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* Array declaration

* Accessing array elements
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Computing the mean of N numbers

The mean of N humbers 1 =2
m = — Xi
N i=0
1< 1
m = Ein = §<X0+X1+X2+X3+X4)

=0

5integer variables  x0]  x[1]  x[2]  x[3] x[4]

5 indices 0 1 2 3 4
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Definition of an Array

Int x [5];

Array Type "~ Array Name
int [5] X

5integer variables  x[o]  x[1] = x[2] = x[3] = x[4]

5 indices o0 |1 2 3| 4
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Element Type

Int x|[3];

Array Type ‘. Array Variable (constant)

int [5] X Value: the starting address of
5 consecutive int variables

|
Int X |o];
]
Element Type Element Variable Index Variable
int x[i] i
Series 2: 6 Young V\/5(7£14|7|2n2r
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Using an Array

Int x|[9];
Int Xx|[39];
e X

meaningful only for
1=0,...,4

Array Type int [5]
Array Variable X
(constant)

[5] is declared and
[0], [1]. [2], [3]. [4] are used

Element Type int

Element Variable X[i]
Index Variable i

Series 2: 7
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Accessing array elements — using an index

Int X[5];

X Is an array of 5 integer elements

5 int variables

iIndex data
1y iy
0 X[0] Xy
1 X[1] X4
2 X[2] X5
3 X[3] X5
4 X[4] Xy
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Computing the sum of n numbers (1)

sum = 0; sum
sum = sum + x[0]; sum
sum = sum + x[1]; sum
sum = sum + x[2]; sum
sum = sum + x[3]; sum
sum = sum + x[4]; sum

treated as an int variable

Series 2:
Arrays

: 0;

- Xo

x

- 1 Xo

sum = 0;
for (i=0; I<5; ++i)
sum = sum + X]iJ;

+ X1

b

: Xo+ X1+ X>

b

r Xo+X1+X2 +X3

!

: Xo+ X1+ X2+ X3+ Xa
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Computing the sum of n numbers (2)

x[0] = 2; X[1] = 4; X[2] = 6; X[3] = 8; X[4] = 10;
1% Iteration 2" |teration 3" Iteration 4" |teration 5% |teration 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)
iI<5
yes yes yes yes yes NO
S<—S+Xo S<—S+X1 S<—S+X2 S<—S+X3 S<—S+X4
i~ i+1 i i+1 i~ i+1 i i+1 i —i+1
_ : _ : _ : _ : _ : \J
S=0+2; S=2+4; S=6+6; S=12+8; S=20+10; Einal result
(S=30, i=5)
S=0;
for (i=0; i<5; ++i)
S =S + X[i];

Series 2: 10
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Accessing array elements — using an address

Int X[5];

X holds the starting address

_ _ address data
5 int variables iyl iyl

i cannot change > N

iIndex data address x & X
a iyl (constant) X+l — *(x +1)
0 X[0O] X+2 —> *(x +2)
1 X[l] X +3 — *(x +3)
é EE} X+4 —> *(x +4)
4 X[4]

Series 2: 11 Young Won Lim
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Index and address notations

Int X[5];

X holds the starting address

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

cannot change address x (constant)
assigned by the gcc compiler

x[i]

X+I
*(X+i)

Series 2:
Arrays

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

. the starting address
. the address of the (i+1)" element
. the (i+1)™" element variable
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A variable expressed by another variable

Int X[5];

X holds the starting address

treated as an int variable

read X[ | ] write

read *(X + I) write
A

~__anindex variable i

Series 2: 13 Young Won Lim
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* Two aspects of a 1-d array variable
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Value and size of an array variable

Int X [5] ;

sizeof(x) : the total size of

5 consecutive int variables

8&x X x[0]

X[1]

x[2]

X[3]

x[4]

_/

>~ sizeof(x)

sizeof(x) = 5 * sizeof(int)

subarray partitioning

15

Series 2:
Arrays

X : an array variable name (constant)

value(x) : the starting address of

5 consecutive int variables

&X X &> X[O]
----------------- x+1 Xl
| X[2]

3| X[3]

ot x[A]

value(&x) = value(x)

address replication

Young Won Lim



An array variable as a virtual pointer

Int X [5] ; X : an array variable name (constant)

value(x) : the starting address of

equivalence relations A )
5 consecutive int variables

*(x+0) = x[0]
(x+0) = &x][0]

&x | X 0> X[O]
T xt1|  X[1]
- value(x) = value(&x[0]) x+2 | X[2]
e X+3 x[-3-]
X can be viewed as a pointer x+d X[4]

because x holds the address
of the 1 array element x[0]

Series 2: 16 Young Won Lim
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The address of an array variable

Int X [5] ; X : an array variable name (constant)

sizeof(x) : the total size of
5 consecutive int variables

when an array X is referenced,

ax X x[0] | the address &x of the array x
1 Is the same as the address
X[ ] of the 1 element &x[0] = x
X[2] >~ sizeof(x) : address replication
X[3]
4] |

Series 2: 17 Young Won Lim
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Outside and inside array types

INt X [5] ’ X : an array variable name (constant)
outside of an array x inside of an array x
when an array is referenced when an element of an array is referenced
X has an array type int [5] X can be viewed as a pointer type int (*)
int (*) [5] int [5] e int (%) int
) &x X &x X oo *(x+0) } sizeof(*x)
the type of &X is x+1 *(X+ l)
. int (*)[4] always
sizeof(x) (Y] alway x+2 | *(X+2)
it can never be X+3 *(X+3)
int **
x+4 | *(X+4)
Abstract Data x Primitive Data *x = x[0]
an array an array element

Series 2: 18 Young Won Lim
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Abstract data x and virtual pointer x

Int X [5] ;

