Building Java Programs

Chapter 5
Lecture 5-1: while Loops,

Fencepost Loops, and Sentinel Loops

reading: 5.1 - 5.2
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A deceptive problem...

e Write a method printLetters that prints each letter from
a word separated by commas.

For example, the call:
SheTTmoRm s e e ne SR e R oR e B

should print:

Aoy opiis s ps hotter, e
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Flawed solutions

e slediatiaiicin s hen i et e i cuen i nd W s h e pl = p o OCH s s e io e oA o U Al
A5E B el ORI A R EE o ety Dbt Bt Gt Vi e SO Y <20 i e 0 o B i o
System.out.print (word.charAt(i) + ", "),

}
System.out.println(); // end line

}
o OUEtDUL: A iy s e e e e

S euni e BBt R s bnn Mok n o M e A o0 Gy A Ym0 o e Y S Y G S D M AR A B o ) LR
o o ek GnMn s S I R S e W e A E s e e mis o A P R e A
e e e L sl g B el S B T

}
e e R R

}
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Fence post analogy

* We print n letters but need only n - 1 commas.

e Similar to building a fence with wires separated by posts:

» If we use a flawed algorithm that repeatedly places a post +
wire, the last post will have an extra dangling wire.

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.

place a post.

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

/
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Fencepost method solution

 SesatediE e hn -t as Dent v N s b s R e e b e A MRS R RY sE A e s e ) DR
System.out.print (word.charAt (0)) ;
ForlmnE e e O T g e e ) ]
SR e D sRed R s P T of e Bl e el B T B

}
System out printintr:  // end line

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

publigistabtacivordiprinthiobters (SEring  word i
Fotintwi e Diavianaaywordvl eragt il awsanadap et

systemvoutiprinbiwordacharAt (o) 4V, e
}

SERNET e he e R e e D R eve RE A O e S R

System.out.println(word.charAt(last)); // end line
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Fencepost question

e Write a method printPrimes that prints all prime numbers
up to a max.

« Example: printPrimes (50) prints
o B i et s s il e s aes el e e

o If the maximum is less than 2, print no output.

e To help you, write a method countFactors which returns

the number of factors of a given integer.
e countFactors (20) returns 6 due to factors 1, 2, 4, 5, 10, 20.



Fencepost answer

// Prints all prime numbers up to the given max.
OIN bR SR SRR e O M R AE B ST S S e e e
7 SRR G aqlts o et et
System.out.print ("2");

Hehan Gl ket i D e
if (countFactors (i) == 2) {
Sy afemibutipr inEiEl gy

}

}
System.out.println();

}

// Returns how many factors the given number has.
publrersrariorrntrosnntactorsitintrnumber )y

R 6w ol o 1 Wk e O
R A S R b e L G S A e S e e e e
if (number % 1 == 0) {
count++; // 1 is a factor of number

}
}

return count;



while loops

reading: 5.1
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Categories of loops

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

o 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.

« Prompt the user until they type a non-negative number.
e Print random numbers until a prime number is printed.

- Repeat until the user has typed "qg" to quit.

1ok
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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:
SSale v // initialization
while (num <= 200) { // test
S Ate bR m i e Y o et (g Nb A S
Bl e // update

}
// output: 1 2 4 8 16 32 64 128

12



7 e
Example while loop

// finds the first factor of 91, other than 1
SElgiat e

It faetor i =2
while (n % factor '= 0) {
factor++;
}
Aot piey e b vty sl s p OHPA s s e R e e b e L SR B R e o) W

// output: First factor is 7

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

1.3
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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.

e Example: Write a program that prompts the user for text
until the user types nothing, then output the total number

of characters typed.

* (In this case, the empty string is the sentinel value.)

Type a line (or nothing
Tvpe g e S e oL g
Type ay dne itor inothing
Youvbypedivavbtotalvolb @i

to exit): hello
bovexibis BRI s s aiiline
Fovesertgqs

characters.
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Solution?

Scanner console = new Scanner (System.in);
SV E LN I e T
String response = "dummy"; // "dummy" value, anything but ""
while (!response.equals("")) {
Sy stemyoutrprint e Typeravlinewtor nothing Eorexa ity
response = console.nextLine ()

sum += response.length ()

SRV AT A AMT e A b ARATA) © Aty i oA Y ORE AN Ao e i e S0 AT WO W - I B AT, JRIRT AR U AN ERY e B s il Vol ol s T o s AL VA
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Changing the sentinel value

* Modify your program to use "quit" as the sentinel value.
 Example log of execution:

VA sis R i a S i oae e st e L e p s T s e (B o

Typeia ane wloryYagurt o ex ity vt gvas avlane
Typevarnetor =haurt i aro et e gUEE
Yoarypadvasiabatahes el e e e as
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Changing the sentinel value

* Changing the sentinel's value to "quit"™ does not work!

T e e e L e A T e S e
SRS N g I A
String response = "dummy"; // "dummy" value, anything but "quit"
while (!response.equals("quit")) {
e e e e e e
response = console.nextlLine()

sum += response.length();

}

System.out.println("You typed a total of " + sum + " characters.");

e This solution produces the wrong output. Why?
You tvpediaitotalvof 28 icharactorsy

o
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The problem with our code

e Our code uses a pattern like this:
sum = 0.
while (input is not the sentinel) {
prompt for input; read input.
add input length to the sum.
v

* On the last pass, the sentinel’ s length (4) is added to the
sum:

prompt for input; read input ("quit").
add input length (4) to the sum.

e This is a fencepost problem.
» Must read N lines, but only sum the lengths of the first N-1.
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A fencepost solution

sum = 0.
prompt for input; read input. // place a "post”

while (input is not the sentinel) {
add input length to the sum. // place a "wire"
prompt for input; read input. // place a "post”

”:

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

Scanner console = new Scanner (System.in);
int sum = 0;

// pull one prompt/read ("post") out of the loop
System.out.print ("Type a line (or \"quit\" to exit): ");
String response = console.nextLine() ;

while (!response.equals ("quit")) {
sum += response.length() ; // moved to top of loop
Systemsoutvprintit Type avlinetora Yot raraseipyan sty
response = console.nextLine ()

}

S I 2108 AT b ARAPAD) @ A AR i 4 A 1 GRE AL N WRDAD s 07 2100 Ao ol o s 617 A LR G MDA SO Q044 e AR il > = B ol S e At A0 10
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Sentinel as a constant

public static final String SENTINEL = "quit";

Scanner console = new Scanner (System.in);
485 0 B ARAA T b A B e

// pull one prompt/read ("post") out of the loop
R A e e e e e e SN LN R i s a st
String response = console.nextLine();

while (!response.equals (SENTINEL)) {

sum += response.length(); // moved to top of loop
system ot yprintit Typeaiine tor ok e SENTINRL o Wbsrrasrifops ity s
response = console.nextLine ()

}

Sy SremnseonrrprintintYrorrrEvpedranbobal o hadieanmrr e e haiegiem e el
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And with some cleanup...

public static final String SENTINEL = "quit";

public static void main (String[] args) {
Scanner console = new Scanner (System.in);
S anE bR e

// pull one prompt/read ("post") out of the loop
String response = getLine (console);

while (!response.equals (SENTINEL)) {
sum += response.length(); // moved to top of loop
response = getLine (console) ;

}

System.out.println("You typed a total of " + sum + " characters.");

}

public static String getLine (Scanner console) {
System.out.print ("Type a line (or \"" + SENTINEL + "\" to exit): ");
return console.nextLine() ;

22



