Building Java Programs

Chapter 7
Lecture 16: Arrays

reading: 7.1-7.3

(Slides adapted from Stuart Reges, Hélene Martin, and
Marty Stepp)
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Can we solve this problem?

e Consider the following program (input underlined):

How many days'
high temp:
JUSAE S Y Y e
high temp:
high temp:
high temp:
Rlagh i emps
kA e R
temp = 44.

Rayilivg
P
Bayy 3
Day 4
REava
Day 6
T R
Aergge

4 days were above
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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.

e — 4
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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.

ngex. 0 e gaandin e e 4 80

valte | 12 b 40 -2 1 296 S b7 6184 703

T T T

element 0 element 4 element 9

— 5
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Array declaration

type[] name = new type(length];

o Example:
int[] numbers = new int[10];

T e B B o

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

* The length can be any integer expression.

ERaalm s o e e

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

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

Type Default value
int 0
double 9red
boolean false
SErIng i
or other object | (means, "no 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]) ;
if (numbers[3] < 0) {
Systemyoutpraintin (tElementadsnsanegar vyt

}

index 0 1 2 3 4 5 6 7 8 9

value|27| 0 | 0 |-6/ 0| 0| 0|00 ]|O
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Accessing array elements

int[] numbers = new 1nt[8];

G SN Y S P e e A

numbersiidl =99

numbers[6] = 2;

int x = numbers[1l];

numbers[x] = 42;

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

R B o
numbers value| 0 | 3 (1142|199 0 | 2 | O
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Arrays of other types

double il resulibs — new doublelb;
e N I
regults Pdivi=r=0 b

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

boolean[] tests = new boolean|[6];
e S A

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

— 10
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Out-of-bou—ng

* 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 1int[10];
Cvhetw mate e e e // okay
Syatemaout printlnitdata ol 1 okay
System.out.println(data[-1]); // exception
System.out.println(data[10]) ; // exception

T B e
valtle 03 Q0 00 00 010 10

%5
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Arrays and for loops

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

Eorvabrnyeay e ae S d el
System.out.print (numbersf[i] + " ");

}
Systemyoutvprintlin @iy Wbl outputs 098¢ 110 44 0702

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

Houn hiana et i S
1]

numbers | SN

index g 2 3 g4 5 A
value| 0 | 2 | 4 | 6 | 8 |10|12]| 14

53 12
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The length %Qd

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

name. length

for (int 1 = 0; 1 < numbers.length; i++) ({
System.out.print (numbersf[i] + " ");

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

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

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

4
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* Use an array to solve the weather problem:

How many days'

Db iiie
B yradtis
Day 3
Day 4
Day 5
Day 6
Ranzavaas
Asre g e

4 days were above average.

//

Weather question

R P e SN
high temp:
high temp:
gtk s g Y =T
high temp:
high temp:
high temp:
temp = 44.
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Weather answer

// Reads temperatures from the user, computes average and # days above average.
import java.util.*;

public class Weather {
SN 5 A s 2 B A NS LI Ll Yy U (A S s o 8 U P e A e M

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

3t gl uaaa = by e O

S0 AN 4 I A O A A AR A o o A s AU B 42 AU // read/store each day's temperature
SyStemyontoprenb i Day s eraeirapraapraaprit b e e e st
temps[i] = console.nextInt();

sum += temps[i];
}

double average = (double) sum / days;

int count = 0; // see if each day is above average
S 0 G o 1 TR B e A A SR Y G b 0 A A o) R
if (temps[i] > average) {
ORI s
}
}

// report results
System.out.printf ("Average temp = %.1f\n", average);
R U T L L e S D A D SR b U A S S G O SR S R B e S B B T B e

}

Copyright 2010 by Pearson Education



//

—_———————

Quick array initialization

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

 Example:
T A e

ipgex 0l 2R g b6

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

e traversal: An examination of each element of an array.
* What element values are stored in the following array?
e s b s e A
for trntiy = 0y sy aalangth el syt

T otala vz el
e e

fndex il R S6
valtie::1 [/ P10 248 1 14 122

— 17
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—————————————

Limitations of arrays

e You cannot resize an existing array:

haue e e e
a.length = 10; // error

* You cannot compare arrays with == or equals:

A% e v i e e P
ahiaduil 0 sl o R e il e -
TEal eaaoy e // false!
if (al.equals(a2)) { ... } // false!

