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Virtual array pointers
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Pointers to various data types

int *p; inti, j, k; T *p; T X, Y, Z;
p |—»&i| i | size p > &X A
ptl & j | size X - size
...... pr2 &kl k|- size /
'''''''''''' prL &y
Y ~ size
e o
double *q; double a’ b’ c; ...................
7 ~ size
A7 o | size :
‘, ,,
R oh o
................... b - size -
................... _ ) pointer abstract data
g+2 —P&c |
................... c | size
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Pointers to primitive data

int *p; int i, j, k;
P &i
D & -
p+2 &k

- -
pointer size
4 or 8 bytes
double *q; double a, b, c; sizeof(double) = 8 bytes
: “a - size — /(sizeof(a) 77;$eofi(;a)ﬁ \\ Z sizeof(q)

.................... i ) )
; ‘ ( |

------ gl &b . size — sizeof(h) — S|ze0f(*(q+1))\/ ~ sizeof(q+1)

........ +2 & / .

...... qr<..; ¢ ‘\ size — \S|zeof(c) — s|zeof(*(q+2))/ Z sizeof(g+2)
sizeof(c) 2y

—

pointer size

4 or 8 bytes

Series : 8. Applications of 5 Young Won Lim

Array pointers

size
size
size

sizeof(int) = 4 bytes

/,

— S|zeof(|) —  sizeof(*p)
— ‘S|zeof(J) —  sizeof(*(p+
— ! sizeof(k) —

sizeof(*(p+

1)

= sizeof(p)
= sizeof(p+1)

= sizeof(p+2)



Pointers to abstract data

T *p; T XY, Z; sizeof(T)
P > &X A S
- N
X ~ size — sizeof(X) — sizeof(*p) |~ sizeof(p)
e, _ / ‘\ ‘
LBl ey | |
Y ~ size :\; sizeof(Y) = sizeof(*(p+1)) ‘\\ —~ sizeof(p+1)

7 ~ Size :" Sizeof(Z) — Sizeof(*(p+2)) /) ;/ SiZEOf(p+2)
\\\17 - - B /7//
pointer abstract data EOA?J[SGL;Z:S
type -------- array
value -------- start address
increment size -------- size
Series : 8. Applications of 6 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()[3][4] ——p Int[3][4]
double array pointer array pointer array (abstract data)
T * S *
nt()[3)4] X int()[] X int()
int () [20[3][4] —>¢» it () [&][4] > int(*)[4]

array pointer

array pointer

array pointer

Series : 8. Applications of

Array pointers
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General array pointer types v.s. specific array types

T* T S*

) ) points to ) points to

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

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

specific general specific general

array array pointer array array pointer double array pointer
Series : 8. Applications of g Young Won Lim
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Array pointers have augmented dimensions

typedef int (*T1) [4]; typedef int T2[4];
typedef int (*T1) [3][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
*(atl) =7 [ _
(a+2) = ? [ | A
*(a+2) = ? T .
Series : 8. Applications of 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 plol ... POl
p[1] p[1]
p[2] p[2]
p3] p3]
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 : 8. Applications of 10 Young Won Lim
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Dual types in an array of abstract data

Abstract data array p Virtual pointer p
> ,
~ sizeof(p[0]) sizeof(*p)
Z SRl P30 e INCES
S - sizeof(pl]) 9 ~ sizeof(*(p+1))
P2 ) |
~ sizeof(p[2]) - sizeof(*(p+2))
\ N )
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 : 8. Applications of 11 Young Won Lim
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Virtual pointer to abstract data

virtual pointer p  abstract data *p
whole array size

sizeof(p) —— sizeof(*p) ¥
..... prl. i M+ iﬁk ‘
” sizeof(p+l) === sizeof(*(p+1)) * 3

..... pr2 | f(p+2)

sizeof(p+2)  —=— sizeof(*(p+2)) * 3

pointer size
4 |/ 8 bytes

Series : 8. Applications of 12 Young Won Lim
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Dual types in a multi-dimensional array

Abstract data (array) pli]

Virtual array pointer pfi]

pli] )
~ sizeof(p[i][0]) ~ sizeof(*p[i])
= = PII+L | *(p[i]+1)
2 | 2 |
S ~ sizeof(p[il[1]) G - ~ sizeof(*(p[i]+1))
N N
[72] (7))
L2 > *(p[i]+2) )
~ sizeof([ijp[2]) - sizeof(*(p[i]+2))
N N ,/

pl[i] has an array type (abstract data)
pli] is the name of an array
p[i] has the size of the whole array

Series : 8. Applications of
Array pointers

p[i] also has an array pointer type
p[i] has the value of the starting address

p[i] is a virtual array pointer

13 Young Won Lim
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Virtual pointers to sub-arrays

pli]::T* *pl], *pli+1] :: T

array pointer type array type

- sizeof(p[i]) ~ size  — sizeof(*pli]) =
| 7eof( bl
, — sizeof(*p[i]) * N stzeof( plIIo])
*(p[i]+1) sizeof( p[i][0] ) * N ‘
- size = sjzeof(*(p[i]+1)) =
sizeof( p[i][1] )
(pli+2) ‘
-~ Sz — §izeof(x(p[i]+2)) =
) sizeof( p[il[2] )
|
~ sizeof(p[i+1])
S — sizeof(*p[i+1]) * N
S 7 sizeof( p[i+1][0] ) * N
Series : 8. Applications of 14 Young Won Lim
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3-d array structure — virtual pointer representation

int c[2][3][4]; i
array
pointer

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

* Hierarchical

 Nested Structure

* Virtual Array Pointers
to abstract data

(subarrays)

* Contiguous and
Linear Data Layout

* Row Major Order

Series : 8. Applications of 15
Array pointers

1-d

L cl0]  c[0][0]

1-d 0-d pointer

array
- c[0][1]

pointer
0-d pointer

- c[0][2]

0-d pointer

 c[1][0]

0-d pointer

 c[1][1]

0-d pointer

 c[1][2]

0-d pointer

array
pointer

c[0][0][0
c[o][o][1
c[O][0][2
c[O][0][3
c[O][1][0
c[OJ[1][1
c[O][1][2
clO][1][3
c[0][2][0
clo][2][1
c[O][2][2
c[O][2][3

