3][4];

abstract data 1Nt [2] [3][4]
array pointer 1Nt (*) [3][4] C = *C int [3] [4] abstract data
X2 Nt (*) [4] array pointer
abstract data 1INt [3] [4]
array pointer Int (*) [4] C[|] — *C[i] Int [4] abstract data
X3 Int (*) array pointer
abstract data 1INt [4]
array pointer Int (*) C[|]U] S *C[|][|] Int primitive data

x4

Series : 8. Applications of 36 Young Won Lim
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Virtual array pointers and abstract data

int ¢ [2][3][4];

2-d array pointer int (*) [3][4] C — *C int [3][4] 2-d array
X2

1-d array pointer int (%) [4] C[l] =3 *C]I] int[4]  1-d array
X3

0-d array pointer int (*) C[I][|] —- *C[i][i] int 0-d array

x4

all these pointers are virtual, and
take no actual memory locations

exploiting the contiguity of
allocated memory locations

Series : 8. Applications of 37 Young Won Lim
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Abstract Data Sizes

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

— | sizeof( c) = sizeof(int [2][3][4])
C let [3] [4] sizeof(*c) = sizeof(int [3][4])
- - sizeof( c[i]) = sizeof(int [3][4])
cli] =——Int [4] sizeof(*ci]) = sizeof(int [4])
X 3
1 : sizeof( c[i][j]) = sizeof(int [4])
ci]fj] =" int sizeof(*c[il[j]) = sizeof(int)
x4
all are sizes of arrays
c, cl[i], c[i][j] are virtual array pointers
and they are also abstract data (arrays)
when sizes are considered,
view them as abstract data (arrays)
Series : 8. Applications of 38 Young Won Lim
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Virtual array pointer sizes and abstract data sizes

int c [2](3][4]; e pomer | = | shovac ype | Sucnyes
C = Nt [3] [4] sizeof( ¢ ) = sizeof( *c ) * 2
X2
C[l] = INt [4] sizeof( c[i] ) = sizeof( *c[i]) * 3
X 3
cli]fj] =" Int sizeof( c[i][j] ) = sizeof( *c[i][j] ) * 4
x4

Series : 8. Applications of Young Won Lim
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Sizes of array pointer types

not real array pointers

INt C [2] [3] [4], ‘virtual array pointers
— | C int (*)[3][4]
= Int [3] [4] sizeof(int (*) [3][4]) = pointer size # sizeof(c)
C[l] == int [4] cfil int(*)[4]
sizeof(int (*) [4]) = pointer size # sizeof(c[i])
clilfj] == Int cfilli] int [4]
sizeof(int [4]) = pointer size # sizeof(c[i][j])
4 bytes for 32-bit machines
8 bytes for 64-bit machines
Series : 8. Applications of 40 Young Won Lim
7/11/20
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Hierarchical nested array pointers

int ¢ [2][3][4];

C points to a 2-d array int (*) [3][4] C =——P Nt [3][4]

Increment size: sizeof(int)*2*3*4

c[i] points to an 1-d array - : :
iIncrement size: sizeof(int)*3*4 INt (*) [4] C[l] —p N1 [4]

c[i][j] points to an integer _ - _
increment size: sizeof(int)*4 Int (*) c(ijj] =———Int

Series : 8. Applications of 41 Young Won Lim
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Sub-array properties
IN multi-dimensional arrays

int ¢ [2][3][4]; 3-d access  c [i][jl[k]
2-d array pointer c int (*) [3][4]

1-d array pointers ci] int (*) [4]

0-d array pointers  c[i][j] int (*)

Series : 8. Applications of A2
Array pointers

Young Won Lim
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Hierarchical Sub-arrays in a 3-d array

int ¢ [L][M][N]

¢ [1]DlIk]

left-to-right associativity Array Names and Types Pointers to hierarchical sub-arrays
C [l][k] C 3-d array names INt (*) [M][N] 2-d array pointer
C[I] [k] C[I] 2-d array names INnt (*) [N] 1-d array pointer
C[I][]] C[I][]] 1-d array names INnt (*) 0-d array pointer
Series : 8. Applications of 43 Young V\;%buzrg
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General requirements for accessing c[i][j][K]

int ¢ [L][M][N]

c [1][][K]

