Building Java Programs

Chapter 4
Lecture 4-3: Strings; char

reading: 3.3, 4.3
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Objects

* object: An entity that contains data and behavior.
» data: variables inside the object
» behavior: methods inside the object

- You interact with the methods; Oﬁ?

the data is hidden in the object. il = m (sate]
- A class is a type of objects.

e Constructing (creating) an object:
Type objectName = new Type (parameters) ;

» Calling an object's method:
objectName. methodName (parameters) ;



Strings

e string: An object storing a sequence of text characters.
» Unlike most other objects, a string is not created with new.

String name = "text";
String name = expression (with string value);

 Examples:

String names "Alice and Bob";
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Indexes

* Characters of a string are numbered with 0-based indexes:

String name = "M. Mouse";

index 0 1 2 5 4 5 6 7
character| M : M ® u s e

o First character's index : O
o Last character's index : 1 less than the string's length

» The individual characters are values of type char (seen later)



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, index2) |the characters in this string from index1
or (inclusive) to index2 (exclusive);
substring (Index1) if index2 is omitted, grabs till end of string
toLowerCase () a new string with all lowercase letters
toUpperCase () a new string with all uppercase letters

* These methods are called using the dot notation:

Strrngastarzi =N Princesv sy Michael!s
System.out.println (starz.length()); // 18



el
String method examples

// index 012345678901

SR Sl v ol Er R grer St

SiETArici Sy Ve Sie e
System.out.println(sl.length()); e e B
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()) ; // "arty s"

* Given the following string:

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

» How would you extract the word "Java" ?



el

Modifying strings

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

Shevenbolopuci alliy i sreha e S Te e s
s.toUpperCase () ;
System.out.println(s); // Mumford & Sons

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

SHehent ate e S D ¥ o Blo o R SR fon Ao
s = s.toUpperCase()
System.out.println(s):; // MUMFORD & SONS



Strings as user input

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

Scanner console = new Scanner (System.in);
e A e N e O S AP e N R A et Y S e AP RS s Lo
String name = console.next();
name = name.toUpperCase()
A B 101 e Hb peati O Al A Dl A I L e e R T o MO ATy R Ao i = Uaiodly =X A G A o R
I e e S e e e DA O e U A e P B A et o g A T PN B O R S e SO B P A g P e

Output:
What i1is your name? Bono
BONO has 4 letters and starts with B

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

SV ECMEoOnETprInt-Ciihatsivouraddreas sty
String address = console.nextLine() ;



Name border

. ® Prompt the user for full name

"= * Draw out the pattern to the left
st ® This should be resizable. Size 1 is shown and size 2

HELEN

. would have the first name twice followed by last name
MARTIN twice

MARTI
MART
MAR
MA

M

MA
MAR
MART
MARTI
MARTIN
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Strings question

 Write a program that outputs "The Name Game” with a
person’s first and last name.

Example Output:

What is your name? James Joyce

James, James, bo-bames
Banana—-fana fo-fames
Fee-fi-mo-mames

JAMES !

Joyce, Joyce, bo-boyce
Banana-fana fo-foyce
Fee-fi-mo-moyce

FOEE R
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Strings answer

// This program prints "The Name Game".
] OO A e oAy A s AV R R ot

public class TheNameGame ({

publicistatic vold maintstringlliargs)
Scanner console = new Scanner (System.in);
System.out.print ("What is your name? ");
String name = console.nextLine();
intispacelndex = namesindexOE{MN )5
String firstName = name.substring (0, spacelndex);
String lastName = name.substring(spacelndex + 1);

singSong (firstName) ;
singSong (lastName) ;
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Strings answer (cont.)

pablsEsEsS FaEe

SHES ESIE
SN EIE ]
System
SN ESATE TR
R T
SRRk,

void singSong (String name)
QLD

allButLast
R SRR A A
RHBE PR O AN A A LIE)

name.substring (1) ;
+ name +
RN S ke PR SN Pt Ao
s ] a7 A PR e A L N e s ol A D e M o s 2 A e A o s et 0
.out.println (name.toUpperCase ()

+ allButLast);
+ allButLast);



Comparing strings

e Relational operators such as < and == fail on objects.

Scanner console = new Scanner (System.in);
System.out.print ("What is your name? ");
String name = console.next ()

1f (name == '"Barney") {

System.out.println ("I love you, you love me,");
System.out.println("We’re a happy family!");

» This code will compile, but it will not print the song.

» == compares objects by references (seen later), so it often
gives false even when two strings have the same letters.

14
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The equals method

* Objects are compared using a method named equals.