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

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

Young Won Lim
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3-d array structure — abstract data representation

_ c c[0] c[0][0]
int c[2][3][4];
. c[O][1]
((c [IH0DIk]
c[0][2]
e Hierarchical
* Nested Structure c[1] c[1][0]
* Virtual Array Pointers
to abstract data
(subarrays) cLHi]
* Contiguous and
Linear Data Layout c[1][2]
* Row Major Order
Series : 8. Applications of 16 Young Won Lim
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Array a and virtual pointer a

int [4] int
a a[0] . 1-darray a specific array type
a[l] :
\
al2] sizeof(a)
a[3]
int (*) int
L a *a ~ pointera  general pointer type
*a+l
0-d array *812; 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

Series : 8. Applications of 17 Young Won Lim
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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 b[o] b[O][0] b . ((6:00) ||
: . b[0][1] ) CCor0rD) ||
2 d al’l’ay 1 d al’l’ay b[O][Z] l d U allc *(*(*b+0)+2) t
b[0][3] array H((D+0)+3)
b[1] b[1][0] pointer *(b+1) *(("0+1)+0)
_ b[1][1] | ) *((br1)+1)
1-d array A > 1-d array (br1)+2)
b[1][3] *(*(*b+1)+3)
b[2] b[2][0] *(b+2) *(*(*b+2)+0)
. b[2][1] ) “((h+2)+1)
1-d array b2I2] 1-d array (b12)72)
b[2][3] ) *(*(*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 : 8. Applications of 18 Young Won Lim
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Array c

3-d array c
specific array type

sizeof(c)

c is the name of a 3-d array
¢ has the size of the array

int [2][3][4]

int [3][4]

Cc

3-d
array

int [4]

c[0][0]
1-d array

c[O][1]
1-d array

c[0][2]
1-d array
c[1][0]
1-d array
c[1][1]
1-d array

c[1][2]

1-d array

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]

~
)

)

Series : 8. Applications of

Array pointers
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Virtual pointer c

int (*) [3][4] int [3][4] int [4]
2-d array pointer c T ——— *(*c+0) *(*(*(c+0)+0)+0)
general pointer type ) . “(*(*(c+0)+0)+1)
2-d 1-d array ~("(010)70)2)
sizeof(c) = sizeof(*c) * 2 array *(*(*(c+0)+0)+3)
pOInter *(*C+1) *(*(*(C+O)+1)+O)
“(*(*(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 H(*((c+0)+2)2)
“(C(ct0)+2)+3)
*(c+1) *(*(c+1)+0) *(*(+(c+1)+0)+0)
“C(*t(c+1)+0)+1)
2-d 1-d array *(*(*(c+1)+0)+2)
array *(*(*(c+1)+0)+3)
¢ also has a 2-d array pointer type (e+D)+1) :E:gz:z:;:iz
has th I f the starti dd
¢ has the value of the starting address 1-d array R
c is a virtual array pointer *((*(c+1)+1)+3)
*(*(c+1)+2) *(*(*(c+1)+2)+0)
H(H(H(c+1)+2) +1)
1-d array *(H(C+1)+2)+2)
A(*(*(c+1)+2)+3)
Series : 8. Applications of 20 Young Won Lim
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Types of virtual array pointers in a 3-d array

int c[2][3][4];
o o
c[illi] int [4] int (%)
[K] [K] [K]
cfi} int [3][4] int (*)[4]
[l [k [l [k [l [k
c int [2][3]14] int (4)[3]74]

01 [K] il 0] (K il 0 (K

array type (hame) array pointer type

Series : 8. Applications of 21 Young Won Lim
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Sizes of virtual array pointers in a 3-d array

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

sizeof(c[i][j][k]) = sizeof(int)

sizeof(C[i]li) = sizeof(int) *4
K] (k]
sizeof(c[i]) = sizeof(int) *3*4
O] [KI | 01 [k
sizeof(c) = sizeof(int) *2*3*4
[ [] [kl | Ol

Element Size

Series : 8. Applications of 29 Young Won Lim
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Addresses of virtual array pointers in a 3-d array

int c[2][3][4];
[i] [3] [4] [i1 [4] [k]
&c[illiflk] = &c[0][0][0]  + i*3*4*4 + j*4%4 k4
sizeof(*c[illi])
| - o I I = sizeof(c[i][j][0]) |
&c[il[j] » = &c[0][0][0] + 1*3*4*4 + J*4*4 izsizeof(int) 3
sizeof(*clil) -
&cli] = &c[o0][0][0]  +i*3*4*4 = sieecl(clill0])
| 3] [4] :S|zeof(|nt)*[i]
| sizeof(*c)
&c = &C[O][O][O] - = sizeof(c[0])
| [2] 381 4 ~ =sizeof(int)*3*4
T ] me
Base Address
Series : 8. Applications of oung Won Lim
e 23 Y gV\g/15521
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Values of virtual array pointers in a 3-d array

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

IC[I].,['][k]| +0 = &.C[l][j][k] - the value of a virtual array pointer is its address
COG+k = [&cll] = &[0l +k* sizeof(cHIGIO)
"/nu,,,,,“,m“m”mjm i, sizeof(*c[i][j]) = sizeof(int)
= [&clil[i] =  &c[i][0][0]  +j * sizeof(c[i][0])

»,
7
",

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

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

0

[&]
g
o
3

iz}
-
I

Start Address
Series : 8. Applications of Young Won Lim
24 4/15/21

Array pointers



Virtual array pointers and abstract data in a 3-d array

int ¢ [2][3][4];

2-d array pointer int (*) [3][4] C — *C int [3][4] 2-d array
(*) [3] [4] 2] [3] [4]
1-d array pointer  int() [4] C[I] == *C]i] int[4]  1-d array
(*) [4] [3] [4]
0-d array pointer int (*) C[I][|] — *C[i] U] int 0-d array
*) [4]
Virtual Array Pointers Abstract Data (Array)
Series : 8. Applications of 25 Young Won Lim
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Dual types in a 3-d array

int ¢ [2][3][4];

abstract data 1Nt [2] [3][4]
{array pointer | [Nt (*) [3][4] C *C int [3] [4] abstract data}

int (*) [4] array pointer
abstract data 1Nt [3] [4] . ( ) [ ]
array pointer Nt (*) [4] C[l] — *C[i] int [4] abstract data}

