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1-d array pointer to consecutive 1-d arrays

int (*p)[4]; : —
p+0 p[0] «—=  plojlo
int a[4], b[4], c[4], d[4];, | T p[O][1]
ST [ St p[O][2
a pointer to a pointer array | p[_O_] [3] |
. pri | pil e PO
| P[1][1]
1-d array pointer ST I p[1][2]
pl1[3] |
assignment equivalence p+2 | p[2] ¢ — P 2 O
p = &a *(p+0) = p[O] =a sizeof(*p) pointer p:2: :1:
*(p+1) = p[l] =D =16 increment p2 2
*(p+2)=p[2] =c p[2][3]
“(p+2) =p[2] =d p+3 p[3] o » P[3][O]
if arraysa, b,c,d | pP[3][1]
are consecutive p[3][2]
p[3II3.
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1-d array pointer to a 2-d arrays

int ("p)[4]; : mm—
p+0 p[0] «—=  plojlo
int x4y(4, -\ p[O][1!
sy | o plO][2
a pointer to a pointer array P[O][3] |
A pr1 [Pl - 7 PO
: p|1]{1]
1-d array pointer sl e pILI[2
p[l[3] |
assignment equivalence p+2 | p[2] > — P 2 O
p=x “(p+0)=ploj=x0] | pl2llL
*(p+1) = p[l] = X[l] =16 increment P 2 2
“(p+2) = p[2] = x[2] p[2][3]
“(p+2) = p[2] = x[3] p+3 p[3] o » P[3][O]
””””””””””””””””””””””””””””””” P3][1.
pP3][2
P[3][3]
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2-d array pointer to consecutive 2-d arrays

s _
int (*q)[4][4]; o [ o qi()][()].—b 88 8 (1)
int X[4][4], y[4][4]; a 8 | 8 %

alO[[T][O
ol
i i sizeqf(* g
a pointer to a pointer array s 64qf( a) a[Ol[113
oD
q *] aol2l2
2-d array pointer o
q[0]|3]]1
a/0]13]]2
‘ ‘ a[01[3]] %
. . arl | o[1] ¢ > __o[fo] ¢ > g0l
assignment equivalence | q% 8 %
inerement q
azéx o @Osdo=x i
sq+l)=ql=x+1=y & | | B 1
orement | q i i é
- Y alill
) : 1][2]]0
g==&p pmfu][z]H QR0

type mismatch if arrays X, y eremen tV g ]} é.%

_ are consecutve | [ AIIIET e ER

int (*p)[4]; 132

_al1ff3)i3
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int *p[4][1]

A 1-d array p of integer pointers

int *p[4][1] = txton, (. 6021, xizm: int x[4][4];

. % ]
sizeof(p)=32 a 2-d array of int pointers | nt p [4] [1] !
sizeof(p[0])=8 a 1-d array of int pointer
sizeof(p[0][0])=8 an int pointer A 2-d array of pointers

sizeof(p[0][0][0])=4  an integer
An 2-d array p

p[0][0]

‘plO][o][0]

plOJ[O][L]

plo]J[O][2]

i RIS

PLLIO]0]

p[L[0][1]

plL]0]2

p e > po] e > plO[0] @] 2{1}&)}{3}

prl e >0l e pl2ll oIl

pi2l o> b0 @ oI

p3] o »|  p3I0 Pl2I0]2)

pl21[0](3]
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int *p[1][4]

A 1-d array p of integer pointers

INt *p[1][4] = o1, x(a1, x(21, (311

sizeof(p)=128 a 2-d array of int pointers
sizeof(p[0])=32 a 1-d array of int pointer
sizeof(p[0][0])=8 an int pointer

sizeof(p[0][0][0])=4  an integer
An 2-d array p

p o > po] e | ploo

plO][1]

plO][2]

LaLIL

p[0][3]
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p[O][0]

int X[1][4]
int *p[1][4];

A 2-d array of pointers

P[O][0][0]

plOJ[O][4]

plo][o][2]

plO][0][3]

PlOJ[L][O]

PIOJELIL]

plo][2][2]

plo][AI3]

PlOJ[2][0]
PlOJ[2][1]

plo][2][2]

PION[2][3]
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int *p[4][4]

A 1-d array p of integer pointers

INt *p[4][4] = o1, x(a1, x(21, x(311:

sizeof(p)=128
sizeof(p[0])=32
sizeof(p[0][0])=8

An 2-d array p

p e > [0
p[1]
p[2]
p[3]
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a 2-d array of int pointers
a 1-d array of int pointer
an int pointer
sizeof(p[0][0][0])=4  an integer

p[0][0]

plO][1]

plO][2]

