Building Java Programs

Chapter 7

Lecture 16: Arrays as Parameters, Arrays for
Tallying

reading: 4.3, 7.6
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Why did the programmer
quit his job?

Because he didn't get arrays.

~ Copyright 2010 by Pearson Education




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) ({
int sum = 0;
for (int 1 = 0; 1 < numbers.length; 1++) {
sum += numbers|i];

}

return (double) sum / numbers.length;

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

methodName (arrayName) ;

* Example:

pHE e e laass Moo am
public statie void marn (SEringi]l argsy) |
// figure out the average TA IQ
vt haagi= 2684l 48 e 95 1
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) {

* Example:

// Returns a new array with two copies of each value.
i Bxample: [1; 4, 0. 7} > |1, 3, 4.4 0,0, -7, 7]
publvewstabweiant Pladouhbilie Camifids nusibe e st

int[] result = new 1nt[2 * numbers.length];

for: (int 4= B= e pumbers Tength: s
rosulE 2 iy = numbers([i];
resilE 2 o e = anambera i)

}

return result;
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Array return (call)

type[] name = methodName (parameters,) ;

* Example:

publbic elass MyPrograrm
public static void main (String[] args) {
snblbvaga= P26 Bl e 49 6y O e
int[] doubled = double(iq)
System.out.println (Arrays.toString (doubled));

e QOutput:
R S S T O O G e e OO e
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Array reversal question

*» Write code that reverses the elements of an array.

» For example, if the array initially stores:
ooy

» Then after your reversal code, it should store:
(B9 0 o b o ]

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

« Hint: think about swapping various elements...
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Algorithm idea

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

index 0 1 2 3 4 5
value | 89 | 0 | 27| -5 142 | 11
1 1 1 1 1 1

e 8
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Publicistabite oldh mat RS Ering Rl argal o

TRk A=

int b = 35;

// swap a with b?

a = b;

b=

Sy shbemdonbapreintinta sty

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

* The red code should be replaced with:

int temp = a;
b;
temp;

a
b

i 9
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Flawed algorithm

* What's wrong with this code?

g

Tk ElEnumbe s il ol e b g O e

// reverse the array

for (int 1 = 0; 1 < [REEISENENNE—eas, > 1++) {
int temp = numbers[i];
nemhe sl s nnnbowes i mo s hemag bl o
QrBiloEEE e e e e SR R el e e et e

* The loop goes too far and un-reverses the array! Fixed version:

fobslint e 0 e = numbers i length o 2= 0 L)
R e mp W R e
numbers[1] = numbers[numbers.length - 1 - 1];
nimnbersifnumbers Yengbh il e b emp:;

10
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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.

T o A I B R Y Y e R oA
reverse (numbers) ;

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

i, AVYA
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Reference semantics

reading: 7.3

= 192
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A swap method?

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

g

public static void main(String[] args) /{
TN =
bbb =355

// swap a with b?
swap (a, b);

SVStem e rp R bl e et e e
}

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

— AGS!
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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.

sl i i T

int y = x; fl ok =5 o= h
Vol o =5, v =17
S R // x =8, y =17

e 14
: Copyright 2010 by Pearson Education



-

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.

It a8

Tl vaz2v=al; // refer to same array as al
a2[0] = 7;
S e e e s e B e e Bt o

mge o 1 o

aJO = 2 : Oaz
valu | 7 |15| 8

- e
— 15
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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 OO CsE..

panel2 O/

16
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bjects 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.

public static vold main(Stringl]l args) |
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..

— 17
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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.

publicistatic void maln(String il argsh
AR R e I s s
increase (iq) ;

System.out.println (Arrays.toString (iq)) ;

}

public static void increase (int[] a) {
For b oG g eomie e e
SRR R e e
}

}

» Output:

Esv s O hilelc o .

Iq

a O—> value | 252

334

190
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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.

T o A I B R Y Y e R oA
reverse (numbers) ;

e Solution:
pubbhwodsstbabrcsvondiireverse (rntdid numbe r sy
Forvlanbvi = 0v v ive numbersidengih v ey
int temp = numbers[i];
numbers[1] = numbers[numbers.length - 1 - 1];

RSt A A M ant et spe e A baaake n e e e e S e

— 19
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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.

TR e el e e S ek
swap(al, 1, 2);
Sy otenEoiE pr it i array s ooy aal s A R 2 s 341

* 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.

e ) M A e e

sB oo WA SISl

swapAll (al, a2);

Sy etensolt Pt iR rraus P ooyl A 50 B0
Systemioutiprintintirraye toStringtaz)ys WAL P12:34; 56]

g 20
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Array parameter answers

// Swaps the values at the given two indexes.
pEb e sEabweEvordhwswapiGe bl v ank v e g
int temp = aflil];
2k =o il
aljl] = temp;
}

// Swaps the entire contents of al with those of a2.
Pabile i sa b volchnswapiibiren bl e vt ivsavigass]
sEeus s IR e e el Al s )
e bempa— o
allilv=sa2ibals
az2li] = temp;

21

-y

; Copyright 2010 by Pearson Education

—



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.

