Arrays

Comp 1002/1402

A Problem with Variables

o Single variables are restrictive

Problem:
We need to use 20, 200, or 2000 variables

Example:
Databases access huge amounts of data



Single Variable Solution

Solution: numbers0
OneVariable
) numbersi
per dataitem
numbers2
numbers19

numbers

The Issue with that Solution

20 variable names makes alot of code
* No good way to write such code

» We require asingle data structure



Arrays

Anarray is afixed-size, sequenced collection
of elements of the same data type

In mathematics components of an array A are
subscripted: Ay, Ay, A,y ol L AL

In C arrays use indexes

Array Indexing

numbers, numbers[0]
numbers, numbers[1]
numbers, numbers[2]
r‘:urll'rt::l{ars1 § numbers[18]
numbersl 2 numbears[19]
numbers numbers

a) Subscript form {B) Inclex form



Array Declaration
» Must be declared (like any other variable)

| - |[ﬂ]|[1]|[2]|[3]|[4]|[5]|[Bl1[?][[8]|
@@ sSCores

char name [10]; | | | | | | | | | | |
(01 (1] [2] [3] [ [5] [8] [7] [8] [9]

name of

float gpa [40]; | | | | i | | | |

(o] [1] [2] [37138]39]
b
How Arrays Work (Basics)

i nt scores[10];
/* defines array of ints */

scor es isthevariable
It isa pointer to the first byte of element O

That iS(scores == &(scores[0]))
isawaystrue!



More on the ways Arrays Work

i nt scores[10];
/* defines array of ints */

scor es[ 0]
/* 1 ooks up contents at scores */

scores[ 7]
/* 1 ooks up contents 7 ints from scores*/

Thisisall done with pointers (discussed |ater)

Initialization
it numbers [5] = :3,?|.l].2-5.4_"-:; int numbers [ | = £3,7.12,24 . 45]

LA % & A ER%S

|37 [12]2a|45 | 3|7 [12]24]4s

(a) Basic initialization (b) Initialization without size
int numbers [3] = {3,7}: int lotsOfNumbers [1000] =n {0}

/// [ —=7 ]
3]7]o]o]o] lofo]..[o]o0

The rest are
filled with 0s

All filled with Os

(c) Partial initialization (d) Initialization to all zeros




Setting & Copying Arrays

Set every element:
(Can only use{} notation at declaration!)
for (i=0; i<25; i++4)

first[i] = (i*2) + 1;

Copy every element:
for (i=0; i<25; i++)
second[i] = first[i];

Exchanging Values

] I (2] @ (4

numbers| | | 3 | T | 12 | 24 | 45 I
Before

0 L A = )
temp = numbars[:a]:| 3 | > | 12 | 24 | a5 I | 24 |
temp

o] [ [2] [3 [4]
numbers [3] -.numhers;!];! 3 | 7 | 12 | 7 | 45 I | 24 |
temp

100 [ (2 8 [4 |
numbars[1}=lﬁmp;|3IE4|12| 7 45' IE_4|

Attar lemp




Reading into Arrays

» Usethe address of the variable

unsi gned int grades[10];

int i;

for (i = 0; i<=9; i++)
scanf (“%"”, & scores[i]));

Pass ng finclude <stdie.h> Il

R * Pratoipye Declarations * ;3 basa [0]
I nlelduaI void primt_square (inl ); r;r';? base [1]
3 I. m i ¥, ‘_= rr
Elements | meir (oié) /72 |base)
| '
int i; .-’:';r"-‘ 4 base [3]
inl basel5] = £3. 7, 2, 4. 5. Ay
s s |vasela
for {i = l; i < 5; i++) r;':i_,f_,.*_
print_square {base [i]};
return ik
| {* main *

void prinl square {inl x)

printf{"%d ", x * x}
return,
| * print_square *




Passing the Whole Array

* Prototype Declarations */
void multiply2 (int x[]):
#include <sidio h>
int main (void)
{
int base[5] {3, Ty ded, 31,
multiply2 (bhase);
return 0

Before

3

void multiply2 (int x[]) Il

int i
for (i =01 < 5;i++)
x[i] *= 2;

reflurn |

PO multiplyt #

base [0]
base [1]
base [2]
base [3]

base [4]

Any reference to
X means a
reference to base[ |

Alfter

ThingsNOT to do with Arrays

» Usually pass length to functions!!

