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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 A
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]
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Array p and virtual array pointer p

Abstract data (array) p Virtual array pointer p
T
~ sizeof(p[0]) ~  sizeof(*p)
S e Pl | ()
q§< ~ sizeof(p[1]) q§< ~ sizeof(*(p+1))
N N
2 ) |
~ sizeof(p[2]) ~  sizeof(*(p+2))
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 5 Young Won Lim
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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 7 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)
. . b[0][1] . *“(*(*b+0)+1) L
2-d array 1-d array b[0I2] 1-d d arra e (
b[0][3] array H((D+0)+3)
b[1] b[1][0] pointer “(b+1) ((D+1)+0)
. b[1][1] | ) H((D+1)+L)
1-d array N > 1-d array (b1)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] ' *(*(*b+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 g 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 9
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]
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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 10 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
11 10/12/20
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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 12 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 13 Young Won Lim
10/12/20
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Virtual pointers in a multi-dimensional array

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

specific

Tl T2
c int(*) [4] ——p  int[4] <
c int()[EB4] —» int[3[4]
general specific
typedef int (*T1) [4]; typedef int T2[4];
typedef int (*T1) [3][4]; typedef int T2[3][4];
T1 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 14
Array pointers

int (*)
Int (*) [4]

general

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

int c[2][3][4]; cli]i] clililio]
int [4 int e abstract data type
:m E*)] / int e array pointer type
sizeof(c[i][j]) = sizeof(c[i][j][O]) * 4 = sizeof(int) * 4
c[ill = &c[i][iio]
int c[2][3][4]; cfi] c[i][o]
int [3][4] int [4] e abstract data type
int (*)[4] / int (¥) e array pointer type
sizeof(cl[i]) = sizeof(c[i][0]) * 3 = sizeof(int) *4 * 3
cli] = &c[i][0]
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]
Series : 8. Applications of 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

16

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]
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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 17 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 18 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 19 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 20 Young Won Lim
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Abstract Data c, c[i], c[i][]] — start addresses and sizes

& —» C A &c[0]— cl[0] A &c[0][0] — c[0][0] A c[0][0][O]
. c[O][O][1]
sizeof(c[0][0]) c[ol[0][2]

c[O][0][3]

&c[0][1] —* c[O][1] c[O][1][0]

sizeof(c[0]) sizeof(c[o][1]) | g{gﬁg

c[O][1][3]

&c[0][2] —» c[0][2] c[0][2][0]

. c[O][2][1]

sizeof(c[0][2]) CO|[2]12]

. c[0][2][3]

S, &e1]—  c[1] L oo — cjo]  t C[1][0][0

. c[1][0][1

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

c[1][0][3]

&c[1][1] > c[1][1] c[2][1][0]

. . C[L][1][1]

sizeof(c[1]) sizeof(c[1][1]) X L2

c[2][1][3]

&c[1][2]—» c[1][2] c[1][2][0]

1][2][L

sizeof(c[1][2]) 2{1}{2}{2}

v v v c[1][2][3]
Series : 8. Applications of 21 Young Won Lim
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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 29 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 23 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 24 Young Won Lim
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Virtual array pointer sizes and abstract data sizes

size of the pointed |4 | the number of

int C [2] [3] [4]’ ZirZrZyO;gir\]/tig:J : — abstract data type such types
C = Nt [3] [4] sizeof( c) = 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

Young Won Lim

Series : 8. Applications of 25
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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] R | |
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 26 Young Won Lim
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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 27 Young Won Lim
Array pointers 10/12/20



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 28
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 [|][k] C 3-d array names INnt (*) [M][N] 2-d array pointer
C[I] [k] C[I] 2-d array names INnt (*) [N] 1-d array pointer
C[I]l]] C[I][]] 1-d array names INnt (*) 0-d array pointer

Series : 8. Applications of 29 Young Won Lim
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General requirements for accessing c[i][j][K]

¢ [D]K]
|
&c[I]DIIK] = clipl+k &c[i]pllo] = clihl
&clijil - = clij+) &clijio] = cfi]
&cfi = C+i &c[O] = C
cliultk] = *(cliil+k) {0101 = *(chibh
cijul = *(clil+) cfijlo] = *(cli])
ci] — =*(cH) c[o]  =%)
Series : 8. Applications of 30 Young \{\é)%zblzrg
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3-d access pattern c[i][jl[K]