X : an array variable name (constant)

outside of an array x inside of an array x

when an array is referenced when an element of an array is referenced

Abstract Data x — an array Virtual Pointer x - pointer to the 1°' element

Address value(&x) = value(x) '« thesame —— »  Address value(x) = value(&x[0])
Size sizeof(x) =5 * sizeof(int) «  thesame — »  Size sizeof(x) = 5 * sizeof(int)
- Type int [5] ¢ different ----»  Type int (*)

int (*) [5] int (*) [5] int (*)
int [5] int

~ &x PRI 4 *(x+0) = x[0]
P \J" """" R x[0) (x+0) = &x[0]

value(&x) = value(x) = value(&x[0])
address replication

equivalence relations

Series 2:
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Using a 1-d array pointer p

Int X [5] ; int (*p) [5] = &x;
referencing the outside of an array x when an array is referenced
int (*) [5] int (*) [5]
& | p & &p | p &
p = &X , assignment (*p) = X dereference
int (*) [5]\, Int [5] int int (*) [5]\, int [5] int
&x | X x[0] *(x+0) ex | *p (*p)IO] | *((*p)+0)
x[1] | *(x+1) Cp)il | *((*p)+1)
X[2] *(x+2) *p)[2] | *((*p)+2)
x[3] | *(x+3) p)3L | *((*p)+3)
X[4] | *(x+4) p)[4] | *((*p)+4)
Series 2: 20 Young Won Lim
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Using a 0-d array pointer q

Int X [5] ; int (*q) =Xx;
referencing the inside of an array x when an element of an array is referenced
int * int *
R LN “@la s
g = X, assignment q =X dereference
int (*) int int (*) int
] x o Hx0) | (0] | x =% *@+0) | a0]
xt1 | *(x+1) | X[1] x+1 | *(q+1) | q[1]
oo [*xe2) | X2 v [*(g+2) | q[2
3 | *(x+3) | x[3] <3| *(q+3) | ql3]
x| *(x+4) | x[4] 4 | *(g+4) | ql4]
Series 2: 21 Young Won Lim



Double pointer variable assignments

Int **p, **q, *r, m, n ; float *d, f;
int ** int **
P e 9 e
,/’/,' Now, ¢ points to
————— / _ _ the same place
_pE&m; / = &r, q =P, where p points
int ',/ ,,,,’
&m m p < &d;
,/’,’ int *
// &r r-e
1 r=4&n;
float * v int
d = &f;
float
af T

Series 2: 29 Young Won Lim
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Double pointer variable assignments

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

int (*) [4]
P e
p = &X;
int (*) [4]
&X

the type of &X is
int (*)[4] always

it can never be
int **

{ int * int

________ X_*1 *(x+0)
il | *(x+1)
xt2 | *(x+2)
xt3 | *(x+3)

when an element of an array x
is referenced, x has inside
array type int (*)

within an array X, the array type
int [4] can be relaxed to int (*)

int **
int (%) [4] 9 ¢
P e
qX &X;
p = &X:
int (*) [4] int [4] int
&x X X[0]
X[1]
X[2]
X[3]
when an array X is referenced,
X has outside array type
int [4]
thus, a pointer to x has
int (*) [4] type
Series 2: 23
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* Initializing an array

* Copying and comparing arrays
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Using arrays

Initialization

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

accessing elements

inta[]={1, 2,3}

a function argument

a [0] = 100; func(a );
a[1] = 200;
a [2] = 300;
func(intx[]){...}
a[m] =100 * m;
m=0,1,2
Series 2: Young Won Lim

Arrays
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Array Initialization (1)

Int a [5] ; uninitialized values (garbage)

a[0]=7?,a[l]=7?,a[2] =?,a[3] =7, a[4] =7?;

intal[5]={1, 2,3},; ={1,2,3,0,0}

a[0] =1, a[l] =2, a[2] =3, a[3] =0, a[4] = 0;

inta[5]={0}; ={0,0,0,0, 0}

a[0] =0, a[1] =0, a[2] =0, a[3] = 0, a[4] = 0;

all elements with zero

Series 2: 26 Young Won Lim
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Array Initialization (2)

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

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

N

()
\4)

sizeof(a) = 5*4 = 20 bytes

sizeof(b) = 5*4 = 20 bytes

must have Iinitialization data

Series 2:
Arrays
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Array Initialization (3)

int c [3][4]={{1, 2, 3, 4},
{5,6,7, 8},
{9,10,11,12} };

intd [ |[4]={{1, 2, 3, 4},
{5,6,7,8}
{9,10,11,12} };

int d [ ]N:{{L 2,3, 4},
{5, 6,7, 8],
{9,10,11,12} };

Series 2: 28

Arrays

sizeof(c) = 3*4*4 = 48 bytes

c[0][0] =1, c[O][1] =2, c[O][2]=3, c[O][3]=4,
c[1][0] =5, c[1][1]=6, c[1][2]=7, c[1][3]=38,
c2][0] = 9, c[2][1] = 10, ¢[2][2] = 11, c[2][3] = 12;

sizeof(c) = 3*4*4 = 48 bytes

d[0][0] = 1, d[O][1] =2, d[O][2] =3, d[O][3]=4,
d[1][0] =5, d[1][1] =6, d[1][2] =7, d[1][3]=8,
d[2][0] = 9, d[2][1] = 10, d[2][2] = 11, d[2][3] = 12;

Only the first dimension
can be unsized

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 } ;

@ L p o

S| x et 80

"""""""""" 90

40

/0

60

x[0]
x[1]
x[7]
X[ 3]
x[4]

*(x+0)
*(x+1)
*(X+2)
*(X+3)
*(x+4)

p[O]
p[1]
p[2]
p[3]
p[4]

