Chapter 2

Objects, Control Structures,
and Arrays

Goals

1 Construct and use Objects

1 Introduce assertions with JUnit

I Beableto use existing methods by readng method headings and documertation

1 Beabeto write and ted your own metods with JUnit

1 Review Java syntax for control structuresfor those who alread/ know selection (if
statemernts) and repetition (for and while loops)

I Review arrays

Javaincludesmary types Each providesservicessuch asstoring collecions, networking,
drawing, and accesing databases Many of these typeswere desgnedfor usein avariety of
applications. In this secton, you will seehow to use afew of thes clasesthat come with
Java, and one that comeswith this textbook.

A Javaclassis usedto construct objects so programmers canuse the sernvicesthese
objects provide. Every objecthas

1. aname (areferercevariade for locating the object)
2. messagesit undergands (the servicesanobject provides)
3. dstate (the setof valuesrememberedin computer memay for the objec?)

The objects name storesthe valuesneeded to locate the objectso mesagescanbe sert toit.
A message cawsesa metod to be called where some code executes A mesage may also
return a useful value. The state of anobjectisthe colledion of valuesan objectremembersin
the computer memory.

An object is constructed using a class asa blueprint to define the mesagesthe object will
be able to receive.

General Form: Constructing objects (initial values are optional)

class-name reference-variable-name = new class-name(initial-values) ;

Objects areconstructed with the keyword new and the nameof aclass. The optional initial-
values help to initializethe state of the object Here are some examgesof statemerts that
construct object:

String firstName = new String("Kim");

String lastName = new String ("Devonshire");

Scanner keyboard = new Scanner (System.in);
BankAccount anAccount = new BankAccount ("Kim", 500.00);

Objects needareference variabe to store a way to aceess the objectlater. Four refererce
variabesare shown above to the left of =. There may be many more objects of the sameclass.
Each of those objects will have its own state, though every objectof the same class will
undergand the same set of messages
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Sending Messages to Objects

In order for objects to do something, your code must send messagesto them. A message aks
the objectto provide one of the servicesfor which it was desgned

General Form: Sending a message to an object

object-name. message-name( argumentl, argument2, ...)

Same messagesas for the state of the object Other messagesask anaobjectto do something,
such asprint informaton to the computer screen ConsideraBankAccount clasthata
programmer hasmack to define objects that store anaccount ID and its current balance. Each
BankAccount objecthasoperatonssuch aswi t hdr aw, deposi t, get Bal ance, and

get | D. Assume thattwo BankAccount objects are constructedlike this:

BankAccount aBankAccount = new BankAccount ("Chris", 123.45);
BankAccount anotherBankAccount = new BankAccount ("Kim", 500.00);

Thes mesagesak the two differert BankAccount objectsto return informaion:

aBankAccount.getID() ;
aBankAccount.getBalance () ;
anotherBankAccount.getID() ;
anotherBankAccount.getBalance();

Thes mesagesak the two different BankAccount objectsto perform sometaks:

aBankAccount.withdraw (40.00) ;
aBankAccount.deposit (100.00) ;
anotherBankAccount.withdraw (20.00) ;
anotherBankAccount.deposit (157.89) ;

The optional argumentsN expressions betweenthe parenthesesN are valuesrecuiredby the
method to fulfill its regponsibility. For examgde, wi t hdr aw needs to know how much money
to withdraw. On the other hand, get Bal ance doesnOneedany argumertsto return the
currert balance of the BankAccount object The outputs gereratd by the following code
show deposi t andwi t hdr aw mesagesmadify the accaunt balancesin anexpected
mamer:
// Construct two objects and send messages to them
public class ShowTwoBankAccountObjects {

public static void main(String[] args) {

BankAccount bl = new BankAccount ("Ali", 0.00);
BankAccount b2 = new BankAccount ("Britt", 500.00);

bl.deposit (222.22);
bl.withdraw(20.00);
b2.deposit (55.55);

b2 .withdraw (10.00) ;

System.out.print (bl.getID());
System.out.print (": ");
System.out.println (bl.getBalance());
System.out.print (b2.getID()) ;

System.out.print (": ");
System.out.println (b2.getBalance());

}

Output

Ali: 202.22
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Britt: 545.55

A print statemen helps reveal the changing state of object. However,in examplessuch as
the one above, mary linescanseparate the output and the messagesthat affectthe objecs.
This makesit abit awkwardto match up the expectedreault with the code that cawsedthe
charges

The JUnit teding framework, introducednext, providesa more coherert techique for
rea®ning through how a program works. It also, aswe will seelater, provideshelp to
effectively dedgn your own clasesand teg thematthe sametime.

