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LOOPS

In this chapter we will ook at programs that. _repeatedly. execute
ONE O MOre Statements. SUPPOSE We GPEN a bank account with
an mitial deposit 61 $10,000. The account earns 5% interest with
the interest calculation at the end ofieach year and then deposited
INto the bankaccount. How many years does it take for the

balance to reach $20,0007.
o [ swo
B




LOOPS

In Java, the while sStatementimplements arepettion. A
statement executes a _ block oficode  repeatedly. A
termination’ condition controls Now often the Ioop Is executed.

ihe general form ofithe SeclisliglEplt ISt lwhile (condition)
statement




LOOPS

N QU CASE WE Want to KnewW When the bank account has reached a
partictlarbalance . \While the balanceis €SS we keep
adding_ interest and incrementing the year counter:

(balance < targetBalance)

doublle [interest = balance * rate / 100;
balance balance + interest;

The complete program that solves ourinvestinene probleis Bathe
nandout.



LOOPS

A statement is often called a@ _leep. .

fihe flowchart: shows that the control Ioops
packward tothe test after every
: : balance <
iteration . targetBalance?

v
increment years

v

add interest
to balance

v
while loop




The lejeJel{while (true) | iEatitas s lelelel/

over and overwithout ever terminating: . Some programs
never.exit (examples AITM machine or _telephone switch' )

UL OUN pregrams are not usually ofithat kind.  BuUt even ifyou
can't terminate the [oop, you can €exit  from the method that
contains It.




LOOPS

The most annoying looep erroris an _Infinite 1oep. which is a loop
that can only be stopped by Killing the program or: restarting the
computer.

Project Rum  Window Help

0 Testjava X
public class Test
{

public static veoid main(String[ ] args)

{

while (true)
{
System.out.println("Hello") ;

Press 1O Sstop ExXecution ﬁ

s\Javaljre 1, 5.0_10%bin\javaw.exe (Jan 4, 2007 11:39:03 AM)




LOOPS

A common reason o infinite Ieeps IS fergetting to advance the
variable that contrels  the loop:

int years = years IS a

while | (years < 20) Ioop-contnﬂ

variable

{

double interest = balancse
balance = balance + interest;

Here the programmer forget to add'a years++ command in the
loep. As aresultithe value of always stays Z€l0 "and the
l0Op NEVEr comes to an. _end




LOOPS

Semetimes you want.the body ofialoop to execute alileast Gnee

and perform the looptest  afterthe body was executed.  The
do  |00p Serves that purpose.

do
statement

while (condition);



LOOPS

For example, SUppese you wWant te make sure that a USer. enters a
positive number. As |ong as the userenters a _negative
numpber or. ZEero’ just Keep prompting for a correct input.

Inthis case, a do 100p. makes Sense because you need to get a
userinput. _before you can _testit

double wvalue;
do

{
String input =

JOptionPane.showInputDialog ("Enter a positive number") ;
value = Double.parseDouble (input) ;

}

while (value <= 0);




LOOPS

double value;
do
{
String input =

JOptionPane.showInputDialog ("Enter a positive number") ;
value = Double.parseDouble (input) ;

}
while (value <= 0); 4

v

read a wvalue

v

v

do while loop



LOOPS

double value;
do

{

String input =

JOptionPane.showInputDialog ("Enter a positive number") ;
value = Double.parseDouble (input) ;
}

while (value <= 0);

In' practice, this situation Is NOL Verny comimon

You can always
replacea do loop with a while I|o0p by INtreducing a

boolean CONtrol variable.

boolean done = false;

while ('done)

{
String input =

JOptionPane.showInputDialog ("Enter a positive number") ;
value = Double.parseDouble (input) ;
if (value > 0) done = true;




LOOPS

Ihe most common I6ep has the form: FEEITIY
while (i <= end)

Because this form s se common
there Is a special form for it that
emphasizes the patterns

start; i <=

You can also' declare the
I00p counter inside the for
I00P header:




LOOPS

Let us use this Ieep to find out the Ssize ofi our,
$1.0,000 1 nvestment ;5% Interest is
compounded for 20 years. Remember that

$500 1S added every. year.

for (int i = 1; i <= n; i++)

{

double interest = balance * rate / 100;

balance = balance + interest;

ihe code for and
With an additional method
that contains a I0OP IS shewn on

the handout.

v

add interest
to balance




LOOPS

Iihe three slots in the for header can contain any three expressions.
YoU can count. _dewn_ instead ofi Up._

for (years = n; years > 0; years--)

Iihe iIncrement or: decrement need Not e In Steps 6ff one

for (x = -10; x <= 10; x

ItIS pessible, but asign ofi badtaste , to put
unrelated conditions  INte the 160p:

for (rate = 5; years-- > 0;

System.out.println(balance)) ... // Bad taste

YoUu should stickwith for-leeps that: _initialize , test , and
update  asingle varianle.