TP el s 2 B B
bt e e g e e

/

int[] a3 = merge(al, a2);
systemvout s prrntintArraysotostring (a3
// [12, 34, 56, 7, 8, 9, 10]

» Write a method merge3 that merges 3 arrays similarly.

TR a2 e B e e
L B e M T ey
¥ e ] M e L i

int[] a4 = merge3(al, a2, a3);
System.out.println (Arrays.toString (a4)):;
R ot e e e e i e

22
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Array return answer 1

// Returns a new array containing all elements of al

// followed by all elements of a2.

public staticiantilvmergeant flval vanb a2y o
int[] result = new 1nt[al.length + a2.length];

Bonavaiiane e Il e e e e T i )
o al i e

}

Eorsatmnt s e pac s e g v sl
result[al.length + 1] = aZ2[1i];

}

return result;

23
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Array return answer 2

// Returns a new array containing all elements of al,a2,a3.
SHDY v MW e et ettt B e Mo Lo T S e P e s e Y e e
Tl iad = new anb Fakiengehiik a2 Fength v ia3n engibhly

INeng e R M afe nelal e s s
ad[i] = alli];

}

Yo h o s e s W s ale oAl
2 Falsiienabh s e i

}

VO SR e e R N AT e S e )
a4d[al.length + a2.1length + i] = a3[1];

}

return a4;

}

// Shorter version that calls merge.
publrcistataciantt i merge3tant Pl al vant a2l ia 3
return merge (merge(al, a2), a3);

}

3 24
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Value/Reference Semantics

* Variables of primitive types store values directly:

age 20 cats 3

» Values are copied from one variable to another:
cats = age; age 20 cats | 20

* Variables of object types store references to memory:

index 0 ) 2

d
graces | ¢ | 7 . |80 78 | 93

» References are copied from one variable to anotheér:
scores = grades; scores ,\

Copyright 2010 by Pearson Education
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Text processing

reading: 7.2, 4.3

)
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String traversals

* The charsin a Sstring can be accessed using the charAt

method.

e accepts an int index parameter and returns the char at that index

S S Be IR B Oe e e S e
char firstlLetter = food.charAt(0);

SV EeNEOE T Prant PR EESE e & e Tt

//

'c'

NN E o s

ot Te

* You can use a for loop to print or examine each character.

SELENGIMafoE = CoRMy

el abaam e S e Ve e = nalonmlan (R

char ¢ = major.charAt(i);
Systenoutprintlinlc)y

Copyright 2010 by Pearson Education

it++)

{

// output:
[1C
// S
// E

27
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A multi-counter problem

* Problem: Write a method mostFrequentDigit that
returns the digit value that occurs most frequently in a
number.

« Example: The number 669260267 contains:
one 0, two 2s, four 6es, one 7, and one 9.

mostFrequentDigit (669260267) returns 6.

o If there is a tie, return the digit with the lower value.
mostEreguenthigit (571 35203)  returns 3.

g 28
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e We could declare 10 counter variables ...

int counter0, counterl, counter?2, counter3, counterd,

multi-counter problem

counterb, counterb6, counter’, counter8, counter9;

e But a better solution is to use an array of size 10.
» The element at index i/ will store the counter for digit value J.

 Example for 669260267:

mde 0 1 2 3 4 5 H 5§ 9
X
valu| 1,020,004 1|00
e

e How do we build such an array? And how does it help?

Copyright 2010 by Pearson Education
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Creating an array of tallies

// assume n = 669260267
int[] counts = new int[10];
W ke
// pluck off a digit and add to proper counter
S ANE OV e e e AR
counts[digit]++;
N n 0

pge O 2 3 4 5 6 £ § O
X

vaiu 1 0 2 @ 0 0 4 | 0 [
e

S - 30
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// n
Tally solution

// Returns the digit value that occurs most frequently in n.
// Breaks ties by choosing the smaller value.
publac istatvo PnEimesEFreguent gyt ingin g
int[] counts = new int[10];
H e T A g
g swhgesaalnak e ffva digit and wta by it
Srelbishe st o wiiomb s
eht e e
}

// find the most frequently occurring digit
int bestIndex = 0;

Eor i tonb v e erunt gl engihy b
e N e G o I R s e O P VR A Wt I G e I Rl P R
bestIndex = 1i;

}
}

refturn bestndex;

31
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Section atte

ndance question

*» Read a file of section attendance (see next slide):

yynyyynayayynyyyayanyyyaynayyayyanayyyanyayna
ayyanyyyyayanaayyanayyyananayayaynyayayynynya
yyayaynyyayyanynnyyyayyanayaynannnyyayyayayny

* And produce the following output:

Section
Student
Student

Section
Student
Student

Section
Student
Student

» Students earn 5 points for each section attended up to 30.

