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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
Int * o) [4] (Nt ol
INt pointer
int pointer
Type of each element int D ointer
Series : 5. -
4 Youne g loits
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Array of Pointers — a type view

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

(int *) —
(int) (int* e -Gty

(int) (int*) o

i GRRNCSIS
Integers Integer pointers _

taking actual
memory locations
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Array of Pointers — a variable view

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

SRESRESRE
RN e
|
w
W)

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

Int *

assignment

equivalence

b[0] = a

ffffffffffffffffffffffffffffffffffffffffffffff a[0] = b[0][0] = *(*(b+0)+0)
h a[1] = b[O][1] = *(*(b+0)+1)
ey ame al2] = b[0][2] = *(*(b+0)+2)
b[0] o a[3] = b[0][3] = *(*(b+0)+3)
b+1 b:1:
b+2 b[2] \ array name b[0]
b+3 b[3] b[0]+0 h[0] [O]
i ooy | B[O [
b[0]+2 n[0] [2]
b[0]+3 b[0] [3]
2" dim
Series : 5. 8 Young V\é%]o%rg
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Array of Pointers — assigning other 1-d array names

it * b [4] array name b[3]
b[3]+0
77777777777777777777777777777777777777777777777 b[3]+1
b b[3]+2

array name b[1]

b[1]+0 b[3]+3
b[1]+1
b+0 b[O] b[1]+2
b+1 b 1 o— | b[1]+3
b+2 b[2] e—
b+3 b[3] &— array name b[2]
_“§\\\\\\\\\““‘——*bpho
1% dim ) 2" dim
Series : 5. ) 9 Young Won Lim
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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) ri — *(*(hi)ti
b[1] = &a[1*4] (b[1] = a+ 4) oIl = *CO+)+)
b[2] = &a[2+4] (b[2] = a+ 8) a[i*4+j] = *(a + i*4+)
b[3] = &a[3*4] (b[3] =a+12)

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

11

ol =*(a+)
lill] = *(*(b+i)+)
CIIGIK] = *(“(*(c+i)+)+K)

9/10/18



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

Int a [4*4*4],
int * b [4*4];
Int ** c [4];

for (I=0; i1<4; ++1)
cli] = &b[i*4];

for (1=0; I<4*4; ++1)
o[i] = &a[i*4]

Initialization of pointer arrays b and c

Series : 5.
Applications of Pointers

12

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

o QD

3-d access of a 1-d array
cliblik] =
a[*M*N+j*N+k] =
a[(*™ + |)*N+k]

1-d access of a 1-d array

Young Won Lim
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3-d Array — using pointer arrays b, c

Int a [4*4*4];

,,,,, ° C
‘\\‘~~‘ C+O C[O]
c+1 C[ 1 ]
c+2 c[2]
c+3 c[3] “om 40 bl 0
b+1 b :]_
b+2 '
b, c take actual b '2
memory locations h+3 bl3
Series : 5. ) 13 Young Won Lim
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3-d Array — pointer arrays extend dimensions

Applications of Pointers

int* | c[4] c[01=b;  (c[0] = &b[O];)
int * b [4*4]; b[0] =a;  (b[0] = &al[0];)
e c cpoloro - 3 = ¢[0][0][0:
array name c[0][0] c[0][0]+1 c[0][0][1
c[0][0]+2 c[O][O][2
= o0 c[0] o clojo+3 ¥ €[0][0][3
e+l c[1] array name c[0] 39dim :
c+2 c[2]
+3 c[3 c[0]+0 0 — .
; = c[Ol[0] e int a [4*4*4];
1°" dim clorl g c[O][1]
c[0]+2 c[0][2]
c[0]+3 c[O][3]
29 dim]| -
Series : 5. 14 Young V\é%]o%rg



Using recursive pointers and brackets

Cl]DIIK] = *(c[illi] +k) XIK] = *(X+k)
*(chjbl +k) = *(*(cli] +)) +k) YOl =*(Y+)
*C(Cl] ) +k) - FCC(C +H) ) +K) O Z[I] = *(Z+H)

clijpllk] &= *C((cH)H)+k)