X IS a constant variable and
cannot be changed

p is a variable
can point to other addresses

*(p+0)
*(p+1)
*(p+2)
*(p+3)
*(p+4)

Series 2:
Arrays
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Copying an array to another array

: — . y IS a constant variable and
!nt A [5] - { 1’ 2’ 3’ 4’ o }’ cannot be assigned (changed)
inty [3] ;

y =X;

,
2
2
=
=
=
=
=
-
=
=
=
x
=
=
S
S
£
—
—
—~
el
£
~
~

& [y einl y[0] a— & [ x o] x[0] for (i=0; i<5; ++i)
"""""""""" y1] | <e— | [x] ylil = x{il;
y[2] | < x[2]
y[3] e x[3] must copy each element
yl4] | < x[4]
Series 2: 30 Young Won Lim



Comparing an Array with another Array

intx[5]={1,2,3,4,5}

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

X ==Yy EQ &= (y[i] == x[il);

EQ = EQ & (y[i] == xIil);
& |y =i _ylo0] & x = x[0] EQ=1;
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] | must compare each element
Series 2: 31 Young V\E/Sc;£14|7|2n;
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* A string and a character array
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Initialized character arrays and pointers (1)

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

char *p = “xyz”;

char *
&p P o
char [5] char
char * _ _ char
2 : a compiler determined
S S e+ s[0]="a constant address X
) 7N} ) lyl
st1 | s[1]=b a constant string
s+2 | s[2]='c’ (character array)
s+3 | s[3]="d"
s+4 5[4]:0 constant area XYZ
* S | 1. * —_
can change the value Ss=m, cannot change the =
) I .
of any element S[O] ='m': value of any element D
of a constant array
Series 2: Young Won Lim
33 5/14/24

Arrays



Initialized character arrays and pointers (2)

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

char *p =“xyz”, *q = “MNO”;

p=aq; p can be assigned
char * m
char [5] char &q q e« &p P .\
char * \_/
2 ; 0 /\ char char
S D § :'a'
________ S [ ] — q P B
st1 | s[1]='b -
s+2 | s[2]='"c’
s+3 | s[3]="d"
s+4 | s[4]=0 0 .
constant area “MNO” constant area “Xyz”
s cannot be assigned >><C<
i : Y Won Li
Series 2: 34 oung 5(724/|2n;
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Assigning a constant character string

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

char *p = “xyz”;

S><“MNO” ; p —_ “MNOH ;
char
char [5] char &p P Q\/
char * 4
: A\ char char
&s | s i+ sl0)=a p
s+1 S[l]:'b'
st2 | g[2]='c'
s+3 | s[3]='d' p .
s+4 5[4]:0 o
constant area “MNO” constant area XYZ
i . Young Won Lim
Series 2: 35 o
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Copying a string

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

char *p = “xyz” ;

Strcpy (S’ “IJK”); Strcpy (p’ “IJK”); X
S points to non-constant string p: points to a constant string
char *
&p
char [5] char P .\
char * g char
& | .S o7 sl0=a 1 P o
st | s[IED| =13y v
2 [ s[2]=¢ K, K
7\
s+3 | s[3]="d' \0": 0 =0
s+4 s[4]=0 constant area
Series 2: Young Won Lim
36 5/14/24
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Character arrays and a string pointer

char s [5] = “mnop” ; S =*#xyz"™ strcpy (s, “abc”);
const char *p = “MNO” ; p = "“xyz", strcpy (p><abc");

char * const s
s cannot point to other location

char [5] char S :><y2";
)

& | g €isl s[0]=m' [« 'a';
s+1 | S[1]="n' b o
s+2 | S[2]='0" |« 'c';f B o
s+3 | S[3]=p' [# N0 : C
s+4 | Sl41=0 }StGCy (s, “abc”); 0 = 0"
e strcpy (p, “abc’);

constant areas

const char * p

p points to a string constant
which cannot be changed

Series 2: 37 Young Won Lim
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Arrays of Pointers

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

A possible memory layout
(little endian system)

char * [4] char *
char **
& | g eis g0l e
s+l S[l] o —
s#2 | s[2] |
s+3 5[3] (- N \\\ _ ha
| si2/ i
___char
8[3]’
' - constant area
E constant area
constant area
i : Y Won Li
Series 2: 38 oung 5(;24/|2n;
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* Unsized array notations for 1-d arrays
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Unsized array notation X[ ]

1. An array definition with initializers

intx[]1={1,2,3}; T intx[3];

x[0] =1, x[0] =2, x[0] =3 ;

2. A formal parameter definition in a function

func(intx[]){...} T int ()

compatible ‘ int * x

Series 2: 40 Young Won Lim
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Passing 1-d Arrays — using 0-d array pointer

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

int

alias

a[0] x[0]

func(a); a[1] X[1]
a[2] X[2]

a[3] X[3]

func(intx[]){

}

or
func(int (*x) ) {

can change the original
} array a elements by the
alias x

41 Young Won Lim
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Passing 1-d Arrays — using 1-d array pointer

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

int [4] int
int ()[4] int (*) alias
a[0] (*x)[0]
func( &a); a[1] (x)[1]
a[2] (*x)[2]
a[3] (*x)[3]

func(int x[][4]) {

}

or 2a®’
& | X=&a®
1 *
func(int (*x) [4] ) { can change the original

. array a elements by using
} the alias (*x)

int (%) [4}‘}

Series 2: 42 Young Won Lim
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Passing an individual element by value

intal4] ={1, 2, 3,4}, intal4] ={1, 2,3,4},
func( al3] ); func(/&al3] );
func(int x ) { func( int *x ) {
\ N \ .