Ik

pornks:
grades:

%

DO o
grades:

3

poEnts:
grades:

oy 2o b o d s Ol

PO 90 e 8 0 0 G 3

Pzl o0y o nd o d e ]

P T e e e o

B e e ]

P9 Sieiih S S g O s D

Copyright 2010 by Pearson Education
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week

section 1
section 2
section 3

e —— —_—

Section input file

2 3db o 3d 5 To Al 23451 Asd s A sd sl o 3dbl 23451 23
I: 2 3 L o 6 ¥ 8 Y

YYOYYYNayayynyyyaypiyyyayiayyayyanayyyenyay

ayyanyyyyayanaayyanayyyananayayaynyayayynyn
yyayaynyyayyanynnyyyayyanayaynannnyyayyayay

» Each line represents a section.

A line consists of 9 weeks' worth of data.
- Each week has 5 characters because there are 5 students.

» Within each week, each character represents one student.
« a means the student was absent (+0 points)
- n means they attended but didn't do the problems (+2 points)
« vy means they attended and did the problems (+5 points)

Copyright 2010 by Pearson Education
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Section attendance answer

ol 1) o o N wn i Gvos i Mo R
A% 11810 & WAV 10 v A0 B W B A

public class Sections {

—_1 Copyright 2010 by Pearson Education

public static void main(String[] args) throws FileNotFoundException ({

Scanner input = new Scanner (new File("sections.txt"));
N0 DA S < Ol I KD DN
while (input.hasNextLine()) {
AT e 1 oo IR W p NS VUM g e D Ny o S h e S eV A // process one section
B e B S A S e S e S Qe SR P
N OB T Y v R A DA i S T o TR Y Yo ol Y e v o P
i Y VAT i B N N B s v s o
int earned = 0O;
if (line.charAt(i) == 'y') { 750 S0 sttty | O % A s YA o s i)~ B
earned = 5;
} else if (line.charAt(i) == 'n') {
23 MR B M
}
T A S T R e D U e oty ) o AT A Ae B e M O R s B S R S et e I
}
double[] grades = new double[5];
Y B0 AR AV A 01Y AU e B M SRS MR Y o o Y AV S = Y o Y o S v, o M Aen
grades i ="1T00 0" polnt s il 20:00:
}
System.out.println("Section " + section);
SRRl (AN B Y A SR AN WA MO SRS AR TG LY A1 VA @ TG Y o hie MR A AN A R WA WP L S R Y VS Y O 10 R @ N AU R RS 0 AU R
System.out.println ("Student grades: " + Arrays.toString(grades));
System.out.println();
section++;

} 34
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Data transformations

* In many problems we transform data between forms.
« Example: digits — count of each digit — most frequent digit
» Often each transformation is computed/stored as an array.
» For structure, a transformation is often put in its own method.

s

* Sometimes we map between data and array indexes.

» by position (store the jth value we read at index /)
o tally (if input value is /, store it at array index 7 )
» explicit mapping (count 'J' at index O, count 'X' atindex 1)

* Exercise: Modify our Sections program to use static
methods that use arrays as parameters and returns.

i, 45
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Array param/return answer

// This program reads a file representing which students attended
// which discussion sections and produces output of the students'
// section attendance and scores.

A e YA e D e s S A
A1) @ Vo WAt A = hY o W b v A R

public class Sections2 {
public static void main(String[] args) throws FileNotFoundException {
Scanner input = new Scanner (new File("sections.txt"));
int section = 1;
while (input.hasNextLine()) {
// process one section
String line = input.nextLine () ;
TR vpoiknt sy =recounb Pornesitliaine)y:
double[] grades = computeGrades (points);
results (section, points, grades);
SE UG

}

// Produces all output about a particular section.

@UH QM e SR e i Y s A Wl NS AU M S M U N SR e S Y SV oM Y s M M 5 s AN G R0 N A SUAARY & T D AN o BT M s R A e 1y I
System.out.println("Section " + section);
System.out.println ("Student scores: " + Arrays.toString(points));
Sy sEemyscutyprantdamitStudentrgrades ot lrra s b oS Eringitgrade sy
(

System.out.println() ;

36
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Array param/return answer

// Computes the points earned for each student for a particular section.

e YR I R R B B A Y A e A A e S N o e D O M A RS MR S M o N Ve A B M e (S S

IO SR TS BN AL R B R e S IR R Y

For rneiaa=n0r vy e T liengb ity i by
TR Endent vsivinvg v
AR = M R =\ AN B
S e b e e e e

earned = 3;

Fralgewi ot ineseharnhb it yvesrrhn iy

earned = 2;
}

points[student] = Math.min (20, points[student] + earned);
}

ST DN ARy Ol I A Y o o

}

// Computes the percentage for each student for a particular section.
public static double[] computeGrades (int[] points) {
double[] grades = new double[5];
Y @ Mo Bl evea v v O MM s, i o o kY O B S Al =Y 0 B M AR e e d I
radesirr=rihglgr s e n e G
}

return grades;

37
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