Serie_s - 5 ) 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 -2*3]_ c[1] = &b[1*3]; int b[2*3];
int** ¢ [2]; S } ;
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] = &a[4*4];
b[5] = &a[5*4];

}4

Serie_s - 5 ) 16 Young Won Lim
Appllcatlons of Pointers 9/10/18




Initialization of pointer arrays — a general case

iNnt a '|_*|\/|*|\|]; int**  cl[L]; 1 }M
i int * b[L*M];
!nt* b _:I—*M]; for (I=0; i<L; ++i)
Int** ¢ [L]; clil = &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[j*NiJ; N

int ¢ [L][M]IN];

Serie_s - 5 ) 17 Young Won Lim
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Accessing a as a 1-d array

INt a
Int* b
Int** c

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

2];

: 1

Int  a[24];

clbIk]
o]0l
ai]

Series : 5.

*(F(H(CH)+])+K)
*(*(b+1)+))
*(@+)

Applications of Pointers

b, c take actual
memory locations

int** ¢ [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]

a[3]

a[4]

a[5]

a[6]

a[7]

a[8]

a9]

b[0] e

a[10]

b[1] e

a[l11]

b[2] e

a[12]

b[3]

a[13]

b[4] e

a[14]

C[0] ./’
C[1] e

a[15]

LSS

b[5] e

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 a as a 2-d array using b

INt
INt*
Int**

INt

cliblk]

bli][]
alil

Series : 5.

a [2*3*4];

b [2*3];

c [2];

: 1

b [6][4];

*(*(*(CH)+])+K)
*(*(b+1)+))
*(@+)

Applications of Pointers

b, c take actual
memory locations

int** ¢ [2];

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

19

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] e

bl2][2]

b[1] e

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

b[2] e

b[3][0]

b[3]

b[3][1]

b[4] e

b[3][2]

c[0] ./’
C[1] e

b3][3]

[ANS

b[5] e

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
9/10/18



Accessing a as a 3-d array using ¢

int a [2*3*4]; c[0][0][0]

. B CIOJ0IL]
int a[2*3*4]; clOI[0]I2]

int* b [2*3]; COJOI[]

int** C 2] - b, ¢ take actual c[O][1][0]
L= memory locations

CIOJ[L][1]

c[O][1][2]
int  c [2]3][4] e o 25

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

c[O][2][1]
c[O][2][2]
int** ¢ [2]; c[0][2]
> c[1][0]

coj2][3] 24=2"3"4
S c[1][1]

CLL][0][1]
C[1][0][2]
C[L][0][3]
CILI[1][0]
CLLI[L][1]

*(F((c+)+)+k) int c[2][3][4] ; gﬁﬁg

*(*(b+i)+) int b[2*3][4] ; CIL2][0]
*(a+i) Int a[2*3*4] ; c[1]{2}{1}
c[1][2][2
C[1][2][3]

[\

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

c[i]bik]
bli][]
alil

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

Nt a 2*3*4] - c[0] array name of a 2-d array [M][N]

i ) ’ c[1] array name of a 2-d array [M][N]

Int* b [2*3];

intx* 7- c[O][0][0] = a[0*M*N] &c[O][0][0] = c[O]

e c -2]’ c[1][O][0] = a[1*M*N] &c[1][0][0] = c[1]
@ c[0][0] array name of a 1-d array [N]

: c[0][1] array name of a 1-d array [N]