&x | x =a[3] &x | X = &a[3]

can change the original
array element a[3] by the
alias *x

cannot change the original
array element a[3]

Series 2: 43 Young Won Lim
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Passing an individual element by value

int a[4] ; int c[3][4] ;
func( a); func( c);
func(intx[4]){ ... } func(intc [3][4] ) { ... }
func(intx[]){ ... } func(intx[][4]){ ... }
func(int(*x) ) { ...} func(int *x)[4] ) { ... }

Series 2: 44 Young V\/5(7£14|7|2n2r
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Passing an individual element by value

int a[4] ; int c[3][4] ;
func( &a); func( &c);
func(int(*x) [4]){ ...} func(int (*x) [3][4] ) { ... }
func(intx[][4]){ ... } func(intx[][3][4]){ ... }
Series 2: 45 Young V\/5(7£14|7|2n2r

Arrays



* Unsized array notations for 2-d arrays
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Unsized array notation X[ J[N]

1. An array definition with initializers

int x[1[3] ={{1,2, 3}, {4,56}} " intx23];

x[0][0] = 1, x[O][1] = 2, x[0][2] = 3,
x[1][0] = 4, x[1][1] = 5, x[1][2] = 6 ;

2. A formal parameter definition in a function

func(int x[1[3]) { ... } o int ()[3]

not compatible ‘ int ** p

Series 2: 47 Young Won Lim
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Passing 2-d Arrays — using 1-d array pointer

int b[2][3] = {{L, 2, 3}, {4, 5, 6} } nt[2)3  int@ in

int®)[3] int (¥ alias
b eyl b[o] b[0J[0] | v0][0]
b[O][1] | VIOI[1]
b[o][2] | yI0][2]
b[1] b[][0] | yIL][0]
b[1]ia] | yI1)
b[]i2] | viLli2]

func( b );

func(inty [][3]) {

}
or
func(int (*y) [3]) { & | y=b e1"
can change the original
array b elements by using
} the alias y
Series 2: 48 Young Won Lim
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Passing 2-d Arrays — using 2-d array pointer

int b[2][3] = {{L, 2, 3}, {4, 5, 6} } nt@g i@ n

int (")[2][3] int (*)[3] int (¥ alias
b | b0l [ bOIO] | ¢vioo]
blo][1] | Cy)[OI[1]
func( &b ); 3 b[o][2] | (y)[0][2]
‘ b[1] b[][0] | (*y)[1][0]
b[][a] | (v)[al]
b[a]i2] | vl

func(inty [][2][3] ) {

}
or ' 1
p _ . & | y=&b @
unc( Int ( y) [2][3] ) { can change the original
array b element by the
} alias (*y)
Series 2: 49 Young Won Lim
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Passing an individual element by reference

int b[2][3] =

func(|b[0][1] );

{11, 2,3}, {4,5,6} ),

func( int ;) {

}

&y

y = b[0][1]

cannot change the original
array element b[0][1]

int b[2][3] =

{11, 2,3}, {4,5,6} ),

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

Y
func(int *y ) {

}

&y

y=&Db[0][1]

can change the original
array element b[0][1] the
alias *y

Series 2:
Arrays
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* Type definitions and 2-d arrays
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Type definitions

type alias int_type variable i

typedef int Int_type; Int_type | int i

type alias iptr_type variable ip

typedef Int* iptr_type; iptr_type ip; int* ip;
type alias arr_type variable a

typedef int arr_type [4]; arr_type a; int a [4];

Series 2: 52 Young V\E/Sc;£14|7|2n;
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Array Type Definition

typedef Int arr_type [4] ;

arr_type a;

int a [4];

!n: [f] int
a [0] = 100; & [ g e+ a[0]
a [1] = 200; al. |
- - al2]
a 2| =300; a[3]
a [3] = 400;
Series 2: 53 Young Won Lim
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Pointer to Array Type Definition

typedef int arr_type [4];

arr_type a, *g;

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

typedef int (* arr_ptr) [4] ;

arr_ptr p; int (* p )[4] ;

Series 2: 54 Young Won Lim
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Pointer to Array Type Assignment

. 0=é&a,
typedef int arr_type [4] ; e
arr type a, *q; = . e
a al0]
a[l]
a[2]
int (%) [4] a[3] |
. P e
typedef int (* arr_ptr) [4] ;
D=&a; o
arr_ptr p; 0=
Series 2: 55 Young V\éc;£14|7|2n;
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Nested array declared explicitly

typedef int row [4] ;

row c [3] ; = int c[3] [4];
row [3] row
A - c[0] int [4] int
&a a al0]
c[1] af[l]
al2]
c[2] a[3]

each element c[i] has the type of row (int [4])

Series 2: 56 Young Won Lim
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Nested array declared explicitly

typedef int| row |[4] ;

row c [3] ;

int [4] int

a c[O] c[0] c[0][0]
clO][1]
cl0][2]
ga | a al0] c[0][3]
all] a c[1] c[1] c[1][0]
a[2] c[1][1]
a[3] c[1][2]
c[1][3]
a c[0] c[2] c[2][0]
c[2][1]
c[2][2]
c[2][3]

int [4] int

each element c[i] has the type of row (int [4])
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Nested array declared explicitly

typedef int| row |[4] ;

int [3][4] int [4] int

row c [3] ; c c[0] c[0][0]
c[O][1]
c[0][2]
row [3] row ¢ [O] [3]
c[1] c[1][0]
c[0] c[1][1]
c[1][2]
c[1] c[1][3]
c[2] c[2][0]
c[2] c[2][1]
c[2][2]
c[2][3]

Series 2: 58 Young Won Lim
Arrays 5/14/24



» 2-d arrays and element addresses

Series 2: 59 Young Won Lim
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2-d array definition

int c [3][4]’ A matrix view

col O coll col? col 3
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] | c [2][1] | c [2][2] | c [2][3]

