Building Java Programs

Chapter 5
Lecture 10: while Loops,

Fencepost Loops, and Sentinel Loops

reading: 5.1 - 5.2
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String methods
Method name Description
indexOf (str) index where the start of the given string
appears in this string (-1 if not found)

length () number of characters in this string
substring (index1, the characters in this string from index1
index2) (inclusive) to index2 (exclusive);
or . : if index2 is omitted, grabs till end of string
substring (indexl)
toLowerCase () a new string with all lowercase letters
iscppemGasci() a new string with all uppercase letters
* These methods are called using the dot notation:

Stringistarza= "YeezyagoHovals
Svistem: ont . printiinfstarz :Yength ) ) // 12




String method examples

// index 012345678901

SiErrngEesilva isaE b Riceia il .

SErrngSsY v MOt E S Eapp Y,
System.out.println(sl.length()):; 1 12
System.out.println (sl.indexOf ("e")); // 8

System.out.println(sl.substring(7, 10)); // "Reg"

String s3 = s2.substring(l, 7);
System.out.println (s3.toLowerCase()) ; Ll artyos!

e Given the following string:

// index 0123456789012345678901
String book = "Building Java Programs";

» How would you extract the word "Java" ?



Modifying strings

* Methods like substring and toLowerCase build and
return a new string, rather than modifying the current
string.

SEprncis =N e RO R e

s.toUpperCase () ;
Sy ol P b B 5 // Aceyalone

* To modify a variable's value, you must reassign it:

String s = "Aceyalone";
S = s.toUpperCase();
System.oUt . printin(s):; // ACEYALONE



Strings as user input

* Scanner's next method reads a word of input as a

SaEe siglop:
Scanner console = new Scanner (System.in);
System.out.print ("What is your name? ");
String name = console.next() ;
name = name.toUpperCase() ;
System.out.println(name + " has " + name.length() +
Yo llekbepsrandusPart st halssirname s s Eringutl 2k
Output:

What i1s your name? Nas
NAS has 3 letters and starts with N

* The nextLine method reads a line of input as a String.

Sy stemseoukaprintt b ats srs voniriraddice sl e
String address = console.nextLine() ;
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Strings question

 Write a program that reads two people's first names and
suggests a name for their child

Example Output:

Parent 1 first name? Danielle
Parent 2 first name? John
Child Gender? £

Suggested baby name: JODANI

Parent 1 first name? Danielle
Parent 2 first name? John
Child Gender? Male

Suggested baby name: DANIJO



The equals method

e Objects are compared using a method named equals.

Scanner console = new Scanner (System.in);
System.out.print ("What 1s your name? ");
SlliRchrramer = coRsel et
if (name.equals("Lance")) {
Sy S ECIEONES PE IR EN G PN s et S p O a ey )
System.out.println("Quitting lasts forever.");

» Technically this is a method that returns a value of type boolean,
the type used in logical tests.
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String test methods

Method Description

equals (str) whether two strings contain the same characters

equalsIgnoreCase (Str) | whether two strings contain the same characters,
ignoring upper vs. lower case

startsWith (str) whether one contains other's characters at start
endsWith (str) whether one contains other's characters at end
contains (str) whether the given string is found within this one
String name = console.next();
i1f (name.endsWith ("Kweli")) {
O H B Ol B S S e e L e S e TN R (O s e AL A LN P e o S P DY R O S i Y Do 20
} else 1f (name.equalsIgnoreCase ("NaS")) {

System.out.println ("I never sleep 'cause sleep 1s the cousin of
CleElElres i) v



Type char

* char : A primitive type representing single characters.
» Each character inside a string is stored as a char value.

» Literal char values are surrounded with apostrophe
(single-quote) marks, such as 'a' or '4' or '\n' or "\''

» It is legal to have variables, parameters, returns of type char

char ettt =155
System.out.println(letter) ; // S

* char values can be concatenated with strings.

Gl st =S e
System.out.printlntinitial +. ' Diddy™); // P Diddy



Th

e charAt method

e The charsin a Sstring can be accessed using the charat

method.