* An array does not know how to print itself:

ahialn il Sl o Rl e il e
Shecaoovaaiih et e // [IQR98£8c4]

-k . 18
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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,

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

e Syntax: Arrays.methodName (parameters)

i 19
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- e

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

Ime e e A

e[l] = e[3] + e[4];
System.out.println("e is " + Arrays.toString(e)):
Output:

S e S

8 Misles o e 0 Faie

— 20
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Weather question 2

* Modify the weather program to print the following output:

How many days' temperatures? 7

Payrvikrea g benped b

Day 2's high temp: 44

Bay 3t s hi g Eemps 39

Day 4's high temp:
Bres
GBS

Day high temp:
Day high temp:
Banrries g e
Average temp = 44.6
4 days were above average.

S I [ 1o
W [0y | |00

Temperatures: [45, 44, 39, 48, 37, 46, 53]
Pworcotdaesidaysri3nlini3ig
e e e e e

Yol
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Weather answer 2

// Reads temperatures from the user, computes average and # days above average.
import java.util.*;

public class Weather2 {
Jon b0 e AP ooV ot Y o Eh e Tl K0y V= By g BV o it s MK ATt ot = S

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) ;

USRI T AR b ARy o A A A SO A SO VUs e A T P W A R A S i N s SRR I DT U AR S A Ol W e I ST
R R U R s G A OO T O R S R I s SO S e A S S I S e AU R L B

n, L} A temps[temps.lel’lgth o 2]);

.
‘ 22
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Array reversal question

* Write code that reverses the elements of an array.

» For example, if the array initially stores:
Pl o oy g 5o

» Then after your reversal code, it should store:
PR s A

« The code should work for an array of any size.

« Hint: think about swapping various elements...

S 23
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Algorithm idea

* Swap pairs of elements from the edges; work inwards:

index O 3 4 5
value | 89 27 | -5 142 | 11
1] 1

I
0
P 1 t

T 24
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Swapping values

e B s R CiE e ler o R )
kg e Mo
TR =i e

// swap a with b?

a =>b;
b = a;
Sy stemoubypeint oo s S iy e

}

 What is wrong with this code? What is its output?

* The red code should be replaced with:
int temp = a;

a =

b = temp;

— 25
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Flawed algorithm

e What's wrong with this code?
PR aanp e e e D e e B O

// reverse the array
for (int 1 = 0; 1 < numbers.length; 1++) {

int temp = numbers(i];
S s e e et st R s e R e i e e
RS eT S e e e e e e e e S

* The loop goes too far and un-reverses the array! Fixed version:
for (int i = 0; i1 < numbers.length / 2; i++) {

int temp = numbers(i];
numbers[i] = numbers[numbers.length - 1 - 1i];
CHA I B R L AN e St Rl e S R s e

26
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Array reverse question 2

e Turn your array reversal code into a reverse method.
» Accept the array of integers to reverse as a parameter.

el mambe s e e D 8O
reverse (numbers) ;

» How do we write methods that accept arrays as parameters?
» Will we need to return the new array contents after reversal?

S
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Array parameter (declare)

public static type methodName (type[] name) {

» Example:

// Returns the average of the given array of numbers.
public static double average (int[] numbers) ({
SRR S e
for (int 1 = 0; 1 < numbers.length; 1++) {
sum += numbers[i];

}

rebarnaatdoubralEsims numbersliangin:

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

— 28
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Array parameter (call)

methodName (arrayName) ;

» Example:

Pl e e o s s My saran
publrc stat ey vordimarmiStringllvargsiy |
// figure out the average TA IQ
e T e e R e e o
double avg = average (iq)
e G B o e e e

» Notice that you don't write the [] when passing the array.

— 29
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Array return (declare)

public static type[] methodName (parameters) {

* Example:

// Returns a new array with two copies of each value.
i Examples [ 04 0 J1 s [ 1] 4 40 0 T 7]
public static int[] double(int[] numbers) {
ant Bl reasnte = neavi e T e e i el
forv tintby =20y ivcanumbersivlengbhsy ks
8= Rau B M me e e = numbers[i]:
e e e e e R
}

return result;

— 30
e Copyright 2010 by Pearson Education



e
Array return (call)

type[] name = methodName (parameters) ;

* Example:

e e e e A b e i s
ol oA et s Vsl Ve bie L iic Bk e S hshnab e I c hiae (el
e e S oA
int[] doubled = double(iq) ;
sysbemyont iprintlnitArraysitosString tdoubled));

e QOutput:
FE26, 21265 84 7 84 il d 9l A Qe e, il B Ohs 0 E

S b
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Reference semantics

reading: 7.3
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A swap method?

* Does the following swap method work? Why or why not?

G s e R i e
ShasE e
int b = 35;
// swap a with b?
swap (a, b);

SRASHE =31 BB E R o ua B s Ml et = S A e e

public static void swap(int a, int b) {
int temp = a;
a = b
b = temp;

33
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Value semantics

* value semantics: Behavior where values are copied when
assigned, passed as parameters, or returned.