LaLIL

p[0][3]

p[O][0]

int X[4][4];
int *p[4][4];

A 2-d array of pointers

P[O][0][0]

plOJ[O][4]

plo][o][2]

plO][0][3]

PlOJ[L][O]

PIOJELIL]

plo][2][2]

plo][AI3]

PlOJ[2][0]
PlOJ[2][1]

plo][2][2]

PION[2][3]
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Accessing a 2-d array using pointers

Int x[4][4]; ke x e e[ om

— | ; x[0][1]

| X[0][2]

A 2-d array 2-d array name x[0][3]

LX) o x1]o]

| X[1][4]

| X(1]12]

/ X[1][3]

X2 e x2l0]

| | X[2][4]

| I x(2)[2]

| X([2](3]

(3] o> 30l

7 x[3]1]

X[3][2]

1-d array names X[3][3]
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Comparison with a structure type

\X _1\ sizeof(x)
x[2
A 1-d array 5( 3 y
uniform size
struct aaa { &x x o »[ xa
long a; x.b |
i nt b ’ X.C sizeof(x)
long c; Xd
int d; R
} X’ non-uniform size alignment
Series : 8 Applications n n Lim
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Making a 2-d array from scattered 1-d arrays

- Accessing an artificial 2-d arrays
‘L
\

\ pm]in]  (*p[m]n] (*p)[m][n]
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[0][0]

[0](1]

[0]2]

[0](3]

[1][0]

[1](1]

[1][2]

[1](3]

[2]0]

[2]1]

[2][2]

[2](3]
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Contiguous and non-contiguous 1-d arrays

2-d array = contiguous 1-d arrays 2-d array = non-contiguous 1-d arrays
X o—% X[0] o P X'[O][Q] . a o p| a[0]
—— | | X[Ol[1] a[1]
| | X[0][2] a2]
2-d array name | )‘([0][3‘] a[3]
o e X1 "
| [1][1]
| z[ll[i] J e |
| X13] i
X2 e p X[Z][?] aL3]
| | X[2][1]
| I K212 o
| x(2]13] c o > o
X3 > X30] c[1]
~_ X(3][1] c[2]
X(31[2] c[3]
1-d array names X[3][3]
&b
b P b[O]
b[1]
b[2]
b[3]
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2-d array access of non-contiguous 1-d arrays

* 1-d array of integer pointers Int *p[4]; OK
* 1-d array pointer Int (*p)[4]; X
* 2-d array pointer int (*p)[4][4]; X
e array of 1-d array pointers int (*p[4])[4]; OK
“ s o »[ a0 “m o« »[ o
a[1] c[1]
a[2] c[2]
a[3] c[3]
N b o | D[0] - d o P do]
b[1] d[i]
b[2] d2]
non-contiguous 1-d arrays oL3] di3]
Series : 8 Applications 13 Young V\S?bg

of Array Access Methods



2-d array access using int *p[4] non-contiguous 1-d arrays

int *p[4] ={a, b, c,d}, Type Definition
* p—
(p[m]+n) — p[m] [n] Access Method
a[0]
af1] assignment
sizeof(p)= 32 = 4*8 a2] _
sizeof(p[0])= 8 a[3] p[g]_g
sizeof(*p[0])=4 b BH;C
contiguous index : n > E{ﬂ p[3]=d
b[2] equivalence
" b[3] _
r e > po] @ P=X
Pl @& c
p[2] o — —P c[O]
p[3] | c[1]
I — _ c[2]
An array of int pointers non-contiguous 1-d arrays c[3]
Series : 8 Applications 14 Young Won Lim
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2-d array access using int (*p[4])[4]  non-contiguous 1-d arrays

int (*p[4])[4] = { &a, &b, &c, &d }; Type Definition
(*p[m]) [n] : Access Method
&a
&l o | af0]

a[1] assignment
sizeof(p) = 32 = 4*8 a[2] _
sizeof(p[0]) = 8 (3] p[O]:&a
sizeof(*p[0]) = 16 = 4*4 p[1l]=&b
sizeof((*p[0])[0])= 4 p[2]=&c

- s{ﬂ p[3]=&d

b[2] equivalence
- b3] *nlO]=
p[0]=a
o P 0

ffffffff I — *p[1]=b

pI2) ) c[o] *p[2]=c

pl3] | CE} *p[3]=d

An arrayof?d akfa;} pomters c[3] non-contiguous 1-d arrays

Series : 8 Applications 15 Young Won Lim
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2-d array access using int (*p)[4] non-contiguous 1-d arrays