General requirements Pointer array approach N-dim Array approach
c [illillk int** c[2]; int c[2][3][4];
[ ]D][ ] int* b[2*3];

int c[2*3*4];

' clillIk] ~ ::int c[iIGIIK] ::int

c[illj] int* c[i][j] ;o int [4]
c[i] ;int ** cli] o int (%) [4]
&c[i][lk] = c[i[i+k cli] &b[i*3] c[iJi] <= &c[i][][o]
&cfillil = c[i]+] : x c[i] &c[i][0][0]
gclil = c+i ol &a[i*4] c &c[0][0][0]
- - Explicit Implicit
&cliju]io] = clip] Arrays of pointers with Nested
&cfillo] = cfi Multiple Indirection Virtual Array Pointers
&c[0] =C
Series : 8. Applicati f ouna Won Lim
eries pplications o 31 Young Won Lim

Array pointers



3-d access pattern c[i][jl[k] — array pointer approach

General requirements N-dim array approach
¢ [ill1[K] int c2][3][4];
c[ilillk] = int
" cilll i int[4]
ci] :: int (¥ [4]

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

&l = clil+k -5 Cli]  &c[IfIi
acllll =l A il &cho][]
gclil = c+i c &c[O][0][0]
&efIfio] = c{i Neated
gg{ggo] z g['] Virtual Array Pointers
Series : 8. Applicati f oung Won Lim
eries pplcations o 32 Young \{\8/12520
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Using N-dimensional arrays

_ int (*)[3][4]; int (")[4]; int [4];
int ¢ [2][3][4]; TN e B ) clojjof ;
< sizeof(c[0][0])
sizeof(int [4])
R
< sizeof(c[0])
'sizeof(int [3][4])
C [I][-I][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 33 Young Won Lim
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Types of c[i] and c[i][j]

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

C [1DILKE; cl

&clil[ilo] = clillil c[i][j] pointer of the type int (*)
&clil[o] = c[i] c[i][J][K] : an element of a 4-integer array int
&c[0] =C
R, c T c[0] 7" c[0][0] c[0][0][O] ... c[O][O][3]
P 1 R clo][a] C[O2][0] .. c[Ol[2][3]
&cli] = C+Hi c[o][2] c[O1[2][A] -.. c[o]i2]3]
c[1] = c[1][0] c[1][0][0] ... c[O][O][3]
c[1][1] c[1][1][O] ... c[O][1][3]
int C [2] [3] [4] c[1][2] 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

Series : 8. Applications of
Array pointers

pointersto  pointersto 1-d array
az2-darray al-darray names
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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)

&clilfjl0] = c[i][i]

&c[il[0] = c[i] -
&cl[0] =c c =— c[0] = c[0][0] = &c[0][0][0]
c[0][1]] = &c[0][1][0]
&c[illilKl = c[il[i]+k c[0][2] = &c[0][2][0]
&olil] = clif+] ] = c[1]0] = &c[1][0][0]
&cfif ~ =cH cl[l] = &c[a][1][o]
\J cll2] = &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 35 Young Won Lim
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Finding address values of c, c[i], c[i][j]

C [DIIkT;

append [0] to the right

c = 0] = c[0][0] % &c[0][0][0]
c[O][1] — &c[O][1][0]
Qeiliiol = il ol 22 acoi2)0
ecilfo] =<l o] 22 o] 2 scqypo]po
&cl0] =c c[1][1] = &c[1][1][0]
c[1]2] = &c[1][2][0]
iCHH}[k] =CHU].+k int () [3][4] int (*)[4]  int[4] int
cfi = cli]+ A i : :
o ago: moo: o
elements elements elements
of c[i][j] of cfi] of ¢
int ¢ [2][3][4];
&c[0][0][0] &c[O][0][0] &c[0][0][0]
&c[O][1][0]
cli]ij] = &c[i][][0] PR o &c[1][0][0
= &c[1][0][0
clil = &c[i[o][O] &EHHH cLHIoo]
£ =it &cl1J2][0]
Series : 8. Applications of 36 Young Won Lim
10/12/20
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Finding sub arrays for the leading elements c[i][j][0]

