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Array of Pointers

Int a [4];
Int * b [4];
No. of elements =4
int a [4] int value
int value
int value
Type of each element :
int value
No. of elements =4
: int pointer
It * b [4] inie et
INt pointer
int pointer
Type of each element int D ointer
Series : 5. Young Won Lim
4 10/2/18
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Array of Pointers — a type view

int a [4]; int * b [4];

-y
(int) (int %) -
(int) (int*) e _

(int) (int *) [ —

(int) (int *) -\¥>_
Integers Integer pointers _

taking actual
memory locations

Series : 5. 5 Young Won Lim
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Array of Pointers — a variable view

int a [4]; int * b [4];

SRESRESRE
RN e
|
w
W)

Integers

Series : 5. 6 Young Won Lim
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Array of Pointers — assigning a 1-d array name

int* b [4]; int a [4];

b[0] = &a[0]  (b[0] = &)

b+0 b[0] -
b+1 b[1]
b+2 b[2]
b+3 b[3] b[0]+0
b[0]+1
b[0]+2
b[0]+3
Series : 5. _ 7 Young Won Lim
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Array of Pointers — an extended dimension

Int * b [4]; assignment  b[0] =
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, equivalence
—————————————————————————————————————————————— a[0] = b[0][0] = *(*(b+0)+0)
array name b all] =Db[0I[1] = *(*(b+0)+1)
il al2] = b[01[2] = *(*(b+0)+2)
DIO] o~ al3] = b[0][3] = *(*(b+0)+3)
b+1 b[1]
b+2 b[2] \ array name b[O0]
b+3 b[3] b[0]+0 H[0] [0
1% dim b[0]+1 b[0] [1]
b[0]+2 b[0] [2]
b[0]+3 b[0] [3]
2" dim
Series : 5. 3 Young Wl%r/‘zb'lrg
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Array of Pointers — assigning other 1-d array names

Int * b [4];

array name b[3

b[3]+0
b[3]+1
b[3]+2

array name b[1]

b[1]+0 b[3]+3
b[1]+1
b+0 b[0] b[1]+2
b+l O[] e bl1}+3
+2 b[2] +—
b+3 b[3] 0— » array name b[2
b[2]+0
b[2]+1
b[2]+2
1° dim e 2" dim o[3]+3
Series : 5. Young Won Lim
9 10/2/18
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2-d access of a 1-d array — using a pointer array

int * b [4]; int a [4*4];
2-d access of a 1-d array
b[0] = &a[0*4] (b[0] = a+ 0) i1l = *(*(b+i)+
b[1l] = &a[1*4] (b[1l] =a+ 4) b[l][l] ( (b+|) J)
b[2] = &a[2*4] (b[2] = a+ 8) o e
b[3] = &a[3*4] (b[3] = a+12) afi*4+]] = *(a + 1*4+))
1-d access of a 1-d array
Series : 5.

Applications of Pointers

Young Won Lim
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3-d access of a 1-d array — using pointer arrays

Int a [4*4*4],

int * b [4*4];

Int ** c [4];
Series : 5.

Applications of Pointers

i = *(a+)
] = *((o+i)+)
CIIGIK] = *(“((c+i)+)+K)

o QD

*(b+i) = b[i] ®=» a

*CH)=cll] = D

1 1 Young Won Lim
10/2/18



3-d access of a 1-d array — pointer array assignment

int a [4*4*4); alil  =*(a+i)
int * b [4*4]; o] =*(*(b+i)+))
int** | c[4]; cli]DIIK] = *C*(*(c+i)+))+k)
3-d access of a 1-d array
for (iI=0; i<4; ++1) N
cli] = &bli*4]; clpIik] =
A[*M*N+*N+k] =
for (i=0; i<4; ++i) Al(TM + TN+K]
b[i] = &a[i*4] 1-d access of a 1-d array

Initialization of pointer arrays b and c

Series : 5. 12 Young Won Lim
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3-d Array — using pointer arrays b, c

Int a [4*4*4],

..... o C
e 40 c[0]
c+1 c[1]
C+2 c[2] .
c+3 c[3] S b0 b[0
b+1 b[1l
b+2 b[2
b, c take actual -
memory locations b+3 b[3
Series : 5. 13 Young V\/l%r/\zlillrg
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3-d Array — pointer arrays extend dimensions

Applications of Pointers

int* | c[4] c[0]=b;  (c[0] = &b[O];)
int* | b [4%4]; b[0] =a;  (b[0] = &a[0];)
e C ook o= C[OI[0][0:
array name c[0][0] c[0][0]+1 c[0][0][1]
cofor2 | €[01[01[2°
> 40 c[0] o clono+3 Y. €[O][0][3.
crl cl1] array name c[O] 3" dim :
c+2 c[2]
3 c[3 0]+0 0 — .
- El o C:O:[O] - Int a [4*4*4];
1% dim c[0]+1 c[O][1]
clol+2 §  c[0][2]
c[0]+3 c[O0][3]
2" dim|
Series : 5. 14 Young Wl%r}zlillrg



Using recursive pointers and brackets

Cl]D]IK] -
*(clilb] +k) —
*CCl] +)) +K) -

clifplk] -

Series : 5.
Applications of Pointers

*(cli]0] +k) X[K] = *(X+k)
*(*(cli 1) +k) YOl =*(Y+)

e+ +) +k) Z[I] = *(Z+H)

