Building Java Programs

Chapter 7
Lecture 7-1: Arrays

reading: 7.1
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~ Programming feel like

_ Copyright 2010 by Pearson Education

MY WIFE SAID:
"PLEASE GO TO THE STORE AND BUY
A CARTON OF MILK. AND IF THEY
HAVE EGGS, GET SIX."

| CAME BACK WITH & CARTONS OF MILK

SHE sAID "WHY DID YOU BUY SIX
CARTONS OF MILK?"

"THEY HAD EGGS"

that?
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Can we so

e

lve this problem?

* Consider the following program (input underlined):

How many days'
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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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Arrays

e array. object that stores many values of the same type.
 element: One value in an array.
» index: A 0-based integer to access an element from an array.

maex 012 md e 89

value| 12 (49| -2 26| 5 |17|-6 84|72 3

T T |

element 0 element 4 element 9
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Array declaration

type(] name = new typellength];

» Example:

PrRE IR mBeI s e e e

mdex 0l 2 3 ade b H L § 0

value| 0 | 0| 0| 0| 0| 0|00} 0]O0
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| Array declaration, cont.

e The length can be any integer expression.

TR s e I s
int[] data = new int[x % 5 + 2];

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

Type Default value
it g 0
double 0.0
boolean false
e e null
or other object | (means, "no object")

Copyright 2010 by Pearson Education



e

Accessing elements
name [index] // access
name[index] = value; // modify

 Example:
numbers[0] = 27;
numbers[3] = -6;

System.out.println (numbers[0]) ;
1f (numbers[3] < 0) {
Savasnr e ST e SR e Bt T S e R s S R S i S

}

index 0 1 2 3 4 5 6 7 8

value

9

27| 0| 0|6 000|000

0
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Accessing array elements
int[] numbers = new int([8];
mbE e R
numbers[4] = 99;

NmbeEse i —o

iRt =ynumbers Pl

numbers[x] = 42;

numbers [numbers[6]] = 11; // use numbers[6] as index
X 3

e ] o s 6

numbers value| 0 | 3 [11(42(99| 0| 2 | O
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Arrays of other types
doiieihlviraesiitev i aieval oo e B
results[2] = 3.4;
results[4] = -0.5;

index O 1 2 3 4
value | 0.0/0.0({3.4|0.0|-0.5

boolean|[] tests = new boolean[6];
=Vl PR e b=

index O i 2 5 4 5
value | false | false | false | true | false | false

il 10
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Ot 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:
int[] data = new int[10];
System.out.println(datal[0]); // okay
System.out.println(datal[9]); // okay
System.out.println(data[-1]); // exception
System.out.println(data[10]) ; // exception

e O R O e s
valitie 0 L 000 01000 010
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Arrays and for loops

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

o N A A e e v
Sy:stemyoubpranbinumber sl e

}
S A R e e VD DR o S D e e I

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

For Gink = 0 g aanBuaagprgadd
Ak

numbers | R e

T e e B e S
value| 0 | 2 | 4 | 6 | 8 |10]12| 14
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The length field
* An array's length field stores its number of elements.
Nname. length
for Grntiyy =0 0 b e SIRRes T eRIRil ' )

WA AN O TN AP BT et N RN ade M E AR

}
// 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? 7
Bayvalibeshrgh b empsnd D

Day 2's high temp: 44
Blons e uie Wi dani et o s H
Day 4's high temp: 48
Baymwsivaihdarh i emp =3
Day 6's high temp: 46
Bavia b ioh e bemoa b3

Average temp = 44.
4 days were above average.
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Weather answer

// Reads temperatures from the user, computes average and # days above average.
1% 124 SY O whAy B WA DA b b s A R

public class Weather {

}

-

public static void main(String[] args) {

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

B G A B e 10

@ A i g s LA Y A Ve i o Vo VT T o ) A // read/store each day's temperature
SRV Ml = (AARAT A AR ' i s AR I R = Y A AN, LA A e -AAAZ Y IR pANMARAAR: A W A o R KA = 04 @ AR 9
temps[i] = console.nextInt() ;

sum += temps[i];
}

double average = (double) sum / days;

sBayeiialorbhonue AN Y // see if each day is above average
Uil @Y SR 1 0 6 Wt MR Yt B M ARAIAARS AT s By AR By oo o) AR
if (temps[i] > average) {
RRGEE G RGN
}
}

// report results

System.out.printf ("Average temp = %.1f\n", average);
R A A o AR HP MAAAR AN AATA AR B 8 A A YA SO s, LR VA s e I AN (o L W = S A

53
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Quick array initialization

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

 Example:
T i number sy vl 2un il Qe dhg el il

ngex. ol 25 dinhanng

value| 12149 | -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

16
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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?

B M B A e
Eorvtanpn s asnaaaanaiong b ierisnanid e
bwetadlak oesadlan e e
R
}
}
mdex. 0. L 2 3 4 5 6
value| 1 | 7 |10(12| 8 | 14| 22
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Limitations of arrays
e You cannot resize an existing array:

e e e e e

a.length = 10; // error

* You cannot compare arrays with == or equals:

i Y e e
A M e e B o
LEtal == oy // false!
if (al.equals(a2)) { ... } // false!

* An array does not know how to print itself:

e S e o
Sy abem ontapriRntlinitaly: // [I@98£f8c4]
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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 < 0 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,

suchas "[10, 30, -25, 171"

e Syntax: Arrays.methodName (parameters)
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Artays . tosty 119

°* Arrays.toString accepts an array as a parameter and
returns a String representation of its elements.

e e e o oy
efl]l = e[31 ' + eld];
System.out.println("e is " + Arrays.toString(e))

Output:
ey L R e Y e S ol

o Must: ymport javaiut s

20

Copyright 2010 by Pearson Education



e

g - -
Weather question 2

* Modify the weather program to print the following output:

How many days' temperatures? 7
Baya s haagh temp g
BayvZhsvhrghvbempamdd
Day 3's high temp: 39
Day 4's high temp:
BaymashsihanghivEempy
Day 6's high temp:
Bayvir s gl e mps
Average temp = 44.6
4 days were above average.

I [ [os
W [0y [ |00

Temperatures: [45, 44, 39, 48, 37, 46, 53]
Pwanciobdagpvraanagrendipa s
Pwonhobbagivdayssingaamadyg

— 21
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Weather answer 2

// Reads temperatures from the user, computes average and # days above average.
A1 & R A IR o A T e A A

public class Weather2 ({
pubhrevsratrevverdemarnltStranglivargsiadt

int[] temps = new int[days]; // array to store days' temperatures
(same as Weather program)

// report results

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

System.out.println ("Temperatures: " + Arrays.toString(temps)) ;
Arrays.sort (temps) ;

System.out.println ("Two coldest days: " + temps[0] + ", " + temps[l]);
System.out.println ("Two hottest days: " + temps[temps.length - 1] +

"

, " + temps|[temps.length - 2]);

D2

-
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