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Calculating the Mean of n Numbers

The mean of N humbers 1 =2
m = — X
N i=0
4
1 1
m = =D x = =(x;¥x,+x,+x,+X,)
5 variables

X0 — x[1] ~ x[2]  x[3]  x[4]
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Definition of an Array

Int  x [5];

Array Type "~ Array Name
int [5] X
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Element Type

Int x|[3];

Array Type ~ Array Name  a constant
int [5] X Value: the starting address of
5 consecutive int variables

Int x|[5];
Element Type Element
Int X[i] 1=0,...,4
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Using an Array

nt x|[5]; -
Int X [5] , Element Type : int

mvaravies Y0 [I] o .4
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Accessing array elements — using an index

Int X[5];

X IS an array
with 5 integer elements

5 int variables

iIndex data

4 4

0 X[0] Xy
1 X[1] X
2 X[2] X,
3 X[3] X5
4 X[4] X,
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Accessing array elements — using an address

Int X[5];

X holds the starting address
of 5 consecutive int variables

_ _ address data
5 int variables iyl iy

. tch

index  data ddress X - *X
a a (constant) X+1 —> *(x+1)
0 X[0] X+2 —> *(x+2)
L X[] X+3 —> |  *x+3)
2 X[2] *(x+4
3 X[3] X+ 4 —> (x+4)
4 X[4]
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Index and Address Notations

Int X[5];

X holds the starting address
of 5 consecutive int variables

X[i] or *(X-+i)

x[i]

X+I
*(X+i)

1. Arrays

. an index variable [0..4]
. the (i+1)" element value

. the starting address
. the (i+1)™" element’s address
. the (i+1)th element value
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A variable expressed by another variable

INnt

X[5];

X holds the starting address
of 5 consecutive int variables

read

read

treated as a variable

X[ 1]

*(X+ l

write

write

~_ _anindex variable i

1. Arrays
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Computing the sum of n numbers (1)

sum = 0; sum : 0O; sum = 0;
for (I=0; I1<5; ++1)

— + x[il:
sum = sum + x[0]; sum : X sum = sum + x[i;
sum = sum + x[1]; sum X +X,
sum = sum + x[2]; sum : X +X +X,
sum = sum + x[3]; sum @ X +X +X,+X,
sum = sum + x[4]; sum @ X +X +X, +X +X,
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Computing the sum of n numbers (2)

1* Iteration 2™ Iteration  ,, 3“Iteration 4" lteration =, 5"lIteraton 6" Iteration

(S=0, i=0) (S=2, i=1) (S=6, i=2) (S=12, i=3) (S=20, i=4) (S=30, i=5)
<5
yes yes yes yes yes NO
S « S+X, SHS+X1 SHS+X2 SHS+X3 S<_S+x4
\J
Final result
(S=30, i=5)
Xo=2,
sum = 0; e — 1 0 | 1 ; 3 | 4
N - : X,=6, |
for (i=0; i<5; ++|)_ =8, X 2 | 4 | 6 | 8 | 10
sum = sum + Xx]iJ; X,=10 S 0 2 6 12 20 30
1. Arrays Young Won Lim
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Using Array Names

declaration

int A[3]={1,2 3}

accessing elements

A [0] = 100;
A [1] = 200;
A [2] = 300;
A[m] = 100 * m;
m=0,1,2
1. Arrays

13

intA[]1={1,2, 3%

a function argument

func( A );

func(intx [1){...}

Young Won Lim
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Array Initialization (1)

Int a [5] ; uninitialized values (garbage)
nta[5]={1,2,3}; ={1,2,3,0,0}
inta[5]={0}; ={0,0,0,0,0}

All elements with zero
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Array Initialization (2)

inta[5]={1,2,3,4,5} sizeof(a) = 5*4 = 20 bytes

intb[]={1,2,3,4,5}; sizeof(b) = 5*4 = 20 bytes

IN ];

intc[3][4]={{1, 2, 3, 4}, sizeof(c) = 3*4*4 = 48 bytes
{5,6,7, 8}
{9,10,11,12} };
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Abstract data x

Int X[5];

X holds the starting address
of 5 consecutive int variables

Abstract Data x

adaress x x[0]
X[1]
X[Z] sizeof(x) = 5 * sizeof(int)
X[3]
x[4]
1. Arrays 16 Young Won Lim

