Building Java Programs

Chapter 7
Lecture 15: Arrays

reading: 7.1
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Rear Admiral in the US Navy

* Compilers

* "Debugging”
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Can we solve this problem?

* Consider the following program (input underlined):

How many days' temperatures? 17
Bava gl s emerdb

P el eic e 4 d:
Day 3's high temp: 39
Day 4's high temp: 48
Paviiots hrghi-fempa:3]
Day 6's high temp: 46
Bais e vehsighze b et e B S

Average temp = 44.6
4 days were above average.
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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.

e =0 1 234 5 6 J 5§ 9
X

valu | 12149 |-2 26| 5 |17|-684|72| 3
o R A ;

element 0 element 4 element 9

— 5
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Array declaration

type(] name = new typellength];

 Example:
int[] numbers = new 1nt[10];

inde:: v 20 3adin b e o 8 9
X

valu | 0 O] 0| 0|00 ]0]0]|0|O0
e
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Array declaration, cont.

* The length can be any integer expression.

T A e et Jor L e

rrteide dabas o new s E X (%D a2

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

Type Default value
sk 0
double Bl
boolean false
SEihG Jaslads
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[0]) ;
1f (numbers[3] < 0) {
SevASh e enp Rl Sl et ak e B o o A YT S AR e SEER I S N E Y O R Sy A b

}

inde 0 1 2 3 4 5 6 /7 8 9
X

valu |2 0| 0|-6/ 0] 0|0|0 |00
e |7
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Accessing array elements

e SO s A= e A e e

numbers|[1l] = 3;

numbers[4] = 99;

numbers|[o] = 2;

int x = numbers([1l];

numbers([x] = 42;

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

e =0 i e 5 ey
X

valu | 0 | 3 111(42(99, 0| 2 |0
e

numbers

=) ey
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Arrays of other types

GrenBE eEr s e e R e R R R O R o R b
results[2] S e
results[4] =G
inde 0 1 2 3 4
X
valu | 0. | 0. | 3. | O. -

e O 0| 4| 0 |0.5
boolean[] tests = new boolean[0]
tests[3] = true;

inde 0 1 2 3 4 5

X

valu | fals | fals | fals | tru | fals | fals
e e e e e e e

~ Copyright 2010 by Pearson Education

10



—

=

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

» Reading or writing any index outside this range will throw an
L raviincde XOnEORERotnidiSEd e on:

e Example:
data = new 1nt[1l0];

S g asa

Sy SEe.
SNESHEOTES
System.
System.

inde
X

valu
e

oukmpeintin tdabalo]as:
ocutL printintdatal9]):
out.println(data[-1]);

// okay
// okay
// exception

out.println(data[10]) ; // exception
g1 2 -5 4 56 7 -5 O
Ol 000 -0 b 0 =0 00 20
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Arrays and for loops

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

For-int i — O i o iRu by
Vs e e Rl BibiRiEbie de sl i easi e ol

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

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

BE i R i ) o

ToL s tlhn g i
e e

numbers |

pge: 0 7 3 e
X

valu | 0 | 24| 6| 8|10|12 |14
e

i 7
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The length field

* An array's length field stores its number of elements.
Name. length
for (int 1 = 0; 1 < numbers.length; 1++) {

Systemsoutprint (numbers il v sl

}
// 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?
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Weather question

e Use an array to solve the weather problem:

How many days' temperatures? 7
Pavasl clani e ie cpe S

Day 2's high temp: 44
Day 3's high temp: 39
Day 4's high temp: 48
Pans s R ghiak emper el
Day 6's high temp: 46
Pt s hiighr s emp e 53

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.