*("(*(cH)+))+k)

15 Young Won Lim
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Initializing two 1-d pointer arrays b, c

int  a[2*3*4]; c[0] = &b[0*3]; int c[2];
int* b 22*3]_ c[1] = &b[1*3]; int b[2*3];
Int** ¢ :2]; I— }
] 3
b[0] = &a[0*4]; Int b[2*3];
b[1] = &a[1*4]; int a[2*3*4];

b[2] = &a[2*4];
b[3] = &a[3*4];
b[4] = &al4*4];
b[5] = &a[5*4];

}4

Series : 5. 16 Young Won Lim
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Initialization of pointer arrays — a general case

int  a [L*M*N]; int**  clL] —
[ It int*  b[L*M; } M
int* b [L*M]; for (i=0; i<L: ++i)
Int** ¢ [L]; cli] = &b[i*M];
pointer arrays b, c int * b[L*M]:
int a[L*M*N];
for (j=0; j<L*M; ++j) =
b[j] = &a[jfNI; }-

int ¢ [L][M]IN];

Series : 5. 17 Young Won Lim
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Accessing the array a as a 1-d array

Int a|[2*3*4];
Int* b [2*3];
Int** ¢ [2];

: 1

int al24],

clplik]
o[i]0]
ai]

*(*("(c+)+))+k)
*(*(b+1)+))
*(@+)

Series : 5.
Applications of Pointers

b, c take actual
memory locations

int** c [2];

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

18

int a [2*3*4];

int* b [2*3];

a[0]

a[l]

a[2]

al3]

a[4]

a[5]

a[6]

a[7]

a[8]

a[9]

b[0]+

a[10]

b[1]*

a[l11]

b[2]*

a[12]

b[3]

a[13]

b[4] <

a[14]

c[0] &/>
C[1] o]

a[15]

LSS

b[5]*

a[16]

a[17]

a[18]

a[19]

a[20]

a[21]

a[22]

a[23]

24=2%3%4

Young Won Lim
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Accessing the array a as a 2-d array using b

INt a
Int* b
INt** ¢

2%3*4];
2*3];

2];

: 1

Int b [6][4];

CllfK
il
ali

Series : 5.

((4(c+)+)+K)
((b+)+)
“(at)

Applications of Pointers

b, c take actual

memo

ry locations

int a [2*3*4];

int* b [2*3];

b[O][O]

b[O][1]

b[O][2]

b[O][3]

b[1][0]

b[1][1]

b[1][2]

b[1][3]

b[2][0]

b[2][1]

b[0] =

b[2][2]

b[1]*]

b[2][3] 24=2*3*4

int** c [2];

b[2]*

b[3][0]

c[0] o]

b[3]

b[3][1]

—

b[4] <

b[3][2]

C[1] o]

b[3][3]

[ANS

b[5] *|

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

19

b[4][0]

b[4][1]

b[4][2]

b[4][3]

b[5][0]

b[5][1]

b[5][2]

b[5][3]

Young Won Lim
10/2/18



Accessing the array a as a 3-d array using c

int a [2*3*4]; c[0][0][0]
: - : c[O][O][1]
Int a :2*3*4], T
int* b [2*3]; c[OJ[0][3]

_ . c[O][1][O]
int** ¢ 2]’ b, c take actual CIOI[LI[1]
§ memory locations

c[o][1][2]
int ¢ [2][3][4];

clO][1][3]
c[0][2][0]
clO][2][1]
clO][2][2
clo]2)3) 247273
C[1][0][0]
C[L][O][1]
C[1][0][2
C[1][0][3]
C[1][1][0]
CLLI[1][1]
(ORI int cl2I3IA] LT
*(*(b+i)+) int b[2*3][4] ; C[1][2][0]
*(ati) int a[2*3*4] ; c[1][2][1]
C[1][2][2
ClL][2][3]

int* b [2*3];
c[O][0]
c[O][1]

int** ¢ [2]; c[0][2]

~{ c[1][0]

c[0] &/

o] - c[1][1]

c[1][2]

[ASS

ik
ol
ali]

Series : 5. 20 Young Won Lim
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Array names of 2-d and 1-d sub-arrays

" (%% AN]- c[0] array name of a 2-d array [M][N]
!nt a ;2 3 4]’ c[1] array name of a 2-d array [M][N]
Int* b [2*3];
int** ¢ -2]. c[O][0][0] = a[0*M*N] &c[O][0][0] = c[O][Q]
=1 c[1][O][0] = a[1*M*N] &c[1][0][0] = c[1][0]
@ c[0][0] array name of a 1-d array [N]
c[0][1] array name of a 1-d array [N]

c[0][2] array name of a 1-d array [N]
Nt C [2] [3] [4], c[1][0] array name of a 1-d array [N]
c[1][1] array name of a 1-d array [N]
c[1][2] array name of a 1-d array [N]

c[O][O][0] = a[(0*M+0)*N] &c[0][0][0] = c[O][O]
c[O][1][0] = a[(0*M+1)*N] &c[O][1][0] = c[O][1]
c[0][2][0] = a[(0*M+2)*N] &c[0][2][0] = c[O][2]
c[1][0][0] = a[(1*M+0)*N] &c[1][0][0] = c[1][O]
c[1][1][0] = a[(1*M+1)*N] &c[1][1][0] = c[1][1]
c[1]2][0] = a[(1*M+2)*N] &c[1][2][0] = c[1][2]