Making Assertions about the State of Objects with JUnit

The current and changing state of objects canbe observedand confirmedby making
assertions. An assertion is a statemert that canrelay the currert state of anobjector convey
the reault of a mesage to anobject The statemert is expeciedto be true;if itisnot, thereis
something wrong.

Assertions canbe made with metods such asassertiquals from the JUnit teding
framework. JUnit is part of most Java environmerts, or canbe addedasatool in ary other
programming ervironmert.

General Form: JUnit's assertEquals method for double and int values

assert Equals (i nt expected, i nt actual),
assert Equals (d oubl e expected, double actual, doubl e errorTolerance) ;

Examples

assertEquals (2, 5 / 2);

assertEquals (1, 5 % 2);

assertEquals (2.0, Math.sgrt(4.0), 0.1);

assertEquals (1.4142135623730951, Math.sgrt(2.0), le-14);

With asser t Equal s, anassertion will be trueN or will "pass"N if the expected-value equals
the actual-value. When comparing fl oating-point values athird argumert is neededto
repre<ert the error tolerance, which is the amount by which two real numbers may differ and
still be equal. (Due to round off error, ard the fact that numbersarestoredin base 2 (binary)
rather thanin base 10 (decimal), two expressions that we consider OegalOmay acually differ
by avery small amount. In this textbook, | will use anerror tolerarce of 0.000000000001, or
le-14. This mears that the following two numberswould be consideredequal:

0.00000000000001
0.00000000000002

In contrag, the two numbersbelow would not be consideredequal whenusing anerror factor
of 1e-14.

0.00000000000001
0.00000000000003

JUnit assertions allow us to placethe expectedvalue next to mesagesthat revealthe actual
state. This makesit eagr to demonstrate the behavior of object. Later, you will see how
assertions help in dedgning and teging your own classes by making sure they have the
correctbehavior.
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The assertEquals methodisinthe assert clas of org.junit. The assert clas needsto be
imported (shown later) or assertEquals needs to be qualified (shown next).

// Construct two BankAccount objects
BankAccount bl = new BankAccount ("Ali", 0.00);
BankAccount b2 = new BankAccount ("Britt", 500.00);

// These assertions pass

org.junit.Assert.assertEquals(0.00, bl.getBalance(), le-14);
org.junit.Assert.assertEquals ("Ali", bl.getID());
org.junit.Assert.assertEquals ("Britt", b2.getID());
org.junit.Assert.assertEquals(500.00, b2.getBalance (), le-14);

// Send messages to the BankAccount objects
bl.deposit (222.22);

bl.withdraw(20.00) ;

b2.deposit (55.55);

b2 .withdraw (10.00) ;

// These assertions pass
org.junit.Assert.assertEquals(202.22, bl.getBalance (), le-14);
org.junit.Assert.assertEquals(545.55, b2.getBalance (), le-14);

To make these assertions, you must have acces to the JUnit. Thenthese assertions canbe
placedin methods with the amotation eTest to markthe method asates metod. JUnit
treas all methods with @Ted asates method. JUnit will pass or fail all assertionsin ateg
method. Ted methods must be placedinto a class thatimportsorg.junit to allow the eTest
amotations.

import org.junit.Test; // Allow QTest so JUnit 4 can find the test methods
public class FirstTest {

@Test // This annotation marks the method as a test method for JUnit
public void testDeposit() {

BankAccount bl = new BankAccount ("Ali", 0.00);

bl.deposit (123.45);

org.junit.Assert.assertEquals(123.45, bl.getBalance());
}

@Test
public void testWithdraw () {
BankAccount b2 = new BankAccount ("Britt", 500.00);
b2 .withdraw(160.01) ;
org.junit.Assert.assertEquals(339.99, b2.getBalance());
}

Other methods you could use include, but arenot limited to, assertTrue, assert Fal se,
and assertNull. You mayneedto include animport statemert in your JUnit ted or make
other adustmerts asnecessary to utilize JUnitOsrestcase class with it assertions.

Assertions canbe shortered by using a static import. This feature allows programmersto
write just the method name,assuming it is static.

import static java.lang.System.*; // Now use out rather than System.out
import static java.lang.Math.*; // Now use sqgrt rather than Math.sqgrt

public class ShowStaticImports {

public static void main(String[] args) {
// These two lines...
double x2 = Math.sgrt(81.0);
System.out.println ("Square root of 81 is " + x2);
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// ... can also be written without the class names System and Math
double x = sqrt(81.0);
out.println ("Square root of 81 is " + x);

}
}

The following class shows thatthe correctstatic import reducesthe amaunt of code you need
to write in ated method.