LOOPS

Aforleepis an Idiom  fora while |00p Ofia particularform.

A counter runs from the start tothe end with a constant
Increment:

for (set counter to start; test whether counter at end;
update counter by increment)

{

// counter, start, end, increment not changed here

IFyour leep deesn't match this pattern, don‘t Use the for
construction.



LOOPS

It 1s legal in Java to declare avariable inthe header  ofa
l60p. Here Is the moest common form of this syntax:

for (int i = 1; i <=n; i++)

{
}

// i no longer defined here

The scope of the variables extends to the end  ofithe 100).
fherefore, i IS No lenger defined when the leep ends. Ifyou
need to USe the value ofithe variable beyond the end ofithe oo,
then you need to define 1t outside  the loop.




LOOPS

In' the Ieep header, you can declare multiple variables, as long as
they are ofithe sametype  andyou can include multiple
update expressions  Separated by, commas

for (int i = j =10; i <= 10; i++, j--)
Viany people find'itt _confusing. Ifia |00 coNntrels more than
one variable . Itis notrecommended to USE this type ofifor

Statement.  Instead, make the for. leop contrela  single . counter.
and. update  the other variable explicitly:

int j = 10;
for (int i = 0; 1 <= 10; i++)




LOOPS

What dees the Ioep at the nght print?. sy
sum = 0;
for (1 =1; i <= 10;

TNIS 160p IS sUPPOSEed 16 compute

125,010 whien is 55, sum = sum + i;
System.out.println (sum) ;

But actually, the loop prints _11° . Did you spotthe
semicolon  atthe end ofithe forleep?  The loop really is aloop
With .an empty body. . =1; i <= 10; i++)

he loop does nothing 10 times and wWhen finished, sum= 0

and' 1= 11 . Then the statement

makes sum= 11 .




Nested Leeps

SUPPOSE you need to prntthe triangle

shape shown:

YOU have to generate a number,
O rows as shown at the right.

HOW do you make atriangle
row?. Use another |loop.  for
the sguares in thatrew. T[hen

[]

[101]
[1[11]
[1010111]

(101010111
(10101010111
1010101010111

for (int i 1; i <= width; i++)

{

// make triangle row

for (int j = 1;
r=r+ "[]";
r=1r + "\n";

j <= i

add a newline atthe end ofithe row. The ith row has i
Sympbpels So the Ioep countergoes from 1101




[]

[1[1]
Nested Leeps (10111

[1010111]

| . (10101010
PUtling these two 166ps together yields (10101010111

tWo nested loeops as shown. SESESESESEREY

for (int i = 1; 1i <= width; i++)
{

for (int j = 1; J <= 1i; J++)

r =r + "[ ] ";
r=r + "\n";

ihe complete programiis shown on the handout.



Processing Input

SUPPOSE yoUu Want to process a set ofivalues.  Eor reading mput,
yOU can use the showInputDialog method ofithe
class. Oryou can usethe nextInt method to read an ,

the nextDouble method to read a ., the next method
0 read aword, OnLthe nextline MEMNOd to read aline of text

all from the class.




ProGCessIng Input

The loep shown at the rght reads boolean done = false;
through input data.  THIiS[00PIS A |

Ittle different from earlier. exanples String input = read input;
because the test conaion is a if (end of input indicated)
. .
variable done . That variable else
Stays false UNUlyoU re2cyithe _
T . process input
end ofi Inputdata ; then itis set
100 true . [The nexttime theloop

starts at'the top, deneis true
and the loep. exits



ProGCessIng Input

fihere s areason fer using a
variable. The testforloop
termination 6CeUrs inthe middle

ofithe leep, not at'the tep or the

pottom. YoUu musthirsttry to
read Input._ before you can test

Whether.you have reached the
end of input

boolean done = false;
while ('done)

{

String input = read input;

if

(end of input indicated)
done = true;

else

{

}

process input




ProGCessIng Input

|Let's write a program that analyzes a set ofivalues. This willl'use a
class . YOU add values to a DataSet ebject with the add

method. The getAverage MENOM returns the average ofiall

added data and the  getMaximum MENOA returns the largest.

. —————
public class DataSet

loUT.

// gets the largest of the added data
public double getMaximum( )

{

return maximum;




Processing Input

The method of exiting the loop using the  boolean Variable done

IS called the “Leop and a Half* method since |loep exitis in the
middle ofithe loop. Anothertechnigue ofiexiting aleep that 1s

preferred by SOMmMe programmers InVeIVes the USe ofithe break
Statement.