Series : 5. 21 Young Won Lim
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Starting element Index

a[0]
: i i=0 *3*4 =0 1
INt a [L*M*N]; L=2 i=1 34 = 12 2{2}
int* b [L*M]; =0 4= 0 2
: TP =1 *4= 4 a
Int** C _L], M=3 }:2 }*4 = 8 a[s]
a[6]
k=0 k*1= 0 al7]
@ k=1 k1= 1 als]
k=2 k*1= 2 a[g]
: N=4 k=3 k*1= 3
int ¢ [L][M][N]; a(10
a[11]
a[12]
o 13
‘ool =a 0] O o
oo =12 a[15]
c[0][0][0] = a[ O] 0+0 al16]
/c[o][][0] = a 4] 0+4 AL
' c[oJ[2][0] = af €] 0+8 a[18]
| c[a][o]0] = a[12] 12+0 a[19]
| C[L][L][0] = a[16] 12+4 a[20]
\c\[l][Z][O] 7 a[20] 12+8 a21]
_ a[22]
c[1](2] a[23]
Series : 5. 29 Young Won Lim
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L, M, N — the number of index values

Int a [L*M*N]; i=0 \ k=1
int* b [L*M]; =
int** ¢ [L]; M =
]

k=0

int ¢ [L]M][N]; 2N e

=0 N k=2
L M N k=3

i J k =1 =1 N
[0.L-1] [0.M-1] [0..N-1] =

Series : 5. 23 Young Won Lim
Applications of Pointers 10/2/18



Index value tree — all possible combinations

L M N

k=0

int  a [L*M*N]; o < 2
int* b [L*M]; -
int* ¢ [L]; 0
o < o

a s

k=0

_ . k=1
int ¢ [L][M][N]; =2 < p
k=3

k=0

L M N =3

| j k i=1 j=1 < tf;

[0..L-1] [0..M-1] [0..N-1] k=3
k=0

<=

k=3

Series : 5. 24 Young Won Lim
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Converting a 3-d index into a 1-d index

int a[L*M*N];
Int* b [L*M];
Int** ¢ [L];

1l

int ¢ [L][M]N];

L M N
I [ k
[0..L-1] [0..M-1] [O..N-1]
*M*N j*N k
Series : 5.

Applications of Pointers

i 0 K
]

HMAN +*N + k

("M +i*N + k

25 Young Won Lim
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3-d and 1-d accesses (recursive pointers vs. brackets)

c[i] = &b[i*M]: K] = a[*M*N + *N + K]
o[j] = &a[j*N]; = a[(*™M + )*N + k]
!nt o c[L];
nt* I SNl
for (i=0; i<L; ++i) = *(*(*(c+)+))+k)
cli] = &b[I*M]; = *(*(C[i]+))+K) c[i] =&b[i*M]
| = *(*(&b[IMI)+k (oM H)
N alevim = *(O[*MA]+K) o[m] = &a[m*N]
- | = *(&a(*M+)"N]+K) (art (M) N +k)
e i = A[(*M+)*N-+k]
Series : 5. 26 Young Wl%r}zlillrg
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I*M*N, j*N, k — index offset values

I*M*N J*N k

c[0] c[0][0] c[o][0][0] a[0]
i RSV EINIE cloJ[0][1] a[1]
!nt 2 :L M*NJ; clo][0][2] a[2]
int* b [L*M]; clojoyz]  [al3]
: . clO][1] c[o][][0] al4]
Int** ¢ [L]; = c{om][l] a[5]
£ clo][L][2] a[6]
i 3 comE|  [am
cl0][2] c[o][2][0] a[8]
. clo][2][1] a[9]
INt c [LIIM][NT]; c[o]2] 2] a[10]
clo[2](3] a[11]
A SN c[1][0] c[L][0][0] a[12]
: o

X C a
¢ [1]1][1] . c[1][0]3] a[15]
c[1][1] c[L][][O] a[16]
i=1 j=1 k=1 CLL][L][1] a[17]
c[L][1][2] a[18]
c[L][](3] a[19]
a[(1*3 + 1)*4 + 1] C[1][2] clu2]0] [ a20]
clL[2][1] a[21]
c[1][2][2] a[22]
c[L][2](3] a[23]
Series : 5. 27 Young V\Z/L%?Z%rg
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Accessing a by base and offset indices

Base Index =0

| - _ co][0][1
int  a L*M*NJ; clo][0][2
int* b L*M] ; c[O][0][3
| _- ClOJ1]0
Int** ¢ [L]; Clol[1][L

Offset Index 1

I*M*N

1l

int ¢ [L][M]N];

24=2*3*4

Offset Index 2 <

L M N ;
) ) « Offset Index 3 x
I J

[0..L-1] [0..M-1] [0..N-1] (FM*N + *N + K)
i*M*N  j*N k ((*M + j)*N + k)

Series : 5. 28 Young Won Lim
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Base and Offset Addressing

Base Address Base
= array name
( Y ) Address
0
Offset Address 1 =3
Offset Offset
\ Address 1 Address 2
regl regz
Offset Address 2
compiler
assembly instruction
Registers in the CPU

Series : 5. 29 Young Won Lim
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Pointer Array vs. Array Pointer

Base
Address
A programmer manually allocates regl
memory locations for pointer arrays
Offset Offset
Address Address 2
reg2 reg2

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

T =

(AN

Pointer Array Approach j Array Pointer Approach
(array of pointers) (pointer to arrays)
Series : 5. i
30 R
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Pointer to an array — variable declarations

int

int

m,

|

*n,

an integer pointer

Int

int

a | [4]
| |
(*p) | [4]

an array pointer

Array Pointer Approach
(pointer to arrays)

int func (int a, int D);

| |

int (*fp) (int a, int b);

a function pointer

Series : 5.