INt (*)  array pointer

abstract data 1Nt [4]
array pointer | |nt (*) C[|]U] e *C[|][]] INt | primitive data

Series : 8. Applications of 26 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

c =P int [3] [ 4] sizeof(*c) = sizeof(int [3][4])
[1] O] [KI X2 01 [k
Cli] =Nt [4] sizeof(*c[i]) = sizeof(int [4])
[i] [K] x3 K]
c[i][j] = int
” x 4 sizeof(*c[i][j]) = sizeof(int)
c, c[i], c[i]lj],are virtual array pointers all are sizes of arrays

and they E also abstract data (arrays)

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

Series : 8. Applications of 27 Young Won Lim
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Virtual array pointer sizes in a 3-d array

intc (23141 rervane | = | Smata | S
C = Nt [3][4] sizeof( ¢ ) =2 * sizeof(*c)
[1] 0] [K] X2 0] [kl
C[i] = int [4] sizeof( c[i] ) =3 * sizeof( *c[i])
[i] [K] x3 K]
cli]fj] =" Int sizeof( c[i][j] ) =4 *  sizeof( *c[i[j] )
[k] x4

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

Series : 8. Applications of 28 Young Won Lim
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Virtual pointer sizes are subarray sizes

sizeof(Virtual Array Pointer) =

int C [2] [3] [4] - sizeof(Array of the dual type)
e | sizeof(int [2] [3][4]) =sizeof(c) = 2*3*4 * 4
C[I] il K Il [3[3 [Z[lk]] sizeof(int (*) [3][4]) = pointer size =4 or 8
C[i] = int [4] sizeof(int [3] [4])  =sizeof(c[i) =3*4*4
. " sizeof(int (*) [4]) = pointer size =4or8
c[i]fj] == int sizeof(int [4]) = sizeof(c[i][j]) =4 * 4
sizeof(int [4]) = pointer size =4 or 8

(K]

4 bytes for 32-bit machines
_ 8 bytes for 64-bit machines
not real array pointers

virtual array pointers

Series : 8. Applications of 29 Young Won Lim
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Subarrays c, c[i], c[i][j] in a 3-d array

int [2][3][4] int[3][4] int[3] int int [3][4] int[4] int int [4] int
c c[0] [ c[O][0] |c[O][O][O ‘ c[0] | c[O][0] [c[O][O][0 c[0][0] [c[O][0][0
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][O][3 c[O][Q][3] c[O0][O][3
c[O][1] [c[O][1][O] c[O][1] [c[O][1][O c[O][1] [c[O][0][0
c[O][1][1 c[O][1][1 c[O][0][1
c[O][1][2] c[O][1][2 c[O][0][2
c[O][1][3] c[O][1][3] c[0][0][3]
c[0][2] [c[o][2][0 c[0][2] [c[O][2][0 c[0][2] |c[0][2][0
c[0][2][1 c[O][2][1] c[O][2][1]
c[O][2][2 c[O][2][2 c[O][2][2
c[O][2][3] c[O][2][3]] c[0][2][3F
c[1] | c[1I[O] |c[1][O][O] c[1] | cl[1][0] |c[1][O][O] c[1][0] [c[1][O][0
c[1][O][1] c[1][O][1] c[1][O][1
c[1][O][2] c[1][0][2] c[1][0][2
c[1][O][3] c[1][O][3] c[1][O][3]
c[1][1] ] c[1][1] ] c[1][1]
] ]
] ]
] ] |
c[1][2] ] c[1][2] ] c[1][2]
] ]
] ]
Series : 8. Applications of 30 Young Won Lim
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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
e cl0] [ clolo] eoltono] £ c[0]...3—] cloll0] [el0Jo][0 | <[O][0] 3+ eyl
c[O][O][1] c[O][O][1] [01/07[1
1-d subarrays 0-d subarrays
clojosy ... c[0][0][3
c[O][1] [c[O][1][O : c[O][1] ; [O][1][O]
c[O][1][1 [O[2][1]
c[O][1][2 [O][1][2]
c[o][1][3] 0][1][3
c[0][2] c[0][2] [c[0][2][O L c[o]2] [01[2][O]
o2 e Ol21L
c[O][2][2 [01[2][2]
.................. c[0][2][3} e, ClONI2)3
clllo] eftooy i cf1]... C[L][0] [clL][O][0 ; c[2][0] i—clLl[o][0
c[1][O][1 [1][O][1
c[1][0][2 [1][O][2.
c[1][0][3] 1][0][3'
CTII el ] el
[L][2][1
[L][1][2.
1][1][3]
c[1][2] c[1][2] c[l][2] [1][2][0
2L
[L][2][2.
[1][2][3]
Series : 8. Applications of 31 Young Won Lim
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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[0]—| c[0] &c[0][0]—s]| c[0][0] A

>

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

&c[0][1]—*| c[0][1]
sizeof(c[0][1])

&c[0][2]—| c[0][2] I
sizeof(c[0][2])

>«

&c[1]—1 c[1] &c[1][0]—>]| c[1][0]

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

&c[1][1] c[1][1]

sizeof(c[1][1])

&c[1][2]—] c[1][2] 4

sizeof(c[1][2])

v v v

Series : 8. Applications of 39 Young Won Lim
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Virtual array pointer c, c[i], c[i][j] — values (addresses)

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

a[0]

a[l]

al2]

a[3]

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

a[5]

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 33 Young Won Lim
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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[O][1] = &c[0][1][0] :> value(c[0][1]) = value(&c[0][1][0])

type(c[O][1]) = type(&c[O][1][0])
int * int *

value(c[0][2]) = value(&c[0][2][0])

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

3
®
1y
5
7

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

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][0][0])

|

int(*[4] int* int *
U] = &efLo] value(cl1][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 34 Young Won Lim
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Virtual array pointer c, c[i], c[i][j] — vertical displacement