e delete [0] from the right
c [LlIk]; ©
] sefolollo] = o] = cfo] Zc
&cloiajiop - == c[O](1]
&clilhlol = clilh &clo2]io] = cfoll2]
ety = ol gt]oo] =L cio] L
&c[0] =c &c[1][1][0] = c[1][1]
&c[1]i2][0] = c[1][2]
&clil[jlIk] = c[il[j]+k int int [4] int () [4]  int (*) [3][4]
&cliil = = c[il+]
&cli] = C+i
_ c[0][0][O] is the leading element of c[0][0], c[0O], c
int ¢ [2][3][4]; c[O][L][0] 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[i]il= &c[i]0][o]
e e c[1][2][0] c[1][2]
c = &c[o][o][o]
Series : 8. Applications of Young Won Lim
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multi-dimensional arrays

cliliil= &c[ip]lo] &cli][i][0] = cfi][i]
clil = &c[i][0][0] &cli[0] = c[l]

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

Series : 8. Applications of 38 Young Won Lim
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Pointer reference and dereference relationship

c == c[0] ==» c[0][0] = c[O][0][O]
it c[o][1] = c[O][1][O0]
C [1]DIIKI: clo][2] = c[0][2][O]
c[1] — c[1][0] — c[1][0][0]
o ClA[l] = c[1][1][0]
sctity et ] —> 20
welol - =e il = &gl
c = c[0] = c[0][0] = &c[0][0][O]
gcifilk] = clilfil+k o] =  &c[o][a][0]
&cfijil = clil+] c[0][2] = &c[0][2][0]
&cf] — =cH c[1] — c[1]0] =  &c[a][0][0]
1] =  &c[1][1][0]
. 2] =  &c[1][2][0]
int ¢ [2][3][4];
c] = &c[ilo]
C = c[0] — &c[0][0]
c[l] — &c[1][O]
c = &c[0]
c — c[O0]
Series : 8. Applications of 39 Young Won Lim
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General requirements for c[i][jl[k]

C [DIIkT;

c[i][j] pointer of the type int (*)

c[i][]][O] : leading element of a 4-integer array int

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

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

int ¢ [2][3][4];

Series : 8. Applications of

Array pointers

*(c[O][0]+0) = c[O][0][0]
*(c[O][1]+0) = c[O][1][0]
*(c[0][2]+0) = c[O][2][0]
*(c[1][0]+0) = c[1][0][0]
*(c[1][1]+0) = c[1][1][0]
*(c[1][2]+0) = c[1][2][0]

c[0][0] is the address of c[0][0][0]

c[o][1]
clo](2]
c[1][0]
c[1][1]
c[1](2]

c[O][1][0]
c[0][2][0]
c[1][o]1[0]
c[1][1][0]
c[1][2][0]

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

*([0]+0) = c[O][0]
*(c[1]+0) = c[1][0]

clillil = &<[i[o]
clil = &cfil[o][o]
¢ = &c[oj[o][o]

40

c[0] is the address of c[0][0O]

c[1]

c[1][0]

&clilfjl[o] = cili]
&cli][o] =i
&c[0] =C

Young Won Lim
10/12/20



multi-dimensional arrays

cliliil= &c[ip]lo] &cli][i][0] = cfi][i]
clil = &c[i][0][0] &cli[0] = c[l]

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

Series : 8. Applications of 41 Young Won Lim
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c[0] = c[0][0] relation

C [DIIkT;

&cfiJ[j][o] = c[il(i
&c[i]lo] = cf]
&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[0O][0]) = &c[O][0][0]

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] : cl0]....e  =&c[o][o][o] |c[o][o][0]

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

42
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Addresses and Values of ¢[0] and c[0][0]

c [plkl; C w—p C[0] = c[0][0] =  &c[0][0][0]
&cfoli __clo] o i
&c[i][j][0] = cfil[i] |
&clil[0] =] ey
&cl0] =c ~o»= &c[0]0] i c[o][0]
zc[i][i][k] _ c[@][j]_+k c =— c[0] = c[0][0] = &c[0][0][0]
= + e '
el Zon ecl)  ETHRIE
/ __________________ ~» &c[o][o][0] | c[o][o][0]
. &cfolfo] i __cfo]o] <t
int ¢ [2[3][4];
A virtual pointer’s address and value are the same
address values address
&p """" p% &X X
=&X  =&X
Series : 8. Applications of Young Won Lim
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c[0] and c[0][0] point to the same c[i][0][0]