Scanner console = new Scanner (System.in);
System.out.print ("What is your name? ");
String name = console.next () ;

1f (name.equals ("Barney")) {
System.out.println ("I love you, you love me,");
System.out.println("We’re a happy family!");

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

355
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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.nextLine();
if (name.startsWith("Dr.")) {
I e P DA Bl O P A 2 I e AT B e o A e b Aot A Tk g e

} else 1if (name.equalsIgnoreCase ("buTteRs")) ({
System.out.println("You're grounded, young man!");

String documentation:

16



http://docs.oracle.com/javase/7/docs/api/java/lang/String.html

Strings question

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

» The suggestion is the concatentation of the first halves of both
names.

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
17
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Strings answer

// Suggests a baby name based on parents' names.

L NG Ry AT S R AP N B S e

public class BabyNamer {
eabioH B cARC Rt Arh ok Jonie k(i - s B Bk vl anm ot A e ewo tiate o g o |

Scanner s = new Scanner (System.in);

A A A B N S A e EeA ] B B R S e S M A L L e U R
String namel = s.next();

Sy Stemrontiprint it Parent a2 tirstrnamegaaiiys;
String name2 = s.next();

System.out.print ("Child gender? ");

String gender = s.next();

System.out.println ("Suggested name: " +
suggestChildName (gender, namel, nameZ2) .toUpperCase()):;

18



Strings answer (cont.)

// Return the first half of the given name.
public static String getHalfName (String name) {
TR Ral CENdex —rnae v hengeh (/2

return name.substring (0, halfIndex);

// Suggests a child's name (for a given gender) for parents

with the given names.

B e S T S S S R N G SO s B i d Na e e R e g R e e e S R G R e S e e S I R S e T )

String halfNamel = getHalfName (namel) ;
String halfName?2 = getHalfName (name?2) ;

String name;

if (gender.tolLowerCase () .startsWith("f")) {
name = halfNamel + halfName?2;
} else {

name = halfName2?2 + halfNamel;
}

return name;

{
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Another Strings question

* Prompt the user for two words and report whether they:
 "rhyme"” (end with the same last two letters)
» alliterate (begin with the same letter)

« Example output: (run #1)
Type two words: car STAR
They rhyme!

(run #2)
Type two words: bare bear
They alliterate!

(run #3)

Type two words: sell shell
They alliterate!

They rhyme!

(run #4)

Type two words: extra strawberry




Another Strings answer

// Determines whether two words rhyme and/or alliterate.
import java.util.*;

public class Rhyme ({

public static void main(String[] args) {
Scanner console = new Scanner (System.in);
System.out.print ("Type two words: ");
String wordl = console.next () .toLowerCase();
String word2 = console.next () .toLowerCase();
printIfRhyme (wordl, word2);
printIfAlliterate (wordl, word2);

}

// print if two words "rhyme" (i.e., end with the same two letters)
public static void printIfRhyme (String wordl, String word2) {

if (word2.length() >= 2 &&
wordl.endsWith (word2.substring (word2.length() - 2))) {

System.out.println ("They rhyme!");

}

// print if two alliterate
public static void printIfAlliterate(String wordl, String word2) {

if (wordl.startsWith (word2.substring(0, 1))) {
System.out.println ("They alliterate!");

21
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Type char

e char : A primitive type representing single characters.

» A String is stored internally as an array of char

SiehmeEEs e o s index O 1 2 3 4 5.

Va/ue 'n' lal 'C' 'h' 'O' 'S'

» It is legal to have variables, parameters, returns of type char
« surrounded with apostrophes: 'a' or '4' or '\n' or '\''

char initial = 'J';
System.out.println (initial) ; a7 % |
System.out.println(initial + " Joyce"); // J Joyce

2
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The charAt method

* The chars in a String can be accessed using the charAt method.
» accepts an int index parameter and returns the char at that index

String food = "cookie";
char firstLetter = food.charAt(0);

Chce SRSl Sk SR exlauedl o B BT als Al = BTN ety

1

o s G

lcl

e R o To] o 8 Ban

* You can use a for loop to print or examine each character.

SRR A ST O s S T

EeRE A f MMt g v e Ve T e ARG M g A

char ¢ = major.charAt(i);
Syrs benms ot printlntal)s

it++)

{

// output:
G
LS
// E
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Comparing char values

* You can compare char values with relational operators:
3' < 'Dp! and IxX'!' == 1x! and va | = qu

» An example that prints the alphabet:

Foraiteharca = anbar e G ke rrha ey
SRR e bR Sl G e B

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

String word = console.next():;
if (word.charAt(word.length() - 1) == 's') {
Sy SbelmeliraprnnElnntweorei=Eatvar s ditpeaidie i

Ze3)



char VS SLr g

e "h" jsa String, but 'h' is a char (they are different)

* A String is an object; it contains methods.