¢ = ¢[0] = c[O][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 35 Young Won Lim
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Virtual array pointers — types, sizes, and values

int c[2][3][4]; clili] clililio]
int [4 int e abstract data type
:ﬂt E*)] / :Et 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] » 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] e 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[O][0][0]
Series : 8. Applications of Young Won Lim
Array pointers 36 4/15/21



Summary of virtual array pointers in a 3-d array

cli] = *(c +)

chifb] = *(cli] +1)

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

address value c + 1

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

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

leading elements
c[o]ol[a]

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

c[1][0][0]

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

Series : 8. Applications of
Array pointers

37

Young Won Lim
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Dual type constraints
In a multi-dimensional array

Series : 8. Applications of 38 Young Won Lim
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Virtual array pointers to subarrays in a 3-d array

int [3][4]

int [4]

int

virtual 2-d array pointer Poc c[0]

SlZeOf(C) - T
sizeof(c[0]) * 2

int ¢ [2][3][4];

c[0][0]

c[0][0][0]

c[O][O][1]

c[0][0][]

c[O][O][3]

c[O][1]

c[O][1][O]

c[O[1][1]

c[O][1][2]

c[O][1][3]

c[0][2]

c[0][2][0]

c[O][2][1]

c[0][2][]

c[O][2][3]

virtual 1-d array pointer : c[0] i

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

virtual 0-d array pointer

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

Series : 8. Applications of
Array pointers

int [4]

int

c[0][0]

c[0][0][0]

c[O][O][1]

c[0][0][2]

c[0][0][3]

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

39

int

c[0][0][0]

c[O][0][1]

c[O][0][2]

c[o][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, c[0], c[0][0] — types and sizes

int ¢ [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)
L] .o[0]_i—{clo]0]
c[1] c[O][1]
c[O][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 : 8. Applications of 40 Young Won Lim
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Contiguous subarrays c[i], c[illj], c[ililk]

array pointer

c

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

array (abstract data)
c[0]
int [3][4] Contiguous 3*4 integers

array pointer
Cc '—P

int (*) [3][4

array (abstract data)

cli][O]

array pointer

for agiveni

int (*) [4]

array pointer

2 c[i]’s, contiguous

c+0

c[O]

c+1l

c[1]

int [4] contiguous 4 integers

array (abstract data)

for agiveni,j i

Series : 8. Applications of
Array pointers

clilfil[O]

Int

41

3 c[i][jl's, contiguous

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

INt

sizeof(int [3][4])

c[i][0]

cli][1]

cli][2]

c [2][3][4];

sizeof(int [4])

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

cfiji]+o
cilfil+1
clilfi]+2
clili]+3

c[iliio]

clilfil[1]
clilfil[2]

clilII3]

sizeof(int)

Young Won Lim
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Dual types of ¢, c[il, c[i][j]

c . int (*) [3][4]
—» c[i] 2 int [3] [4]
c[i] :: int (*) [4]
—» c[i][j] :: int [4]
c[i]fj] :: int (*)
—» C[i][l[K] ::int

int ¢ [2][3][4];

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

c = c[0] —* c[0][0] c[O][O][O] ... c[O][O][3]

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

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

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

c[1][1] c[1][2][O] ... 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 : 8. Applications of A2
Array pointers

Young Won Lim
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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[0][0][O]
c[oll] = &c[O][1][0]
c[ol2] = &c[0][2][0]
cll] = c[1]J[0] — &c[1][O][0]
clill] = &c[1][1][0]
Y clili2z] = &c[1][2][0]

Horizontal displacements are not counted
only vertical displacements are considered

for address values

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

Series : 8. Applications of 43
Array pointers

Young Won Lim




Finding values of virtual array pointers c, c[i], c[i][j]

e ¢ [2][s]i4] c = 0] = c[0][0] = &c[0][0][0]
cO[l] = &c[o][L][O]
col2l = &c[o][2][0]

c[l] = c[1][0] = &c[1][0][0]
cUll] = &c[1][L][O]
2] = &c[1][2][0]
int (*) [3][4] int(*)[4]  int[4]
c[0][0][0] : c[i][o][0] : c[il[j][o] :
leading leading leading
elements elements elements
of ¢ of c[i] of c[i][j]
&c[O][0][0] &c[0][0][0] &c[O][0][q]
&c[O][1][0]
&c[0][2][0]
&c[1][0][0] &c[1][O][0]
&c[1][1][0]
&c[1][2][0]
Series : 8. Applications of A4 Young Won Lim

Array pointers

append [0] to the right




Finding sub-arrays with the address &c[i][j][0]

delete [0] from the right

[ &co]ol0] = clojo] = cfo] £ ¢
gefOo] = clo1l
gelo]2l0] = c[0][2]
ge[joo] = c[yo] = c[1]
ge[a][uo] =  c[1[]
&ea2]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[0O], c

clo][1][0] clo][1]

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

c[1][0][0] c[1][0], c[1]

c[L][1][0] c[1][1]

c[1]i2][o] c[1]i2]
Series : 8. Applications of 45 Young Won Lim
Array pointers 4/15/21



Dual types in a 3-d array

Abstract data (array) X Virtual array pointer X
&X | X
HL )
X2 i 00
array (abstract data) array (abstract data) array pointer array (abstract data)
c[i]j] starts from &c[i][j][0] cli]jl ~ 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[0]
address value
&cfi][j] = &c[i][j][0] c[i][i] = &c[i][][0]
&cli] = &cli][0] c[i] = &cli][0]
&C = &c[0] C = &c[0]
Series : 8. Applications of 46 Young Won Lim
4/15/21
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Dual type constraints

array pointer array (abstract data)
&c[ii1I0] = c[i]i] Virtual cfijil ~ points to  c[i][j][O] LK
&clil[0] =] array c[i] points to  c[i][0]
&c[0] =C pointer C points to c[O]

address value

array (abstract data) array (abstract data)
&c[i]li][0] = &c[i]]] Abstract . starts from  &cfi][j][0] exX TR
&clil0] = &cfi] data clil starts from &cli][0]
&clO] = &c (array) C starts from  &c[O]
array (abstract data) Address of an array pointer
c[i][j] = &cli][j] c[iljl 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 : 8. Applications of Young Won Lim
47 4/15/21
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c[0] = c[0][0] relation

int ¢ [2][3][4]; c = 0] = c[0]0)] = &c[o][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] = 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])