&c[i]]k] = cijp]+k
&cfijp] = cli]+)
&cli] = c+

Series : 8. Applications of

Array pointers

44

&C
&C
&C

1][O]
1][0]

0]

ci]p]
c[il

Young Won Lim
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3-d access pattern c[i][jl[K]

General requirements Pointer array approach

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

clillIk] ~ ::int

Nested Array approach

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

c[iIGIIK] ::int

c[illj] int* c[i][j] ;o int [4]
c[i] ;int ** cli] o int (%) [4]
&c[ii]k] = clilil+k cli] &b[i*3] CHU] &CHF]%([)]]
&clil[j = c[i]+] : ” cli &c[i][0][O
&EHD] — o ol &a[i*4] c &c[0][0][0]
- - Hierarchical Virtual
&C[!]['][O] fC[!][J] Pointer Array Array Pointer
&cfillo] = cfi Constraints Constraints
&c[0] =C
Series : 8. Applicati f oung Won Lim
eries pplications o 45 Y gV\;/nbzo
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3-d access pattern c[i][jl[k] — array pointer approach

General requirements Nested array approach

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

cfilplik] :: int
clilil] : Int[4]
ci] :: int (¥ [4]
c :int(* [3][4]

&c[i][j]lk] = cli]fij+k -—= c[ijli] «= &cfij[][0]

&cfilil - =clil+] S c[i] &c[i][0][O]

&cli] = C+i C &c[0][0][0]

- - i I

&e[iil[o] = cill] Arres, Pointer

&clifo] - = cfi] Constraints

&c[0] =C
Series : 8. Applications of 46 Young Won Lim
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Using virtual array pointers

_ int (*)[3][4]; int (")[4]; int [4];
int ¢ [2][3][4]; TN e B ) <lojlo]
< sizeof(c[0][0])
sizeof(int [4])
R
< sizeof(c[0])
sizeof(int [3][4])
C [I][.l][k]’ / sizeof(c)
| sizeof(int [2][3][4])
WO
constraints
C &c[0][O][0]
C[l] . &c I][O][O] row major ordering
cli]i] &cli]p][o] contiguous linear layout
Series : 8. Applications of A7 Young Won Lim
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Types of c[i] and c[i][j]

C [DIIkT;

&cilfjl[o] = cifi]
&c[i]l0] = cfi]
&c[0] =C

&c[ii]k] = ciji]+k
&cfijil = clil+]
&cli] = C+i

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

Series : 8. Applications of
Array pointers

c[i] virtual array pointer of the type int (*) [4]
c[il[j] : the name of 1-d array with 4 integers int [4]

c[il[] pointer of the type int (*)
c[i][J][K] : an element of a 4-integer array int

48

c == c[0] ==» c[0][0] =—» c[O][0][O] ... c[O][O][3]
c[O][1] = c[O][1][C] ... c[O][1][3]
c[o][2] = c[O][2][C] ... c[O][2][3]
C[1] == c[1][0] = c[1][O][O] ... c[O][O][3]
c[1[A] = c[1][1][Q] ... c[O][1][3]
c[1]l2] = c[1][2][C] ... c[O][2][3]
int [2] [3][4] int[3] [4] int [4] int int
int (*) [3][4] int (*) [4] int (*) int int
pointersto  pointersto 1-d array leading
a2-darray al-darray names element
of 4-integer
array

Young Won Lim
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Values of c[i] and c[i][j]

o cfilil = &c[il[][0]
c [1OIKI; ¢ — c[0] —sc[0]l0] = &c[0][0][0]
c[O][1] = &c[O][1][O]
c[0][2] = &c[0][2][0]
&clil[ilo] = c[illil C[A] = c[1][0] = &c[1][0][0]
&clillo] = cfi] c[1][1]] = &c[1][1][0]
&c[0] =c c[l][2] = &c[1][2][0]
] = &c[i][0
Sclllig = ik p— = T
il con ] = &l
c = &c[0]
int ¢ [2][3][4]; c — ¢l
Series : 8. Applications of Young Won Lim
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c[i] and c[i][j] : virtual array pointers