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

c.! i..co: i__cpj[@]_% - > &c[0][0][0] | c[O][0][0]

e

Loclli icyoll - &c[a][o][0] | c[1][0][0]

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

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

int(f?[?\][4] igtﬁ(f)\[4] int(*) int * equivalences
c [illiNk]: ¢ =c[0] = c[0][0] = &c[0][0][O] c =&c[o],
[[]K] E [V c[0] = &c{0][0]
&c  &cfo] &colo] =l CaIn
&cliIo] = cll |
&C[i][O] = C[I] —~—\ ~ equivalences
gcl0]  =c E \0[1]‘0[1][0] = &clloo] c[1] = &o[1][0]
&c[1]  &cf1][o] c[4][0] = &c[1]0][O]
&clilfilk] = clilli]+k

&cfilil = cli]+

&cfi] = CF Horizontal displacements are not counted

only vertical displacements are considered
for address values

int ¢ [2][3][4];

equivalences

c[i]li] = &ci][][0] ¢ = &c[0],

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

c = &c[o][o][0] c[i][0] = &c[i][0][O]
Series : 8. Applications of 45 Young Won Lim
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c[i] = &cli] and c[i][0] = &c[i][0]

Alr . Y raro= [ et
c [iG1KI; \ ﬁ%(ﬁm\/ﬁmm*&qmmmn

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

&c[i]ijlo] = cfi]fi]

&c[il0] = ci] I

&cl0] =c - c[1] = c[1][0] = &c[1][0][O]
o

&eft) = 8c{1l0]

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

int ¢ [2][3][4]; &C[O]: gl '[E)'-]::::i::il%»&c[O][O][O] c[0][0][O]

&c[o][0] :  c[o][0] * :

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

Series : 8. Applications of 46 Young Won Lim
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c[i] = &cli] and c[i][0] = &c[i][0]

C ['] []] [k]; * Avirtual pointer’s address and value are the same
address values address
& i P 1o eX X
1l ili = &X = &X
&c[i]flfo] = c[i[i]

&c[illo] = = il

&c[O0] =C

&l = c[li}+k S S NI

gcliil = el &clo] | o clo] & w=&clojolfo]| c[ojolo]
&cfi] = CH y o IIIIIIIILIILL

&c[o][0] i  c[o][0] e :

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

&clo][o][o] :__ &c[O][0][0} :  =&c[O][O][0] |  c[O][O][0]
c[i]fil = &c[il[[o]
cli] = &c[i][0][O0]
c = &c[0][0][0]
Series : 8. Applications of A7 Young Won Lim
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Leading elements and array pointers

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

c[O][1][0] 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 : 8. Applications of 48 Young \{\g;;zbuzrg
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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

&cplk] = cliil+k

&clillil ~ = cli*] = = ¢ + I*sizeof(*c)
&cli] = C+i J = &c[0][0][O] + i*3*4

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

delete [0] from the right

0= &<l &lolfoo] == clolio] 2 cfo] & e

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 49 Young Won Lim
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Array Pointers to c[i][j][0]

C [DIIkT;

&cfijplio] = efiln]

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

=c[ij+j = cfi] +j*sizeof(*c[i])

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

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

&cli] = C+Hi delete [0] from the right
gefollo)lo] = c[0][0] =% cf0] & c
: : &elo][a)lo] =  c[o][1]
int ¢ [2][3][4] selo20] L c[o]2]
&c[1][0][0] % clao] £ c[1]
clillil = &c[ilfI[o] &c[1][1][O] o c[1][1]
cli] = &c[il[o][0] &e[l]i20] =  c[1][2]
c = &c[0][0][0]
Series : 8. Applications of Young Won Lim
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Contiguity Constraints

¢ [1DIIK]

Virtual Array Pointers and Contiguity

Series : 8. Applications of 51 Young Won Lim
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Using array pointers

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

Series : 8. Applications of 592 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 53 Young Won Lim
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Array pointer approach — contiguity constraints