INt (*p) [4] = &a, Type Definition

Access Method

(*(p+m))[n;

Il
=2
E]
E)

p assignment
sizeof(p)= 8 X o, © P (0] B
sizeof(*p)= 16 = 4*4 I (O] p=X
sizeof((*p)[0])= 4 (*(p+0))[2]
(("p)IO]) TR
p+1l *(p+1) .—>! ]
contiguous index : m, n 'V ;
1 : equivalence
o
S b eeeenod
P ° p+2 pr2)® B
'A1-d array pointer : : a, b, ¢, d : non-contiguous
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Comparision

A 1-d array p of integer pointers

. p & > p[0] e > *(p[0]+0)
p[l] * *(p[0]+1)
p[2] ¢ *(p[0]+2)
anamay p *(p[0]+3)
—>{_*(p[1]+0)
*(p[1]+1)
AN *(p[1]+2)
N *(p[1]+3)
—>=_ *(p[2]+0)
*(p[2]+1)
*(p[2]+2)
*(p[2]+3)
A 1-d array pointer p
[(p > e+ -[PI0
an array pointer p I BO >
,,,,,,,,,,,,,,,,,,, p[0][3
,,,,, p[1] ¢ *| p[i][0
pl1][1
I p[1][2
,,,,,,,,,,,,,,,,,,, p[11[3
~p[2] = = p[2][0
must be contiguous I p[2][1
p[2][2
p[2][3

Cp o= *p s = (plo* > _(*p)0][0
oI
. *p

an array pointerp ol
Cpldle— | _CpIi]o

(*p)[1][1

(*p)[1][2

,,,,,,,,,,,,,,,,,,, (*p)[1][3]

,,,,, *p)2]e—=L_(*p)[2][0]

must be contiguous (p)[2][1
(*p)[2][2

(*p)[2][3

An array p of 1-d array pointers
p__e» plopel = *plo] = [ CploD[O
p[1] ¢ | g*p 8 ;%
o AN *p

anamayp g2l {plopi2
> *p[d] e[ _(*p[1])[O
*p[1][1]

(*p[1][2

,,,,,,,,,,,,,,,,,,,, (*p[1][3

> *p[2] > _(*p[2])[0

(*p[2])[1

(*p[2])[2

(*p[2])[3

Series : 8 Applications
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2-d array access over non-contiguous 1-d arrays

int *p[4] ={4a, b, c,d} Type Definition
*(p[m]+n) = p[m][n] Access Method
int (*p[4))[4] = { &a, &b, &c, &d }; Type Definition
CplmDIn;  ¢p)[mi[n];
Series : 8 Applications 18 Young VYSEMS
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Example of 2-d accessing non-contiguous 1-d arrays

int a[4] = {1,2,3,4};

int c[4] = {9,10,11,12}; » G,
int b[4] = {5,6,7,8}: b
int d[4] = {13,14,15,16};

b, d : contiguous
c, d : non-contiguous

incorrect results

int (*p)[4] = {a, b, c, d}; int (*p)[4] =
printf(" %d", p[i]{i]); printf(* %d", p(i]0l);
No correct syntax
int (*p[4])[4] = {&a, &b, &c, &d; int (*p)[4][4] =X
printf(" %ed”, (plIDD]): printf(" %d", (*p)[iI0);

printf(" %d", (*p)[1]0D):;

Series : 8 Applications 19 Young Won Lim
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Accessing contiguous and non-contiguous 1-d arrays

A 1-d array p of integer pointers A 1-d array pointer p
int *p[4]; int (*p)[4];
p e o | Pint _p o ' Ldarayname
an array p p[l] © | P int an array pointer p
p[2] e P int
p[3] o P int

non-contiguous 1-d arrays are ok Only for contiguous 1-d arrays
A 2-d array pointer p An array p of 1-d array pointers
. . 5 * [ .
int (*p)[4][4]; int (*p[4])[4];
D o | "» 2.daray name _p__ e > po *| » 1darayname
an array pointer p an array p 1l 1-d array name
p[2] ® b 1-d array name
p[3] ¢ P> 1-d array name
Only for contiguous 1-d arrays non-contiguous 1-d arrays are ok
Series : 8 Applications 20 Young Won Lim
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Relaxing contiguity constraints