TMPO AT ai s mitasl s

public class Weather {

| SlL e M B Mo S st i vl S e FA O R Rl [ e 1 B iga S B I v s WG ity oo
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
SRS o ()
o Ot A O A e Pl S B e e AV A g ) s // read/store each day's
temperature
SYViSEems ol wpr il Dayiatr s trastadsratod b e ghsstempssatias
temps[i] = console.nextInt() ;

sum += temps[i];

}

double average = (double) sum / days;
int count = 0; // see if each day is above
average

1 A 0 B0 0 o B § B i S o b v i B e o |
1f (temps[i] > average) {
CEEE R
}
}

// report results
System.out.printf ("Average temp = %.1f\n", average); tE

~ Copyright 3018 bgPeatsat Equrcation I n (count + " days above average");



Quick array initialization

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

 Example:
Sl e E e ai g | o) T e A PR S RO R v S e N el e L e e

inde-0 -l 2 3and o506
X

valu | 12149 -2 26| 5 |17 | -6
e

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

e You cannot resize an existing array:

int[] a = new intf[4];
a.length = 10; // error

* You cannot compare arrays with == or equals:

B e e e R R Y B e S R RS
T A | s ke B B e S Beasnines e G o
e e PN S // false!
g el eciuals (a20eiE G e s o // false'!

* An array does not know how to print itself:

A Fe R e e e e
Sy stemiiout printlnital)y; // [I@98£8c4]
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The Arrays class

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

g

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,

such as "[10, 30, -25, 171"

* Syntax: Arrays.methodName (parameters)

oo 18
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Pleei/s se c ke

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

14 o B e B e R B R R S
el[l] = e[3] + e[d];
System.out.println("e is " + Arrays.toString(e)):

Output:
e 18 [O, 14/ 4/ 6/ 8]
e Must import java.util.*;

— 19
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Weather question 2

* Modify the weather program to print the following output:

How many days' temperatures? 17
Day 1's high temp: 45

Day 2's high temp: 44
Day 3's high temp: 39
Day 4's high temp: 48
Bemaabctalviel e Niow el ).
Day 6's high temp: 46
Bay sEhsihigh stenp 253

Average temp = 44.
4 days were above average.

N B e S e I R e e sl
Two coldest days: 37, 39
Two hottest days: 53, 48

20
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Weather answer 2

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

] S B o M A A N D e oy

public class Weather2 {

public static void main(String[] args) {
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");

SySEemyouEmprinElntl Temperaiire saia o] )2

SyrstemsouEiprinElni(@iwetcoldesk s daysrtatisbabemp SoR0sr e
temps([1l]);

System.out.println ("Two hottest days: " + temps|[temps.length - 1] +

", " + temps[temps.length - 21]);

2k
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"Array mystery" problem

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

* What element values are stored in the following array?

R e S B et b S e e o e e
Eorislantaar=eiveacrgislanghya alieransp g
an G e St s s e
ShERe st e e h R

e 0 it is 2 3 456
X

valu | 1 | 7 [|10|112]| 8 |14 |22
e

— - A2
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Array parameter (declare)

public static type methodName (type[] name) {

e Example:

// Returns the average of the given array of numbers.
public static double average(int[] numbers) ({
TR St e
o ne s Ot aisnumibcre s e mgiain i R
sum += numbers[i];

}

eebien Sidouble) Ssum e number sl enagths

* You don't specify the array's length (but you can examine it).

~ Copyright 2010 by Pearson Education
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Array parameter (call)

methodName (arrayName) ;

e Example:

publ e failia s seMyRPE oG Am Y
public:static voidimain (Stringll args) o
// figure out the average TA IQ
1 e S e e el PO e OV e O P S e SIS
double avg = average (iq) ;
System.out.println ("Average IQ = " + avgqg);

» Notice that you don't write the [] when passing the array.
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Array return (declare)

public static type[] methodName (parameters) {

e Example:

// Returns a new array with two copies of each value.
[/ Bxample: [1; 4, 0, 79} => 1, 1, 4. 4, 0.0, 7, 7]
publiics skalbicanEl] “doilblc Gin e nimbeis)
int[] result = new 1nt[2 * numbers.length];
ForistEnt =0 e s apnmbevr s e ngitie g by
el=yoy b e A = numbers[i];
e SHEEE R e e e M ee S
}

return result;
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Array return (call)

type[] name = methodName (parameters) ;

e Example:

public class MyProgram ({
publieistatic vordimain (Stringl] args) o
sl b el e e S ol R S R R S PR
int[] doubled = double(iq) ;

Sysktem. ot printlinArrays tosStringildoubled)i):;

e Output:
RS RS o s S e O e B T S e O e Do

Copyright 2010 by Pearson Education

26