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

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

Series : 5. 21
Applications of Pointers

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

Young Won Lim



Starting element Index

- a0 IC[O][O][O] a[0]
' IEIVEINIE _ = "3*4 = c[0][0][1] a[1]
!nt a :L M*N]; L=2 i %4 = 12 vu IREE
int* b _*l\/l]; | c[O][0] a[3]
: ) 1=0 f4=0 c[O][1][0] al4]
Int** ¢ [L]; M=3 j=1 4= 4 SO[E a[5]
- j=2 j*4= 8 a[6]
@ cO][1] a[7]
k=0 k*1= 0 a[8]
_ _ k=1 k1= 1 a9
INt c [L][M][N]; N4 k=2 k1= 2 a[10]
k=3 k*1= 3 a[11]
a[12]
S a[13]
*c[0]oY0] = a[0] 0 C[AI[0] 2] a[14]
\c[1][0][0])= a[12] 12 C[2][0] a[15]
//’*\ c[1][1][0] a[16]
/c10][0][0] = a[0] 0 +0 [c[2][1] a[17]
/ clo][1][0] = al4] 0 +4 c[1][1][2] a[18]
| clol[2][0] = af8] 0 +8 I a[19]
| c[1][0][0] = a[12] 12+0 a[20]
\c[A][1][0] = a[16] 12+4 a[21]
c[4][2][0] = a[20] 12+8 SEAE a[22]
c[1](2] a[23]
Series : 5. i
Applications of Pointers 22 Young V\é%o%rg



L, M, N — the number of index values

I*M*N J*N k
k=0
I 1 *M*N1" . k=1
!nt a :L M*N]; 0 | N =
Int* b [L*M]; k=3
: . M k=0
Int** ¢ [L]; } - =
> L =0 =1 N =
[ |
k=0
: - k=1
Int ¢ [L][M][N]; = N =

=3 24=2%3%4
k=0
k=1
=0 N =
k=3
L M N " <
i | k i=1 j=1 N E:;
[0.L-1] [0.M-1] [0..N-1] —
k=0
k=1
=2 N k=2
k=3

Series : 5. 23 Young V\é?fobi{g
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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 *N k
Series : 5.

Applications of Pointers

i O K

| *
*M*N +j*N + k

("M +))*N + Kk

24 Young Won Lim
9/10/18



3-d and 1-d accesses (recursive pointers vs. brackets)

cli] = &b[i*M]; c[iK] = a[i*M*N + *N + k]
b)] = &alI*N[; = a[(i*M + j)*N + K]
int ** c[L];
int * b[L*M]; e
- d0/n[y
o et = *((*(cH)H) k) -
= *(*(c[i]+))+k) c[i] =&b[I*M]
nt*  bILAM; = *(*(&b[*M]+))+k) = *(*(D+*MH))+K)
int a[L*M*N]; = *(b[I*M+j]+k) o[m] = &a[m*N]
for (j=0; j<L*M: ++)) = *(&a[(iI*M+))*N]+k) = *(a+(i*M+))*N+k)
O[] = &a[N]; = a[(i*M+])*N+K]
Series : 5. 25 Young V\gﬁolflrg
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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]
' L*M*N]: ClO][0][1]
!nt : ] ’ clo][0][2]
Int* b [L*M]; SUE
N . c[O][1]
Int** ¢ [L];

@ | c[0][2]

int ¢ [L][M][N];

Q

*M*N

24=2*3*4

Yo SILII0]

*N

L M N
i j k
[0..L-1] [0..M-1] [0..N-1]

CLL][1]

c[1][2]

*M*N  j*N k

Series : 5. _ 26 Young Won Lim
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Accessing a by base and offset indices

Base Index =0

Q

Int L*M*NJ;
Int* b [L*M];
Int** ¢ [L];

1l

int ¢ [L][M][N];

Offset Index 1

I*M*N

24=2*3*4

Offset Index 2 £ c[L][0][2

B M N c[1][0][3
- i " Offset Index 3 7 ;
I J

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

Series : 5. _ 27 Young Won Lim
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Base and Offset Addressing

Base Address Base
(= array name) Address
0
Offset Address 1 AL
Offset Offset
4 Address 1 Address 2
regl reg2
Offset Address 2
compiler
assembly instruction
CPU reqisters

Series : 5. _ 28 Young Won Lim
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Pointer Array vs. Array Pointer