» All primitive types in Java use value semantics.
» When one variable is assigned to another, its value is copied.
» Modifying the value of one variable does not affect others.

A guih d e

int y = x; // x =5, y=5
y = 17; // x =5, y =17
i o // x =8, y =17

5 34
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e

Reference semantics (objects)

» reference semantics: Behavior where variables actually
store the address of an object in memory.

» When one variable is assigned to another, the object is
not copied; both variables refer to the same object.

» Modifying the value of one variable will affect others.

s s B

il eaaa e g // refer to same array as al
a2[0] = 7;

SUstenm eitihrint i nin ey e e e ngat ) e b 4 8l

index 0 1 2

alO * value| 7 |15]| 8 | * Oaz

S 35
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References and objects

* Arrays and objects use reference semantics. Why?
» efficiency. Copying large objects slows down a program.
» sharing. It's useful to share an object's data among methods.

DrawingPanel panell = new DrawingPanel (80, 50);
DrawingPanel panel2 = panell; // same window
panel2.setBackground (Color.CYAN) ;

panell O\. 600 cst..
panel2 Q/

36
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Objects as parameters

* When an object is passed as a parameter, the object is not
copied. The parameter refers to the same object.

» If the parameter is modified, it will affect the original object.

pitblicvstatic vord main{sStrang i arge) |
DrawingPanel window = new DrawingPanel (80, 50);
window.setBackground (Color.YELLOW) ;
example (window) ; window

}

public static void example (DrawingPanel panel) {
panel. setBackground (Color.CYAN) ;

} -~ panel O >

® O O CSE...

i 37
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—_———————

Arrays pass by reference

e Arrays are passed as parameters by reference.
» Changes made in the method are also seen by the caller.

public static void main (String[] args) {
nEm e B A e S e
increase (iq) ;
systemvoubtyiprintin(Arraysitostring (2q) )y iq
}
public static void increase(int[] a) {
for (int 1 = 0; 1 < a.length; 1++) {
SR e e
}
}

e Output: index 0 1 2
E2aZ e e b g0
aO—» value | 252 | 334 | 190

— 38
Copyright 2010 by Pearson Education




//
Array reverse question 2

e Turn your array reversal code into a reverse method.
» Accept the array of integers to reverse as a parameter.

el mambe s e e D 8O
reverse (numbers) ;

e Solution:
public static void reverse(int[] numbers) {
for (int 1 = 0; i1 < numbers.length / 2; i++) {
int temp = numbers([i];
numbers|[1] = numbers[numbers.length - 1 - 1i];
Hmoe rslrTmbe el ana e e e T

39
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Array parameter questions

* Write a method swap that accepts an arrays of integers and

two indexes and swaps the elements at those indexes.
e e e e
swap(al, 1, 2);
SV e E SR e R B e e e A I e e P e g 4 )

» Write a method swapAll that accepts two arrays of integers
as parameters and swaps their entire contents.

» Assume that the two arrays are the same length.

3l e M s e B el o

e e

swapAll (al, a2);

System.out.println (Arrays.toString(al)); // [20, 50, 80]
System.out.println (Arrays.toString(a2)); // [12, 34, 56]

S 40
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Array parameter answers

// Swaps the values at the given two indexes.
public static void swap(int[] a, int 1, 1int J) {

int temp = ali];
e e
alj] = temp;

}

// Swaps the entire contents of al with those of a2.
[BEbY s E et s Re N se R e i e e A S e e e T e
PORvi v s e e gt e
int temp = alfi];
al[i] = a2[i]:
az2li] = temp;

:
£ 2 41
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Array return question

* Write a method merge that accepts two arrays of integers
and returns a new array containing all elements of the first
array followed by all elements of the second.

A v e Bl e e S
A e e

Nt o s herae (Al ey
System.out.println (Arrays.toString(a3));
// [12, 34, 56, 7, 8, 9, 10]

* Write a method merge3 that merges 3 arrays similarly.

3l o ety I e R i B L e e e S
T a2 sl Sea O e
e s e

int[] a4 = merge3(al, a2, a3);
SV S elier e PR e e e R
[/ EY2, 3456670 8,9, 10, 444, 222  ~1]
42
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Array return answer 1

// Returns a new array containing all elements of al

// followed by all elements of a2.

publac static ant il mergetint il al; v ant i azy
siealE S e R el R e L

FoOEvarntvamvsasmancanal v e gt s lifdepmd
e

}

Foralint =20y v ciadiabangb gy i e ) g
result[al.length + 1] = a2[1i];

}

return result;

e 43
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