C [|][J][k], c[i] virtual array pointer of the type int (*) [4]
c[i][j] : a 4-element 1-d array name int [4]
&c[il[i0] = c[il[il *(c[0]+0) = c[0][0] c[0] is the address of c[0][0]
&clil[0] =]
&c[0] =C
*(c[1]+0) = c[1][0] c[1] is the address of c[1][0]
&c[ii]k] = ciji]+k

&cfill = cfi]+

&l = ot c[i][j] pointer of the type int (*)
c[i]j][0] : leading element of a 4-integer array int
Int C [2] [3] [4]; *(c[0][0]+0) = c[O][0][0] c[0][0] is the address of c[0][0][O]
*(c[0][1]+0) = c[O][1][0] c[0][1] is the address of c[0][1][O]
*(c[0][2]+0) = c[0][2][0] c[0][2] is the address of c[0][2][0]
*(c[1][0]+0) = c[1][0][O] c[1][O] is the address of c[1][0][0]
*(c[1][1]+0) = c[1][1][0] c[1][1] is the address of c[1][1][O]
*(c[1][2]+0) = c[1][2][0] c[1][2] is the address of c[1][2][0]
Series : 8. Applicati f oung Won Lim
eries pplications o 50 Young V\;mbzo
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Values of c[i] and c[i][j]

C [I] []] [k] : virtual array pointers

in each row in the following figure
have the same value (address value)

&c[iJi]o] = cli]

&c[i]l0] = cfi] >
&c[O] =C c — c[0] = c[0][0] = &c[0][0O][0]
c[0]ll]] = &c[O][1][O]
SClifIK] = clil]+k o — ZEEED
&[ill _ i+ c[l] = c[1]l0] — &c[1][0][O]
ol - oni cllil] = &c[l[o]
\j c1]l2] = &c[1][2][0]
int C [2] [3] [4], Horizontal displacements are not counted

only vertical displacements are considered
for address values

cli]il = &c[ib][0]
clil = &cli[a][0]
¢ =&c[o][o][0]

Series : 8. Applications of 51 Young Won Lim
Array pointers 7/11/20



Finding address values of c[i] and c[i][j]

C | . k, append+[((J)] to the rigil;t .
[D]TK] c = 0] = c[0][0] [;.] &c[0][0][0]
ol = &c[oj[o]
&cfiljl[o] = cfili o M2l == &elO]2][0]
&eilo] = cfi ] = cl1][0] = &c[1[O][0]
&cl0] =c c[1][1]] = &c[1][1][O]
cfll2] = &c[1][2][0]
&C[!][i][k] =C[?][j]_+k int (*) [3][4] int (*) [4] int [4] int
gelilil = cli+]
&cli] = C+i
INnt c [2][3][4];
c[i]il= &c[i][1i0]
cli] = &cfi][0][0]
c = &c[0][o][0]
Series : 8. Applications of Young Won Lim
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Finding leading elements of c[i][j][K]

e delete [0] from the right
c [1l[il[k];
[]U][] &cloJ[0]l0] £ c[0][0] & c[0] L c
&cloJ[ajo] = c[o][1]
&clillinol = clilli &clo]2]io] £ c[0][2]
eclio] - = o ecltol0] [0 o o]
&cl0] =c &c[1][ajioy L c[1][1]
&c[1]i2][0] L c[1][2]
&clilflik] = c[il[j]+k int int [4] int () [4]  int (*) [3][4]
&cfillil = clil+j
&cli] = C+i
int ¢ [2][3][4];
cli]fil = &c[il[j][O]
cli] = &c[i][0][O]
c = &c[0o][o][o]
Series : 8. Applications of Young Won Lim
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c[i] = c[i][0] relation

C [DIIkT;