Base
Address
explicit memory locations regl
for pointer arrays
Offset Offset
Address Address 2
reg2 reg2

CPU register based address
computations eliminate the
pointer arrays

> [ o

@
@0—

®-

PN

Pointer Array Approach ’ Array Pointer Approach
(array of pointers) (pointer to arrays)

Series : 5. _ 29 Young Won Lim
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Pointer to an array — variable declarations

iInt m;

I Array Pointer Approach
_ (pointer to arrays)
Int *n;

an integer pointer

int a [4] int func (int a, int Db);
int | (*p) [4] int (*fp) (int a, int D) ;
an array pointer a function pointer

Series : 5. 30 Young V\é)%o%rg
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Pointer to an array — a type view

array pointer:

int 4 byte data a pointer to an array
pointer array:
int* an array of pointers

an integer pointer

Int (int, Int) instructions

Int (*) (int, int)

a function pointer

Serie_s - 5 . 31 Young Won Lim
Appllcatlons of Pointers 9/10/18



Pointer to an array . assignment and equivalence

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

1-d array pointer

Int al4] ; a &a &a[0] a
1 I 1 1
int  (*q) ; q &(*q) q q

0-d array pointer (= int pointer)

Series : 5. _ 32 Young Won Lim
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Pointer to an array : size of array

Int a [4] ; p = &a;
Int (*p) [4] . sizeof(p)= 8 bytes . the size of a pointer
_ sizeof(*p)= 4*4 bytes : the whole size of
1-d array pointer the pointed 1-d array
Int al4] ; q=a;
int (*q) . sizeof(q)= 8 bytes  : the size of a pointer
_ sizeof(*q)= 4 bytes : the whole size of
0-d array pointer the pointed 0-d array
Series : 5. oung Won Lim
33 o W
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Pointer to an array — a variable view (1)

% i assignment equivalence
(*p) [4]; o= &a “ = a

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

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

v
Int a [4],
a+l a[1]
a+2 al2]
a+3 al3] D :int (*) [4] type
Series : 5. 34 Young V\gﬁolflrg
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Pointer to an array — a variable view (2)

assignment equivalence
int  (*q) q = &a[0] *q = *a
i q=a q= a

points to an array element —
an integer type data

~
Sa
~
~
~
~
~

v
a[4] ;
a+1 all]
a+2 al2] _ .
2+3 A[3] q:int(*) =int* type
Series : 5. 35 Young V%%O%%
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Pointer to an array — an aggregated type view

INt

(*p) [4];

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

p e 1-d array pointer

al0]
starting
address no actual d [ 1 ] size
memor
Iocatior>1l a [ 2 ]
al3] '
Series : 5. _ 36 Young Won Lim
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Incrementing an array pointer

Aggregated Type Size

: " _
Int ( p) [4]’ address p+1 — address p
= (long) (p+1) - (long) (p)

1-d array pointer

Pooe—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]

= 4 * sizeof(int)

Series : 5. 37
Applications of Pointers

Young Won Lim
9/10/18



Incrementing an array pointer — extending a dimension

(*(p+1)) : array name

p+1 “(p+1) (*(p+1))[0]
(*(p+1)[1]
(*(p+1))[2]
(*(p+1))[3]

4*sizeof(int)

1-d array pointer “

[O]
L]
(2.
1][3]

p[1] : array name

p+1l p[1]

===

4*sizeof(int)

© © T ©

Serie_s - 5 ) 38 Young Won Lim
Appllcatlons of Pointers 9/10/18



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 * 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. 39 Young V\é%]o%rg
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A 1-d array pointer and a 2-d array

Int c [4][4]; iInt (*p) [4] = &c]O0];
1-d array pointer | C o 1-d array pointer
g p e
77777777777777777777777777777777777777777777777 = C

&[] ™~  c[0] e p = &c[0] p=oc
c[O][0] (*p)[0] p[O][O]
c[O][1] (*p)[1] p[OI[1]
clO0][2] (*p)[2] p[O1[2]
c[O][3] (*p)[31] p[O1[3]

iﬁgﬁiét?éns of Pointers 40 Young V\é%o%rg



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

Int a [4];