Series 2: 60 Young Won Lim
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2-d array stored as a linear array

col 0

int ¢ [3][4];

row O col 1

col 2

col 3

col 0

row 1 col 1l

col 2

col 3

row major order
col 0

row 2 col 1

col 2

col 0 col 1l col 2 col 3

NNNNERPRPREOSOOSO
W NE O WNE O WNRE O

O O 0 0O O O O 0O 0 0 06 0

col 3

row 0

row 1

row 2
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Element address c[i] + j

(1) X[i] = *(X+i)

X]i] = *(X+i) |
c[0]+0 C O 0 c[O+0 *(C O +O)
C[0]+1 C O 1 c[0]+1 *(C O +1)
""""""" i\ e[+ 012 c[o]+ t 'O'+2)

X[ = 0+ e oO2] | w0
== _ ) c[0}+3 c[O][3] c[0}+3 *(c[0]+3)
let X = cli] (1) L1140 c[1][0] o *(c[1]+0)
777777777777777777777777777777 ol1]+1 c[1][1] cl1]+1 *(c[1]+1)
i N cfi1+2 c[1][2] 2 *(c[1]+2)
P Cll [' = *(C[I_ +]) o[1]+3 c[1][3] o[11+3 *(c[1]+3)
@ cf21+0 c[2][O o *(c[2]+0)

N — . i -
> &efiljl E cli]lt) @ cl2)+1 c[2][1] 2t *(c[2]+1)
22 c[2][2] 22 *(c[2]+2)
the address of c[i][j] is c[i]+j cl2+3 c[2][3] dz]*‘*’\_*(C/:Z: +3)

o (2) &
(3) element address cJi] +j
Series 2: 62 Young V\/5c;£14I7|2n;
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Row address cli]

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

el c[0][O] @ *(c[0]+0)
&clillil = c[il+j c[O][1] *(c[0]+1)
c[O][2] *(c[0]+2)
the address of c[i][j] is c[i]+j c[O][3] *(c[0]+3)
ol c[1][O] €1 *(c[1]+0)
. _ c[1][1] *“(c[1]+1)
@'e“ =0 clil[2 *(c[1]+2)
c[1][3] *(c[1]+3)
c[i][0] = *Ei] | c[2][0] 0| *(c[2]+0)
c[2][1] *(c[2]+1)
&cli][0] = il 22 clolee)
c[2][3] *(c[2]+3)

row address : the address of

the 15t element of each row
Series 2: 63 Young V\gc;%lzn;
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Row Address c[i] and Column Address |j

row address element address column address
——  C[(] C O O c[0]+0 *(C O+O) col O
¢ O 1 row 0 e *(C ;O;"'l) col 1
c [O][2] a2 - *(c [0]+2) col 2
c [O][3] s *(c [0]+3) col 3
— <[] c [1][0 0 *(c [1]+0) col 0
C 1 1 ow 1 it *(C ;1;+1) col 1
c [1][2] w2 *(c [1]+2) col 2
¢ [1][3] ars *(c[1]+3)  col3
—  C[2] c [2][O] c[2]+0 *(c [2]+0) col 0
¢ [2][1] @ *e[2]+#1) | col1
R row 2 -
c [2][2] ez *(¢ [2]+2) col 2
¢ [21[3 s % [2]143)  col 3
row address row address + column address column address
cli] cli] + ] j
i . Y Won Li
Series 2: 64 oung 5(;;14/|2n;
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Element address c[i] + j

. row address + column address
Int ¢ [3] [4]; _ _
. ey = cli *(clil+) = clillj]
address (G = &cll] (c[il+]) = &ci]j]
&c| ¢ ¢
. skipi*4
! elements
column
address
cHi | cfi] ; il winj
value(c+i) = value(c][i]) elements
replicating address clil+j | *(c[i]+])
int [3][4] int [4] int

Series 2: 65 Young Won Lim
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Sizes of ¢, c[i], c[i][j]

Int ¢ [3] [4];
“(c+) = cl] *(clil+) = clili]
(c+i) = &cfi] (cli]+j) = &cli][]
&c| c¢ A ¢ i
Skip i *4
elements y
A
' _ y
c+i | cli ? Wl skipj skip i*4 + j
value(c+i) = value(cli]) elements elements
replicating address cli]+] !
/
g .
} i
sizeof(c) sizeof(c[i]) sizeof(cli][j])
J
A \ J
int [3][4] int [4] int

Series 2: 66 Young Won Lim
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Address of c[i][j]

Int ¢ [3] [4];
*(c+i) = cfi] *(clil+)) = cfili]
(c+i) = &cli] (clil+)) = &cfi]l]
value(c + i) = c :
value(c) + i * sizeof(*c) skip i *4
Va|ue(c[i] . ]) _ elements A
value(eli]) + j * sizeof(*c[i]) !
c+i | c[i] ? l - —cem skip i*4 + j
value(c + i) = value(ci]) value(c+i) = value(cli]) elements elements
address replication o . s
replicating address cli]+j
&cli][j] = value(eli] + j) k E
= value(c]i]) + j * sizeof(*c[i])
= value(c + i) + j * sizeof(*c[i]) ¢
= value(c) + i * sizeof(*c) sizeof(c[i]) sizeof(c[i][j])
+ ] * sizeof(*c]i]) }
=value(c)+i*4*4+j*4 \ J
int [4] int

Series 2: 67 Young Won Lim
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* Two types of a 2-d array c

* Two types of 1-d sub-arrays c[i]