&e[0] £ c[0] . e *>&c[0][0][0] |c[O][0][O]

Series : 8. Applications of A8 Young Won Lim
Array pointers 4/15/21



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

int ¢ [2][3][4]; c[0] —» clo][0]

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

c[0] —=c[0ll0] = &c[O][0][0]

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

Y > &clojfolfo] | c[o][0][0]
&efolol ......clool....5;
A virtual pointer’s address and value are the same
address . values ... address
&p BRI - & X
= &X = &X
Series : 8. Applications of 49 Young Won Lim
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c[i] and c[i][0] point to the same c[i][0][O0]

int ¢ [2][3][4]; c= c[0]= c[0][0] = &c[0][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
CUET e G .[TQI[@].’% = &c[o][0][0] | c[o][0][0]
LG SOl - &o[HIioIo] | el

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

Series : 8. Applications of 50 Young Won Lim
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&c[i][0] and &c[i][0][0] — equivalence relations

INt

c [2][3][4];

Series : 8. Applications of
Array pointers

|nt( el meg i
C[O] = ¢[0][0] =
\

\ &c[O]\ &c[O] [O]

cf1] \0[1][0]

o
&c[1]

&C[1] [0}

int *

&cl0][0][0]

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

equivalences

c = &c[0],
c[0] = &c[O0][0]
c[0][0] = &c]O][0][0]

equivalences

c[l] =
c[1][0] =

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

Horizontal displacements are not counted
only vertical displacements are considered

for address values

51

equivalences

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

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

int ¢ [2][3][4]; o= dols [ E[Bi[ = &clo][o][0]

\
Il \

&c= /@c[ort@c[O] ol

clll= c[1[0] = &clfol[o
o .
&c[l] &C[l][O]

&c 'T‘ .......... G ‘ i O\
&l ".'.'.'.'.'.ﬁﬁﬁiiﬁﬁﬁﬁélii]fffffffffﬁf%%» &cfi[o][0] | c[[0][0]
&C['][Ol N (0 e ¥
Series : 8. Applications of 52 Young Won Lim
Array pointers 4/15/21



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

INnt C [2] [3] [4]’ A virtual pointer's address and value are the same
address values address
&p (RS- & [IX
= &xX =&xX c[0][0][0] c[o][0][a]
“, SIS
&l ".'.'.'.'.'.'.'.'.'.'.'.ilﬁéIiJf.’f.'fff.’.’.MfIff.l &cfifoyo] | chlfo

&C[I][O] .cllo) e

&cfiloNo] ; _ &c[]o][0] ; = &clil[o][o] | c[i]o][O]

Series : 8. Applications of 53 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[i][0][0] = cfi][0]

&cli[o] |

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

delete [0] from the right

gefojojo] = clojo] L o] & c
&c[1]o]l0] = c[1][0] & c[1]
Series : 8. Applications of Young Won Lim
Array pointers o4 4/15/21



Array Pointers to c[i][j][0]

&cfijplio] = efiln]

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

delete [0] from the right

&elojolo] = c[o]o] &L clo] £ c

&co]luo] =  c[o][1]

&elo]i2l0] =  c[o][2]

&e[1]ojo] = c[1J0] =& c[1]

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

&c[1][2][0] =  c[1][2]
Series : 8. Applications of 55 Young Won Lim
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Access expressions
and dual type constrains

c [llIk] 3-d access

Series : 8. Applications of 56 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 57 Young Won Lim
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Associativity and Equivalence Relations

left-to-right associativity

((c [INDDIK]

left-to-right associativity

*(*(*(C +1) +)) +K)

X[n]

*(X+n)

given c[i][j]

given cfi]

given c

K]
ulil

i) oo
*(C[|]+J) for all |
*(C+i) for all i

Series : 8. Applications of

Array pointers

58

Young Won Lim
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Requirements for the expression c[i][j][K]

3 contiguity requirements

Series : 8. Applications of

Array pointers

59

for a given c[i]j], forall k [J] [k] —_ *(C[l] [l] +k) for a given c[i][j]], contiguous c[i][j][K]’'s
for a given cfi], for all [l] — *(C[|]+J) for a given cfi], contiguous c[i][j]'s
for a given c, for all i — *(C+|) for a given c, contiguous c[i]’s

for a given contiguous

subarray pointer  subarrays

Young Won Lim
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Equivalent requirements for the expression c[i][j][K]

o cliJIIK] = *(Cli+k) &e[0IK] = cliil+k o
wor ol =) qmmp &[N =clly =
foralli CJl] = *(c+1) &cli] = C+j for all
clijblfe] = *(chbh &cijpliol = cfijp]
chlier = =(cli) &clijol = cfi]
c[O] = *(c) “ &c[O] = C
i(rerr;?’s p:ofilhﬁeesplications of 60 Young V\msblzrg




3 contiguity requirements for the expression c[i][jl[K]

&cli]pJIk] = cli]h]+k
&clilpl - = clil+)
&cli = C+i
consecutive c[i]fj]Ik]

consecutive c[i][j]
consecutive cfi

Series : 8. Applications of
Array pointers

for all k

for all j

for all i

for all k

for all j

for all i

= c[i]{]
= ¢[i]

—C

+

+_'

+

K *sizeof(c
*sizeof(c

*sizeof(c

gy
11[0])

0])

= &c[ipllo] +k*
= &c[i[o]io] +) *
= &c[O][O][0]+ i * 3*4*4

A
4*4

61
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3-d access pattern c[i][jl[k]

General requirements

¢ [1]blik]

 §

&c[ilil[k] = c[i][j]+k forallk
&elilil = clil+ for all j
&cli] = C+i for all i

Series : 8. Applications of
Array pointers

Pointer array approach

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

clilillk] i int

c[ill] int*

c[i] ;int **

C Nt
cli] &b[i*3]
o[j] &alj*4]

with contiguous a, b, ¢

Explicit
Arrays of pointers with
Multiple Indirection

62

N-dim Array approach

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

c[i[j][K] :: int

c[l] :int ()
cli] o int (M)[4]

