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Can we solve this problem?

» Consider the following program (input underlined):

How
Day
Day
Day
Day
Day
Day
Day

many days' temperatures? 7
helhaghempdd >
Zibsvwhvghwt empres 44

Jhamheghs tempa V39

4's high temp: 48

Sahamhraghs mempasadslh

oisvhiightemp 746

Tl hrgh fempy B3

Average temp = 44.

4 days were above average.

Copyright 2010 by Pearson Education



e

Why the problem is hard

» We need each input value twice:
» to compute the average (a cumulative sum)
» to count how many were above average

* We could read each value into a variable... but we:
» don't know how many days are needed until the program runs

» don't know how many variables to declare

* We need a way to declare many variables in one step.
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» element: One value in an array.

Arrays

e array: object that stores many values of the same type.

» index: A O-based integer to access an element from an array.

mgex 2 g de e R )
value1 12149 -2 126 5 17 -6 /84 72 3
element 0 element 4 element 9
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Array declaration

type(] name = new type[length];

 Example:

int[] numbers = new int[10];

mde- @0 I 2 5 4 5 6 7 § O
X

valu 0 L0 P00 0100 000
e
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Array declaration, cont.

* The length can be any integer expression.

TR e e s

int[] data = new int[x % 5 + 2];

* Each element initially gets a "zero-equivalent" value.

Type Default value
s e 0
double 0.0
boolean false
String null
or other (means, "no
" object object")
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Accessing elements
name [index] // access
name [index] = value; // modify
 Example:
numbers[0] = 27;
numbers[3] = -6;

System.out.println (numbers[O0]);
i1f (numbers|[3] < 0) {
System.out.println("Element 3 1s negative."):

}

index 0 1 2 3 4 5 6 /7 8 9

value|27| 0 | 0 |-6| 0| 0|0 |0|0]O0
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Accessing array elements

int[] numbers = new 1int[8];
numbers[1]
numbers [4 ]
numbers [6]

el
N©

SENE,
~

RN G el S e e A
numbers [x] = 42;
numbers [numbers[6]] = 11; // use numbers|[6] as index

ndex 02 F g b 7

value| 0 | 3 [11(42]/99| 0| 2 |0
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Arrays of other types
doilbhe FEvre o sswn aspd el e s
e s
resul s idl =025

index O 1 2 3 4

value | 0.0]0.0|3.4 0.0|-0.5

boolean|[] tests = new boolean|[6];
R = Aol e PN T P s T

index O 1 2 3 4 5

value | false | false | false | true | false | false

— 10
U7 Copyright 2010 by Pearson Education



e

Out-of-bounds

* Legal indexes: between 0 and the array's length - 1.

» Reading or writing any index outside this range will throw an
ArrayIndexOutOfBoundsException.

* Example:
S e R aa ey T
S e erl m i // okay
System.out.println(data[9]) ; O RaW
System.out.println(data[-1]) ; // exception
System.out.println(data[10]); // exception

ey k2 e sy O

value| 0 |1 01 Ol 0O 0] 0|00 |]O0]O

B 11
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Arrays and for loops

e It is common to use for loops to access array elements.

For Sy nt s a0 s B et
S el e Wi s e anat vl ol =y e M i R

}
System.out.println(); // output: 0 4 11 0 44 0 0 2

* Sometimes we assign each element a value in a loop.

Eeaa R N s
]

pEBna Y YN R

el () L 5 4 5 6

Ve B 0 e s e i

B 12
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= . length field

* An array's length field stores its number of elements.

Nname. length

for (int ¥ = 0z 4 < ieNarleenacNe i - | ++) |
System.out.print (numbers[i] + " ") ;

}
// output: 0 2 4 6 8 10 12 14

» It does not use parentheses like a String's .length().

* What expressions refer to:
» The last element of any array?
 The middle element?