Series 2: 68 Young Won Lim
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Chains of dereferences

e it int
&c C C * C C **C
c = &*C *c = &**c
* relaxing 1%t dim * relaxing 1% dim
* dereference * dereference
int (*)[4] int (*) int
int [3][4] e int [4] e int
&c i 3 C  rA1 ‘ 0
“c  e—— % c[0] «—L c[0][0]
c = &cJ0] c[0] = &c[O0][0]
&c i 3 C rA1 3 0
“c  e——=5 c[0] «—L c[0][0]
&C[O][0] - &C[O][0] *----mmm e &c[0][0]
* address * address
replication replication
value(&c) value(c)
= value(c) = value(c[0])

Young Won Lim
5/14/24
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a chain of dereferences using *

<« virtual array pointer type
¢ abstract data (array) type

a chain of dereferences using [ |

replicating a physical address

conditions for ¢ and c[0]
to start at the same address &c[0][0]

address(pointer) = value(pointer)



Chains of dereferences with correct types

int ** int * int
&l 6 ~ 5 * o = **c a chain of dereferences using *
&c i T 3 ci rA1 3 cl[0 . -
C o———» C[0] o—» 3 c[o][0] a chain of dereferences using [ ]
abstract data with correct types of referencing
int [3] [4] « relaxing 1% dim
&c
C
abstract data

int (*) [4] int [4] « relaxing 1% dim

c  e——c[0]

pointer int (*) int
CoarNl o | c[o]
[0] e——|c[0][0]
pointer
value(&c) value(c)
= value(c) = value(c[0])
* address replication « address replication

Series 2: 70 Young Won Lim
5/14/24

Arrays



Two types of an array — ¢, c[i], c[i][j]

int ¢[3] [4] ;

c cli] clillil
abstract / Size 2-d array 1-d array integer
primitive Data int [3][4] int [4] int
virtual Start 1-d array pointer 0-d array pointer
pointer Address int (*)[4] int (*)
—— 00000000
Series 2: 71 Young Won Lim
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Two types of an array — pointer to abstract data

int c[3] [4];

Start Address Virtual Abstract /
o | A Pointer Primitive Data
int (*)[4] int [4]
Virtual Abstract /
Pointer Primitive _ c o c[0]
Data Size
int (*) int
v c[o] o c[0][0]
c[1] o c[1][0]
cl2l «  » c[2][0]
Start Address Size

Series 2: 72 Young Won Lim
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Two types in a 2-d array ¢ int c[3] [4];

Abstract data c Pointer c
int [3][4] int [4] int (*)[4] int [4]
Size c c[O] Address c m) *(c+0) c[O]
c[1]
c[2]
int (c[3]) [4] ; int (c[3]) [4] ;
3 element array ¢ each element c[i] has
the array type int [4]
type c[3] ; type c[3] ;
[ C 2-d array ) [ C 1-d array pointer )
type : int [3][4] type . int (*)[4]
size 1 3 744 ~ value : &c[O][0]
Series 2: 73 Young V\g%g
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Two types in a 1-d array c[i] int c[3] [4];

Abstract data cJi] Pointer c[i]
int [4] int |nt (*) 77777777 int
Size  cli] 4 c[i][0] Address clii mm *(c[i]+0) cli][0]
cli][1]
cli][2]
y  clill3]
int (c[3]) [4] ; int (c[3]) [4] ;

each element cJi][j] has

4 element array cfi] the array type int

int cfi] [4] ; int cfi] [4] ;
’/C[i] 1-d array ) ( c[i] o-darray pointef\\
type : int [4] type : Int(¥)
size : 4*4 value : &cli][O]
Series 2: 74 Young Won Lim
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Combining size and address information (1) int c[3] [4];

virtual abstract virtual primitive

pointer c data cfi] pointer c[i] data c[i][j]
nea Tt 77T ey T 7T
c wh c[o] clo] m cojo; A
," cli] clO][1] “. sizeof(c[0])
! c[2] co
o clolz] |y
| c[1] mm c[10] « A
, [ | o |
i i) e el
e size info of an abstract data and c[E8] !
o) m c2o] | b
|‘\ Nesting / EE} E} |: sizeof(c[2])
|\ Recursive structure l,
\\ ______ c[2](3] ," v v
Series 2: 75 Young V\/5(;£14I7|2n;
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Combining size and address information (2)

Int c[3] [4];

virtual abstract virtual primitive

pointer c data cfi] pointer c[i] data c[i][j]

int (*)[4] lr’_ert[_4]——_\"“”/“lr;@)—\""'m't‘\ .

¢ = c[o] clo] m® clojo] * *
! clojy 3
cloi2]
| clo][3] 1y
' cf1] c[l] mm clijjo] [ 4
clala]
) cljl2]
\' o cluE ’
/| cl2] cl2] s c2][0]
: cl2][1]
\ cl2][2]
cl213] |
. overlay an abstract data !

S with a virtual pointer

-——
S e e ——— - -
-
-—o -
T  m wm w— E— m— =

sizeof(c[0])

sizeof(c[1])

sizeof(c[2])

sizeof(c)

Series 2:
Arrays

Young Won Lim
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Combining size and address information (3) int c[3] [4];

int(™[4] <« int(*) <« virtual pointer
int[3][4] «  Int[4] <«  abstractdata

oo - . y "
c m# c[o] m c[o][0] Cli has the array type inffd]
I \
I C[O][l] ‘I - When c[i] is referencing the 1=
! sizeof(c[0]) o :
: cof2) | B
| 1
: clolE] |y
I i ]
i c[1] = c[1]0] A
| c[1][1]
", c[1][2] ,: sizeof(c[1]) sizeof(c)
| REC R
i cl2] = c2][0]
: c[2][1] |
|‘| c[2][2] ,: sizeof(c[2])
\\\ c[2][3] Ly .
Series 2: 77 Young V\/5(7£14|7|2n2r
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Recursive pointer-to-data views

virtual
pointer c

abstract
data c[i]

int (Y[4] — int [4]

within the c array,
¢ can be viewed
as a pointer to the
c[0] element

Series 2:
Arrays

relaxing the 1% dimension
__________________________________ p int(*) —» int

c[O]

c[O][0]

c[O][1]

c[0][2]

c[O][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]

c[2][3]

virtual
pointer c[i]

primitive
data c[i][j]