&c[il[j][o] = c[il]
&c[i]l0] = cfi]
&c[0] =C

&c[ii]k] = ciji]+k
&cfijil = clil+]
&cli] = C+i

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

Series : 8. Applications of
Array pointers

c — c[0] = c[0][0] =

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

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

&c[0][0][0]

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

&clo] c[0] e = c[0][0][0]

c[ili] = &cfijil[a]
clil = &cli[a][0]
¢ =&c[o][o][0]

o4

Young Won Lim
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Addresses and Values of c[i] and c[i][0]

c [plkl; ¢ — c[0] —c[0]0] = &c[o][0][0]

&clil[i]0] = cfi]i] |
&clillo] - =cfi] |

&clo] =c N &c[o][0] ¢ c[o][l0] _ :
gc[i][i][k] - clil+k c  — c[0] = c[0][0] &c[0][0][0]
= c[i]+ fmmmmmmmesamn—nna- ;
&gHD] =g£l]iJ &lo] i ofdol =
&clo]o] c[o][o] :i—‘>&0[0][0][0] c[0][0][q]

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

address 1 values
&x i 8&X b X
&c[O][0][0]  &c[O][0][0] c[0][0][0]
Series : 8. Applications of 55 Young Won Lim
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c[i] and c[i][0] point to the same c[i][0][O0]

C [DIIkT;

&cilfjl[o] = cifi]
&c[i]lo] = cf]
&cl[0] =C

&c[ii]k] = cij]+k
&cfillil = clil+j
&cli] = C+i

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

c{ilfil= &c[f][0]
clil = &c[i[oj[o]
¢ = &c[o[oj[0]

Series : 8. Applications of
Array pointers

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

int(*)[3][4] int(*)[4] int(*) int type
c[1] = c[1][0] = &c[1][0][0] value

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

I O '_'_c'.[b'_l'_['@j_' c[0][0][0]
B HE G UT

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

56 Young Won Lim
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&c[i][0] and &c[i][0][0] — equivalence relations

int(*)[3][4] int(*)[4]
c = cl0] = clol[o] = &c[ojol[o

&c

" &cf0]  &clo][0]

C [DIIkT;

&cilfjl[o] = cifi]
&c[i]lo] = cf]
&cl[0] =C

o

&cplk] = cliil+k

int(*) int *

cf1] =c1jo] = &cajolo]

ecft] &callo]

equivalences

c = &c[0],
c[0] = &c[O][0]
c[0][0] = &c]O][0][0]

equivalences

c[1] = &c[1][0]
c[1][0] = &c[1][0][0]

Horizontal displacements are not counted

only vertical displacements are considered
for address values

&cfilil - = cli]+]
&cli] = C+i
int ¢ [2][3][4];

c{ilfil= &c[f][0]
clil = &c[i[oj[o]
¢ = &c[o[oj[0]

Series : 8. Applications of
Array pointers

S/

equivalences

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

Young Won Lim
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c[i] = &cli] and c[i][0] = &c[i][0]

Alr . Y e (et
c [iG1KI; \ ﬁ% / o0} = fo1fo}= &cfoIojo]

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

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

&clillo] = c[i] I

&cl0] =c ~ c[1] = c[1][0] = &c[1][0][0]
o

&eft) = 8c{1l0]

&cplk] = cliil+k
&cfilil = cli]+

&cli] = C+Hi A virtual pointer’'s address and value are the same
address values
ex i &8X e i oo X
int ¢ [2][3][4]; - &clojo)o]  &c[ol[Ol[o] c[o][o][0]
clifil = &CfiI(0] A o
cli] = &c[i][0][0] & C N\
¢ =&c[o][o][0] &eo] G0l +[cojoo]

&clo][o] ¢  c[o][0] e !