* Never go past the end of the array!!

» Beaware that afunction can change your

array




Things to do with Arrays

Find min or max value

Compute sum or average

Sort for item

Search for item

M ax

I nt val ues[ 10] =

{0,-2, 3, 6,-4, 8, 1, 0, 1, -1},
int iI;
int max = val ues[0];
for (i=0;i<10;i ++)

i f (values[i] > max)

max = val ues[i];

printf(“The max is: %", max);



Min

I nt val ues[ 10] =

{0,-2, 3, 6,-4, 8, 1, 0, 1,
int i;
int mn = val ues[0];
for (i=0;i<10;i++)

i f (values[i] > mn)

mn = values[i];

printf(“The mn is: %", mn);

Sum

I nt val ues[ 10] =

{0,-2, 3, 6,-4, 8, 1, 0, 1,
int iI;
int sum= O;
for (i=0;i<10;i ++)

sum += val ues[i];
printf(“The sumis: %", sun);

-1},

-1}
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Average

I nt val ues[ 10] =
{0,-2, 3, 6,-4, 8, 1, 0, 1, -1};
int i, sum= O;
doubl e ave;
for (i=0;i<10;i++)
sum += val ues[i];
ave = sum/ 10.0;
printf(“The average is: %", ave);

Basic Sorting Techniques

» Many technigques available to sort

* Most basic (and long way):
— Place an element in sorted part at front
— Sort remainder
— Three sorting algorithms
(Bubble, Selection, Insertion)

11



Bu

bble & Selection

-

| minimum (alk]...a[n])) |

k

Sorted h__

=
Unsorted

Bubble Sort

o Start at the last element

» Swap any two out of order neighbours

» Every pass ensures one more in order

=

12



BUbe e Sort ’—;23|?3|45| 8 | 32|56 | Original list
Example

Unsoried

51;[:5];[;5; A i
.

After pass 2

| 8 [23 32|?E|45

56

=t -l

Unsorted

BEE

145 | 7B | =1 | After pass 3

i ———

Sorted

Unsartad

E |23|32|4£§: 55|?B]Aﬂerpassq

Sortad!

Sarted

const int size = 5;
int array[size]= {34, 1245, 992, 3, 1};

i nt pass,

t enp;

Bubble Sort Code

/* requires (size -1) passes to conplete */

for (pass = 0; pass > size;

for (i = size;
if (array[i] > array[i+1]) {

tenp = array[i];

array[i] = array[i +1];

array[i+1] =

pass++) {
i >=pass; i--)

{

tenp;

13



Searching

index ’

o a[l] a a3 als] al6] al¥] a8 a]s] afio]a[il
-l- 2| 36 [ 14 5‘2'91 F I N R R
D oD

indizmx

af0 a[1] al2] al3] of4) al5] al6] al7] afB] al9f aff0]alii)]

[4 8] o6 |14 | |m |6 |22|7|m|77]|10]
o

a0) alt] a[2] 3 «4) a5 s8] a[7) a(6] a[s] ali0] a[11]

|d -21|_a|]14|5e|91| B|22|? :B1|?T|1[?