¢[0] can be viewed
as a pointer to the

¢[0][0] element

c[1] can be viewed
as a pointer to the

c[1][0] element

c[2] can be viewed
as a pointer to the

c[2][0] element

c[o] mm c[0][0]

within the c[0] array, c[O][1]
c[0][2]

c[O][3]

cll] m cla][o]
within the c[1] array, | C[1][1]
c[1][2]

c[1][3]

2] m cf2][0]
within the c[2] array, | C[2][1]
c[2][2]

c[2][3]

Int c[3] [4];

Young Won Lim



Type, address, and value of ¢ and c[i]

Int c [3] [4];

virtual abstract virtual primitive
pointer c data cf[i] pointer c[i] data c[i][j]
int (*)[4] int [4] int (*) int
Cc m o) cli] wm clil[0
within an array ¢ within an array cfi] C[l][l]
of int[3][4] type, ¢ of int [4] type, c]i] .
can be relaxed to can be relaxed to C[I][Z]
a pointer of a pointer of .
int (9[4] type int (%) type cli][3]
cli] =*(c + ). clil[jl = *(c[i] + ).«
value(c[i]) address replication value(cli][j]) address replication
= value((c + i)ss “ i = value((cfi] +.j):)? " "
=value(c) +i*4*4 =value(c[i) +j*1*4
= value(c) + i * sizeof(*c) = value(c[i]) + J * sizeof(*c][i])
Series 2: 79 Young Won Lim
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Type, address, and value of cfi]

Int c[3] [4]; Int (*p) = c[O0] ;

real pointer abstract data type

type(cli]) = int [4]

real memory location int (*) virtual pointer type
int *
&p P ©
int [4] - address variable value
* n
,,,,,,,, I\ s value(c) = value(c[0]) = value(&c[o][o])
c clO0] e » c[0][O]
,,,,,,,,,,,,,,,,,,,,,,,,, value(c+l) =  value(c[l]) = value(&c[1][0])
PETEEN &e[1][0]
1 C[1] e el c[1][0] value(c+2) = value(c[2]) = value(&c[2][0])
T | &c[2][0] address replications
2 c[2] e »| c[2][0] e
non-real pointer primitive data value(&p) # value(p) = value(&c[o][0])

no

memory locations

row addresses

Series 2:
Arrays

Young Won Lim
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Type, address, and value of ¢

Int c [3] [4]; Int (*q) [4] = ¢ ;

real pointer type(c) = int[3][4] abstract data type
real memory location int (*)[4] virtual pointer type
int (*)[4]
&p q ¢
int [3][4] int [4] address variable value
int (*)[4
o &cfo] : value(&) = value(c) = value(&c[o][o])
& | C o » C[0]
ffffffffffffffffffffffff address replications
c[1]
c[2] value(&q) # value(q) = value(&c[0][0])
non-real pointer abstract data
no memory locations
row addresses
——— 0 00v0v0909mm 0 0m0m0m0m0m© 0 0©m OO ©©©m 0  ;;vvvvv09nmnmnm© Bm©©© ©m©m©m©m©m©m©m©m©m©m©m©mBmBmBmBmBmBmBmBmBm
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Size view of abstract data c, c[i]

int [3][4] int [4] int
size of abstract data c C A | o] A c [o][0] 4
_ _ : c [0][1] 4
sizeof(c) = sizeof(*c) * 3 .
= sizeof(c[i]) * 3 Slze View - Eg}g %
Y C
e of 4 el i
ok F ST
size of abstract data c[i] c [1][2] |
. o vy | clBl,
sizeof(c|[i]) = S|_zeof( c_[|]) 4 o[2] A ¢ [2][0] ¢
= sizeof(c[i][j]) * 4 2]
size of 4 elements c [2][2]
il[01, c[il[d], clil2], c[il[3
c[i][0], c[i[1], c[i[2], c[i][3] ' Y c [2113] }

Series 2: 82 Young Won Lim
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Address views of virtual pointer c, c[i]

int (*) [4] int (*) int
value(c) = value(c[0]) = value(&c[0][0)) % ¢ e—%i c[0] &—— c[0][O]
value(c[1]) = value(&c[1]JlO) T ¢ [0][1]
value(c[2]) = value(&c[2][0])

c [0][2]
c [0][3]
c+1 C[l]. A c[a][0]
address replicaions c [l][l]
value(&c) = value(c) ¢ [12]
lue(&c[0]) lve(ccop T c AL

value(&C = value(cC : e
value(&c[1]) = value(c[1]) o2 c[2] e——¥ c[2][0]
value(&c[2]) = value(c[2]) c [2][1]
c [2][2]

no real pointer can satisfy A ddreSS V|ew c [2][3]

these conditions

no physical memory location

Series 2: 83 Young Won Lim
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Size and address views of ¢, c[i]

4 int [4][3] int [3] N int (*) [3] int (*) A int
C clo] LS e 0] e C {g} m
. N C
SIZS \/lev\[ ¢ [0][2]
_____________________________ c [0][3]
cl1] - oy e—— c [4][0]
< c[1] c[1][0] ¢ [1[1]
c [1][2]
S 1 c [1][3]
c[2] J . c[2] ——> ¢ [2][0]
&c[2] &c[2][0]
c [2][1]
g c [2][2]
ddrege ,
AdOresg View c [2][3]
N AN J
sizeof(c) = sizeof(c[i]) * 3 value(c) = value(c[0]) = value(&c[0][0])
value(c[1]) = value(&c[1][0])
value(c[2]) = value(&c[2][0])
Series 2: 84 Young V\E/Sc;£14|7|2n;
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Combining size view and address view