Array Pointer Approach
(pointer to arrays)

Series : 8. Applications of 54 Young Won Lim
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Equivalence and contiguity (1)

consecutive address

*(X+n)

consecutive data

X[n]

int []

int

X e P X
X+1
X+2
X+3

X[0]

X[3]

| sizeof(*X)

~ sizeof(X)

int X[4]; contiguous X[i] for a given X : primitive types

int * ]
X e P X
X+1
X+2

X+3

int * -

X0l o |- sizeof(*X)
o | »
P -

X381 Vo ~

» sizeof(X)

J

int * X[4]; contiguous X[i] for a given X : pointer types

contiguous index : n

int
] “X[0]
7 “X[1]
> *X[2]
B *X[3]

Series : 8. Applications of

Array pointers

55
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Equivalence and contiguity (2)

consecutive address consecutive data

*(X+n)

X[n] contiguous index : n

can be recursively applied

} sizeof(*X)

X[2] sizeof(X)

atype * X[4]; contiguous X[i] for a given X : abstract data types

Series : 8. Applications of 56 Young Won Lim
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Recursive applications of equivalences

By definition, contiguous memory locations are assumed

consecutive address consecutive data

*(X‘l' n) — X[n] contiguous index : n

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

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

Series : 8. Applications of 57 Young Won Lim
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Equivalence for a given p[m] (1)

*(pIm]+n)

p[m][n]

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

int []
p[m] L

int
p[m] p[m][0]
p[m]+1
p[m]+2
p[m]+3 p[m][3]

|+ sizeof(p[m][0])

( sizeof(p[m])

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

int * []
p[m] e

int *
p[m] p[m][0] § o
piml+1§ pimj[1l] § e
pim+2  pIm]2] § e
pim]+3§  pIm][3] We

»

|- sizeof(p[m][o])

, : » sizeof(p[m])

N
J

for a given p[m]

contiguous index : n

m=0,1, .. M1

m=0,1, .. M1

int
] *p[m][0]
7 *pImi[1]
> *pm][2]
> *p[m[3]

Series : 8. Applications of

Array pointers

58
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Equivalence for a given p[m] (2)

*(p[m]+n) p[m] [n] for a given p[m]  contiguous index : n
atype * p[M][4]; contiguous p[m][n] for a given p[m] : abstract data types m=0,1, .., M1
pm] o »opm | »p [m][01} sizeof(pmI[0) ) can be recursively applied

p[m]+18  p[m][1]

pim]+2  pimli2] + sizeof(p[m])

p[m]+3f  p[m][3]

Series : 8. Applications of 59 Young Won Lim
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Equivalence for a given p[m][n]

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

p[m][n]{K]

for a given p[m][Nn] contiguous index : k

atype * p[M][4][2]; contiguous p[m][n][Kk] for a given p[m][n] : abstract data types m =0, 1, ..., M-1

p[m]

pm]+1 | p[mi[1]

pim]+2 | p[mi[2]

pm]+3 | p[mi[3]

Series : 8. Applications of
Array pointers

p[m][1][1]

[ pIm]i2][0]
I pImi[2][1]
p[mI[3][0]

60

+ sizeof(p[m][O][O])} Sizeof(p[m][o])\

f> sizeof(p[m])
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Contiguity constraints in multi-dimensional arrays

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

for a given p[m], thus for a given p and m,

p[m][n]’'s must be contiguous for all n,
p[mI][O], p[m][1], ... , p[m][N-1]

contiguous index : n

*(p+m) p[m]

for a given p,
p[m]'s must be contiguous for all m.

p[O], p[1], ..., p[M-1]

contiguous index : m

Series : 8. Applications of
Array pointers

61

p[m] o——— P
p[m]+1
p[m]+2

p[m]+3

p+1

p+2

p+3.|

p[m][0]
p[m][1]

p[m][2]

p[O]

p[1]

p[2]

p[3]

sizeof(p[m][0])
sizeof(p[m][1])
sizeof(p[m][2])
- sizeof(p[mi[3])

. sizeof(p[0])

- sizeof(p[1])

- sizeof(p[2])

» sizeof(p[3])

Young Won Lim
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Contiguity constraints for p