SErrngintoodr=t cookrials
char firstlLetter = food.charAt(0); i iy

sSyishemsontaprint fnitEe st et fapibaliacafor Shedafond)s;
System.out.println ("That's good enough for me!");

* You can use a for loop to print or examine each character.
SE NG marors = SESHI

Borke il TR
charse
System.

}

Output:
C
S
E

=0 emeror s kenagth L) s i
= major.charAt(i);
QiE e Tl e
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char VS, St ring

» "L 0SS A ey
'h' is a char (the two behave differently)

* String is an object; it contains methods

SHE A e byl A
s = s.toUpperCase () ; L/ R
int len = s.length(); Vi at

At B e e A e g e F D 7 i -

* char is primitive; you can't call methods on it

Clliaiesrel st
c = c.toUpperCase () // ERROR: "cannot be dereferenced"

e Whatiss + 1 ? Whatisc + 17
e Whatiss + s? Whatisc + ¢ ?



e ————

char VS 10k

* All char values are assigned numbers internally by the
computer, called ASCII values.

 Examples:
Lhikejer il LR Seahb et Gaag )
L 1S Oy Pl s g8 v o)

* Mixing char and int causes automatic conversion to int.
Palik 10s s L0 At £ tp . s 130

» To convert an int into the equivalent char, type-cast it.
Cehar)ra i e roNd o nea

1:2



Comparing char values

* You can compare char values with relational operators:
o e and I¥!' == X! and le | = qu

 An example that prints the alphabet:

Fogsmteharseors el e alonl e el
S Ee e A ol R e d e R

}

* You can test the value of a string's character:

strrng-werdir—rconsolec nextay
if (word.charAt(word.length() - 1) == 's') {
Sy Sbemsoutprintini(weord alvrsnpilaiead oy

}

13
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String/char question

* A Caesar cipher is a simple encryption where a message
is encoded by shifting each letter by a given amount.

e e.g. withashiftof3, A—->D, H>K, X—> A, andZ —> C

 Write a program that reads a message from the user and
performs a Caesar cipher on its letters:

Your secret message: Brad thinks Angelina is cute
Your secret key: 3
The encoded message: eudg wklgnv dgjholgd 1v fxwh

14



!;f”’ﬂ%’””——————f = 7
Strings answer 1

// This program reads a message and a secret key from the user and
// encrypts the message using a Caesar cipher, shifting each letter.

TR (O SR A e A ro BB b Rt
public class SecretMessage {
oL RO e i el s o Bl S O i s P RS e S AY® P s S o o e
Scanner console = new Scanner (System.in);
System.out.print ("Your secret message: ");
String message = console.nextLine();

message = message.toLowerCase() ;

SV STEEN: O PRl Y O SS e Gre b e dee et e
int key = console.nextInt();

encode (message, key) ;

15
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Strings answer 2

// This method encodes the given text string using a Caesar
// cipher, shifting each letter by the given number of places.
o1 DS R RO oo R AV O 0 B 2 U QU B SRS R U AR DU R BY -Gl By Vi ki A by U Walen s g v
System.out.print ("The encoded message: ");
B O A CHRIOR B O R PR < s e Y g T ol 9 T o g g e
char letter = text.charAt(i);

// shift only letters (leave other characters alone)
if (letter >= 'a' && letter <= 'z'") {

letter = (char) (letter + shift);

// may need to wrap around
At s B B o oo et e R |

letter = (char) (letter - 206);
} else if (letter < 'a') {
letter = (char) (letter + 26);

}
}
System.out.print (letter);
}
System.out.println() ;

16



Methods using charAt

Write a method printConsonants that accepts a String
as a parameter and prints out that string with all vowels
removed

For example, the call:

RlElrEE oS enran FeHEl re e e e

should print:
Emsphe

17



Heartbleed Bug

OpenSSL HOW THE. HEARTBLEED BUG WJORKS:
Used to encrypt web data SERVER, ARE YOU STILL THERE?
Used by Facebook, Google, etc. F o0 REpLy TPOTRIO” (6LEER)
Written in C ) o

OpenSSL Heartbeat >
Make sure connection is still live l

Send a string and ask for it back

- You can lie to Heartbeat about

how long the string is 9
Bug Released March 14th, 2012 [romm e lo

SE?UEE,PRE:‘DU 5.1?[.LTP'lERE?