Series : 8. Applications of 58 Young Won Lim
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Array Pointers to c[i][0][0]

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

C [DIIkT;

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

&cli[o] |

&cilfjl[o] = cifi]
&c[i]lo] = cf]
&cl[0] =C

&c[ii]k] = cij]+k
&cfillil = clil+j
&cli] = C+i

C+i = &c[O][0][0] + i*3*4

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

delete [0] from the right

] = &<IfI[0] GClOfolo] 7 clol0) == cl0) L ¢

c[illil = &cli oL —

c[i] = &ci][0][0] &c[1J[O][0] = c[1][0] L c[1]

¢ = &c[o][o][0]

Series : 8 Applications of 59 Young Won Lim
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Array Pointers to c[i][j][0]

C [DIIkT;

&cfijplio] = efiln]

&ci]i][o] = cilli]

gg{ggol § g[i] =clij+] = &c[0][0][0] + i*3*4 + j*4
&c[i][i][k] = c[i][j]+k
&clilli] = c[i]+]
&cli] = CHi delete [0] from the right
&c[0][0][0] % coo] = o] & ¢
: , &eloJiuo] = c[o][1]
I ccolO20] 2= o]
&cf1]io)o] == c[i]i0] = c[i]
clillil = &<hlGlo] &c[iJi]io] - == cl1]{1]
clil] = &c[i][0][0] &cf1]2]l0] = c[1][2]
¢ =é&c[o][o][a]
Series : 8. Applications of Young Won Lim
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Contiguity Constraints

¢ [1DIIK]

Virtual Array Pointers and Contiguity

Series : 8. Applications of 61 Young Won Lim
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Using array pointers

int (*) [N], int (*) [M][N], int (*) [L]IM][N], ...

Series : 8. Applications of 62 Young Won Lim
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Array pointer approach for 3-d access patterns

Array Pointer Approach
(pointer to arrays)

Series : 8. Applications of 63 Young Won Lim
Array pointers 7/11/20



Array pointer approach — contiguity constraints

Array Pointer Approach
(pointer to arrays)

Series : 8. Applications of 64 Young Won Lim
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Three contiguity constraints

Pointer Array Approach (array of pointers)

c[il1Ik] > *(c[i][j] +k) contiguous 1-d array elements int
*(clilfg] +k) m=p *(*(c[i] +)) +k) contiguous int pointers int *
*(*(c[i] +)) +k) wmp  *(*(*(C +i) +)) +k) contiguous int double pointers int **

The contiguity constraints are satisfied by
the allocated arrays of pointers

Array Pointer Approach (pointer to arrays)

c[il]Ik] > *(c[i][j] +k) contiguous 1-d array elements int
*(c[i][j] +k) mmp  *(*([i] +j) +K) contiguous 1-d arrays int [4]
*(*(c[i] 4)) +K) = *(*(*(c +i) +)) +K) contiguous 1-d array pointers int (*) [4]

The contiguity constraints are satisfied by
row major ordered linear data layout

Series : 8. Applications of 65 Young Won Lim
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clifD][K] = *(clii] +k)

o . clolo] - ke[ojjojjo]  sizeof(*c[ilil)
C[g][g][g] - *(C[g][g] +2) - m sizeof(cliIi[0)
c[O][0](1] = *(c[O][0] + 1) [illi] :: int * Coloiz]  Sizeofiny
C[O][O][Z] = *(C[O][O] + 2) contiguous 1-d W
clO][0][3] = *(c[O][0] + 3) artay elements = o koI
c[o][1][0] = *(c[0][1] + O) oot o)LL
clOJ[1]1] = *(c[O][1] + 1) sizeof(int) * 4 clo][1][2]
c[O][1][2] = *(c[O][1] + 2) | c[O][1][3]
c[O][1][3] = *(c[O][1] + 3) c[o][2] IM

S . Address Value I—gg%{g

y y ctili] * | - Col2]3
&cliij[0] + k* sizeof(*c[i][i]) ool - fe[ag[ono
&cli]fjJ[0] + k* sizeof(c[i][][C]) c[1][0][1
contiguous 1-d &c[i][j][0] + k* 4 c[1][0][2
array elements c[1][O][3]

i) ElALo]

L]

(2]

C[LI[L][3]

c[1]2] ~c[L[2][0
c[1][2][1]
c[1][2][2
c[1][2][3]