A 1-d array p of integer pointers

Int *p[4];

,,,,,,,,, P pl0] e int these allocations can relax the
an array p Pl © P int contiguity constraints of 1-d arrays
p[2] e  Pint |
\ p[3] F%y

non-contiguous 1-d arrays are ok

An array p of 1-d array pointers
int (*p[4])[4];
o e el g e e ovdaymame

.7
these allocations can relax the an array p p[l] * » 1-darray name
contiguity constraints of 1-d arrays p[2l ® > l-darray name
p[3] e P 1-darray name

N R

non-contiguous 1-d arrays are ok

Series : 8 Applications 21 Young Won Lim
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Dynamic memory allocations

* Using a single pointer

* Using an array of pointers

» Using pointer to pointer (double pointers)
* Using double pointer and one malloc call

* Using a 1-d array pointer

* Using a 2-d array pointer

* Using an array of 1-d array pointers
* Using a 2-d array of pointers

Series : 8 Applications 29 Young Won Lim
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Dynamic memory allocation methods ()

1) using a single pointer

int *a = (int *) malloc(4 * 4 * sizeof(int)); *(@ + i*4 +j) = i*4+j;

2) using an array of pointers

int *a[4];
for (i=0; i<4; i++)
a[i] = (int *) malloc(4 * sizeof(int)); afilfj] = i*4+j;

3) using pointer to pointer (double pointers)

int **a = (int **) malloc(4 * sizeof(int *));
for (i=0; i<4; ++i)
a[i] = (int *) malloc(4 * sizeof(int)); a[il[j] = i*4+j;

4) using double pointer and one malloc call

int siz = sizeof(int *) * 4 + sizeof(int) * 4 * 4;

int **a = (int **) malloc(siz);

int *p = (int *) a + 4*sizeof(int *) | sizeof(int);

for (i=0; i<4; i++) a[i] = p + 4*i; afi][j] = i*4+j;

https://www.geeksforgeeks.org/dynamically-allocate-2d-array-c/

Series : 8 Applications 23 Young Won Lim
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Case 1) 1-d access

int *a = (int *) malloc(4 * 4 * sizeof(int)); *(@ + i*4 +j) = i*4+j;

a[0]
a[1]
a[2]
a[3]
af4]
a[s]
a[6]
a[7]
a[8]
a[9]
J a[10]

sizeof(a)=8 an int pointer

A pointer .

Series : 8 Applications 24 Young Won Lim
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Case 2) an array of integer pointers

int *a[4];
for (i=0; i<4; i++)
a[i] = (int *) malloc(4 * sizeof(int)); alil[j] = i*4+j;
a[o] m—
\/a[O]IO]
: _ , : a[o][1]
sizeof(a)=32 an array of int pointers 2[0112]
a[0][3]
a[1][0]
a1
al2]
— a[1][3]
,,,,,,,,, a o P a0 @ ‘a[2][0]
al] @ a[2][1]
a2 & a[2][2]
a[3] | a[2][3]
A 1-d array of pointers : :
Series : 8 Applications 25 Young Won Lim
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Case 3) an integer pointer array

int **a = (int **) malloc(4 * sizeof(int *));
for (i=0; i<4; ++i)

a[i] = (int *) malloc(4 * sizeof(int)); a[i][j] = i*4+j;
al0] —

#[0][91

sizeof(a)=8 an int double pointer #[0][11]

sizeof(a[0])=8  an int pointer aloli2]

sizeof(a[1])=8  an int pointer a[0][3]

sizeof(a[2])=8 an int pointer a[1][0]

sizeof(a[3])=8 an int pointer a[1][1]

a[1](2]

,,,,,, R a[1][3]

A _ > alo] a[2][0]

a[l] af2][1]

a[2] a[2][2]

a[3] | a[2)[3]

A d(ijuibilieip;)iin:[e;r o o . .
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Case 4) an integer pointer array

int siz = sizeof(int *) * 4 + sizeof(int) * 4 * 4;
int **a = (int **) malloc(siz);
int *p = (int *) a + 4*sizeof(int *) | sizeof(int);

for (i=0; i<4; i++) a[i] = p + 4*i; a[i][j] = i*4+j;
| ‘ a [ } »1 a a[o] [ =
| - al]l e
\ | a2] @
| | a[3]
_ p ol » a0 | al0][0]
A double pointer | %‘[O][L}]
R a[0][2]
a[0](3]
| | _ an | afajo]
sizeof(a)=8 an int double pointer a1l
s!zeof(a[O]):S an !nt po!nter A][2]
sizeof(a[1])=8 an int pointer é{[l][sj

sizeof(a[2])=8 an int pointer
sizeof(a[3])=8  an int pointer a2 | allio]
sizeof(p)=8 an int pointer a[2](1]
al2][2]
a[2][3]