13
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Weather question

e Use an array to solve the weather problem:

How many days' temperatures? 1
Byt e s e Sl s e Ao

Day 2's high temp: 44
Doy evihvnahwibampe 3y
Pay it s vghvitempr: 48
Day 5's high temp: 37
Doy bt evibahwimempeadie
Doy il s vghvitempy: B3

Average temp = 44.6
4 days were above average.
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—  Weather answer

// Reads temperatures from the user, computes average and # days above

average.
Y5 (1} SO M MR S Y s N o o A A

public class Weather ({
oLV AR Mot et WV YoM N MM e e M s MSaph ch ot o MRS 20 ATy R
Scanner console = new Scanner (System.in);
System.out.print ("How many days' temperatures? ");

int days = console.nextInt();
int[] temps = new int[days]; // array to store days'
temperatures
int sum = 0O;
S A B VN A O e P YA A e // read/store each day's
temperature
S B I 1A G b A A Ol A Y A R T AR e (s Mo SV 1 e e o A OV W A s =4 (1 Gttt
temps[i] = console.nextInt() ;
sum += temps[i];
}
double average = (double) sum / days;
SN a e bt g O // see if each day is above
average

i naii taliay s Bive i G i o o v R AR D £

1f (temps[i] > average) {

GOy

}
}
// report results
System.out.printf ("Average temp = %.1f\n",
System.out.println(count + " days above average");

average) ;

| <<iet }
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Quick array initialization

type[] name = {value, value, ... value;};

 Example:
e o A G e e

index. 0. Lt 2 3 4 5 6

value | 12 149 | -2 |26 | 5 |17 | -6

» Useful when you know what the array's elements will be
» The compiler figures out the size by counting the values

Eeod 18
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Limitations of arrays

* You cannot resize an existing array:

b lsav = new ant 4ty
a.length = 10; // error

* You cannot compare arrays with == or equals:

el al = fAP G
IrEvaZ g 2n e e
Y e W B // false'!
i lal equals @2y ) // false'!

* An array does not know how to print itself:

T B P e T
System.out.println(al); // [IQR98f8c4]

— 19
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The Arrays class

e Class Arrays in package java.util has useful static
methods for manipulating arrays:

Method name

Description

binarySearch (array, value)

returns the index of the given value in a
sorted array (or < 0O if not found)

copyOf (array, length)

returns a new copy of an array

equals (arrayl, array2)

returns true if the two arrays contain
same elements in the same order

fill (array, value)

sets every element to the given value

sort (array)

arranges the elements into sorted order

toString (array)

returns a string representing the array,
such as "[10, 30, -25, 171"

e Syntax: Arrays.methodName (parameters)

Copyright 2010 by Pearson Education
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* Arrays.toString accepts an array as a parameter and
returns a string representation of its elements.

el vensa e e 8 e
e[l] = e[3] + e[4];
System.out.println("e is " + Arrays.toString(e)) ;

Output:
ol e
o Must imporit jova util

B 21
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Weather question 2

* Modify the weather program to print the following output:

How many days' temperatures? 7
Day 1's high temp: 45

Day 2's high temp: 44
Day 3's high temp: 39
Day 4's high temp: 48
Day 5's high temp: 37
ayvrseivawhrcihwEamperadis

Bay e hiaighy temps 53
Average temp = 44.6
4 days were above average.

Temperatures: [45, 44, 39, 48, 37, 46, 53]
Twocoldaest vdays i s i sy
Twohobtbest idays s asunidy

Bl S
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Weather answer 2

// Reads temperatures from the user, computes average and # days above

average.
Al (] olohauaimiro hivd= W bl ot kg0

public class Weather2 {
public static void main (Stringl[]

int[] temps =
temperatures

(same as Weather program)

new int[days];

// report results

arge)iy

// array to store days'

System.out.printf ("Average temp = %.1f\n", average);
S VAP W AT A s £ O BN A SR e s S S S SO e e N B

System.out.println ("Temperatures:

Arrays.sort (temps) ;

System.out.println ("Two coldest
temps([1]);

System.out.println ("Two hottest

", " + temps|[temps.length -

~ Copyright 2010 by Pearson Education

" + Arrays.toString(temps)) ;
ghaypereailivasrvabiemprsslihvapnalivanating

B S N A o =75 10 S B R SR MV N = 0 Vo Mo AV A B B

N
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"Array mystery" problem

* traversal: An examination of each element of an array.

*» What element values are stored in the following array?

aaE el e e
For tint i = Ul e gnillengih = e by
ihE tali s aa i bl
albpv s e s s

maex gy 5o

value | 1 71010 12 8 14| 22

—— 24
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Why arrays are useful

* Arrays store a large amount of data accessible
from one variable.

* Arrays help us group related data into elements.

* Arrays let us access data in random order.
» Cassette tape vs. DVD

- 25
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