7/2/22



Abstract data x as a pointer

Int X[5];

X holds the starting address
of 5 consecutive int variables

Abstract Data x

&X _d ______ . .
_____ X e &X[ﬁ x[0] pom_ter relation
x[1] X = &x[0]
x[2] *x = X[0O]
X[3] value(&x) = value(x) = value(&x[0])
X[4] the starting address of 5 consecutive int variables
not a real pointer x
1. Arrays 17 Young Won Lim
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Accessing an Array with a Pointer Variable

Int *p = X;

int x [5] ={ 80, 90, 40, 70, 60 };

&p

X is a constant symbol
cannot be changed

p is a variable
can point to other addresses

GX X e 80 x[0] *(x+0) p[0] *(p+0)
90 X[1] *(x+1) p[1] *(p+1)
40 X[2] *(x+2) p[2] *(p+2)
70 X[3] *(x+3) p[3] *(p+3)
60 X[4] *(x+4) p[4] *(p+4)
1. Arrays 18 Young Won Lim
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An Array Name and a Pointer Variable

Int x [5]; Int *p;
X: an array name (constant) p: an variable name
Value: the starting address of Value: the address
5 consecutive int variables of an int variable
&x [ X ., *(x+0) &p P |
x+1 *(X+ 1)
X+2 *(X+2)
X+3 *(X+3)
x+4 | X(X+4) Pl *p
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Out of range index

Int x [5]; int *p,

X—2 ? _ 2 ?

X—1 7 P- 7

ax X fj’ *(X+O) p *p

X+1 *(X+1) p+1 ?

x+2 | ¥(X+2) pt2 | ?

x+3 *(X+3) p+3 ?

x+4 | ¥(X+4) prd | ?

X+5 ? p+5 ?

x+6 ? p+6 ?

A programmer’s responsibility

1. Arrays Young Won Li
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Assignment of an address

Int x [5]; Int *p;

>< address
& | x == x[0] &p p address
x+1 X[ 1]
X+2 X[ 2]
x+3 X[ 3]
x+4 X[4]
X is not a variable p is a variable

but a constant symbol

has an allocated memory location
x and &x give the same
value of &x[0] its value can be changed

This address is embedded
as a constant in the executable file
and cannot be changed
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Int x [5] ; Int *p;
@ [ x e x[01] | e [ p |-
x+1 X[l]
x+2 | x[2] > Sizeof(x)
x+3 X[3]
x+4 X[4] )

sizeof(x) = 5 * sizeof(int) sizeof(p) = size of a pointer
=4/ 8 bytes
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Pointer variable can point different locations

0x1200
0x1204
0x1208
0x120C
ox1210

*(p+0)

*(p+1)

*(p+2)

*(p+3)

*(p+4)

&p P& &p P&
p+0 [*(p+0) OxFFOO0 |*(p+0)
p+1 [*(p+1) OxFF04 [*(p+1)
p+2 [*(p+2) OxFF08 [*(p+2)
p+3 |*(p+3) OXFFOC |*(p+3)
p+4 |*(p+4) oxXFF10 |*(p+4)
1. Arrays 23 Young Won Lim
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Pointer to an integer

Int x [5]; Int *p;
---------- &p T
X— 2 ? p_ 2 2
lq 7 p-1 ?
ex [ X o] *(x+0) 0 >
x+1 *(X+1) p.|.1 )
x+2 | ¥(X+2) p+2 o)
x+3 | ¥(X+3) p+3 ?
x| ¥(x+4) p+4 2
X+5 ? p+5 ?
Xx+6 ? p+6 )
*p = *X: p=x;
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Pointer to an array

int x [5] ; int (*q) [5] ;
.................... &q q - g is a pointer variable that
w2| 2 | TTTeell points to an array with 5
e 1 > T integer variables
1 x e H(x30) a | *qei- (q)l0]
o [Fx+1) o[ (Fq)[1]
w2 [ F(x+2) a2 (Fq)[2]
s [FxE3) o3[ (Fq)[3]
x+4 [FOCHA) a4 (*q)[4]]
X+5 ?
X+6 ?
*q=x; q= &

* not frequently used feature
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Copying an Array to another Array