Applications of Pointers

Young Won Lim
10/2/18



Pointer to an array — a type view

: array pointer:
Int 4 byte data a pointer to an array
- * pointer array:
INnt an array of pointers

an integer pointer

Int (int, int)  instructions

int (*) (int, int)

a function pointer

Series : 5. 32 Young Won Lim
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Pointer to a 1-d array — a chain of pointers view (1)

int  (*p) [4]; —* p=4&a

. v e =
int a [4]; a = &al0]
al0]

2
Q
1l

&a and &a[0] print &a % a
the same address

but have different types

D e gl eiiimrploioon

(int (*) [41) (int () (int)

Series : 5.

g . ) 33 Young Won Lim
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Pointer to a 1-d array — a chain of pointers view (2)

&p p &a A &al0fafll
ol b & A alaol
D=&a assignment
o y B
P e
(int (*) [4]) (int (*)) (int)

Series : 5.

Young Won Lim

Applications of Pointers 34 10/2/18



Pointer to a 2-d array — a chain of pointers view (1)

int  (*q)[4][4], [ "9z &
*q E C
int VC [4][4] —> C = &C[0] e »C[0] = &cl0][0]
*c = c[0] *c[0] = c[0][0]
E&Cc #¢C c, &c[0], &c[0][0] print
the same address
but have different types
& &cfo) &c[0][0]
q e—=iimimme— 0l e c[0][0]
(int (*) [4][4]) (int (*) [4]) (int []) (int)

Series : 5. 35 Young Won Lim
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Pointer to a 2-d array — a chain of pointers view (2)

q &coniipiy &el0] 0l &clO][01 c[O][O]
equivalence equivalence
: & e coodop o cloll co]o]

q q i C el cl0ll clo][0]
q e . = . U = clo][o]
(int (*) [4][4]) (int (%) [4]) (int [I) (int)
Series : 5. Young Won Lim
Applications of Pointers 36 10/2/18



1-d array — an aggregated type view

An aggregated type
- starting address (&a)
- size of all the array elements (16 bytes)

Int a [4];
&a a[0]
address
starting computation d [ 1] . .
address without size SlzeOf(a)
additional al2]
memory 3 [ 3 ]
Series : 5. 37 Young V\/l%r/lzbllrg
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2-d array — an aggregated type view

! starting &C address address (int) c[O][O.
address cqtrrr]lpu:ation cc_:trr?puttation (int) c[O][1]
withou withou : S
_ additional additional (int) c[O][2]
INnt ¢ [4] [4], memory memory (int) c[0] 3
address (int) c[1][O]
compueton [ 1][1]
additional (int) c[1][2]
TEmeY (int) c[1][3’
address (int) c[2][O0]
size computation (int) c[2][1]
C additional (int) c[2][2]
memory ;
2-d array size: iy c[2][3]
SiZGOf( ) =64 bytes address _ (int) C[3] 0
= 4 X 4 X 4 bytes S el (int) c[3][1.
additional (int) c[3][2]
v MEmon (int) c[3][3]
Series : 5. 38 Young Won Lim
Applications of Pointers 10/2/18



Pointer to a 1-d array — an aggregated type view

_ An aggregated type
INt (*p) [4]; - starting address (&a)
- size of all the array elements (16 bytes)

p e 1-d array pointer

&a a[0]
starting wal a[l] . . f
dd no size
address r;gee:ﬁours A[2] SiZzeo (a)
location
ocatio a[3] v
p= &a *P=a

a = &al0] *a = al0]

Series : 5. 39 Young Won Lim
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Pointer to a 2-d array — an aggregated type view

A

starting
address &C
A
q

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

size
C

2-d array size:
sizeof(c) = 64 bytes
=4 x4 x 4 bytes

Series : 5.
Applications of Pointers

Gy e (uh  co] *= = (no c[OI[O0;
******************************************************************* » (int) c[O][1]
n —

q= &c Eoea;ﬁour;l (int) c[O][2]
o= acy) om0 dloll3

— o rA1r~1 o t) ClL} e——# (IN L LY
C[O] = &C[O][O] (m[])c[ (in) C[l][l]
o oy (int) c[1][2]
q=C location (int) c[1][3]
= o0l [Toup 2] +] = (n) CL21I0
*c[0] = c[0][0] | - - | (int) c[2][1]
e (int) c[2][2]

o (int) c[2][3] |
Antf) - ¢[3] e+ (int) _C€[3][O]

memoy | o 7 iy c[31[1]
ocation oy (int) c[3][2:
location (int) c[3][3]

40

Young Won Lim
10/2/18



Pointer to an array . assignment and equivalence

equivalence assignment
Int a [4] ; a &a &a
1 I [ |
int  [(*p) = [4]; (*p) &(*p) p

equivalence assignment
Int al4] ; a &a &a[0] a
| | Il 1 1
int [ (*q) : q &(*q) qa g