C - int (M[3][4]

clillil ~ &c[ilflfo]
clil = &c[i[oj[0]
c &c[o][0][O]

with contiguous ¢

Implicit
Nested
Virtual Array Pointers

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

General requirements N-dim Array approach

¢ [il[il[K] int cl2][34];

c[i[j][K] :: int

I clilil = ::int (*)

cli] o int (M)[4]

C - int (M)[3][4]
&c[i]ilik] = c[iji]+k  foralk c[iji] <= &clih][o]
&cfilil - =cli]+] for all ” c[i] &c[i][0][0]
&cli] = C+i for all i C &c[0][0][0]

with contiguous ¢

Implicit
Nested
Virtual Array Pointers

Series : 8. Applications of 63 Young Won Lim
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Virtual assignments

c_...Si&c[0][0][0] i ¢[0] =i &c[0][0][0]

int ¢ [2][3][4];

¢ [1DIIK];

virtual assignments

C &c[0][0][0] SI....Z&cl1ioo]
clil &cli][0][0]
clijil = &chi[o]

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

row major ordering ¢lal[2] = &c1][2][0]
contiguous linear layout

Series : 8. Applications of 64 Young Won Lim
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Virtual assignments

c c[0] c[0][0]
int ¢ [2][3][4];
c[O][1]
¢ IOk
c[0][2]
Three contiguity requirements
— e c[1] c[1][0]
&C[iI[j]K] = c[ifl+k foraik
&cfilil ~ =c[i+j  foral]
&cli] = C+i for all i
c[1][1]
for a given c[i][j],  contiguous c[i][j][K]'s
for a given i, contiguous c[i][jI's
for a given c, contiguous c[i]’s c[[2]
Series : 8. Applications of 65 Young Won Lim
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Virtual assignments and type casts

int ¢ [2][3][4]; C (int ([3141) &C[O][0][O]
c[i] (int(4)  &cli][0][O]
ciij] (int))  &c[i][j][0]

C [I][j][k], type casts address values
if ¢, c[i], c[i][j] were real pointer variables,
virtual assignments type casts would be needed

C &c[O][O][O]

cli] &c[i][o][0]

chijil = &chlfo]

row major ordering
contiguous linear layout

Series : 8. Applications of 66 Young Won Lim
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Assigning c[i][j], cli], c

int () int e R
il[i][0] G c[OJO[0]
..... CLIN g WETITE ST

[G]] . ~
o> |clii2] — N ClO][0][2]
clijf+2 c[i][l[3] /[ virtual assignments \ g{g}{g}{g}
1integer away | c[i][j]= &c[i[j][0] a clo][1][1]
| cll = &cij[o][0] clo][1][2]
C o =ecojoo] | c[o][1][3]
eyl inc) N _ c[0][2][0]
P cfi] c[i][01[0] AN L // c[O][2][1]
c[il[O][1] — c[O][2][2]
c[il[0][2] c[O][2][3]
c[il[0][3] c[1][0][O]
clil+1 c[il[1][O] A% c[1][0][1]
STRATEN 3*4*1 Integers away 02
c[il[1][2] c[1][O][3]
c[il[1][3] c[1][1][O]
clij+2 c[i]{1][0] c[1][1][1]
clil[1][1] c[1][1][2]
c[il[1][2] c[1][1][3]
c[i][1][3] c[1][2][0]
P c[1][2][1]
4*1 Integers away ClI2112]
c[1][2][3]
Series : 8. Applications of 67 Young Won Lim
4/15/21
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The addresses c[i][j], cli], ¢ with dual type constraints

clijf]+1
clillj]+2
cli]iI+2

int () [4] int [4]

int

c[i]il[o]

cI]iMA]

clijill2]

c[i][l[3]

1 integer away

cfi]... clil[o]

clij[o][0]

c[i][O][1]

clil[o][2]

c[i][O][3]

cfil+1 clill1]

cli][1][0]

ClI[A][1]

clil[1][2]

cliI[1][3]

clil+2 cli][2]

c[i][1][0]

ClI[A][1]

c[i][1][2]

cll[1][3]

4*1 integers away

Series : 8. Applications of

Array pointers

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

int [4]

FLLLLLTT TR rry
H

c c[0]

clillj]
c[i]

C

= &cli[j]
= &c[i]
= &C

e

c[o][0]

c[O][0][0]

c[O][O]1]

c[O][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[o][2]

c[0][2][0]

c[O[2]{1]

c[0][2][2]

c[O][2]3]

= e

3*4*1 integers away

c[1][0]

c[1][0][0]

c[1][O][1]

c[1][0][2]

c[1][O][3]

c[1][1]

c[1][1][0]

C[L][1][1]

c[1][1][2]

C[L][1][3]

c[1]2]

c[1][2][0]

c[1][2][1]

c[1][2][2]

c[1][2][3]

638
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The addresses cli][j]+k, c[i]+], c+i

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

il CIITIIO] ol (o] ClOlIoI]
et T c[0][0][1]
criir+2K c[i][j][2] P c%%g

clillj]+2 c[il[il[3 ¢
| 2l clOJ1][0]
1 integer away &c[il[ilIk] = c[i][j]+k for all k c[OJ[1][1]
&clil[j] = c[i]+ for all j c[O][1][2]
_ _ &cli] = C+Hi for all i c[O][1][3]
e ()1 nt 14] c[o][2][0]
Sl el el clOIZI
c[il[o][1] c[0][2][2]
c[il[0][2] c[O][2][3]
c[il[0][3] c+1 c[1] c[1][0][0]
clil+1 c[il[1] c[i][1][0] : c[1j[o][1
Cl[] 3*4*1 Integers away 0{1}{0}{2}
c[il[1][2] c[1][0][3]
c[il[2][3] c[1][1][0]
clij+2 c[il[2] c[il[1][0] c[1][1][1]
c[il[2][1] c[1][1][2]
c[il[1][2] c[1][1][3]
c[il[1][3] c[1][2][0]
e c[1][2][1]
4*1 Integers away c[1][2][2]
c[1][2][3]