Nt x[5]={1, 2, 3,4,5};

inty [3] ;

y =X

& | y .> y[0] < | X .» x[0] for (i=0; i<5; ++i)
y[1] < x[1] y[i] = x[i];
y[2] - X[2]
y[3] . x[3]
y[4] - X[4]
1. Arrays 26 Young Won Lim
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Comparing an Array with another Array

Nt x[5]={1, 2, 3,4,5};

inty[5]={1, 2, 3,4,5};

X ==Y

& | y ., y[o] &x | X ., X[O] EQ:]_;
y[1] x[1] for (i=0; i<5; ++i)
y[2] x[2] EQ &= (y[i] == x[i]);
y[3] x[3]
y[4] x[4] |
1. Arrays 27 Young Wo7r}2I7i2nZ1



Initialized Character Arrays and Pointers (1)

chars[5]={'a','b, 'c','d, 0};
char s [5] = “abcd”;

char *p = “xyz”

& | p e
& , — a compiler determined

S S o™ a constant address ///%
s+l b a constant character /”/(/
st2| 'C string (array) /%
S+3 Idl ﬂ
s+4 0

of any element S[O] — 'm'; value of any element ] — 'm';
of a constant array
1. Arrays 28 Young Won Lim
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Initialized Character Arrays and Pointers (2)

chars[5]={'a','b, 'c','d, 0};
char s [5] = “abcd”;

char *p = “xyz”, *q = “MNQO” ;

\/ SRR | p &
AN
& | s &

s+1 b’ q % %

s+2 'c' W /'%

s+3 'd' /M M

S O constant area constant area

s cannot be assigned M p can be assigned P = (,
1. Arrays 29 Young Wo7r}2I7i2nz1



Assigning a constant character string

chars[5]={'a','b, 'c','d, 0};
char s [5] = “abcd”;

char *p = “xyz”

N/ @ | _pra
/N
&S S \> 'a'
"""""""" | b T 7%
s+3 'd’ O /%
s+4 0 0 W
g. constant string constantarea
SX“MNO” p - “MNO”
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Copying a string

chars[5]={'a','b, 'c','d, 0};
char s [5] = “abcd”;

char *p = “xyz”

&p P ’?\»

s | seir @ *(s+0) = I’ P 1w
s+1] ' *(s+1) =) %% N
2| '¢ *(s+2) = 'K'; 77 o'
w3 g *(s+2) = "\0"; % 0
s+4 0 constant area

p: constant string strcpy (p, “IIK”); ><
strcpy (s, “1IK”); r: non-constant string ~ strcpy (r, “IJK”);
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Uninitialized Character Arrays and Pointers

char s [5];
char *p;
S = %{. char * const s S cannot point to other location
p = “xXyz”; const char * p
strcpy (s, “abc”);
AN p points to a string constant
strcpy (p><abc ); which cannot be changed
X &p KN
& | S v» lal >|<(S+O) — |a|;
s+1]_'p! *(s+1) = 'b’; b V)~ *(p+0) = 'a’;
s+2 | ¢! *(s+2) ='c’; /A// = *(p+1) = 'b";
s+3 | 'd' *(s+3) ="\0"; g ) = *(pt2) = '
+4] 0 0" *(p+3) = \0'

constant area
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Arrays of Pointers

char * S [4] = { “Seoul”, “Tokyo”, “Paris”, “LA™};

& | s &= s[0] * |
s+1 S[l'l .
S+2 S[Z'l o |
+3] s3]
1. Arrays

S[3]

~ s VA&7

- s[o]

S[1]

i

i MR

33
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Al ] Notation

1. An array definition with initializers

intx[]={1,2,3} +  Intx][3]

2. A formal parameter definition in a function

func(intx[]){...} ~Int*constx (x . a constant)

compatible == int*p (p : a variable)

1. Arrays 34 Young Won Lim
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Al ][n] Notation

1. An array definition with initializers

ntx [1[8]1={{1,2, 3},{456}} ~ intx[2]3]

2. A formal parameter definition in a function

func(intx[][3]){...} int (*constx)[3] (constant)

not compatible mm) Nt **p (variable)

1. Arrays 35 Young Won Lim
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Passing 1-d Arrays — using 0-d array pointer

intal[]={1,2 3,4}

value alias

al0] | x0]