0-d array pointer (= int pointer

Series : 5. 41 Young Won Lim
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Pointer to an array : size of array

1-d
Int a [4] ; p = &a;
INnt (*p) k[4]/'; sizeof(p) =8 bytes : the size of a pointer

1-d array pointer sizeof(*p) = 4*4 bytes : the size of the 1-d array

od
int aM]' ; q = a;
It (*C]) k /, sizeof(q) = 8 bytes :the size of a pointer

0-d array pointer sizeof(*q) = 4 bytes : the size of the 0-d array (int)

Series : 5. 42 Young Won Lim
Applications of Pointers 10/2/18



Pointer to an array — a variable view (1)

nt  (*p) [4];

a+2
a+3

-
-
~
-~
L.
~
_____
Y
S
-
~
~
~
~
~
~
~
~
~
~
~
~

al2]

al3]

assignment equivalence
p = &a *p = a

points to a 1-d array —
a aggregated type data

Int a [4];

p:int () [4] type

Series : 5.

Applications of Pointers

43 Young Won Lim
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Pointer to an array — a variable view (2)

a+2
a+3

al2]

al3]

assignment
q = &a[0]
q=a

-----
-
-~
~u
-
~
_____
-~
-~
-
-
-
-
-
~
-
-~
-~
~eo
~

equivalence
*q o *a
q= a

points to an array element —
an integer type data

~
Sa
~
~
~
~
~

g :int(*) =Int* type

Series : 5.

Applications of Pointers

44

Young Won Lim
10/2/18



Incrementing an array pointer

- : address p+1 — address p
int — (*p) [4] = (long) (p+1) - (Iong) (p)

Aggregated Type Size

= 4 * sizeof(int)

1-d array pointer

e a p *(p+0) o >

(*(p+0))l

(*(p+0))[

(*(p+0))[2]

NIE IS

(*(p+0))[3]

(*(p+1))[0]
(*(p+1))[1]
C(p+ 1)L
((p+1))I

1]
2]
3]

Series : 5. 45
Applications of Pointers

Young Won Lim
10/2/18



Incrementing an array pointer — extending a dimension

(*(p+1)) : array name

p+1 *(p+1) (*(p+1))[0]
(*(p+1)I1]
(*(p+1))[2]
(*(p+1)I[3]

[0]
L]
(2.
3]

4*sizeof(int)

p+1 p[1]

4*sizeof(int)

===

© © T ©

p[1] : array name

Series : 5. 46 Young Won Lim
Applications of Pointers 10/2/18



A 1-d array pointer and a 1-d array

Int a [4]; Int (*p) [4] = &a;
1-d array pointer 1-d array pointer
p o p = &a p e

(*p)LO] pLO][O]
(*p)[1] p[O][1]

al2] (*p)[2] p[O][2]
al3] (*p)[3] p[O][3]
Series : 5. 47 Young Wl%r}zlillrg
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A 1-d array pointer and a 2-d array

Int c [4][4]; Int (*p) [4] = &cJO0];
1-d array pointer ¢ e 1-d array pointer
- p e
( p - C
&c[o] * p = &c[0] p p=c
c[0][0] (*p)[0] p[O][0]
c[O0][1] (*p)[1] p[O][1]
c[O][2] (*p)[2] p[O][2]
c[0][3] (*p)[3] p[O][3]
iggﬁf:;tiséns of Pointers 48 Yo V%%?Zbllrg



A 1-d array pointer and a 1-d array — a type view

Int a [4];

1-d array pointer
(int ()[4])p o

Series : 5.
Applications of Pointers

(int *)

49

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

1-d array pointer

(int (*)[4])p e

p[O][0]

(int) (*p)[O]
(Int

)
)
(int)
)

Young Won Lim
10/2/18



A 1-d array pointer and a 2-d array — a type view

int c [4][4]; int (*p) [4] = &c[0];

1-d array pointer (mt (M[4]) C} 1-d array pointer

(int (*)[4]) P o - (int (*)[4]) P o
(int *)
(int) p[O][0] | p[O][O]
(int)
(Int)
(int)
iglgtlaii;tiséns of Pointers 50 Yo V%%?Zbllrg



A 1-d array pointer — extending a dimension

1-d array pointer
P e

int (*p) [4] ;

can be viewed as a 2-d array name
. an additional dimension is added

KJ —p 1% dim

P P e p+l  *(pt+1) p+2  *(pt2) XX
p[O][O] p[1][O. p[2][0]
p[O][1] P[1][1] p[2][1]
pl[O][2] pl1][2. pl2][2]
p[O][3] p[1][3] p[2][3]
2" dim
Series : 5. 51 Young Wl%r}zlillrg
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Double pointer to a 1-d array — a variable view

int af4] ;
&g g e pointer to a 1-d array pointer int (*p) [4] = &a ;
K int (**q) [4] = &p ;
& _ .
P p 1-d array pointer - =g
= q=é&p;
al2]
al3]
Series : 5. 52 Young Wor) I7im
10/2/18
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Double pointer to a 1-d array — a type view

