Building Java Programs

Chapter 7
Lecture 7-2: Tallying and Traversing Arrays

reading: 7.1
self-checks: #1-9
videos: Ch. 7 #4
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A multi-counter problem

* Problem: Examine a large integer and count the number
of occurrences of every digit from 0 through 9.

« Example: The number 229231007 contains:
two Os, one 1, three 2s, one 7, and one 9.

e We could declare 10 counter variables for this...

nErcounterycounterlavreounterZ2rconnter 3y e ounterd:

B0 R A BB = s S B AU N Al Y = S G AN AT o = W A R AL b A e = W SO A R s B L A Y = GAD

e Yuck!
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A multi-counter problem

* A better solution is to use an array of size 10.
 The element at index i/ will store the counter for digit value /.
» for integer value 229231007, our array should store:

maex oot 2 34 b g g

valger 2 L 1 13 00 L0 0 e 0

* The index at which a value is stored has meaning.
e Sometimes it doesn't matter.
« What about the weather case?

e 3
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Creating an array of tallies

ibaety abb g e PR RR Y L
int[] counts = new int[10];
whnbesvtnommasyn Oy
// pluck off a digit and add to proper counter
PGl B s 0
counts[digit] ++;
R = e G

dexa ek A d h e O

value| 2 |1 | 3|01 0] 001|001

e
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Array histogram question

* Given a file of integer exam scores, such as:

82
06
T
63
oo

Write a program that will print a histogram of stars indicating
the number of students who earned each unique exam score.

85: * ok Kk k%

86: Rl g i i b i i i i i i ¢

S
Bgrinx

91: * Kk k%
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Array histogram answer

// Reads an input file of test scores (integers) and displays a
// text histogram of the score distribution.

5§ o0y siti = tarc BARA 1 © Bzl

S1541101 o 0y ot Bo e oA b o 4 LA 0

plblicrclags st ran ]

S5 S B RS AR S A VAN 5 BTV A B A A Ok B i A OB B e 9 U 0 A i Y s I I 0 T A S T ) S e e

Scanner input = new Scanner (new File("scores.txt"));
int[] counts = new int[101]; // counters of test scores 0 - 100
while (input.hasNextInt()) { // read file into counts array

int score = input.nextInt();

counts[score]++; // if score is 87, then counts[87]++
}
AN o N SR NN AR BANILS AT o i ke MY 24 A A A B 2 AR // print star histogram

if (counts[i] > 0) {

NORVAS T 001 110 Y1 1 AAn 1 o BA 1 0 o A L Ay

e S ine g s countsial e
S A AT =i P 0 1w o B G R0 R ol AR

}
ST ol Y R R o A IR
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Array traversals,
text processing

reading: 7.1, 4.4
self-check: Ch. 7 #8, Ch. 4 #19-23



Array traversals

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

for (int 1 = 0; 1 < array.length; 1i++) {
do something with array[i];

» Examples:
» printing the elements
» searching for a specific value
e rearranging the elements
» computing the sum, product, etc.
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Quick array initialization

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

 Example:
T B e e R o s

ipgex 0 1l 28 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
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Mini-exercise
 Improve the following code (it can be replaced by 1 line):
BRI R R e R R
o u I A e e
nsl[2] = 25;
SRR R

(This is slightly a trick question. But only slightly.)
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Mini-exercise - solution

 Improve the following code (it can be replaced by 1 line):

b A G R S A e ek R
gte v AV IAe R O
ns[2] = 25;
SRR R

// new code:
Pk 0 . e e

3 11
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"Array mystery" problem

* What element values are stored in the following array?

sljail il = o R R e o e Rl
Eevand e R I Y st e
TRt il A e e
SoisE e e e

index OwiilvaZas sy
pele T R ] Al

g . - 12
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Text processing

* text processing: Examining, editing, formatting text.
» Often involves for loops to examine each letter of a String.

« Count the number of times the letter 's' occurs in a file.
« Find which letter is most common in a file.