. ai] | X1

func( a); a2 | o
a[3] X[3]

func(int (*x) ) {

&X X=a @-r---

}

or intx||
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Passing 2-d Arrays — using 1-d array pointer

Int b [][3] = { {1, 2, 3}, value  alias
{4,5, 6} }; 5 b[0][0] | v[0][0]

b[o][1] | v[OJ[1]
b[0][2] | v[Ol[2]
b[1][0] [ y[1][O]
b[1][1] | y[1][1]
b[a][2] | vI1][2]

func( b );

func(int (*y) [3]) {

}

orinty [ ][3]
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Passing 1-d Arrays — using 1-d array pointer

intal[]={1,2 3,4}

value alias

alo] | ([0l
. a[1] (*x)[1]
func( &a); a2l | (w2
a3l | (i3]
func(int (*x) [4] ) {
} o &x | x=&a o

or int x [ ][4]

1. Arrays 38 Young Won Lim
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Passing 2-d Arrays — using 2-d array pointer

Int b [][3] - { {1, 2, 3}, value alias
{4,5,6}}; b_ei+{ bl0] | blOO] | (v)[0][0]

b[o][1] | Cy)[OI[1]
b[0][2] | (y)[0][2]
b[1][l0] | Cy)[LI[O]
b[1][1] | Cy)[L][1]
b[a][2] | Cy)I[Ll2]

func( &b );

func(int (*y) [2][3]) {
) &y | y=&b o]

orinty [][2][3]
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Passing an individual element by value

inta[]={1,2,3,4};

func(

func(int x ) {

}

1. Arrays

a[3]);

int b [][3] ={{1, 2, 3},

func(

b[0][1]

func( int ;) {

}

40

4,5, 6} };

);

Young Won Lim
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Passing an individual element by reference

inta[]={1,2,3,4};

func( &al3]);

func( int *x ) {

}

1. Arrays

int b [1[3] ={{1, 2, 3},
4,5, 6} 1

func(/&b[0][1]);

func( int *y) {

}

Young Won Lim
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Array Type definition

typedef int AType [4] ;

AType A, — intA[4];
A [0] = 100; SA 1 A= ALO]
a1 — . A[1]
A :1: = 200: A
A 2] = 300; A[3] |
A [3] = 400;

1. Arrays 42 Young Won Lim

7/2/22



Pointer to Array Type definition

typedef int AType [4] ;
AType A, *q;

int A[10] , int (*0)[4] ;

typedef int (* PType) [4] ;

int ("p)[4] ;

PType p;

1. Arrays 43 Young Won Lim
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Pointer to Array Type definition

g=&A;
typedef int AType [4] ;
AType A, *q RN

________ A e A0]
int A[10], int (*q)[4] ; ﬁg}
AL3] |
P o

typedef int (* PType) [4] ;

p=&A;
PType p; 0=q:

int ("p)[4] ;

1. Arrays 44 Young Won Lim
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Int a [4];

int ¢ [3] [4],

* Types of array hames
 Values of array names

1. Arrays 45 Young Won Lim
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2-d array definition

int ¢ [3][4];

A matrix view

Functions

col O coll col2 col3
row 0| ¢ [0][O] | c [O][1] | c [O]]2] | c [O]]3
row 1| c [1][0] | c [1][1] | c [1][2] | c [1][3
row 2| € [2][0] | ¢ [2][1] | c [2][2] | c [2][3

46

Young Won Lim
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A 2-D array element address

clij{y] *(c+))ll

*(cli]+) *(*(c+)+))

cijfy] = *(*(e+)+))
&cli])] = *(c+)+)

the address of c[i][j] is *(c+i)+j

1. Arrays A7

ci] *(c+)

cli] = *(c+)

&cli] = c+i

the address of c[i] is (c+i)

Young Won Lim
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A 2-D array element address

R _ _ c[0]+0 = *(c+0)+0
c[illi] *(c+i)) ] G0+ = 01
c[0]+2 = *(c+0)+2
c[0]+3 = *(c+0)+3
* . s L c[1]+0 =*(c+1)+0
(cil+) (*(c+i)+) (o1 = e 41