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

(int (**)[4]) ¢ a pointer to a pointer to an array
int (**q) [4] = &p ;
q=&p ; /
(int (*)[4])

a pointer to an arra
" / = p=4&a;

o

p=&a = q=&p;
(int*)  apointer to an int
(int)
(int)
(int)
Seri :o. oung Won Lim
53 o
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Pointer to Multi-dimensional Arrays

Series : 5. 54 Young Won Lim
Applications of Pointers 10/2/18



Integer pointer type

(int (*)[4]) type can point v (Int¥) o — , (int)
only to int [4] type a pointer to an int (int)
— an int array name (int)
X (int)

\ S °

(int [4]) °

an int array name

apointerto anarray [(Int ()[4]) @
1-d array pointer

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

equivalent in the sense that
each of these types points
to an int type data

Series : 5. 55 Young Won Lim
Applications of Pointers 10/2/18



Series of array pointers — a type view

(int)
(int)
(int)
(int)
°
°
°
the name of a 1-d int array
a pointer to a 1-d array |(int (*)[4]) | |
a pointer to a 1-d array |(int (*)[4]) the name of a 1-d int array
a pointer to a 1-d array |(int (*)[4])
1-d array pointers the name of a 1-d int array
°
°
°
Series : 5. 56 Young Won Lim
Applications of Pointers 10/2/18



Series of array pointers — a variable view

int a[4]; int (*p1)[4]; int (*r);
int b[4]; int (*p2)[4];

int c[4]; int (*p3)[4]; r L al0]
al[l]
assignment equivalence a[2]
ki -5 T
pl=&a (*pl) = pl[O] =a :511elr;?3r?/_olocations d .3-
p2 = &b (*p2) =p2[0]=b o0
p3 = &c (*p3) =p3[0] =c -
b[1]
a b[2]
b[3]
a pointer to a 1-d array pl o b
a pointer to a 1-d array p2 0// :
a pointer to a 1-d array p3 o C )
1-d array pointers ®
: assume that

array a, b, and c
are contiguous
in the memory

Series : 5. 57 Young Won Lim
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Pointer array — a variable view

int *q[3]; taking actual q[O][O]
memory locations q O 1
q[O][2
1-d array names q[O] 3]
s | ) g 1][0]
an array of pointers  p+1 q[1] o q[1][1]
p+2 al2] e q[1][2
¢ q[2][0]
q[2][1]
assignment equivalence q[2][2]
q[0] = a q[0] = *(gq+0) = a q[2][3]
q[l] =b q[l] =*(q+1)=Db °
q2]=c al2] =*(g+2) =c if arrays a, b, ¢ ®
are consecutive .
Series : 5. Young Won Lim
Applications of Pointers 58 10/2/18



Array pointer to consecutive 1-d arrays

int ("p)[4]; | _
p+0 p[O] - —~ 0][0]
********************************************* OJ[2]
0][2]
a pointer to an array [0][3] ‘
p e p+1 [ pll e - PHIO]
1-d array pointer 12
assignment equivalence p+2 p[2] . 1101

p = &a (o+0)=poj=a |
*(p+1) =p[l]=b

:(p+2) =pl2]=c ‘

(p+2) =p[2] =d 0+3 =3 —

—1
e

if arrays a, b, c, d
are consecutive

© O 0 O © T O © O O]l T |© ©

830163 GWIN NN N

WN B Oolw N R Oolw N H

Series : 5. 59 Young Won Lim
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A 2-d array and its sub-arrays — a variable view

the array name c of a 2-d array
as a 1-d array pointer which
points to its 1* 1-d sub-array

c is the 1-d array pointer
c[i]'s are the 1-d sub-array name

c[0] the 1  1-d sub-array name
c[1] the 2" 1-d sub-array name
c[2] the 3  1-d sub-array name
c[3] the 4"  1-d sub-array name

Compilers can make c|i|’s require
no actual memory locations

Series : 5.
Applications of Pointers

a 2-d array
with 4 rows
and 4 columns

60

)

c[2]]
c[2]]

3.

2]

c[31I

c[31I

c[31I

cl31I

Young Won Lim

10/2/18



A 2-d array and its sub-arrays — a type view

a 2-d array (int)
with 4 rows (int)
and 4 columns (int)
(int)
_ R (int)
1-d array pointer  (int()[4) o (int)
(int)
(int)
1-d array name ¢ (?nt)
(|nt)
1-d array name  c+1 : (i : (int)
1-d array name  c+2 : (i (int)
1-d array name ¢+ : ' (int)
(int)
(int)
(int)

Series : 5. 61 Young V\’l%r/‘zb'lrg
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1-d subarray aggregated data type

The 1% subarray c[0] (=array name) (intM) c[0] & (int) c[O][O]
sizeof(c[0])=16bytess | | (int) c[O][1]
(int) c[O][2]
(int) c[O][3]
The 2" subarray c[1] (=array name) (int[)  c[1] o (int) c[1][O]
sizeof(c[1]) =16 bytes | (int) c[1][1]
(int) c[1][2]
(int) c[1][3]
The 3" subarray c[2] (=array name) int[) c[2] e (int) c[2][0]
sizeof(c[2]) =16 bytes | | (int) c[2][1]
(int) c[2][2]
(int) c[2][3]
The 4" subarray c[3] (=array name) (intM) c[3] e—— (int) c[3][O]
sizeof(c[3]) =16 bytes | (int) c[3][1]
(int) c[3][2]
(int) c[3][3]
Serie_s : 5 _ 62 Young Won Lim
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2-d array name as a pointer to a 1-d subarray