IF 50, REPLY "BIRD" (4 LETTERS). User Meg wants
) these 4 letters: BIRD.
(6]

lo

O
https://xkcd.com/1354/ e



Heartbleed Bug

Simplified view of computer memory:
P ) y Computer Memory

double TRESEE 10.05StringOne6S
int [ElEEEl tringTwoZ2asmithp
Strlng_st?l = “"StringOne”; 255w0rdo . . .

int x = 6;

String str2 = “StringTwo”;

int [SERA

“asmith”;
“padb5wlOrd”;

String username
String password
int zZ0="9;

sty Temagbhs 9
sErZiandex:0::

18



Heartbleed Bug

Simplified view of computer memory:
P ) y Computer Memory

double TRESEE 10.05StringOne6S
int [ElEEEl tringTwoZ2asmithp
Strlng_st?l = “"StringOne”; 255w0rdo . . .

int x = 6;

String str2 = “StringTwo”;

int [SERA

“asmith”;
“padb5wlOrd”;

String username
String password
int zZ0="9;

sty Temagbhs 9
skr2:. andex 0. 2 S
str2 index 6-8:

20



Heartbleed Bug

Simplified view of computer memory:
P ) y Computer Memory

double FEEETR 10.05StringOne6S
int EIEEEL tringTwoZasmithp
Strlng_st?l = “StringOne”; a55w0frdﬁ. -

int x = 6;

String str2 = “StringTwo”;

int [SERA / \

String username “asmith”;

String password
int zZ0="9;

“padb5wlOrd”;

sty Temagbhs 9
SHEn e el D G S oAl
e I O e o PR S A BT

str?2 index -1:

2:1



Heartbleed Bug

Simplified view of computer memory:
P P ’ Computer Memor

double FEEETR 10.05StringOne6S
int EIEEEL tringTwoZasmithp
Strlng_st?l = “StringOne”; 255w0rdo . . .

int x = 6;

String str2 = “StringTwo”;

int [SERA

String username = “asmith”;

String password = “pabbwOrd”;

int zZ0="9;

sty Temagbhs 9
SEriarndes ol
e b B O O o e A B R
SileZernidieren=il e

str?2 index 16-23:
22



Heartbleed Bug

Simplified view of computer memory:

double y = 10.0;

int w = 5;

String strl = “StringOne”;
int x = 6;

String str2 = “StringTwo”;
int [SERA

String username = “asmith”;
String password = “pabbwOrd”;

int zZ0="9;

sty Temagbhs 9

skr2:. andex 0. 2 S

SErEvs anciese ot iTwe

sikebEzea ndesen—dins e

SHEh Rt alel=p e B oha /et vuaiiis o Vo UBTe ki 0 ade Kl

Computer Memory

10.05StringOne6S
tringTwoZasmithp
255w0rdo. . . t

\ |

23



Heartbleed Bug

- Bug
- Bug Released March 14th, 2012
- Fix released on April 7th, 2014

SERVER, ARE YOU STiLL. THERE?
IF S0, REPLY "HAT™ (500 LETTERS),

/

er Meg wants these 500 letters: HAT.

HAT. Lucas requests the nux:edcame
ctions” page. Eve (administrator) wan

er Meg wants these 500 letters: HAT.

ts to set server’'s master key to ' 118

35038534". Isabel wants pages about "

anakes but not too long". User Karen

Wents tochanqe account. passworﬂto
TR Mt

https://xkcd.com/1354/
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A deceptive problem...

* Write a method printlLetters that prints each letter
from a word separated by commas.

For example, the call:
printletters(YAtmosphere®)

should print:

LSRR w i s e T SER o TR R g ~ Ty e =

25



Flawed solutions

¢ publknesstatic vordaprEntherfers (St R word)
FoisEinE s sl i aweordi fancEhy() s e aane)
System.out.print (word.charAt(i) + ",

}
Sy SEcmEouty printinais // end line

}
e ONIEPRIE et s s et Pt e s el

o pnb e s AR EvordTprinE et or SaiSEringRwe el
Fortint a0y e word rengb s stk

System.out.print (", " + word.charAt(i)):

}
S el ae e e (e // end line

o ORI a7 ot e o cha e e e

{

{
{

{

S

26



i
Fence post analogy

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

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

o 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.