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

c[1]+3 =*(c+1)+3
cfillil = *Elil+) = *((e+i)+)) T

— e C2]+2 = *(c+2)+2
&clilli] = cfiJ+j =*(c+i)+] C2J+3 = H(c+2)+3

the address of c[i][j] is *(c+i)+j

NNNNERPEBE BSOSO
W NEOWNEOWN RO

O O 0O 0 O 0O 0O 0O o0 0 00

Element address = Row address + Column address

1. Arrays 48 Young Won Lim
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A 2-D array element address

cli]

*(c+)

cli] = *(c+)
&c[i] = c+i

Row address

1. Arrays

49

c[0]

c[1]

c[2]

o—>

o—>

o—>

c[0]+0
c[O]+1
c[0]+2
c[0]+3
c[1]+0
c[1]+1
c[1]+2
c[1]+3
c[2]+0
c[2]+1
c[2]+2
c[2]+3

0O 0 0 0 O 0O O o0 o6 o0 o0

NNNNERPEBE BSOSO
W NEOWNEOWN RO

Young Won Lim
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2-d array as a matrix

int c[3] [4]; row major ordering

col O coll «col?2 col 3

c[o] ¢ g row 0
c[l] e > row 1
cl2] ° g row 2

consider each cJi] as a pointer to the first
element of each 4 element array

- Y W Li
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2-d array stored as a linear array

int ¢ [3][4]; cl0] = c[ol[0]
c :O: :1: row 0
c [0]]2]
c [0][3]
c[l]] &  c[1][O]
¢ :1: :1: row 1
c [1]]2]
c [1][3]
c[2] «—>  c[2][O]
c [2][1]
row :2: :2: row 2
col0 coll col2 col3 address © -
c [2][3
row O B
row 1
row 2

- Y W Li
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Row Address and Element Address

c[0] ®—=  c[0][O] element  c[0]+0 *(c [0]+0)
c [O][1] w0 address c[0]+1 *(c [0]+1) g
c [0][2] c[0]+2 *(c [0]+2) o
c [O][3] c[0]+3 *(c [0]+3)
c[1]] &——  c[1][O cli+0 - *(c [1]+0)
C 1 1 ow 1 c[1]+1 *(c ;1;+1) g
c [1][2] c[1]+2 *(c [1]+2) -
c [1][3] c[1]+3 *(c [1]+3)
c[2] e—  c[2][0] clelx0- - *(c [2]+0)
AZIETN B R S 2O R
row c [2][2] c[2]+2 *(c [2]+2) N
address c [2][3] cl2l+3 | *(c [2]+3)
row address + column address
Functions 52 Young e
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A 2-d Array — an index view

int ¢ [3] [4];
*(c+i) = cfi] *(*(c+i)+j) = c[i][j]
& C
e+ | cIi] l
anrv;SS . .
clilti | *(c[i]+j)
column
address
Functions 53 Young W



A 2-d Array — an index view

int ¢ [3] [4];

*(c+i) = cfi] *(*(e+)+1) = cli]i]
& C
>
(c+i) | cfi] }
address .

cliltj | *(c[il+))

column
address

sizeof(c[i]) sizeof(c[i][j])

- Y W Li
Functions 54 o 22



A 1-d array pointer — extending a dimension

int ¢ [3][4];

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

q 2" dim
~C e > c[0 > clo]O] 0][1 c [0][2 c [01[3
el 1] > c[1][0] 1)1 1][2 1][3
¢ cl 20 > c[20 211 2][2 2l[3
1% dim
- >
1-d array names 1-d array elements

- Y W Li
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A 1-d array pointer — extending a dimension

int (*p) [4] ;

1-d array pointer

D o can be viewed as a 2-d array nhame
. an additional dimension is extended

q 2”d dim
" *(p+0) ® > p[0][0] p[0][1] p[0][2] p[0][3]
"t *(p+1) > p[a][o] p[][1. p[1][2 p[1][3
"5 *(p+2) © > p[2][0] p[2][1] p[2][2 p[2][3]
31 X(p+3) * = p3IO p[3][1] p[3][2] p[3][3]
15 dim (XX XX XX (XX XX
- >
1-d array names 1-d array elements

Young Won Lim
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Nested arrays

Int ¢ [4][3] ;

int c[4]

[3] ;

c: an array of

integer pointers

an imaginary array
int c[4][3] does not allocate c[0], c[1], c[2], c[3] in the memory