*(p+m) p[m] for a given p contiguous index : m
2-d array name 1-d array names 1-d array of pointers
p e > O] e —»| plO]o] p e | po] PBe =
plo][4] p+1l|  pa] e plo][4]
plo][2] pr2|  pra1 e plo][2]
pO][3] p+3_pBl Yo plO][3]
p+1 | pll f§ o>  p[o] p[1][0]
% pLL][L] pILIL]
P[11[2] pP[1][2]
! p[1][3] p[1][3]
p2 pi2l § o> pl20] p[2][0]
| p[2][1] p[2][1]
p[21[2] pP[2][2]
! p[2][3] p[2][3]
p+3 1 pl3] o > p[3][0] p[3][0]
| p[3][1] P[3][1]
P[3][2] P[3I[2]
p31(3] p31[3]
contiguous p[m] == contiguous p[m][n] contiguous p[m] == contiguous p[m][n]

Not necessarily

Series : 8. Applications of 62 Young Won Lim
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Contiguity constraints for p[m] — using array pointers

*(pIm]+n)

p[m][n]

2-d array name 1-d array names

p+o o B

p[0][0]
p[O][1]
p[0][2]
p[O][3]
p[1][0]
p[1][1]
p[1][2]
p[1][3]

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

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

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

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

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

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

addr

addr

addr

addr

for a given p[m] contiguous index : n

addr
&p[0][0] = p[O] p+0
[

addr
&p[1][0] = p[1] p+1

addr
&p[3][0] = p[3] p+3
[

the same addresses

virtual array pointer &= no real memory locations

Series : 8. Applications of
Array pointers
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Contiguity constraints for p[m] — using pointer arrays

*(p[m]+n) p[m] [n] for a given p[m] contiguous index : n
1-d array of pointers
data addr addr
p e » plO] [ [— p[O][0] p[O][0] = *(p[0]+0) &pl[0][0] = p[O] p+0
p+l p[1] *— p[0]+1 p[O][1] I |
p+2 p[2] b p[0]+2 p[O][2]
p+3 | _pBl e ]\ \plOo+3{{__ plol3] data o S
p[L0] p[1][0] = *(p[1]+0) &p[1][0] = p[1] p+l

p[1]+1 pIL][1] 1 |

p[1]+2 pP[1][2]
p[1]+ p[l][s] data addr addr
p[2][0] p[2][0] = *(p[2]+0) &p[2][0] = p[2] p+2

pl2]+1 p2][1] 1 |
p2]+2 p2]i2]
p[2]+ p[2] [3] data

dd dd
pEI0] B ] PI3I0] = (p(31+0) p &P[BIOI=pI3] o 3
p[3]+1 p[3][1] ! ]
p[3]+2 p[3][2]
p[3]+3 p[3][3] the different addresses
contiguous p[m] == contiguous p[m][n]
Not necessarily
Series : 8. Applications of 64 Young Won Lim
10/12/20
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Contiguity constraints for 2-d arrays

int a[M][N] ; int (*b)[N] ; int * c[M] ;
*(atm) a[m] *(b+m) b[m] *(c+m) c[m]
al0], a[1], ... , a[M-1] b[0], b[1], ... , b[M-1] c[0], c[1], ..., c[M-1]
are contiguous are contiguous are contiguous
*(@@[m]+n) a[m][n] *(b[m]+n) b[m][n] *(c[m]+n) c[m][n]
a[m][0], a[m][1], ... , a[m][N-1] b[m][0], b[m][1], ... , b[m][N-1] c[m][0], c[m][1], ... , c[m][N-1]
are contiguous are contiguous are contiguous

a set of assignments of pointers
are necessary for this contiguity

Series : 8. Applications of 65 Young Won Lim
Array pointers 10/12/20



Pointer Arrays vs Array Pointers

int * [4] int *

1-d array

array

pointer ]

r
/‘,

1-d array

Cag]
1-d array

int (*b)[N] ; int*c[M]; Lo
*(b+m) b[m] *(c+m) c[m]
*(b[m]+n) b[m][n] *(c[m]+n) c[m][n]

Series : 8. Applications of

> 66 Young Won Lim
Array pointers 10/12/20



Pointer Arrays vs Array Pointers

int (*) [4]

int [4]

b+1

b+2

consecutive address consecutive data

int (*b)[N] ;

