Building Java Programs

Chapter 5
Lecture 5-1: while LooOpsS,

Fencepost Loops, and Sentinel Loops

reading: 4.1, 5.1
self-check: Ch. 4 #2; Ch.5 # 1-10
exercises: Ch. 4 #2,4,5,8; Ch.5 # 1-2
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A deceptive problem...

* Write a method printNumbers that prints each number
from 1 to a given maximum, separated by commas.

For example, the call:
printNumbers (5)

should print:
e
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Flawed solutions

o publiderstatieivordiprintNumbe s Clinbamase) vy
A A e M A I e S SR e e S e e
Systemyoubyprintliias oty
}
St maelitaaiiia s ER S e o s end Ehed T hie o f sou bR

}

s SlthE O Pt e e e e

® public static voild printNumbers (int max) {
0 AR 0 I 5 e A M e B e B e O e e e
SyistemionbipErn N gy
}
System.out.println(); // to end the line of output

}

e Output from printNumbers(5): , 1, 2, 3, 4, 5

e
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Fence post analogy

* We print n numbers but need only n - 1 commas.
e Similar to building a fence with wires separated by posts:

» If we repeatedly place a post + wire,
the last post will have an extra dangling wire.

» A flawed algorithm:
for (length of fence) {
place a post.
place some wire.

/

—
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Fencepost loop

* Add a statement outside the loop to place the initial "post.”
» Also called a fencepost loop or a "loop-and-a-half" solution.

e The revised algorithm:

place a post.

for (length of fence = 1) {
place some wire.
place a post.

/

—

¥
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Fencepost method solution

pubircwsta trcvwvorovpEl neNumee e s e )i
System.out.print (1) ;
For (IRt isma 2 e s
Svsbemyontiprr b s antiig gy
}
Systomsolt v prInE // to end the line

e Alternate solution: Either first or last "post" can be taken out:

public static void printNumbers (i1nt max) {
for (int 1 = 1; 1 <= max - 1; i++) {
System:ontiprintfay £ e
}
System.out.println(max); // to end the line
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Fencepost mini-exercises

* Write a method printRange that prints all the integers up
to a given maximum in the following format:

» Examples: printRange (5) prints
P B B

You can assume that the argument is positive.

* Modify printRange so that the argument can be any

integer. If the integer is negative or zero just print the
brackets:

printRange (0) prints
[]
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Fencepost mini-exercise solution 1

publircwstabrcivorgvp i ntRange CinEvmase v
S Eci el s o e R R
EOT O e s ey
System out print (% Wik gy

}
Systenmoub prantin (i
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Fencepost mini-exercise solution 2

// also support zero and negative arguments
publacvstaticivordiprintRange (Antymaseing
AT e R S i L e R e
SR B Gind s boce BRI
System.out.print (1) ;
}

For a2 e e e
Svaten oub vprinE (N Teah

}
SRVASH SO0 My ot At ek R o ) A
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More fencepost questions

* Write a method printPrimes that prints all prime numbers
up to a given maximum in the following format.

» Example: printPrimes (50) prints
e S e e e e e e e s e

e To find primes, write a method countFactors which returns

the number of factors of an integer.

e countFactors (60) returns 12 because
1,2,3,4,5, 6,10, 12, 15, 20, 30, and 60 are factors of 60.

SRR 10
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Fencepost answer

pubilwe elass Primesid
public static void main(String[] args) {
R AT B LR YA S A
b A o R A BN
}

// Prints all prime numbers up to the given max.
pubbrarstarrecyotdoprintPrimestintomaxyd
Svabemcoltbyp it pipaiies

For v rnbiy = aghiyinge imasewii oy
1f (countFactors (i) == 2) {
SN el e Bl g B AR
}
}
Systemsonbiprentime )y

i 7

~ Copyright 2008 by Pearson Education



/ =
Fencepost answer, continued

// Returns how many factors the given number has.
// Note: this is also in ch04-1 slides
e R e e e e e e o D e e

int count = 0;
forv int e ideamimbe e il Eryand
it (number % 1 ==0)

count++; // i is a factor of number

}
}

et counts

"
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while loops

reading: 5.1
self-check: 1 - 10
exercises: 1 - 2

53
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Categories of loops

» definite loop: Executes a known number of times.
» The for loops we have seen are definite loops.