Abstract data —» int [4][3] int [3] int
Pointer —* int (*) [3] int (*)
_______ ..o clo] e——¥ clol]
. c [O][1]
VASRY: :

5 V|QW + AddreSS View ¢ [0[2]

| c [0](3]

sizeof(c) = sizeof(c[i]) *3 e1| c[1] e——B  c[1][0]

sizeof(c[i]) = sizeof(c[O][OD*4 | | ¢ [1[1]

) ) ¢ [1][2]
value(c) = value(c[0]) = value(&c[0][0])

value(c[1]) = value(&c[1][0]) | ¢ [1]3]

value(c[2]) = value(&c[2][0]) 2| c[2] .__CEl ¢ [2][0]

c [2][1]

c [2][2]

c [2][3]

Series 2: 85 Young Won Lim
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Determining types of sub-arrays

from the declaration of an array

Series 2App : 36 Young Won Lim
Applications of Arrays 5/14/24



Types of array names

int a [4] : a is the name of the 1-d array int [4]

sizeof(a) —4*4

[3] is declared;
[0], [1], [2] are used

INt C [3] [4] : c[i] is the name of the 1-d subarray int [4]
sizeof(c[i]) =4*4
Int L C [3] [4] c is the name of the 2-d array int [3][4]
sizeof(c) =3*47*4
Series 2App : 37 Young Won Lim
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Values of array names

relaxed

dimension
i - the value of a is the starting address int (*)
int a [4] : of an array with 4 elements of int type
a: a = &a[0]
[3] is declared;
[0], [1], [2] are used
relaxed
dimension
: . each value of c[i] is the starting address int (*)
it c [3] [4] ’ of an array with 4 elements of int type
e clil: c[i] = &c[i][0]
dimension
int C [3] [4] the value of ¢ is the starting address int (*) [4]
of an array with 3 elements of int [4] type
C: c = &c[0]
Series 2App : i
g 88 i
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Array and pointer types in a 1-d array

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

: &a| a a0
INt L a J [4] all]
a2

a/3|

a 1-d array
type : int [4] outside of an array a

size : 4*4

( (rflaxﬁg'on ) int (*) int

int |a [4] fa| a - | a[0]

all]

al2]

a 0-d array pointer a[3]
type: int (¥) inside of an array a

value : &a[0]

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

Series 2App : 39 Young Won Lim
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2-d array type

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

int | c| [3] [4] e [eor [EO
c[O0]
c 2-d array c[O]
type:  int [3][4] o8 W
size : 3 *4*4 o 8§ oll]
relaxed &c % ;oah C[l]
dimension 5 : C[Z] C[Z]
Int c (3] |4 S 3 c[2]
3] [4 3 2
5° c[2]
c 1-d array pointer
type : int (*) [4]
value : c = &c[0][0]
Series 2App : 90 Young V\g%uzn;
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1-d array pointer type

int (*)[4]
int [4] int
It L C J [3] [4] & | ¢ *> c[0] 2{8}
c[O]
c 2-d array c[0]
type :  int [3][4] c[1] zmg
Size : 3 *4*4 c[1]/Z]
| c[1] 3]
dimension c[2] c[2][0]
Int c| [3] [4] EE}E}
c[2]/3]
c 1-d array pointer
type . int (*) [4]
value : c = &c[0][0]
c points to the 1 int [4] element
There are 3 int [4] elements
Series 2App : 91 Young Won Lim

Applications of Arrays 5/14/24



1-d array type

int [4] int
int | ¢ [3]| [4] clo] z{g}
[0]
c[i] 1-d array c[0]
type : int [4] c(1] zm
Size : 47*4 c[1]
e c[1]
Ezl?rﬁ)e(ﬁsion C[Z] C[Z]
int |c [3]| [4] | c[2][1]
c[2]
c[i] 0-d array pointer 22
type: int (%)
value : cJi] = &cli][0]
c[i] points to the 1%t int element
There are 4 int elements
Serie_s 2App : 92 Young Won Lim
Applications of Arrays 5/14/24



0-d array pointer type

int (*)

int

' > c[0][0
int | ¢ [3]] [4] g CCRRRCTT
c[0] 2]
c[i] 1-d array R~ c[0] 3]
| S=2 e+l e e el
type : int[4] =5 S TR
size ;. 4*4 o 2 g.. c[1]]2]
833 c[1](3]
Shanglr 2523 o2 [ o0t cl20

. < <
ne e @l B fig i

Q

8= cl2] 2.

c[i] 0-d array pointer
type: int (%)
value : cJi] = &cli][0]

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

Series 2App : 03 Young Won Lim
Applications of Arrays 5/14/24



Types in a 2-d array

int [ c] [3] 4] int | c|[3] [4]
c 2-d array relaxing the 1% dimension ¢ 1-d array pointer (virtual)
type : int[3][4] type : int(*) [4]
size . 3 *47*4 value : &c[0][0]

(rj?rlr?:ﬁgion

int | ¢ [3] [4] int |c [3]]| [4]
c[i] 1-d array relaxing the 1+ dimension ~ C[1] 0-d array pointer (virtual)
type . int[4] type : int(%)
size . 4*4 value : &c]][0]

Series 2App : 94 Young V\éc;%uzn;

Applications of Arrays



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

Series 2: 05 Young Won Lim
Arrays 5/14/24
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