Series : 8. Applications of 66 Young Won Lim
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clifb] = *(clil +))

c[0][0] = *(c[O] + 0) o0l A OO} sizeof(c[i])

c[O0][1] = *(c[0] + 1) c[i] :: int (*) [4] sizeof(c[i][0])

c[0][2] = *(c[0] + 2) contiguous 1-d arrays sizeof(c[i][0][0]) * 4
int[4] = int* ... 3 arrays sizeof(int) * 4

c[1][0] = *(c[1] + 0) sizeof(c[i]) clol[L]

c[1][1] = *(c[2] + 1) sizeof(c[i][]) * 3

c[1][2] = *(c[3] + 2) sizeof (c[i[jI[K]) * 3 * 4

sizeof(int) *3* 4

c[0](2]

Address Value
cli] +

&Cc[i][0][0] + j * sizeof(*c[i]) o[1] CILI[0]
&c[i][0][0] + | * sizeof(c[i][0])
&cl[i][0][0] + j* 4*4
c[1][1]
c[1][2]
Series : 8. Applications of 67 Young Won Lim
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clif = *(c +)

c[0] = *(c +0) c clO]
c[1] = *(c + 1) c :int (*) [3][4]

contiguous

1-d array pointers

Int (*) [4] ... 2 array pointers

sizeof(c) sizeof(*c)
sizeof(c[i]) * 2 sizeof(c[0])
sizeof(c[il[j]) *2 * 3 sizeof(c[0][0]) * 3
sizeof(c[i][jl[k]) *2 * 3 * 4 sizeof(int [4]) * 3

sizeof(int [3][4])

sizeof(int) *2* 3 * 4
Address Value
C+i
&c[0][0][0] + i * sizeof(*c) T
&c[O][0][0] + i * sizeof(c[O])
&c[O][0][0] + i* 4*4*3

Series : 8. Applications of 68 Young Won Lim
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clif = *(c +)

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

1-d array pointers c[i]
int (*) [4]

0-d array pointers c[i][j]
int (*)

clif = *(c +)

clijb] = *(clil +))

cl]DI[k]= *(clilbl +k)

address value c + 1

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

address value cfi] + |

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

address value cfi][j] + k

&c[i][j][0] + k* sizeof(*c[i][j])
&cli]fjl[0] + k* sizeof(c[i][i][0])
&c[iJ[j][0] + k* 4

leading elements
c[o][o][a]

leading elements
c[o][al[0]

c[1][o][0]

leading elements
c[o][a1i0]
c[o][1](0]
c[0][2][0]
c[1][0][0]
c[1][1][0]
c[1][2](0]

Series : 8. Applications of
Array pointers
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Equivalence and contiguity

*(X+ n) — X[n] contiguous index : n
int [] int

X o | X0 - sizeof(X[0]) )
X+1 e th]
xt2 e > X2
X+3 X[3] v

» Sizeof(X)

contiguous X[n] for a given X : int X[4];

int * [] int * - , int
X o > X0 ] sizeof(X[0]) ) =l Xl
X+1 e XAl o | » _— — "
xw o » X o =~ - sizeof(X) g —
xt3 o | XBlye] » | - X2l
contiguous X[n] for a given X : int * X[4]; — > *X[3]
Series : 8. Applications of 70 Young Won Lim
7/11/20
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Equivalence

By definition, contiguous memory locations are assumed

*(X‘l' n) — X[n] contiguous index : n

*(p[m]+n) p[m] [n] X = p[m] contiguous index : n

(*(p+m))[n], p[m][n], X= P contiguous index : m

Series : 8. Applications of 71 Young Won Lim
Array pointers 7/11/20



For a given p[m] — int pointer / pointer to int pointer

int [] int
pim o> (pml0] |- sizeof(pim][o])
pm+1 o P> p[m][1] | . :
pmi+2 |  pimi2] - sizeof(p[m])
pm+3 o »|___ plmi[] |

contiguous p[m][n] for a given p[m] : int p[m][4];

int * [] int * -

pim] o> pml0]s | - sizeof(p[m][0])
prmi+ o > pimiitle |~ |
pmj+2 o> pmi2e |~ - sizeof(p[m])
p[m]+3 @& P> | p[}n]m o - ‘

contiguous p[m][n] for a given p[m] : int * p[m][4];