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

Series : 5.
Applications of Pointers

(int *)

41

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

1-d array pointer

(int ")[4Dp o |

~ (int [4]) *p

(int) ("p)[O]

p[O][0]

(int)

(Int

)
(int)

Young Won Lim
9/10/18



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

Int c [4]]4]; int (*p) [4] = &c|O];

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

(int (4P e - (int (AP e
(int *)

p[O][0]

iﬁgﬁiét?dns of Pointers 42 Young V\é%o%rg



A 1-d array pointer — extending a dimension

1-d array pointer

int (*p) [4] ;

can be viewed as a 2-d array name
P e : an additional dimension is added

P P e p+1 *(p+1) p+2 *(p+2) XX
p[O][0] p[1][O] p[2][0]
p[O][1] p[1][1] pl2][1]
p[O][2] pl1][2. pl2][2]
p[O][3] p[1][3] p[2][3]
2" dim
Series : 5. 43 Young V\é)%oﬂg
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Double pointer to a 1-d array — a variable view

int af4] ;
&q g e pointer to a 1-d array pointer int (*p) [4] = &a ;
/ int (**q) [4] = &p ;
&p p 1-d array pointer
al2]
al[3]
igrp:ﬁts:a:\t.isc'ms of Pointers 44 Young V\é%o%rg



Double pointer to a 1-d array — a type view

int af4] ;
int (*p) [4] = &a;

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

a pointer to an array

o

(int *)  a pointer to an int

(int)

(int)
(int)

Serie_s - 5 ) 45 Young Won Lim
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Pointer to Multi-dimensional Arrays

Serie_s - 5 ) 46 Young Won Lim
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Integer pointer type

(int (*)[4]) type can point v (int *) o ol (int)
ony o e Capameromn (ot
(int)
(int)

(int *) o

—— °

-~ (int [4]) °

an int array name

Q\

a pointer to an array | (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

Serie_s - 5 ) 47 Young Won Lim
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Series of array pointers — a type view

(int)
(int)
(int)
(int)
°
°
°
fhe name of an int array
a pointer to an array [ (int (*)[4]) ] | |
a pointer to an array | (int (*)[4]) the name of an int array
a pointer to an array | (int (*)[4])
1-d array pointers the name of an int array
°
°
°
Series : 5. i
Applications of Pointers 48 Young V\é%o%rg



Series of array pointers — a variable view

b (el "

int c[4]; int (*p3)[4]; r o ) al[0]
a[1]
assignment equivalence al2]
pl = &a *pl) = pl|0] = a 3]
p2 = &b %*ngspzo =Db a'_3'_
p3 = &c *p3) = p3[0] =c b[O]
o[1]
a D[2]
b[3]
a pointer to an array pl [ b
a pointer to an array p2 .// :
a pointer to an array p3 o — C ®
1-d array pointers °
: assume that

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

Series : 5. 49

. . . Young Won Lim
Applications of Pointers

9/10/18



Pointer array — a variable view

int *q[3]; taking actual q[0][0

memory locations g[o][1

q[0][2

1-d array names q O :3

g * ——» 90 e Py 1][0

an array of pointers  p+1 q[1] o q[1][1

p+2 al2] e q[1][2

: \» q 1 3

® q[2][O

q[2][1

assignment equivalence q[2][2

q[O] =a q O] = *§q+0§ =a q[2][3

qll]=Db q[l] =*(g+1)=Db
q2] =c q2] =*(g+2) =c | b
if arrays a, b, c o
are consecutive ®
Series : 5. 50 Young V\S?T&'IE
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Array pointer to consecutive 1-d arrays

int (*p)[4]; ; —
p+0 P[O] & —> pP[O][O]
************************************************ P[O][1.
plO][2
a pointer to an array P[O][3]
. e B
1-d array pointer El 2
pP[L][3.
assignment equivalence p+2 p[2] o+ p[2][0]
p=_~&a *p+0)=p[ojz2 | p21
I§pi§§ o pl2][2]
(b2 = pl2] = d p[2][3]
p+3 [  pI3] o+ pI3O]
ifarraysa, b,c,d | | p[3][1]
are consecutive p[3] [2]
p[3I3]

iﬁgﬁiét?éns of Pointers o1 Young V\s/;%oﬂrg



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

52

)

c[2]]
c[2]]

3.