» Examples:
« Print "hello" 10 times.

« Find all the prime numbers up to an integer n.
« Print each odd number between 5 and 127.

* indefinite loop: One where the number of times its body
repeats is not known in advance.

» Examples:

« Prompt the user until they type a non-negative number.
o Print random numbers until a prime number is printed.
« Repeat until the user has types "q" to quit.

14
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The while loop

* while loop: Repeatedly executes its
body as long as a logical test is true.

while (test) {

statement(s);
}
* Example:
Shiw el

while (num <= 200) {
System.out.print (num + "
Y e U e

}

e OUTPUT:
T 2den8vle 3264128

Copyright 2008 by Pearson Education

").
14

execute statement
after while loop

// initialization
// test

// update
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Example while loop

// finds a number's first factor other than 1

Scanner console = new Scanner (System.in);
Systemiontiprinb (W yvpeia inumber i)y
PEME Eb e e e e e Sl e
int factor = 2;
while (number % factor '= 0) {
factor++;
}
Sy stemyontiperntln{iFrrstviactoryy Mok racbor )y

e Example log of execution:

Type a number: 91
vt e R i ety a

* while is better than for here because we don't know how
many times we will need to increment to find the factor.

A 16
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for VS. while loops

* The for loop is just a specialized form of the while loop.
» The following loops are equivalent (more or less):

Foractintananm =l numa = 200 it a2t
SWsAm s nkoTba nitichaatisnsi Qe bl R

// actually, not a very compelling use of a while loop
// (a for loop is better because the # of reps is definite)
e
while (num <= 200) {
Systemvontrprintitnum ity
aR T e

17
" Copyright 2008 by Pearson Education



——

Mini-exercise

e Convert the following for loop to an almost-equivalent
while loop:

forvtintviveaivaganan ity
S e R e

}

~ Copyright 2008 by Pearson Education
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Mini-exercise - solution

e Convert the following loop to an equivalent while loop:

toratintrdr=n Ol fhenisbfaaad
Systemyoubiprintlintagy:

}

hbahid Wl 0

whirle i TGy
System.out.println (i) ;
e

——g——— 19
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Mini-exercise part 2

e Puzzler: when we converted this for loop to a while loop:

Fortint i =g s ey
Sysbenvoubyprinelintegy
}

why might the for loop not be precisely equivalent to the
while loop?

20
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Mini-exercise 2 - solution

0 fadion At e e O A A A R CA
Sy sbemyoubyprarlniiagy:
}

int 1 = 0;
whrilesrEraeaiiyed
Sy bemvoutvprintlmiiny
Tk

}

These might not totally equivalent, since the integer i is
only within the scope of the for loop body; but in the
while loop it is outside the scope of the while.

Possible fix: rename i to a variable used noplace else.

21
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while and Scanner

* while loops are often used with Scanner input.
* You don't know many times you'll need to re-prompt the user

if they type bad data. (an indefinite loop!)

* Write code that repeatedly prompts until the user types a
non-negative number, then computes its square root.

« Example log of execution:

Type a non-negative

A i B S G N ER Y e
Invalid number,
Invalid number,
Invalid number,
Het=tietarbi-Ra=aiaiann
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integer: -5

again:
again:
CHaRsY o
again:

G e
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while loop answer

System.out.print ("Type a non—-negative 1integer: ");
int number = console.nextInt ()
while (number < 0) {
STl SRR Re e e A st e I R e e e e e g
number = console.nextInt ()
}
SUATA S N ey be el cee A RN ORI S A M e e S et e B g B e

" is " + Math.sqrt (number)) ;

» Notice that number has to be declared outside the loop.

s 23
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Sentinel loops

reading: 5.1
self-check: 5
exercises: 1, 2

videos: Ch. 5 #4

:
— 24
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Sentinel values

» sentinel: A value that signals the end of user input.
» sentinel loop: Repeats until a sentinel value is seen.