5

27



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.

/

28



Fencepost method solution

ol b cE SiEaE e ORI R e b e S e R WO Gl e
System.out.print (word.charAt (0)) ;
orimEraey =l eawend e Mg Chese by o
S Eehs ol e e e rd ScharB (i) )

}
Syvistemiout . printlntk: // end line

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

publseistaktirciveord iprintlickFers (Strang worec)saf
 Ereian aak ok BER LR 0 SORR bR e i oW alo b =T ate e dR G RS e RO i S
systemzontrprentiiword charAE 1)k V=

}
rntylast = word; length(): = 1

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

29



Fencepost question

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

o Example: printPrimes (50) prints
DR o Lo s p g s b Ol b e e SO Ran e S e s b e e e L)

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

* To help you, write a method countFactors which returns

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

30
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Fencepost answer

// Prints all prime numbers up to the given max.
OB S T AR S e B e B AV e o A A ) S (B ST LI AN G (L bore |
N R0 = - G ey T |
S S e I O e N R R G A

B B A BT B e By o e L e e A S
NN R DN O b G T R B et (o B B vt
S EE MO N i s

}

}
Syisisenrot st Ry

}

// Returns how many factors the given number has.
publrcssEaiicint iconntEactor sitEntnumb s st

NN S ST O D H g )
| B 31 £ B 1 e B4 Aol B el S US04 O S s B ) i
if (number % 1 == 0) {
Count ik, // i is a factor of number

}
}

TR =R S W ) e e @ 8 W

31
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while lOOPS

reading: 5.1

32
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Categories of loops

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

« 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.
o Print random numbers until a prime number is printed.

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

33



The while loop

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

no es
is the test true?

A 4

while (fest) (

Statement(s) ; controlled statement(s)
}
e Example:
S = // initialization
while (num <= 200) { // test
System.out printfnum F Mty
ALbRE b O // update

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

34



Example while loop

// finds the first factor of 91, other than 1
SR e R O

I B v Ol B OB RRE
while (n % factor !'= 0) {
factor++;
}
Sy Shemy outs prlintEnCelrpstEsEachor sk aebor)s

// 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.

35
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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: Write a program that prompts the user for text
until the user types "quit", then output the total number

of characters typed.

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

Type d . word: (or "gulth
Type a word (or "quit"
Pypesaswordtor agulisy
Not LV pediarseeobal ol 8

to exit): hello
to exit): yay
tosexit)r quit
characters.

36



Solution?

Scanner console = new Scanner (System.in);
TR DI Bl
String response = "dummy"; // "dummy" value, anything but "quit"
while (!response.equals ("quit")) {
Systemscytiprne i yvpel avyondailor N qui s st or el
response = console.next();

sum += response.length();

}

Sy:sEemsonbapintinciYousbypecizastobalatebr st isumaf et eharactcr syt

* This solution produces the wrong output. Why?
Your typedaareoralkior 2 neharackterss

37



The problem with our code

* 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.
7

* 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.

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

38



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”

J:

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

39
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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 word (or \"quit\" to exit): ");
String response = console.next();

while (!response.equals("quit")) {
sum += response.length() ; // moved to top of loop
Systemsout sprinEEEtvpesasword o tguiti St exim)saiiyy:
response = console.next();

}

SygEem ot eprinE N Y o Eypedieartobal ot et igrgumatba i eh gract el ss

)

40



//
Sentinel as a constant

public static final String SENTINEL = "quit";

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

// pull one prompt/read ("post") out of the loop
SyistemsouEAprinE . Typeiaswordiitora i o SENTINBL = 1o e kit ma )=
SEringrresponse i conseolesnexeif)s

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

SRV =) IO A A O G LIg M e L VA ST S RN (o Bl o Rt Mo R Vet el TH | W)y | D B e e el e he < DY g
")

response = console.next();

}

RS oS IR Dyt S e e o R AR ONb R v @S Y6 L= Lo ol o ok b et o et Sev SO B b i i S e o o Ao O T < s A B
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