Series : 8. Applications of 79
Array pointers

*(p[m]+n) p[m] [n] for a given p[m]

int

contiguous index : n

5

*pIm[0]

*p[m][1]

Y

“pIml[2]

—

*pImI3]

Young Won Lim




For a given p[m] — pointer to an abstract data

*(p[m]+n) p[m] [n] for a given p[m]  contiguous index : n

int [] int

pim] o »|  (pmlo] |- sizeof(p[m[0])
pm+1 o> plmii1] .y
pmi+2 o »|  pmii2] - sizeof(p[m])
pim+3 o > p[mi9] |

pmi+0. ¢ ® pimilo] } sizeof(p[m][0]) =
e é fffffff -~ sizeof(p[0][0])
pimp+1 e >  pma]
pml+2 & B pimli2] + sizeof(p[m])
pmp+3 o B plmld]
Y
Series : 8. Applications of 73 Young Won Lim
Array pointers 711120



Contiguity constraints

(*(p+m))[n]

p[mi[n];

2-d array name

1-d array names

for a given p

1-d array of pointers

contiguous index : m

p o> poj o —»| plojo] p o »| poj e “ploj[o]

plOJ[1] plA] e pLOI[1]

' plO][2] p2] ' plO][2]

plO][3] pal o e

pll] e P plO] plL][O]

l pLLI[L] pLLI[L]

PILI2] PILI2]

p[1][3] p[1][3]

pi2l o | P20l P21

l pL2][1] pL2][1]

pl22] pl22]

p2][3] pl2][3]

pl&1 e P [ pEI0] PI3I[O]

pI3][1] pI3][1]

P31 PRI

pI3]I3] pl3]I3]
contiguous p[m] == contiguous p[m][n] contiguous p[m] == contiguous p[m][n]

Not necessarily

Series : 8. Applications of 74 Young Won Lim
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Contiguity constraints — using array pointers

(*(p+m))[n];

p[m][n];

for a given p contiguous index : m

2-d array name 1-d array names

p+0 e P pO]

“plo][o]

p[O][]

plol2]

p[0][3]

“pla][o]

\Y4

p1][1]

plL[2]

p[1]3]

p+2 p[2]

“pl2J[0]

p[2)[1]

' pl22]

p[2][3]

p+3 p[3]

“pI3Jio]

PI3I[L]

' pl31[2]

the same addresses

p[3]3]

contiguous p[m] == contiguous p[m][n]

virtual array pointer

data addr addr

p[O][0] = *(p[0]+0) (p[0]+0) = p[0] p+0
[

data addr addr

p[1][0] = *(p[1]+0) (p[1]+0) = p[1] p+1
L

data addr addr

p[2][0] = *(p[2]+0) (p[2]+0) = p[2] p+2
[

data addr
p[3][0] = *(p[3]+0) (p[3]+0) = p[3] p+3

[

the same addresses

¢=) no real memory locations

Series : 8. Applications of
Array pointers
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Contiguity constraints — using pointer arrays

(*(p+m))[n];

p[m][n];

1-d array of pointers

plO][0]

_PIOJ[1]
 plo][2]

ploli3]

/pl1][o]

p e > plO]

RENEY

p[1]

- plLli2]

p[2]

p[3]

e

]3]

“pl2][0]

P2y

pl212]

p[2][3]

pl3][o]

pi3]
' PEI2]

p[3][3]

contiguous p[m] == contiguous p[m][n]

Not necessarily

for a given p

contiguous index : m

the different addresses

data addr

p[0][0] = *(p[0]+0)

data

p[L][0] = *(p[1]+0)

addr

data

p[2][0] = *(p[2]+0)

addr

data
p[3][0] = *(p[3]+0)

addr
(p[0]+0) = p[O] p+0
[
addr
(p[1]+0) = p[1] p+1
addr
(p[2]+0) = p[2] p+2
addr
(p[3]+0) = p[3] p+3