Series : 8. Applications of 69 Young Won Lim
4/15/21
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Assignment — 3 contiguity requirements

multi-dimensional arrays

C [i] Li] [k] assignments constraints

c[illj]= &c[i][j][0] &cliljl[k] = c[i][j]+k foral k
Il = &clil[0][O alr = clil+i or all j
- Zadoloo) W il -ci o

&cli] = C+Hi for all i

assighments constraints

c[i]il= &c[i][1[0] &c[iffillk] = c[i]lil+k foraik
cli] = &cli][0][0] &clilli = c[il+i for all |
i = &l G ol =l |

&cli] = C+i for all |

Series : 8. Applications of

. 70 Young Won Lim
Array pointers
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General requirements for c[i][jl[k]

INt

c [2][3][4];

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

with contiguous subarrays

&clilfjjk] = cli][il+k
&clilil = = c[il+]
&cli] = C+i

]

virtual assignments

clilfil = &c[f][0]
clil = &c[i[o]0
¢ =&co][o][0]

Virtual assighments

Int (*) cli]i]
int (*) [4]  cli]
int (*) [3][4] c

Pointer
Types

Sizes of abstract data types

int [4] clilil ~ size =4*4
for all k int [3][4] cli] size =3*4*4
for all | int [2][3][4] c Size =2*3*4*4
for all' Abstract Data
Types
,,,n\\c‘on l‘ /gUO U S
cli]fl contains 4 integers

c[i] contains  3*4 integers
C contains 2*3*4 integers

(int ()
(int (*) [4])
(int () [3][4]) &<[OO][O]

&cli]plio]
&cli][0][0]

Strides of array elements

c[i]f][0] stride =4*4
c[i][0][0] stride =3*4*4
c[0][0][0] stride =2*3*4*4

k=[0:3]
j=[0:2], k=[0:3]
i=[0:1], j=[0:2], k=[0:3]

Series : 8. Applications of

Array pointers

/1

Young Won Lim
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General requirements for c[i][jl[k]

I . c[i][j] has an address of Cc[i][j][0] as its value
Int C [2] [3] [4]’ c[i] has an address of Cc][i][0][0] as its value
C has an address of c[0][0][0] as its value
&clilfi)[o] = c[il[i e
&c[i]lo] = cfi]
&c[0]  =c . . .
c[i]jl+1 has an address of c[i][j][1] 1 integer away
with contiguous subarrays c[il+1 has an address of c[i][1][O] 4*1 integers away
c+l has an address of ¢[1][0][0] 3*4*1 integers away
&clif[jlk] = c[i][j]+k  forallk Pointer
&clilil = cli]+ for all j Types
&cli] = C+i for all |
c[ijjltk has an address of c[i][j][K] 1*k integers away
c[i]+] has an address of  c[i][j][O] 4*1* integers away
C+Hi has an address of  c[i][0][0] 3*4*1*i integers away
Pointer
virtual assignments Types
c[illil = &c[i]1[0]
cfi] = &c[i]l0][0]
c = &c[0][0][0]
Series : 8. Applications of Young Won Lim
{2 4/15/21
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Assignment — 3 contiguity requirements

¢ [1]0][k]

Series : 8. Applications of
Array pointers

multi-dimensional arrays

assignments

clillil = &<ilflfo]
clil = &c[i[o][0]

¢ =&c[o][o]o]

—

3 contiguity requirements

&clillilllk] = c[illj]+k forallk
&cfilif = clil+]
&cli] = C+i

for all
for all i

assignments
c[ifif = &c[i]pl[o]

clil = &c[i][0][0]
¢ =&c[o][o]0]

3 contiguity requirements

&cliljlk] = c[ilj]+k foral k
&clilll  =clil+ for all |
&cli] = C+Hi for all i

73

Young Won Lim
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Subarray starting addresses

|nt C [2] [3] [4], Array pointer
relationships
&c[iJf[o] = cilfi AN TS
&cfif[o] = ci] Ccofilll | = &clilflo] A
&cl[O0] =c N |
with contiguous subarrays \\\ - &cli][0] = c[i][0]
ecfliikl = cliil+k frank ol = &l
&cfilp] = c[i]+] for all | N | o/
&cfi] = CHi for all i \\\ - &c[0] = c[0]
C :\\\\&C[O] h
\ - Y,
virtual assignments
c[i]i]= &c[i][][0]
cli] = &c[i][0][0]
c = &c[o][o][q]
Series : 8. Applications of 74 Young Won Lim
Array pointers 4/15/21



Subarray starting addresses

c == c[0] ==» c[0][0] = c[O][0][O]
' : c[O][] == c[O][1][O]
nt ¢ [2]{3]l4]; 02— c[o][2][0
c[1] = c[1][0] = c[1][0][O]
&CiII0] = c[illi] c[a][1] — c[1][1][0]
&cli][0] ; cli] c[1][2] - c[1][2][O]
vl = il = &[]
with contiguous subarrays C[O] [O] — & C[O] [O] [O]
OJ[1] = &c]O][1]|O
&c[i][]IK] fC[!][i]_Jfk forallk contiguity 2{0}{2} = &EHHH
pyc | L K i o] = &cfLjo][o
c[1][l]] —  &c[1][1][0]
c[1][2] —  &c[1][2][0]
cfil = &ci[0] &cli][0] = c[i][0]
virtual assianments - c[0] = &c[0][0] =  &c[O][O][O0] gl type
9 contiguity - ¢[1] == &c[1][0] = &c[1][0][0] constraints
c[i]i]= &c[i][][0]
cli] = &cfi][0][0] c = &c[0] &c[0] = c[0]
L= coniguy ¢ = &c[0] = &c[0][0] =  &c[O][0][0] cual ype
Series : 8. Applications of 75 Young Won Lim
Array pointers 4/15/21



Contiguity constraints
In a multi-dimensional array

Series : 8. Applications of 76 Young Won Lim
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Array pointers and dual types

int (*) [N]int (*) [M][N] int (*) [L][M][N]

b

int [N] int [M][N] int [L][M][N]
Int (*) int (*) [N] int (*)[M][N]

Series : 8. Applications of 77
Array pointers

Array Pointer

Array Name

Array Pointer

Young Won Lim
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Array pointer approach — contiguity constraints