« Count A, C, T and Gs in strings representing DNA strands.

* Strings are represented internally as arrays of char.

Sin o ser e R
index 0 1 4 ]
Va/ue 'A' 'l' 'G' ]

Copyright 2008 by Pearson Education
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Recall: type char

e char: A primitive type representing a single character.
» Values are surrounded with apostrophes: 'a' or '4' or '\n'

e Access a string's characters with its charAt method.

String word = console.next();
char firstletter = word.charAt(0):;
svam REa b s Sy mm s aa e el
System.out.println("That's good enough for me!");

* Use for loops to examine each character.

String coolMajor = "CSE";
For e S e e oMy o v s L G e C gy
System.out.println (coolMajor.charAt(i)) ;

A 14
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Text processing question

* Write a method tallyvotes that accepts a String

parameter and prints the number of McCain, Obama and
independent voters.

// (M)cCain, (O)bama, (I)ndependent
String voteText = "MOOOOOOMMMMMOOOOOOMOMMIMOMMIMOMMIO" ;
tallyVotes (voteText) ;

» Output:
Moo i
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* Arrays.toString accepts an array as a parameter and
returns a String representation of its elements.

ImE e e e

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

S e 8 ]

e Must import java.util.*;

A 16
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Text processing answer

pub e stabie ant P bl Ve b eSS ring woke s
S atamty A o g 0 Bt = e SN R A P fifoMaasviageasid i i i

e e s

Etvobes oo it iy et
tallies[0]++;
} else if (votes.charAt (i) == '0O') {
Ealiie s e
Fasligaid // votes.charAt (i) == 'I'

tallies[2]++;

SystenvontiprinblinitiVotesy i rravsireStving it o by

s
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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 (< O if not found)

equals (arrayl, array2) returns true if the two arrays
contain the same elements in the
same order

fill (array, value) sets every element in the array to
have the given value

sort (array) arranges the elements in the array
into ascending order

toString (array) returns a string representing the
array, suchas "[(10, 30, 17]"

18
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Arrays as parameters

e [Section 7.1 of the text]

e Declaration:
public static type methodName (type[] name) {

 Example:
public static double average (int[] numbers) {

o Call:
methodName (arrayName) ;

 Example:
yotiblviscore syl el Dl B il
double avg = average (scores) ;

s 19
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Array parameter example

public static void main (String[] args) ({
Vo)t s ) SR i e pe et B A o ot o W Do i R s e o
double avg = average (1q);
System.out.println ("Average = " + avqg);

public static double average (int[] array) {

int sum = 0;
oA s o pe e A Sl o B
sum += arrayl[i];

1 < array.length;

}
sum / array.length;

return (double)

Output:

Average = 124.2

2 - Copyright 2008 by Pearson Education
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Mini-exercise

Modify the ‘average’ method to find the max element
instead (assume the array is non-empty)

DWle Y e oy healetay ton ek TN O Ruh sl s MR Sl s s
o O e
double avg = average (1q);
System.out.println ("Average = " + avgqg);

}

public static double average (int[] array) {
A G S BY I A
Eorrnbaansaieeneiia gy iiliamap b et
sum += arrayl[i];
}

retnrnfdoubley isumvlvarrayysengbhs

21
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Mini-exercise - answer

Dubliichverat i eivoidime R R S EIngh e rags il
s e e L L T L s e
int m = max(iq) ;

Al oAb MO S A N O E T R e R e

YR EANE A el ot M S Mt gt vt o 1 ) e D Bl 6 7
BN i O N O s h e A G RO K U
e Mot e eV e A D R i i s e DA N S e Al oAt Y A
IR B nele D MR B s s S R
MaxXSoFar = array il

}

return maxSoFar;

}

Output:

. Max = 167

g - 22
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Arrays as return (declaring)

public static type[] methodName (parameters) {

 Example:

ob vl e R el et 1 o & ol B DieTovblahel B Vet M nist W BV ee A sl RO
rnb bl counEsisinew ant iy
while (n > 0) {
Tnvdrgib i=n sl e
ot % Ta i
counts |[digit]++;
}

return counts;

g - 23
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Arrays as return (calling)

type[] name = methodName (parameters) ;

 Example:

ol vl e iR s e e S e i ic W ni o ke A e e YR Wl e R
int[] tally = countDigits (229231007) ;
System.out.println (Arrays.toString(tally));
}

Output:
[21 1/ 3/ 1/ OI OI OI 1/ OI 1]

Ee o 24
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Section attendance question

* Write a program that reads a data file of section attendance

and produces the following output:

Septionsiattendedyip9erag rnland 3
Stdentvscoress il guvnantisrndn v ga
Y B B B e e e e e e e A

Sechronsabtendedsvhbrvnlnnheaberndy)
SEHdenbrsooreswrhbgeradigeae el
Stundentiigrades el el s g

Sections attended: [5, 6, 5, 7, 0]
Studenbisaores v b il e B g8
Stdenruairadasrmalhalievegitnte e v Ot

45.0]

60.0]

SO

« Students earn 3 points for each section attended up to 20.
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Section input file

* The input file contains section attendance data:

Pl RO I R O RO DO A O 00 O RO 0D 0
N e P I B S e O e B D S Sl e I I B S o
10101011011011011110119§101011010111011010101

week]l week?2 week3 weekd weekb5 weeko week/7 week8 week9
R e e e P N B e B e e B e R e e s re v P E ey

week?
R S Al e e e S B e O N e S P A L B P P AR
T: if 0 g 0

e Each line represents a section (5 students, 9 weeks).
» 1 means the student attended; O not.

26
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Data transformations

e In this problem we go from Os and 1s to student grades
» This is called transforming the data.
» Often each transformation is stored in its own array.

* We must map between the data and array indexes.

Examples:
» by position (store the jth value we read at index i )
o tally (if input value is /, store it at array index /)

» explicit mapping (count 'M' at index 0, count '0' at index 1)

S
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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.

import java.io.*;
Y00 YD N ANy i 0V ARRUIA b AT VAR KA 0

AN P B A e I SRR M
pubiiresveraraveaaravdmarinrt S ramarivb g saveb i rawesin e ot R onmrrabie e sieromad

Scanner input = new Scanner (new File("sections.txt"));
while (input.hasNextLine()) {
// process one section
String line = input.nextLine();
int[] attended = countAttended(line) ;
int[] points = computePoints (attended);
dennodaclisao e an e el N e s vdle sl iies s

results (attended, points, grades);

}

// Produces all output about a particular section.
public static void results(int[] attended, int[] points, double[] grades) {

System.out.println("Sections attended: " + Arrays.toString(attended)):;
Sy SEenconteprintlntlsecEronssasre st bniyR gy s b S SE R ar Do Sy
A S T A S B B B e B S A Y A MU I S s i e S Ve e

(

System.out.println();

—

28
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Array param/return answer

// Counts the sections attended by each student for a particular section.
public static int[] countAttended(String line) {
int[] attended = new int[5];
{0 G e AR A 0; i < line.length(); i++) {
e Y R S A R AT L R A B
// ¢ = "'1'" or ¢ = '0
if (¢ == '1")
// student attended their section
attended[i % 5]++;

}
}
return attended;

}

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

public static int[] computePoints (int[] attended) {
int[] points = new 1nt[5];
W AN (03 M AN AT Vs Aol MDA B A V=T AT I A AUARANE, oo ) e
PodRb e i r=rMariomin 20k ai e ndad: byl

oy =B Rl p Y o (et A e agH
}

// Computes the percentage for each student for a particular section.
public static double[] computeGrades (int[] points) {
double[] grades = new doublel[5];
for (int 1 = 0; 1 < points.length; i++) {
Frades s s R S R

return grades;

g |
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