2

index
alg} am SZa(3) sa) afs) aie] alT] sig] afg) alio)al1i]
|:I 2‘1|:3$ 14 &2]91 B 22[ ] 1I}|

|-
| . B2 "D
Index e

a0 a[1] alz] S od] als) sle] 7] af6] a[g] s(r0] a[11]

|4 :21|:£.|14|ﬂ|5|| Bl?al ) R1|r?|1u|

'I:I-\-H‘\
2 == 62 )

Sequential Searching

int find(int nu

int found = O,

while ((i<siz
if (val ues|
found =
}
I f (found ==

m int values[], int size){
i = 0;

e) &&(found==0)) {

i ++] == num

1) return (i-1);

el se return -1;

14



Searching a Sorted Array

Problem: Find the element in the array

Solution:;

Continually half the search space
If the midpoint is the number...

If the midpoint is too high.
If the midpoint istoo low..

Binary Search

int bsearch(int list[], int size,
int first =0, last = size, nid;

while (first <= last) {
md = (first+l ast)/?2;
if (target > list[md]) fir
else if (target < list[md])

else first = last + 1;
}
*locn = md;
return (target == list[md]);
}

int find, int *locn) {

st = md + 1;
last = md -1;

15



Two Dimensional Arrays

First dimension
(rows)

_0.. 1 .2 ..3

Second dimension
{columns)

Declaration & Initialization

int table[5][4]; /* no initialization */

int table[5][4] =
{0,1,2,3,10, 11,12, 13, 20, 21, 22, 23, 30, 31, 32, 33,40, 4
1,42,43}; /* poor style in initialization */

int table[5][4] = {
{o0 1, 2, 3},
{10, 11, 12, 13},
{20, 21, 22, 23},
{30, 31, 32, 33},
{40, 41, 42, 43}}; /*table*/

int table [5][4] = {0}; /* all zeroes*/

16



Looping Through 2d Arrays

for (row=0;row5;rowt+) {

for (colum =

0;

colum < 4;

col um++)

printf(“%8d”,table[row][colum]);

printf(“\n”);
} /* for */

Memory View

01

0z

03

04

10

11

12

13

14

User's view

row 0

row 1

oo )lo1][oz2|[o3 ][04 [10] 17]f12] 13] 14]

[01(0] [O1[1] [O][2] [0[3] [Ol(4]

(o] a2l sy s

Memory view
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. define MAX HOWS Il
P n Edefine MAX_COLS 4
m g * Proteiype Declarations *
veld primt_square (Int [

table

aROW e o1 2|3

ini row;

inl table [MAX _ROWS]IMAX_COLS] = 101111121 13
|
(0, 1,53 20|21 (2223
110, 11, 12
| 20, 21, 22 30131 (3233
| 30,31, 37 ;
[ a0, 41, 42 40 a1 (42| 43

i * nahle

for (row = @; row < MAX ROWS: rows+j

print_syuare (toble [row]):

retuen O mdmss
| 1% s of & row /
visid priml sguare (int %[]) -

I X

|
int col;
for (val = 07 vol < MAX COLS; nal+;)
printfi *%e6d”. x|col] * x[col]k
primtf ¢*in
Tetern;

| /* print_square *

tdefine MAN ROWS 5 |l\‘ table
- fdefine MAX COLS 4
doeuble average {inl [J|MAX COLS];
It mala {woead) L 11 12 13
a 2D : 20 |21 22|23
dophle ave;,
int  lable[MAX ROWS][MAX COLE] = 0 (31 | 32|33
Arra o120, a0 | o |42 4
PO, 11, 1213,
[ 20,21, 22,23 ),
[ 30, 31, 32, 33 |,
P40, 41, 41, 43 )
b:/* toble *
.ah. average (table);
-r:.*.l.urn Ik; ’Mﬂrﬁsﬁﬂ
1 /7 main 7 cﬂmh!a)

double average {int x[|[MAX_COLS]) h

'
ini i
int gt X
dxubhle sum = 0)

far i a0 = MAX _ROWS, i++} | I I

Far (3 = O; J = MAX _OQOLS: je4]

mam += ® [ R ; A
rabturn(aum / (HAX_ROW3 + MARX COLE|; | I
* avarage *




Third Dimenslon
{ealumns)

Memory Representation
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