Series : 8. Applications of

Array pointers

76

Young Won Lim
7/11/20



Contiguity constraints

—

pim] e »|  pml[o] - sizeof(p{ml[0]

* ml+ milln pmll1] | sizeof(p[m][1])
(p[ ] n) p[ ][ ] pimii2l | sizeof(p[mi[2])
pimli3] |- sizeof(p[m][3])

for a given p[m], thus for a given m,
p[m][n] must be contiguous for all n.

p[m][O], p[m][1], ... , p[m][N-1]

contiguous index : n

" P o > ] |
( (p+m)) [n] 1 p[m] [n]’  sizeof(p[0])
N {
: p[1]
for a given p, _ . sizeof(p[1])
p[m]'s must be contiguous for all m.
P[0}, p[1], ... , pIM-1] e
contiguous index : m - sizeof(p[2])
— ’
all p[m][n]'s must be contiguous for all m, n P(3]
Series : 8. Applications of 77 Young Won Lim
Array pointers 7/11/20



Contiguity constraints

int aM][N] ;
(@+m)n] amiin]
+@[ml+n) am]in]

Series : 8. Applications of
Array pointers

Int (*b)[N] ;

(*(b+m))[n] b[m][n]
*(b[m]+n) b[m][n]
Int * c[M] ;

(*(c+m)) c[m]

needs assignments

/8

Young Won Lim
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Contiguity constraints

int a[M][N] ; int (*b)[N] ;
(*(at+m))[n] a[m][n] (*(b+m))[n] b[m][n]
al0], a[1], ..., a[M-1] b[0], b[1], ... , b[M-1]
are contiguous are contiguous
*(a[m]+n) a[m][n] *(b[m]+n) b[m][n]
a[m][0], a[m][1], ... , a[m][N-1] b[m][0], b[m][1], ... , b[m][N-1]
are contiguous are contiguous
Series : 8. Applications of 79 Young V\;%buzrg

Array pointers



Contiguity constraints

int a[M][N] ; Int * c[M] ;

(*(a+m))[n] a[m][n] (*(c+m)) c[m]
a[0], a[1], ... , a[M-1] c[0], c[1], ..., c[M-1]

are contiguous are contiguous

“(a[m]+n) a[m][n] (*(c+m))[n] c[m][n]
a[m][0], a[m][1], ... , a[m][N-1] c[m][O0], c[m][1], ... , c[m][N-1]

are contiguous are contiguous

a set of assignments of pointers
are necessary for this contiguity

Series : 8. Applications of

) 80 Young Won Lim
Array pointers

7/11/20



Pointer Arrays vs Array Pointers

1-d array

array

pointer ]

1-d array

1-d array

Int (*b)IN] ;
(“(o+m)[n] b[m][n]
*(b[m]+n) b[m][n]

Series : 8. Applications of
Array pointers

31

ad

Int * c[M] ;
(*(c+m)) c[m]
(*(c+m))[n] c[m][n]

Young Won Lim
7/11/20



Contiguous linear layout

Base Index =0

int ¢ [L][M]IN];

L M N Offset Index 1 (i=1)

I*M*N

24=2*3*4

Offset Index 2 (j=1) -

Offset Index 3 (k=1) x; \J

(i*M*N + j*N + k)
((FV+ J)*N + k)

Series : 8. Applications of g2 Young Won Lim
Array pointers 7/11/20



Base and Offset Addressing

Base Address Base
= array name
( / ) Address
0
Offset Address 1 =
Offset Offset
\ Address 1 Address 2
regl reg2
Offset Address 2
A
compiler
assembly instruction
registers in the CPU
Series : 8. Applications of 83 Young Won Lim
7/11/20
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Array Pointer Approach

Base
Address
rego
Offset Offset
Address 1 Address 2
regl regz

register based address computations
eliminate the pointer arrays — by a compiler

Array Pointer Approach
(pointer to arrays)

Series : 8. Applications of 84 Young Won Lim
Array pointers 7/11/20
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