*(b+m)

*(b[m]+n)

b[m]
b[m][n]

Series : 8. Applications of

Array pointers

67

int *

c[0] -
c[l] 4

consecutive address consecutive d

ata

-
2 . \

Int * c[M] ;

with proper
assignments

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

c[m]

c[m][n]

Young Won Lim
10/12/20



Pointer Arrays vs Array Pointers

int (*) [4]

int [4]

b[0]+3

b[1]+0

int (*b)[N] ;

*(b+m)
*(b[m]+n)

b[m]
b[m][n]

Series : 8. Applications of

Array pointers

int * [4] int *

________ C c[o] ¢
c+1 c[l] o
c+2 c[2] o

consecutive address consecutive data

consecutive address consecutive data

int * C[M] ’ with proper

assignments

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

c[m]
c[m][n]

638

Young Won Lim
10/12/20



Three contiguity constraints for 3-d arrays

Pointer Array Approach (array of pointers)

clijblik] == *(clill] +k)
*(COIO] +k) = *(*(ci] +)) +k)
*(*(Cll] +)) +k) m—- *C(5(C +i) +]) +k)

contiguous int int
contiguous pointers to int int *
contiguous double pointers to int int **

the contiguity constraints are satisfied by
allocating arrays of pointers

Array Pointer Approach (pointer to arrays)

clilbIk] == *(cli][] +k)
*(COIO] +k) = *(*(c[i] +j) +k)
*((Cl] +)) +k) m—-> *(5(5(C +i) +]) +k)

contiguous 0-d arrays int int
contiguous 1-d arrays int [4] int *
contiguous 2-d arrays int [3][4] int (*) [4]

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

Series : 8. Applications of
Array pointers

69 Young Won Lim
10/12/20



Types of array pointers in 3-d arrays

int c[2][3][4];
clillIk] - int int
c[illil int [4] int (*)
[K] [K]
c[i] int [3][4] int (*)[4]
NN [ [K]
c - int [2][3][4] int (*)[3][4]
(1 [ K [ 00 [K]
array type (name) array pointer type
Series : 8. Applications of 70 Young \{\é)%zblzrg
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Sizes of array pointers in 3-d arrays

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

sizeof(c[il[jI[k]) = sizeof(int)

sizeof(c[i]ij]) = sizeof(int) * 4
[
sizeof(c[i]) = sizeof(int) * 3 * 4
I
sizeof(c) = sizeof(int) *2*3*4

(1 07 [k

Series : 8. Applications of 71 Young Won Lim
Array pointers 10/12/20



Address values of array pointers in 3-d arrays

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

cijilikl = &c[i]ilik]

S R . R sizeof(*c[i][i])
clilil+k = &c[i]lj][0] + k* sizeof(c[i]UI[K]) - sizeotccritminion = sizeofint)
-y . . . S sizeof(*c[i])
C[I]+j = &C[l][O][O] + * SlzeOf(C[l][j]) = sizeof(c[i][0]) = Sizeof(int) *[ff(]
. . . . sizeof(*c)
C+i = &c[0][0][0] + 1 * sizeof(c[i]) = sizeof(c[0]) = sizeof(int) * 3 * 4
0] (K]
Series : 8. Applicati f oung Won Lim
eries pplcations o 72 Y g \{\8/12520
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cli]D][K] = *(clii] +k)

sizes and address values

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

*(c[O][0] + 0)
*(c[O][0] + 1)
*(c[0][0] + 2)
*(c[O][0] + 3)

c[O][1][0] =
c[Ol[1][1] =
clO[1][2] =
c[o][1][3] =

*(c[O][1] + 0)
*(c[O][1] + 1)
*(c[O][1] + 2)
*(c[O][1] + 3)

contiguous 1-d
array elements

c[ilfl

int [4] 4 contiguous 0-d arrays
int * points to the 1* 0-d array
int 0-d array

sizeof(c[il[j]) [K]
sizeof(c[i][jl[K]) * 4
sizeof(int) * 4

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

Address Value

c[iji] + k

&c[i][j]l0] + k * sizeof(*c[i][j])
&c[i][j]lo] + k * sizeof(c[i][j][O])
&cli][j][0] + k* 4

c[o]o] (c[O][0][O}

clo]f2]

cl1][]