Array Pointer Approach
(pointer to arrays)

Series : 8. Applications of 78 Young Won Lim
Array pointers 4/15/21



Equivalence and contiguity (1)

consecutive address consecutive data
*(X+n) — X[n] contiguous index : n
int X[4]; contiguous X]i] for a given X : primitive types

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

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

Series : 8. Applications of 79 Young Won Lim
Array pointers 4/15/21



Equivalence and contiguity (2)

consecutive address consecutive data
* j— : :
(X+n) — X[n] contiguous index : n
int [] int
X o > x X B | sizeof*x)
X+1 X[1] _
X4+2 X[2] » sizeof(X)
x+3\ X[3] )
int X[4]; contiguous X[i] for a given X : primitive types
int
int * ] int * . g —C
X o P X } sizeof(*X) - *X[1]
X+1 —» *
4D a > sizeof(X) T X(2]
X+3 - ) _— —» *“X[3]
int * X[4]; contiguous X[i] for a given X : pointer types
Series : 8. Applications of 30 Young Won Lim
Array pointers 4/15/21



Equivalence and contiguity (3)

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 81 Young Won Lim
Array pointers 4/15/21



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 g2 Young Won Lim
Array pointers 4/15/21



Equivalence and contiguity (1)

consecutive address

consecutive data

*(X+ n) — X[n] contiguous index : n
*(p[m]+n) p[m] [n] for a given p[m]  contiguous index : n
int p[M][4]; contiguous p[m][i] for a given p[m] : primitive types
int* p[M][4]; contiguous p[m][i] for a given p[m] : pointer types
atype p[M][4]; contiguous p[m][i] for a given p[m] : abstract data types
Series : 8. Applicati f oung Won Lim
eries pplcations o 83 Young V\2/15|721
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Equivalence for a given p[m] (2)

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

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

int [] int

p[m] P p[m] p[m][0]
p[m]+1 p[m][1]
p[m]+2 p[m][2]
p[m]+3Y__ p[mI[3]

1

- sizeof(p[m][0])

~ sizeof(p[m])

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

int * [] int *

p[m] o » p[m pimio] B« |
pim+1 | pImiil] B e
piml+2§ pimi2] § e
pim]+3Y  pIml[3] We

Series : 8. Applications of
Array pointers

»

-~ sizeof(p[m][O])

1

384

» sizeof(p[m])

for a given p[m]

m

m

int

contiguous index : n

=0,1,...,.M-1

=0,1,...,M-1

5

*pIm][0]

*p[m][1]

Y

“pIml[2]

W

*pIm](3]

Young Won Lim
4/15/21




Equivalence for a given p[m] (3)

*(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, .., M-1
pml e »opm J b [m][O]} sizeof(pml[0]) ) can be recursively applied

p[m]+1ff  pIm][1]

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

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

Series : 8. Applications of 85 Young Won Lim
Array pointers 4/15/21



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 datatypes 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]

36

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

f> sizeof(p[m])

Young Won Lim
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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

87

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 88 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

39
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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 90 Young Won Lim
4/15/21
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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 91 Young Won Lim
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Pointer Arrays vs Array Pointers

int * [4] int *

’.

r
/‘,

1-d array

array

pointer o

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

> 92 Young Won Lim
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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

93

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
4/15/21



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]

94
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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

95 Young Won Lim
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Contiguous array pointers c[i][jl[k] = *(c[1][j] +k)

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

Series : 8. Applications of

Array pointers

pointer Nt (*)

iNt  primitive data

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

sizeof(int)

c[O][1]

c[1][0]

c[illil c[O][0] c[O][0][O]
int [4] 4 contiguous 0-d arrays c[O]J[O][1]
int * points to the 1% 0-d array c[O][0][2]
int 0-d array c[O][0][3]
sizeof(C[illi) ¥
sizeof(c[i][jl[K]) * 4
sizeof(int) * 4
c[0][2] c[O][2][O]
c[O][2][1]
c[O][2][2]
_ c[O][2][3]
Int c[2][3][4];
Address Value c[1][1] CILL[0]

c[i]fi] + k
&c[il[j][0] + k * sizeof(*c[il[i])

&cliJp][0] + k* sizeof(c[i][][0])
&c[i][j]l0] + k* 4
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c[1][2]
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Contiguous array pointers c[i][j] = *(c[i] +j)

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

array pointer int (*) [4]

int [4] array (abstract data)

cli]

c[0]

—_—

int [3][4] 3 contiguous 1-d arrays

int (*) [4] points to the 1* 1-d array

int [4] 1-d array

sizeof(c[i]) (] [K]
sizeof(c[i][jl[k]) * 3 * 4
sizeof(int) *3* 4

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

Address Value

cfi] +]

&c[i][0][0] + j * sizeof(*c[i])
&c[i][0][0] + j * sizeof(c]i][O])
&cl[i][O0][0] + j* 4*4
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c[0][0]

c[O][1]

c[0][2]

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

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

c[0]

—»| c[1][0]

c[1][1]

c[1][2]

Young Won Lim
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Contiguous array pointers c[i] = *(c +1i)

cl0] = *(c +0)

c[1] = *(c +1)

array pointer Int (*) [3]

[4]

int [3][4] array (abstract data)

C C

-

int [2][3][4] 2 contiguous 2-d arrays
Int (*) [3][4] points to the 1 2-d array
int [3][4] 2-d array

sizeof(c) [ 01 [k
sizeof(c[i][jI[K]) *2*3* 4
sizeof(int) *2* 3 * 4

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

Address Value

cC+i

&c[O][0][0] + 1 * sizeof(*c)
&c[O][0][0] + i * sizeof(c[O])
&c[O][O][0] + i* 4*3*4

Series : 8. Applications of 08

Array pointers

c[0]

c[1]

\

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

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

Young Won Lim
4/15/21



Contiguous linear layout

Base Index =0

int ¢ [L][M]IN];

C [1]1[310K],

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 99 Young Won Lim
Array pointers 4/15/21



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 100 Young V\m;ﬂ
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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 101 Young Won Lim
Array pointers 4/15/21
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