2]

c[31I

c[31I

c[31I

cl31I

Young Won Lim

9/10/18



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

a 2-d array (int)
with 4 rows (int)
and 4 columns o
(int)
_ S (int)
1-d array pointer (int (%) [4]) (int)
(int)
(int)
1-d array name ¢ (int)
(int)
1-d array name  c+1 : (i (i)
1-d array name  c¢+2 (int)
1-d array name  c:3 : : (int)
(int)
(int)
(int)

Series : 5. 53 Young V\é%]o%rg
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1-d subarray aggregated data type

The 1% subarray c[0] (=array name) (int[) c[0] & (int) c[O][O]
sizeof(c[0])=16bytes | | (int) c[O][1]
(int) c[O][2]
(int) c[O][3]
The 2" subarray c[1] (=array name) (intd) c[1l] e——{(int) c[1][O]
sizeof(c[1])=16bytes | (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][O]
sizeof(c[2]) =16 bytes | | (int) c[2][1]
(int) c[2][2]
(int) c[2][3]
The 4™ subarray c[3] (=array name) (int[) c[3] e——= (int) c[31[0]
sizeof(c[3]))=16bytes [ | (int) c[3][1]
(int) c[3][2]
(int) c[3][3]
iﬁgﬁiét?éns of Pointers o4 Young V\é%oﬂrg



2-d array pointer — an aggregated type view

4 starting (int*[4]) C o > (int []) c[O] o= (int) c[O][O]
address I S (SO | . - -
no actual (int) C[O]Zli
I_rgg;q[%rry{ (int) c[0][2]
(int) c[O][3]
(int() c[1] e—— (int) c[1][O]
**************************************** | (int) c[1][1]
emory (int) c[1][2.
location (int) C[ 1] 3
| (int[) c[2] e—= (int) c[2][O]
size ol oacwal | (int) c[2][1]
location mg;@[%fr)]’ (int) c[2][2]

2-d array size: (int) c[2][3] |
sizeof(c) = 64 bytes (int[) c[3] e—= (int) c[3][O0]
= 4 x 4 x 4 bytes U (int) C[3]:1:
I_rggarg%r%/ (int) C[3]:2:
v (int) c[3][3]

iggﬁf:étiséns of Pointers 95 Young V\s/a%oﬂrg



2-d array name as a pointer to a 1-d subarray

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

t (int) c[O][2]

777777777777777777777777777777777777777777777777777777777 The 1° SUbarray (int) CO3

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

it (int) c[1][2]

7777777777777777777777777777777777777777777777777777777777 The 2™ subarray int) C[11[3]

1-d array pointer (int (*) [4]) c+2 (inth) c[2] (int) c[2][0]

(int) c[2][1]

The 3" subarray (int) C[2][_2_]

777777777777777777777777777777777777777777777777777777777 (int) c[2][3]
1-d array pointer (int (*) [4]) c+3 (inth)  c[3] (int) c[3][0]
(int) c[3][1]
th (int) C[3]2
The 4™ subarray int) c[3][3]
ies : 5. oung Won Lim
iggﬁts:ations of Pointers o6 Young V\5/9/10518



2-d array and 1-d and 2-d array pointers

1-d array pointer 2-d array pointer

[4][4]
T T

[4][4] ;

ity ) P = &c[O]; (int)[44) g = &C;
p=C
p[O] = c[Q] *)[0] = q[0][0] = c[O,
plLf = cl1] *q)|1] = q|0}{0] = c|1]
p[2] = c[2, “g){2] = q|0]I0} = c[2]
p[3] = c[3] *g)13] = q[0]]|0] = c|3