Functions

57

c[0]+0
c[0]+1
c[0]+2
c[1]+0
c[1]+1
c[1]+2
c[2]+0
c[2]+1
c[2]+2
c[3]+0
c[3]+1
c[3]+2

*(c [0]+0)

*(c [0]+1)

*(c [0]+2)

*(c [1]+0)

*(c [1]+1)

*(c [1]+2)

*(c [2]+0)

*(c [2]+1)

*(c [2]+2)

Young Won Lim
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2-d Array : rows of 1-d arrays

_______________ C o+ (0] « - 00 | +(c[010)
c[0]+1 *(c [0]+1) |
clol+2  *(c[0]+2)

"""""" c[1] o— . C[1]+0 *(c [1]+0)
""""""""""""""""""""""" c[1]+1 *(c [1]+1)

int c[4] | [3]; L2 *(C[L+2)
"""""" c[2] > c[2]+0 *(c [2]+0)
"""""""""""""""""""""""" c[2]+1 *(c [2]+1)
c[2]+2 *(c [2]+2)

........... c[3] - - C[3]+0

c[3]+1
c[3]+2

- Y W Li
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Pointer to 1-d arrays

3-element 1-d array type

 pa— THp+0) e P o0 | xcoj+0)
c[0]+1 *(c [0]+1)
e [0]+2)

P of | ) e v el

il | *(c[A+Y)

c[1]+2 *(c [1]+2)

int (*n) [3] : R | |
(*p) [3]3 U xpr2) — Pl 2140 *(c [2]+0)
"""""""""""""""""""""""" c[2]+1 “(c [2]+1)

p =C, c[2]+2 *(c [2]+2)
R -

|

c[3]+1
c[3]+2

- Y W Li
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Nested array declared explicitly

c[0]+0 *(c [0]+0)

typedef int row [3] ; c[0]+1 *(c [0]+1)
: c[0]+2 *(c [0]+2)

row ¢ [4] ’ c[1]+0 *(c [1]+0)
c[1]+1 *(c [1]+1)

c[1]+2 *(c [1]+2)

: : c[2]+0 *(c [2]+0)
ik C[4] [3] ’ c[2]+1 *(c [2]+1)
c[2]+2 *(c [2]+2)

c[3]+0 *(c [3]+0)

c[3]+1 *(c [3]+1)

c[3]+2 *(c [3]+2)

an allocated array

row c[4] allocates 4 array pointers in the memory

- Y W Li
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Nested arrays

4 int [4][3] int [3] N int (*) [3] int (*) A int
c ol = = O
> c [O][1]
J e | c [0][2]
. N -
J Vlew ) o | c [1][2]
c[2] c[2]o——> c [2][0]
. c [2][1]
J R | c [2][2]
c[3] . c[3 ]o—> c [3][0]
g c [3][1]
AddreSs view c 3112
- VAN /
sizeof(c) = sizeof(c[i]) * 4 c = c[0] = &c[0][0]

c[1] = &c[1][0]
c[2] = &c[2][0]
c[3] = &c[3][0]

Young Won Lim
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Nested arrays

Size view ——» int [4][3] int [3] _
Address view ——» int (*) [3] int (*) int
_______ c_o——> cl0] e——» c[O]o]
| c [0][1]
5|Ze View * AddreSS View C10I2]
Cl1] e——»| c[1][0]
c [1][1]
c [1][2]
c[2] e——| cl2[0]
c [2][1]
c [2][2]
3] e——+| ci3lo]
c [3][1]
c [3][2]

an imaginary array
int c[4][3] does not allocate c[0], c[1], c[2], c[3] in the memory

Young Won Lim

Functions 62 72122



Nested arrays

int [3] _ |
int (*) [3] int int (*) int
_______ c o~ cl0] e—— c[Oll0] 0] e——>] c[0]o]
c [0][1] c [0][1]
¢ [0][2] c [0][2]
c[1] e——» c[0] C[1] e——=| c[1][0]
c [1][1] c [1][1]
c [1][2] c [1][2]
c[2] e——={ c[2][0] 2] e——>| _c[2][0]
c [2][1] c [2][1]
c [2][2] c [2][2]
c[3] e——=| c[3I0] c[3] e——»| cI3I0]
¢ [3][1] c [3][1]
¢ [3][2] c [3][2]

an imaginary array
int c[4][3] does not allocate c[0], c[1], c[2], c[3] in the memory