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

sizeof(int)

c1][0]

cli2]

Series : 8. Applications of

Array pointers

73

Young Won Lim
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clilfj] = *(c[i] +)) sizes and address values

c[0][0] = *(c[0] + 0)
clO][1] = *(c[0] + 1)
c[0][2] = *(c[0] +2)

c[1][0] = *(c[1] + 0)
c[1][1] = *(c[2] + 1)
clili2] = *(c[3] +2)

Series : 8. Applications of

Array pointers

c[i] cfo] | <[0][0] sizeof(*c[0])
int [3][4] 3 contiguous 1-d arrays sizeof(c[0][0])
int (*) [4] points to the 1* 1-d array
int [4] 1-d array _ _
c[O][1] s!zeof(!nt [4])
sizeof(cli]) il [ sizeof(int) * 4
sizeof(c[i]lI[k]) * 3 * 4
sizeof(int) * 3 * 4
c[0][2]
int c[2][3][4]; ] | cf2][0]
Aere_ss Value SEEY
cli] +1
&Cc[i][0][0] + j * sizeof(*c[i])
&c[i][0][0] + | * sizeof(c]i][O])
&c[i][O][0] + J* 4*4 c[1][2]

74

Young Won Lim
10/12/20



cli] = *(c +i) sizes and address values

cl0] = *(c +0) c ¢ [ clo]

c[1] = *(c + 1) int [2][3][4] 2 contiguous 2-d arrays _
Int (*) [3][4]  points to the 1 2-d array sizeof(*c)
int [3][4] 2-d array sizeof(c[0])

sizeof(c) [l K S?zeOI(?nt [3*][:?]2 ,
sizeof(c[i]j][K]) *2*3* 4 sizeof(int )
sizeof(int) *2* 3 * 4

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

Address Value

C+i

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

Series : 8. Applications of 75 Young Won Lim
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clifD][K] = *(clii] +k)

clijblik] == *(clill] +k)
*(COIO] +k) = *(*(ci] +j) +k)
*(*(Cll] +)) +k) m—- *C(5(C +i) +]) +k)

int c[2][3][4];
contiguous 1-d array elements int
contiguous 1-d array names int (*)
contiguous 1-d array pointers int (*) [4]

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

Series : 8. Applications of
Array pointers

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

76

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

C

c[0]

c[0][0]

c[O][1]

c[0][2]

c[1][0]

c[1][1]

c[1](2]

Young Won Lim
10/12/20



Contiguity Constraints

ci] = *(c +1) clijbl = *(cli] +) c[iblIkI= *(cli]h] +k)
int (*) [3][4] 2-d array pointer c int (*) [4] 1-d array pointers c[i]  int(*) 0-d array pointers c[i][j]
int [2] [3][4] 3-d array name c Int [3] [4] 2-d array names ci] int [4] 1-d array names c[i][j]
address value c +i address value c[i] +j address value cfi][j] + k
&c[0][0][0] + i * sizeof(*c) &Cc[i][0][0] + | * sizeof(*c]i]) &c[i][jl[0] + k * sizeof(*c[i][j])
&c[0][0][0] + i * sizeof(c[O]) &c[i][0][0] + j * sizeof(c[i][O]) &c[i][j][0] + k* sizeof(c[i][j][0])
&c[O0][0][0] + i* 4*3*4 &c[i][O][0] + j* 4*4 &c[iJ[j][0] + k* 4
leading elements leading elements leading elements
c[O][0][O] c[O][0][O] c[O][0][O]

c[O][1][O]

c[O][2][O]

c[1][0][C] c[1][0][C]
c[1][1][C]
c[1][2][0]

Series : 8. Applications of 77 Young Won Lim
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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 78 Young Won Lim
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Base and Offset Addressing

Base Address Base
= array name
( Y ) Address
reg0
Offset Address 1 d
Offset Offset
\ Address 1 Address 2
regl reg2
Offset Address 2
A
compiler
assembly instruction
registers in the CPU
Series : 8. Applications of Young Won Lim
79 10/12/20
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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 80 Young Won Lim
Array pointers 10/12/20
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