* Example: A program that repeatedly prompts the user for
numbers until the user types -1, then outputs their sum.

* (In this case, -1 is the sentinel value.)

e e
Enter a number (=T to guit) 295
Enter a number s (=1 toguit )35
Enbor a rimbor i el gk g

The sum is 70

SRR 25
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A second sentinel problem

e Exercise: Write a program that repeatedly prompts the user
for words until the user types "goodbye", then outputs the
longest word that was typed.

* (In this case, "goodbye" is the sentinel value.)

Tyvpe ia word “lor ' goodbye™ to guit) " Obama
Type a word (or "goodbye" to quit): McCain
Type a word (or "goodbye" to quit): Biden
Typeia word Wor "goodbye o guit)y Palin

Type a word “(or Hgoodbye’ to giit) = goodbye
The longest word you typed was "McCain" (6 letters)

A 26
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Flawed sentinel solution

» What's wrong with this solution?

Scanner console = new Scanner (System.in);
SHEaain e A el ate s ron sl ERAAD
SEETmg SRR // "dummy value"; anything but "goodbye"
while (!word.equals ("goodbye")) {
System.out.print ("Type a word (or \"goodbye\" to quit): ");
wordisrconsoler ety
1f (word.length() > longest.length()) {

e et
}
}

System.out.println ("The longest word you typed was \"" +
Fongeskysaiamaeh s longestitengbh( )y il Farayi:

* The solution produces the wrong output!
The longest word you typed was "goodbye" (7 letters)

- . 27
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The problem

e Our code uses a pattern like this:
longest = empty string.
while (input is not the sentinel) {
prompt for input; read input.
check if input is longest; if so, store it.

s

* On the last pass, the sentinel is added to the sum:
prompt for input; read input ("goodbye”).
check if input is longest; if so, store it.

* This is a fencepost problem.
» We must read N words, but only process the first N-1 of them.

SRR 28
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A fencepost solution

* We need to use a pattern like this:

longest = empty string.
prompt for input; read input. // place 1st "post”

while (input is not the sentinel) {
check if input is longest; if so, store it. // place a "wire"
prompt for input; read input. // place a "post”

/

* Sentinel loops often utilize a fencepost "loop-and-a-half"
solution by pulling some code out of the loop.

S 29
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Correct code

* This solution produces the correct output:

Scanner console = new Scanner (System.in);
TN VB R GG L P

// moved one "post" out of loop
System.out.print ("Type a word (or \'"goodbye\" to quit): ");
String word = console.next() ;

while (!word.equals ("goodbye")) {
bEvtwordylengeh G svlongestilengeh ()
longest = word; // moved to top of loop

}
SRS RSl R T U st UM AN I Y ST E O WO o sl vs se fore Row iSO i e AU D s R

word = console.next () ;

System.out.println ("The longest word you typed was \"" +
longest + "\" (" + longest.length() + " letters)");

3 30
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Constant with sentinel

e A better solution uses a constant for the sentinel:
public static final String SENTINEL = "goodbye";

e This solution uses the constant:

e b aE S e e e e e e s e MR ST

System.out.print ("Type a word (or \"" + SENTINEL + "\" to quit): ");
String word = console.next();

String longest = "";

while (!word.equals (SENTINEL)) ({
if (word.length() > longest.length()) {
longest = word; // moved to top of loop
}
System.out.print ("Type a word (or \"" + SENTINEL + "\" to quit): ");
word = console.next();

}

A o e e s e A e R T R e A e o o e
Fongesadaih vttt b o nge st lengii it iliarapraiys.

SRR 3
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Sentinel number problem

e Solution to the "sum numbers until -1 is typed" problem:

Scanner console = new Scanner (System.in);

ST e

System.out.print("Enter a number (-1 to quit): ");
int number = console.nextInt();

while (number != -1) {
sum = sum + number; // moved to top of loop
e e e s e e e e e e e e e e e

number = console.nextInt () ;

System.out.println ("The sum 1is " + sum);

——— .
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