Serie_s - 5 ) 57 Young Won Lim
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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 () m = &c][0]; (int(*)[4]) n = &c;
m = C,
m[0] = c[O] *n)[0] = n[0][0] = cIO]
m[1] = c[1] *n)[1] = n[0]|0] = c[1
m[2] = c[2] *n)[2] = n|0][0} = c[2]
m[3] = c[3 *n)|3] = n[0]|0] = c|3]
Series : 5. 58 Young V\Q%O%rg
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2-d array pointer to a 2-d array

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

0
e I N | (int) c[O][1]

&Q | (IntM)[4][4]) Qe (int) c[O][2]
=

0

(int)

C

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

***************************************** | (int) c[1][1]
TR
C

(int)
(int) C| -
c+2 | (ntl) c[2] e (int) C[2][O]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | (int) c[2][1]

An array pointer: (int) c[2][2]
sizeof(qd) = 8 bytes . (int) c[2][3]
1-d sub-arrays : c+3 [ (ntl)  c[3] e —» (int) c[3][O]
sizeof(*q) =64 bytes | (int) c[3][1]
(int) c[3][2]
(int) c[3][3]
q+1
iggﬁ?:étiséns of Pointers 99 Young V\s/a%o%rg



1-d array pointer to a 2-d array

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

1-d array pointer |  _— | (int) c[O][1]

0
1
(int) c[0][2]
=
0

&p (nt()[4) P e (int)

C
c+l | (int) c[1] (int) ClL1l]10O]

p=C; (int) c[1][1]
(int) C

_ _ (int) c[ |
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 | (nt[) c[3] (int) c[3][0]
1-d sub-arrays : (int) Cc[3][1]
sizeof(*p) = 16 bytes (int) c[3][2]
(int) c[3][3]
Series : 5. oung Won Lim
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2-d array pointer to a 2-d array

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

0
e I N | (int) c[O][1]

&Q | (IntM)[4][4]) Qe (int) c[O][2]
=

0

(int)

C

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

***************************************** | (int) c[1][1]
TR
C

(int)
(int) C| -
c+2 | (ntl) c[2] e (int) C[2][O]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | (int) c[2][1]

An array pointer: (int) c[2][2]
sizeof(qd) = 8 bytes . (int) c[2][3]
1-d sub-arrays : c+3 [ (ntl)  c[3] e —» (int) c[3][O]
sizeof(*q) =64 bytes | (int) c[3][1]
(int) c[3][2]
(int) c[3][3]
q+1
iggﬁ?:étiséns of Pointers 61 Young V\s/a%o%rg



Using a 1-d array pointer to a 2-d array

: . _ a _2ti1d4array p[O] :0:
IAES (€P) | RIS and 4 columns PLOJL1.
i | p[_O_]:2:
. pLO][3]
int |c[4] | [4] o[1][0°
(nt()lah) € o p[1]1[1]
1-d array pointer p[1][2
& (nt()[4) p pLLIL3.
T p[2][0!
_ . P D p[2][1]
D =G p[2][2]
p[0] = c[0 S— pL2] o p[21[3:
p[1] = c[1] D131, 05— PEL- PI3][0:
P2 =c|2 p[3][1]
pLS] = cl3 p[3][2:
p[31[3]

iﬁgﬁiét?éns of Pointers 62 Young V\é%oﬂg



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

(*a)[O]]
(*a)[O]]
(*a)[O]]
(*a)[O]]
(q)[1][0:
(Fa)[11[1]
(Fa)[11[2:
(Fa)[11[3:
(*a)[2][0:
(*a)[2][1]
(*a)[2][2]
(Fa)[21[3:
(Fa)[3]]
() 311
() 311
@VE

a 2-d array

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

and 4 columns
i |

Int C [4][4] ;

o. .W. NEE

2-d array pointer
&P [(int(M)[41[4) q ®

q = &C;