Series : 8 Applications 27 Young Won Lim
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Dynamic memory allocation methods (lI)

5) using a 1-d array pointer

int (*a)[4] = (int (*)[4]) malloc(4 * 4 * sizeof(int)); a[il[j] = i*4+j;

6) using a 2-d array pointer

int (*a)[4][4] = (int (*)[4][4]) malloc(4 * 4 * sizeof(int)); a)[illj] = i*4+j;

7) using an array of 1-d array pointers

int (*a[4])[4];
for (i=0; i<4; ++i)
a[i] = (int (*)[4]) malloc(4 * sizeof(int)); (*a[il)[j] = i*4+j;

8) using a 2-d array of pointers

int *a[4][4];
a[0][0] = (int *) malloc(4 * 4 * sizeof(int));
for (i=0; i<4; ++i)

for (j=0; j<4; ++j)

a[i][j] = a[0][0] + (i*4 + j); *a[i][j] = i*4+j;
Series : 8 Applications 28 Young Won Lim
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Case 5) a 1-d array pointer

int (*a)[4] = (int (*)[4]) malloc(4 * 4 * sizeof(int));

a[i]li] = i*4+j;

a
sizeof(a)= 8 > a e (@)
sizeof(*a)= 16 = 4*4 ((a+o)i1]
sizeof((*a)[0])= 4 (@02l
((a+oi3]
arl *atl) P (*(@+1)I0]
((arD)i]
(@+)[2]
S ¢E+D)3]
| _a _ arz Ma+2) © P ((@+2)I0]
((a+r2)1]
| ((a+2)[2]
\ Y (*(a+2))3]
A 2-d array pointers : .
Series : 8 Applications 29 Young Won Lim
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Case 6) a 2-d array pointer

int (*a)[4][4] = (int (*)[4][4]) malloc(4 * 4 * sizeof(int));

(*a)[ili] = i*4+j;

(*a)

sizeof(a)= 8 (a) o > (a e > (2]
sizeof(*a)= 64 =4*4*4 \(*a)[p][l]
sizeof((*a)[0]) = 16 =4*4 E:;{EE
: . - \
sizeolC2)[Ol[Oh = 4 (sl ()] e B (a)llo]
(2]
(a)L2]
E— L]
a Caez  caf2] * P (a0
(-a)[21[1]
(a)2][2]
I a2
A 2-d array pointers : .
Series : 8 Applications 30 Young Won Lim
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Case 7) an array of 1-d array pointers

int (*a[4])[4];
for (i=0; i<4; ++i)
a[i] = (int (*)[4]) malloc(4 * sizeof(int)); (*a[iD[] = i*4+j;

E1[0) m—
sizeof(a) = 32 = 4*8 > o o o] caoo)
sizeof(al0]) = 8 CalopL)
sizeof(*a0]) = 16 = 4*4 Eﬁka{g}ﬁ
. * _ -al0])
sizeof((*a[0])[0])= 4 ] 0
(a[1][1]
(*a[1])[2]
- — (-a[1)(3]
a e > a0] @ xa2]  ® P (*a)2)[0]
all] @ / (al2)(1]
a2 @ (-a[2)[2]
a[3] | (*a[2])[3]
An array of 1-d array pointers : .
Series : 8 Applications 31 Young Won Lim
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Case 8) a 2-d array of integers

int *a[4][4];
a[0][0] = (int *) malloc(4 * 4 * sizeof(int));
for (i=0; i<4; ++i)

for (j=0; j<4; ++j)

a[i]i] = a[0][0] + (i*4 + j); *a[i]j] = i*4+j;
a N a] e > a0 e | »| +a0]o] sizeof(a) = 128 = 4*4*8
? aof) o | »| a0 sizeof(a[0]) = 32 = 4*8
aolz] ey “alOll2] sizeof(a[0][0]) = 8
v o) e | alolis) sizeof(*a[0][0])= 4
a)] o> amo] e | > o]
I alyiy] e | | al]
] o | > e
v ajj3] e | > aus]
a2] © P apMo] * | P *a2]
’ al21] © | | al2)]
a2l2] * | P *af2]i2]
: aRsl * P aR)E

Series : 8 Applications
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