Young Won Lim
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Types of multi-dimension array names

Int a;

int b [4];
int  c [4][5];
int  d[4][5

1[6];

a ..

o int [4][5]

INt

o int [4]

.- int [4][5][6]

Int
int (*) int *

int (*)[5

int (*)[5][6]

Functions

array types

specific types

64

array pointer types

general type

Young Won Lim
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Relaxing the 1% dimension

cint[2]  *int[2)[5] * int[2][5][6
cint[3]  *int[3)[5] * int [3][5]6
cint[4]  *int[4][5] * int [4][5][6
[ [ [
[ [ [
[ [ [
ot it int()s]e
Functions 65
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Differences in pointer types — int[4], int[ ], int *

type(int [4]) = type(int []) = (int *) intj4 e > int T
sizeof(int [4]) = 16 = 4*4 | int
Int
int |
int[] e > int T
sizeof(int ) int
int
Int * ° int
sizeof(int *) = 8 ~ ] INt 1 ~
int o
int
int #
an incomplete type

- Y W Li
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Differences in pointer types — int[4],Iint[ ], Int *

sizeof(int (*)) = 16 = 4*4

int()e = int
int
int
int
“sizeof(int [])
int * °
int
sizeof(int*) = 8 int
int
int

Functions

sizeof(int [4]) = 16 = 4*4

int [4]

int

int

int

int

Int[]

67

int

int

int

int

an incomplete type
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Types of array names

Int a 4] ; a is the name of the 1-d array int [4]
start address = &a[0] sizeof(a) =4 * 4
INt c [3] 4] ; c[i] is the name of the 1-d subarray int [4]
start address = &cli][0] sizeof(c[i])=4*4
Int C [3] [4] c is the name of the 2-d array int [3][4]
start address = &c[0][0] sizeof(c[i])=3*4*4
Functions 68 Young Won L



Values of array names

i t 4] : the value of a is the starting address int (*)
IN : :
of a4 element array of int type
a: pointer to the first element &a[0] =a
int C [3] [4] ; each value of c[i] is the _starting address int (*)
of a4 element array of int type
c[i]: pointer to the first element &c[i][0] = c[i]
int C [3] [4] the value of c is the star:[ing address int (*) [4]
of a 3 element array of int [4] type
c: pointer to the first element &c[0]=c
Functions 69 Young e
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Array and pointer types in a 1-d array

int [4]

int | a | [4] A al0]

all]

al2]

a 1-d al.‘ray A[3]

type : nt [4] no physical real consecutive

size @ 4*4 memory locations memory locations
int (*) int

Int a [4] a O—1 al0]

””””””””””””””””” a[1]

a 0-d array pointer (virtual) al2]

type : int (¥) a[3]

size : 44 g, e

a points to the 1% int element
there are 4 int elements

Young Won Lim
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2-d array type

int [3][4]
c c[O]

[0][0]
[0][1]
[0][2]
[0][3]
C 2-d array C[i]ﬁ)}
type . int [3][4] cflj[Z]
size : 3 *4*4 c[1][3]

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

real consecutive
memory locations

nt | c| (3] [4]

O 0O 0O 0O 0

c[1]

no physical memory locations

- Y W Li
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1-d array pointer type

INt C

[3]

int [4]

[4]

C 1-d array pointer (virtual)

type : int (*) [4]
Size : 3 *4*4

c points to the 1% int [4] element
There are 3 int [4] elements

Functions

int (*) [4]

c[O]

c[O][O]

c[O][1]

c[O0][2]

c[0][3]

c[1]

c[1][0]

c[1][1]

c[1][2]

c[1][3]

c[2]

c[2][0]

c[2][1]

c[2][2]

cl2][3]

no physical memory locations

712

real consecutive
memory locations
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Limitations

No index Range Checking

Array Size must be a constant expression
Variable Array Size

Arrays cannot be Copied or Compared

Aggregate Initialization and Global Arrays

Precedence Rule

Index Type Must be Integral

1. Arrays 73 Young Wo7r)2I7i2r2
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