(S
0000
LN O

WNFOoW

Series : 5. Youna Won Li
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(n-1)-d array pointer to a n-d array

Int a[4] ; 1-d array
int (*p) ; 0-d array pointer
Int b[4] [2]; 2-d array
Int (*q) [2]; 1-d array pointer
Int c[4] [2”3]; 3-d array
int (*r) [2]|3]; 2-d array pointer
int d[4] [2][3][4]; 4-d array
Int (*s) [2]|3][4]; 3-d array pointer
Series : 5. 64 Young V\é%]o%rg
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n-d array name : (n-1)-d array pointer

]

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

Int c[4] [2]]3];
int (*r) 12]3];

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

Series : 5.
Applications of Pointers

];
I;

65

Young Won Lim
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multi-dimensional array pointers

p — a0 q — b[0] [O] r —»{ c[0] [ TO] | [O]
E [1 [1]
af2 - b[1] | [O] 2]

a[3 | H ,,,,,, 1 [O] |
[ b[2] ~ [0] | [1]
R _ 2]
[ bI3] 10 ~c[1f | [0] | [O]
[1] [1]
2]
,,,,,, 1] 10
[1]
_ 2]
c[2] | 0] [(13]
int a[4] ; int (*p) 2]
int b[4] [2]; int(*q) 2, | [ [ 0]
int cl4] [2][3]; int () [2][3]; 1]
int d[4] [2][3][4]; int (*s) [2][3][4]; BT T 0T (0]
7777777777777777777777777777777777 [1]
2]

,,,,,, 1  [O] |
[1]
2]
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multi-dimensional array pointers

s —p»{ d[O] [ TO] ] TOT T"]0]

p —»[a0 q —={B[0] 0] | ]
:
int a[4] ; ntb42, | | [ S
int (*p) ; int (*a) [2]; 12
ffffff 2T Pg]

O =a (=&alo)): ]
2] q=b; (=&b[0)); &
[ AT [ [0] r=c; (=&c[0]); | | SRR E}
1) s=d (=&d[0]): 2
2] ﬂ
: 1 0
ntc@l2E 0 | | [ oo
int (*r) 2118 :
| 2T [0
intd4] [2][S]EEl | | 1]

int (*s) [2][3]E H
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multi-dimensional array pointers

S () O I L) B () di2f | [o] { [of “iof | {d3]| [0 | [0] [ [O]
[1] [1] [1]

2] 2] 2]

[3] [3] [3]

,,,,,, 11 [ 10 AT 10T 1T [ 10]

[1] [1] [1]

[g] [g] [:2%]

,,,,,, 12l H_ lZJH— 12l H_
o 1] A

2] 2] 2]

(3] (3] (3]

,,,,,, [T [ ToT [ 0] AT [ ToT [ o] [T | ToT [ o]
[1] [1] [1]

NS
NS
NS

=
‘= olw
E
==
[=
olw

[g] [g] [é]
ffffff 12] | H_ lZJH_ 2] H_
[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] [2][3]|4];
int (*s) [2][3]1A];

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[i][2][3][4]

2-d array pointer (*d[iID[3][4]
d[i][j] 2-d array name di1[113][4]

1-d array pointer (*d[i][jD[4]
d[i][j][K] 1-d array name d[i][j][k][4]

O-d array pointer C:d[i[1KD

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

Serie_s - 5 ) 69 Young Won Lim
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To pass multidimensional array names

n ?*[3; funa(a, ..);  void funa(int (*p), ...);

n I(O*[éll)] [g] funb(b, ...);  void funb(int (*q)[2], ...);

n Ei[f)] %% func(c, ...);  void func(int (*r)[2][3], ...);
n g*[:)] Eﬂ%ﬂfﬂ fund(d, ...);  void fund(int (*s)[2][3][4], ...):

Series : 3. ) 70 Young Won Lim
Applications of Pointers 9/10/18
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