SErTRgEST = hiy
s = s.toUpperCase() ; Gl &
Lt en seriswliengh R B V4 e

Chiar g Potey —erch o R i o) // 'H'

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

Ch g SR
c = c.toUpperCase() ; // ERROR
s = s.charAt (0) .toUpperCase () ; // ERROR

e Whatiss + 1?2 Whatisc + 17
e Whatiss + s? Whatisc + ¢ ?

26
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e VS =

e Each char is mapped to an integer value internally
» Called an ASCII value

A i o to, 'B' is 66 )
et §220) 7/ 'b' is 98 'x' s 42

 Doing "math" on a char causes automatic conversion to int.
Va1 e s 07 N A R I RETE)

» To convert an int into the equivalent char, type-cast it.
o na pa e e B I

P
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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.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: Computer science is awesome
Your secret key: 3

A R S e A e e e e e e R e Rl e e e e sy e o
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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.

3811} SO Ba B R YE BisA S esa i e
public class SecretMessage {
pubicrstatic vord matntobringll atge) g
Scanner console = new Scanner (System.in);
System.out.print ("Your secret message: ");
String message = console.nextlLine();

message = message.toLowerCase()

S A A I O A EB R A A B et SN Bt RN SR A S N S s A o
mfaskey=toonsolieine et Ent -0

encode (message, key)

29



pubiEeySEaervordRencodeitSErngri-Ee X ES
System.out.print ("The encoded message:

O

}

Strings answer 2

// This method encodes the given text string using a Caesar
// cipher, shifting each letter by the given number of places.

R e e e B e R b O SR A A P nosaes o R
char letter = text.charAt (i);

// shift only

SRR

}

letter = (char) (letter + shift);

// may need to wrap around
S ALY (Y = H B e PG By b

letter = (char) (letter - 206);

} else if (letter < 'a') {

letter = (char) (letter + 26);

}

System.out.print (letter);

Sy S EEm Ot priein e

X 0 1 e S @ B i )
S

{

letters (leave other characters alone)
Fraetter s >=miagine Srlebbar sty
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(Optional) print:
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Formatting text with printf

System.out.printf ("format string", parameters) ;

* A format string can contain placeholders to insert parameters:

e 3d integer
o 3f real number
® %5 string

« these placeholders are used instead of + concatenation

» Example:
TR EET
SEgh e R

R ot B SR ea teh e SRR R o B e B SR A o e R e e e
// x is 3 and y is -17!

« printf does not drop to the next line unless you write \n =



/printf width

* $Wd integer, W characters wide, right-aligned
e 5-Wd integer, W characters wide, /left-aligned
o sWt real number, W characters wide, right-aligned

eI AR e At e SR e e
Form dlintgns dlhnsga s sy
Sy stemsout spranei s dd G e g)y)s

}
Systtems out . printlint)s; // to end the line

}

Output:

e 2 3 4 5 6 o 38 9210
2 £ 6 cEe N A R e e R s R o e
= 6 Sriman s p e R e
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printf precision

5.Df real number, rounded to D digits after decimal
SW.Df real number, W chars wide, D digits after decimal
5-W.Df real number, W wide (left-align), D after decimal

double gpa = 3.253764;
SVACHE e rei by B ok et e P o b e o RN ot e [ e o s R
SV.Stemsoubsprint A trmores precige by %8 3N gpas

Output: 3

your GPA is 3.3 e

more precisely: Sl
¥ J
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printf question

* Modify our Receipt program to better format its output.
» Display results in the format below, with 2 digits after .

e Example log of execution:

How many people ate? 4

Person #1: How much did your dinner cost? 20.00
Belcsonaare eestlonremietrrcaiceivotmareiinaeiane oS eoi b,

T O AP S s A D LR A PRI D RS O DI e e g R B ) O B P g oo A
Person #4: How much did your dinner cost? 10.00

SHBEEE Al s e 0ER 00
Tax: S5%6:0
IR S ERAADE)
Total: $86.10



e

printf answer (partial)

// Calculates total owed, assuming 8% tax and 15% tip

public static void results (double subtotal)

{

dotublieFFaxit=Vshbotalim=u085;

S {GHbE OB e e pk oA o B ORE @ s e P e e T

double total = subtotal + tax + tip;

IR ASh e S\ (e AR SR AT p B e R e U b Y SN Sty N LA AR SR LS oYt o N o B LY
L S R AR e N (R OND RS O h Qb BN Y U N B S A R e

e S e e B e e ] SR o Lo SR s B e G

oA A AR SR ORI S OF &y A9 S B DAY RASN ST d= B R SN LN e ot oy Ry MO
System.out.printf ("Subtotal: $%.2f\n", subtotal);
System.out.printf ("Tax: $%.2f\n", tax);
System.out.printf ("Tip: $%.2f\n", tip);
System.out.printf ("Total: $%.2f\n", total);
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