1-d array pointer (int()[4) C e—= (ntl) c[0] = (int) c[O][O.
”””””””””””””””””””””””””””””””””””””””””””””””””””””””””” (int) c[O][1]

(int) c[O0][2]

777777777777777777777777777777777777777777777777777777777 The 1% subarray (int) c[0][3:

1-d array pointer (int (*) [4]) c+1 (int[)  c[1] (int) c[1][O]
(int) c[1][1]

nd (int) c[1][2]

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii The 2™ subarray (int) c[11[3]

1-d array pointer (int (*) [4]) c+2 intD  c[2] (int) c[2][O0]

(nt) c[2][1]

The 3" subarray I C[2][_2_]

fffffffffffffffffffffffffffffffffffffffffffffffffffffffff (int) c[2][3]
1-d array pointer (int (*) [4]) c+3 (int) c[3] (int) c[3][0]
(int) c[3][1]
th (int) C[3]2
The 4™ subarray int) c[31[3]
Serie_s : 5 _ 63 Young Won Lim
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2-d array and 1-d and 2-d array pointers

1-d array pointer 2-d array pointer

[[41]; (141141 |
T T

int il c[4] §[4]); int i c_N4]4).

it @) P = &clOo]; int[4[4) g = &C;
P=C,
p[O] = c[O (*a)[0] = q[0][0] = c[O]
p[1] = c[1 (*a)[1] = q[0][0] = c[1]
p[2] = c[2 (*a)[2] = q[0][0] = c[2]
p[3] = c[3 (*a)[3] = q[0][0] = c[3]
Series : 5. 64 Young V\/l%r/\ZI;llrg
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1-d array and 0-d and 1-d array pointers

0-d array pointer : int pointer 1-d array pointer

int BCm) Rl ;. int 8 (n) N4
T T

int Wcal §l ;. int W c N4

(int () m = &c[0]; (int(*)[4]) n = &c;
m = c;
m[0] = c[0] (*n)[0] = n[0][0] = c[O
m[1] = c[1] (*n)[1] = n[O][0] = c[1.
m[2] = c[2] (*n)[2] = n[O][0] = c[2]
m[3] = c[3] (*n)[3] = n[0][0] = c[3.
Series : 5. 65 Young W1%r/]25|1rg
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2-d array pointer to a 2-d array

2-d array pointerI(int(*) [4) C e—= (ntl) c[0] *—= (int) c[O][O]

0
- | (int) c[O][1]

&Q | (nt™[41[4]) (e in IOl
=

0

(int) C

g = &C; c+1l | Gntm  c[1] e—— (int) c[1][O]

************************************************ (int) c[1][1]
=ER53
C

(int)

(int)

c+2 | (ntQ) c[2] o— (int) C[2][O
************************************** (int) c[2][1]
(int) c[2][2]

An array pointer:

sizeof(q)) = 8 bytes | (int) Cc[2][3]
c+3 | (nt[D) c[3] e—— (int) c[3][0]
l-d sub-arrays: (int) c[3][1]
sizeof(*q) = 64 bytes (int) c[31[2]
(int) c[3][3]
g+l
Series : 5. Young Won Lim
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1-d array pointer to a 2-d array

(int(*)[4]) c e—=] (nt[) c[0] *— (int) c[O][O]

... | (int) c[O][1]

1-d arr Inter —

d array pointe (int) c[0][2]

&p (nt()H) p e (int) C[O][3]

c+1 | (nt[) c[1] (int) c[1][O]

P = C, (int) c[1][1]

(int) c[1][2]

_ . (int) c[1][3]

p = &clOf; c+2 | (ntD) c[2] (int) c[2][0]

(int) c[2][1]

(int) c[2][2]

An array pointer: | (int) c[2][3]

sizeof(p) = 8 bytes c+3 | (ntD) c[3] (int) c[3][O0]

(int) c[3][1]

1-d sub-arrays : (int) c[3][2]

sizeof(*p) = 16 bytes (int) c[3][3:
Series : 5. Young Won Lim
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2-d array pointer to a 2-d array

2-d array pointerI(int(*) [4) C e—= (ntl) c[0] *—= (int) c[O][O]

0
- | (int) c[O][1]

&Q | (nt™[41[4]) (e in IOl
=

0

(int) C

g = &C; c+1l | Gntm  c[1] e—— (int) c[1][O]

************************************************ (int) c[1][1]
=ER53
C

(int)

(int)

c+2 | (ntQ) c[2] o— (int) C[2][O
************************************** (int) c[2][1]
(int) c[2][2]

An array pointer:

sizeof(q)) = 8 bytes | (int) Cc[2][3]
c+3 | (nt[D) c[3] e—— (int) c[3][0]
l-d sub-arrays: (int) c[3][1]
sizeof(*q) = 64 bytes (int) c[31[2]
(int) c[3][3]
g+l
Series : 5. Young Won Lim
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Using a 1-d array pointer to a 2-d array

a 2-d array p[O][O!