ProGCessIng Input

ihe Sstatement was used in chapter5to exita switch
Statement. A can also be used to exita while

for , or do loop.
In this example, the statement is used to terminate the

loop Wwhen the end oefiinput. 1s reached.

while (true)

{

String input = JOptionPane.showInputDialog
("Enter value, Cancel to quit");
if (input == null)| // leave loop in the middle

uble.parseDouble (input) ;
data.add (k) ;




ProGCessIng Input

Reading from the console Is done with the Scanner Cclass.
fihe code shown on the handoutis a modified version ofithe input
test with input from the console.

boolean done = false;
while ('done)

{
System.out.print ("Enter value, Q to quit: ");

g_rIipac——consoie. mexey ), ————————————
if (input.equalsIgnoreCase("Q"))
done = true; pPrompt
else

step the leep

double x = Double.parseDouble (input) ;
data.add (x) ;

Note thatthereis a prompt  tothe user inside thewhnileloop.
fhe loop continues to run until. done IS changed to true




Processing Input

The loep needs to be modified ' when reading an. _unknoewn_ number,

ofidatavalues froma file . Wewillnotusea boolean
variable to control the loop. Instead; we will'use the hasNext
method orrthe hasNextInt method ofithe class.

(Code for the Input test has been moedified se that an unknewn

number.ofidata items can be read from afile. The code IS shown
ONn the handout.

Note that when reading data from afile; N6: _prompis  are needed.
Andiloeop exit will'eventually occur at the beginning. ofithe Ioep.




Processing Input

Semetimes It IS convenient to have an iputline that contains
multiple items ofiinput data. SUPPOSE an INputline contains two
numpers: 5.5 10000 . You can'tconvertthe string "5.5
10000 te a number. but you can break the string Iinte a _seguence
OfStrings, each O WHICH represents a separate inputitem. Ihere
IS a special class StringTokenizer that can break up a string into
items, Gr- as they are called tokens . By default; the string
tokenizer uses whitespace ( spaces , tabs , newlines ) as
delimiters. For example, the string 5.5 10000" will'be
decomposediinto two tokens "5.5" and "10000"




ProGCessIng Input

0 tokenize a string, you need to Construct a
OPJeCct and supply the string to be broken up i the Constiuctor

StringTokenizer tokenizer = new StringTokenizer (input) ;

Iihen keep calling the nextToken method to get the next token.




ProGCessIng Input

Ineloopattne rnght while (tokenizer.hasMoreTokens( ))

SNOWS the Proper {
_ String token = tokenizer.nextToken( )
technlque. IUSes the do something with token

hasMoreTokens

method te ensure that there are still'tokens to be processed.

Iyou want to USe another separator, suchasa comma._ (o
separate the individual values, Yyou nNEed to SPecify a second
argument when you construct the Tokenizer. 0bject:

StringTokenizer tokenizer = new StringTokenizer (input, ",");

Here Is a modified Version ofithe input test using the tokenizers on
the handout.



lraversing the Characters in a Strng

The charat method ofthe Class returns an imdividual
character as avalue ofitype char . Recallthat String poesitions
are numbpered from 0 . [he pattern for transversing a string Is

Showhn helow.

for (int 1i 0; i < s.length( ); i++)
{

char ch = s.charAt(i) ;

// do something with ch




lraversing the Characters in a Strng

SUpPPESE you Want to count the number 6fiVowels in a string.
The loop below carries out the task.

int vowelCount = 0;

String vowels = "aeiouy";

for (int i = 0; i < s.length( ); i++)
{

char ch = Character.tolowerCase(s.charAt(i)) ;
if (vowels.indexOf (ch) >= 0)
vowelCount ++;

Here we use the index0f method ofithe class. The call

str.indexOf (ch) ; returns the first eccurrence of In oF

— doesn't occUrin




SYmmetnc and Asymmetrnc Bounds

It IS easy to write a leep with' - going from 4 te n:

for (i =1; i <= n; i++)

The values for. 1 are bounded by the relation 1 S 1 S n
Because there are =  comparisons on both bounds, the bounds
are called symmetric

\When traversing the characters ofia string, the bounds are
ellSifle S  for (i = 0; i < s.length( ); i++)

The values of i are bounded by 0 < i < s.length( ) witha
= onthe leftand a < on the right. That is appropriate because
s.length( ) IS notavalid pesition.




Random Numbers and Simulations

Ina simulation yoU generate randoem__ events and evaluate
theirroutcomes. The Random  class ofithe Java library
Implements arandom numper generater Which produces nUMmBEers
that appear to be completely random. 106 generate random
NUMDErS, yoU Construct an GPject ofitne  Random  CGlass and then
apply Gne ofithe methoeds shewn in the charit.

Method
£Int (n) a random integer between the
nextintin integers 0 (inclusive) and n (exclusive)
a random floating-point number
nextDouble (n) between 0 (inclusive) and n (exclusive)




Random Numbers and Simulations

For example, you can simulate the cast ofia die as snoewin.

Random generator = new Random( );

int d = 1 + generator.nextInt(6);

ifgls ezl |generator . nextInt (6) | eji/eis\eltl =t g=tglele)ephigitingl )it

petween 0and5 . Add 1to obtain a number.between 1and 6 .

ihe program on the handout Is a dice program te give you a feeling
Ol NeW LG USe random numbers.