INt (*Pp) 4] ; with 4 rows P[O][1]

and 4 columns p[0][2]

i | e —

pLO][3]

int |c[4] | [4] p[1][0;

p[1][1]

1-d array pointer p:} %

& int (*) [4 ° PLLILS]

p(nt()[4) p e o[2]10

L p[21[1]

= p[2][2]

p[0] = [0 2B

p:1: = C:1: p[3]0

p:2: - C:2: p[3]1

p:3: _ C:3: p[3]2

) p[31[3]
iggtlaiia;tﬁ;ns of Pointers 69 Youns V\i%r/]zﬂrg



Using a 2-d array pointer to a 2-d array

(*a)[O]]
(*a)[O]]
(*a)[O]]
(*a)[O]]
(a)[1][0;
(q)[1][1]
(Fa)[1][2:
() 11[3:
(*a)[2][0:
(*q)[2][1]
(*a)[2][2]
(*q)[2][3:
() 311
@NE
() 3]
(k) 311

a 2-d array

INt (*q) [4] [4] : with 4 rows

and 4 columns

o. .W. NEE

int c | [4][4];

2-d array pointer
&p  (IntM414) q°®]

q = &C;

()[0] =
(q)[L
()[2
(*q)[3] =

wWnN Pk O
1l
P
wWN kO

WNFOoW

Series : 5. 70 Young Won Lim
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(n-1)-d array pointer to a n-d array

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

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

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

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

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

Series : 5.
Applications of Pointers

1-d array
0-d array pointer

2-d array
1-d array pointer

3-d array
2-d array pointer

4-d array
3-d array pointer

/1

Young Won Lim
10/2/18



n-d array name : (n-1)-d array pointer

int a[4] ; p = &al0];
Int (*p) ; P =a,
int b[4] [2]; q = &b[O];
int (*q) [2]; q=Db;
int c[4] [2][3]; r = &c[0];
int (*r) [2][3]; I =C;
int d[4] [2][3][4]; s = &d[0];
int (*s) [2][3][4]; s=d;

Series : 5. 72 Young Won Lim
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multi-dimensional array pointers

p —¥ a[0] q —® b[0] [O] r— c[0] | [0] | [O]
| a[l] [1] [1]
a[2] [ b[1] = [O] [2]
L a[3] 1 I O . [1]  []]
[ b[2] [O] [1]
[1] [2]
' b[3] [O] c[1] | [0] | [O]
[1] [1]
| [2]
( [1]1  [O]
[1]
[2]
c[2] | [0] | [O]
. . . [1]
Int a[4] ; iInt (*p) ; [2]
int b4] [2]; nt¢a) 2, | | o
Int c[4] [2][3]; int (*r) [2][3]; [2]
ntdi4] (213814 int(s) [23][4] e R b
[2]
[ [1]  [O]
[1]
[2]
Series : 5. Young Won Lim
Applications of Pointers 73 ° 10/2/18



multi-dimensional array pointers

s —»{ d[0] | [0] | [O] [ [0]
p —»{a[0] q —{ b[0] _ [0] [1]
[1] %{
int a[4] ; intbl4l: | | F -
int (*p) int (*q) [2]; 3
,,,,, [2] Fﬂ
r = c[0] | [O] Fl)% D=a; (:&a;o;); %
‘ 2 q=b; (=&b[0]); [ | o1 | [0
[ [1] | [0] r=c; (=&c[0]); | | T | 1]
L s =d; (=&d[0]); 21
) 1 0
ntcl4l[2@E @ | | I o
; 2
int (*r) [2]]3]; - ﬁ
| 21 [ [0
int d[4] [2][3] &k {%}
int (*s) [2][3]§=8; [3]
iggﬁia;ti;ns of Pointers 4 Yo Wl%r/];lrg



multi-dimensional array pointers

d[1] | [0] | [O0] | [O] d[2] | [0] | [O0] | [O] { d3] { [0] { [O] [ [O]

[1] [1] [1]

[2] [2] [2]

[3] [3] [3]

,,,,, [1]  [0O] (1] [ O] (1] O]

[1] [1] [1]

2] 2] 2]

[3] [3] [3]

,,,,, [2] | [O] (2] | [O] (2] [ O]

[1] [1] [1]

[2] [2] [2]

[3] | 3] | 3]

,,,,, [1] | [0] [ [O] (1] ) [0 [ [O] B Y () I (0]

[1] [1] [1]

[2] [2] [2]

[3] [3] [3]

,,,,, [1]  [0O] (1] [ O] (1] O]

[1] [1] [1]

2] 2] 2]

[3] [3] [3]

,,,,, [2] | [O] (2] | _[O] (2] [ O]

[1] [1] [1]

2] 2] 2]

[3] [3] [3]
Series : 5. Young Won Lim
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multi-dimensional array pointers

int d[4] 1211 3-; s —» d[0] | [O]
int (*s) [2][3]H4];
d 4-d array name d[4] [2][3][4]
3-d array pointer (*d) [2][3][4]
d[i] 3-d array name d[il[2][3][4]
2-d array pointer dlipE3Id | | [1]
d[i][j] 2-d array name d[i1[113][4]
1-d array pointer (*d[i]D[4]
d[i][jlIK] 1-d array name d[il[j][k][4]
O-d array pointer C:d[i[]IKD
| =[0..3], ) =1[0..1], k=[0..2]

Series : 5. 76 Young Won Lim
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To pass multidimensional array names

Int a[4] ;

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

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

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

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

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

Serie_s : 5. 77 Young Won Lim
Applications of Pointers 10/2/18
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