// With this line, you don't need to qualify every assertion
// Use assertEquals rather than org.junit.Assert.assertEquals
import static org.junit.Assert.*;

import org.junit.Test;

public class FirstTest {

@Test

public void testDeposit () {
BankAccount bl = new BankAccount ("Ali", 0.00);
bl.deposit (123.45);
// The long way needed without the static import
org.junit.Assert.assertEquals(123.45, bl.getBalance(), le-14);
bl.deposit (200.00) ;
// Now there is no need to qualify with org.junit.Assert
assertEquals (323.45, bl.getBalance(), le-14);

}

@est
public void testWthdraw() ({
BankAccount b2 = new BankAccount ("Britt", 500.00);
b2. wi t hdraw 160. 01) ;
assert Equal s(339.99, b2.getBal ance(), 1le-14);
}
}

Although JUnit istypically usedto help desgn and tes new classes(see Chaper 4), | will
also use assertions to help demmstrate what happens whenmessagesare sert to object. The
assertions will be in the ted metods of ated class. Each method must be declaredpublic
void, and havethe eTest amotation before it. Eachtest method will be called by JUnit to
execue the assertions. For example, the three statemensin testbeposit (below) execute
first. Then testwithdraw is calledto execue all codein that method.

Running JUnit

If anassertion fails, you will be notifi ed either with standard output or with a window
indicatng the failure of the assertion. The reaulting display depends on how you invoke your
ted class. For examge, you could choose to run the teg class above asaprogram like this:
public class RunBankAccountTest {
public static void main(String[] args) {
junit.textui.TestRunner.run (BankAccountTest.class);

}
}

Output

Time: 0.01

OK (2 tests)

The output indicatesthat all assertions passedand there weretwo teg metods. If an
assertionsfails, you will also be notifiedin the output. For examge, if the expeciedvalue
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doesnot equal the actual value returned from getBalance, you get adifferert output. In the
examge below, testDeposit hastheincorrectexpectedvalue.

@Test

public void testDeposit () {
BankAccount bl = new BankAccount ("Ali", 0.00);
bl.deposit (123.45);

// Incorrect expected value will make this assertion fail
assertEquals (0.00, bl.getBalance (), 0.001);
}

Output

B
Time: 0.01
There was 1 failure:
1) testDeposit (BankAccountTest) AssertionFailedError: expected:<0.0> but
was:<123.45>
at BankAccountTest.testDeposit (BankAccountTest.java:8)
at sun.reflect.NativeMethodAccessorImpl.invokeO (Native Method)
at sun.reflect.NativeMethodAccessorImpl.invoke (Unknown Source)
at sun.reflect.DelegatingMethodAccessorImpl.invoke (Unknown Source)
at RunBankAccountTest.main (RunBankAccountTest.java:4)

FAILURES!!!
Tests run: 2, Failures: 1, Errors: O

Vitually all Javaintegrated develpmont ervironmerts (IDES) have graphical JUnit support If
no assertions fail you will seeagreenbar. If anassertion fails, you seearedbar. For example,
thisis ascreershot of Eclipse that shows aredand the expectedand actual valuesin the view
to the left whenthe code in FirstTed javais run asa JUnit teg.

& Java - Current/FirstTest. java - Eclipse SDK Q@@
File Edit Source Refactor Mavigate Search Project Run  Window Help
I H e @ id % 0-Q- i BHG- B SPGB er E§ %5 Debug | &’ Java |
@ unit &2 = B || [J] FirstTest.java &2 =8
Finished after 0,031 secc J\’} & nﬂ 5@ ()v » E R =// With this line, you don't need to gualify every assertion ~

// Use assertEquals rather than org.junit.Aissert.assertEgquals

Runs: 11 B Errors: 0 B Failures: 1 “import static org.junit.lissert.*;

public class FirstTest {
2 Eﬂ FirstTest [Runner: JUnit 4]
g testDeposit .,..-r'

i Redbar

-'-' = [@Test
public void testDeposit() {
Bankiccount bl = new Bankdccount ("ili", 0.00);
hl.deposit(123.45);

esmnnannna,,

»

Cannnnn

/¢ Incorrect expected value will make this assertion fail
assertEguals(0.00, bl.getBalance(), 0.001):

| €

[21 Problems @ Declaration | 4 Search | &l Console 52 b 4 % EkpiE & = F9- =0

<terminated> FirstTest [JUnit] C:\Program Files\Javaljrel.6.0_03\bin\javaw.exe (Dec 20, 2007 4:02:59 PM)

>

= Failure Trace | ¢

jf:.‘ java.lang.AssertionError: expected: <0.0> but was: €123.45>

= at FirstTest.testDeposit{FirstTest.java:13)

o Writable Smart Insert 14:6
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Changing testDeposit to havethe correctexpected value reailtsin agreenbar, indicaing
all assertions have passed successfully. Hereis JUnit's window whenall assertions pass:

& Java - Current/FirstTest. java - Eclipse SDK @@@
File Edit Source Refactor Mavigate Search Project Run  Window Help
e Bid i % - 0-Q  BHEG- @S S Y-5-06- £ %5 Debug [ 3ava |
gU nit 22 = B || [J) FirstTest.java 532 =8
Finished after 0.047 secc “B Y OL:/ * IR =// With this line, you don't need to cqualify every assertion »~
// Use assertEquals rather than org.junit.Assert.assertEquals
Runs: 11 BErrors: 0 B Failures: 0 “import static org.junit.lissert.®;
T i
G public class FirstTest {
®= EE FirstTest [Runner: JUnit 4] ..'.
et CETTTTTPTTT TN . . - [@Test
Greenbar H public void testDeposit() {
BankAccount bl = new BanklAccount ("ili", 0.00):
“rasssssnsssnnnannnnnn . bl'dep051t(123'45]:
/¢ Incorrect expected value will make this assertion fail
assertEquals(lZS.QSL hl.getBalance(), 0.001):
i
i
v
[:_ Problems [S_L-Z) Declaration | 4~ Search | &l Console &2 b 4 é& Ex m &8 = 5~ =08
<terminated> FirstTest [JUnit] C:\Program Files|Javaljrel.6.0_03\bin\javaw.exe {Dec 20, 2007 4:06:06 PM)
= Failure Trace o=
I Witable Smart Insert | 13: 27

String Objects

Javaprovidesa St ri ng classto store asequence of characers, which canrepresert an
address or aname, for example. Sometimesa programmerisinteresedin the currert length
of asSt ri ng (the number of charactrs). It might also be necessary to discover if a cerain
substring existsin astring. For example,is "t he" includedin the string "Mt her ", and if
so, where doessubst ri ng "t he" begn? JavaOst r i ng class providesalarge number of
methods to help with such problems You will use St r i ng objectsin mary programs

Each St ri ng object storesacallection of zeroor more characers St ri ng objects can be
constructedin two ways.

General Form: Constructing St ri ng objects in two different ways
String  identifier = new String(  string-literal);
String  identifier = string-literal,

Examples
String stringReference = new String("A String Object");
String anotherStringReference = "Another";

String length

For more specific examples considertwo | engt h messagessert to two differert Stri ng
objects. Both mesagesevaluate to the number of charactersinthe St ri ng.
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inmport static org.junit.Assert.*;
inmport org.junit. Test;

public class StringTest {

@est
public void testLength() {
String stringReference = new String("A String Object");
String another StringReference = "Another";
/1 These assertions pass
assert Equal s(15, stringReference.length());
assert Equal s(7, anotherStringReference.length());

}

/1 . . . nore test nethods will appear bel ow

String charAt

A charat mesage returnsthe characker locatedatthe index pasedasanint argumert.
Noticethat st ring object have zera-basdindexing. The first characterislocated atindex
0, and the secand charackerislocatedatindex 1, or charat (1).

@est // Do not forget to wite @est before the nethod

public void testcharAt() {
String stringReference = new String("A String Object");
assert Equal s(' A, stringReference.charAt(0)); // Evaluates to 'A
assert Equal s('t', stringReference.charAt(3)); // Evaluates to 't'

}
String indexOf

An indexOf mesage sent to a String object returns the index of thefirst character where
the St ri ng argumert isfound. For example, "no-yes" .indexOf ("yes") returns 3. If the
St ri ng argumert doesnot exist, index0Of returns-1.

@Test

public void testIndexOf () {
String stringReference = new String("A String Object");
assertEquals (3, stringReference.indexOf ("tri"));
assertEquals (-1, stringReference.indexOf ("not here"));

}

Concatenation with the + operator

Programmersoftenmake one St r i ng objectfrom two separae strings with the + operator,
which concatenates(connects) two or more strings into one string.

@Test
public void testConcatenate() {
String firstName = "Kim";
String lastName = "Westbrook";
String fullName = lastName + ", " + firstName;

assertEquals ("Westbrook, Kim", fullName)

}

String substring

A substring mesage returns the part of a string indexed by the begnning index through the
ending index - 1.

@Test
public void testSubString() {
String str = "Smiles a Lot";

assertEquals ("mile", str.substring(l, 5));

}
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There aremary assertEquals methodsthattake diff eren typesof argumerts. Sofar, the
gereralforms have beenshown whenboth arguments are ints or whenthere are threedouble
argumerts. The assertion above calsthe assertEquals mehod that hastwo object
paranmeters This method canbe calledwhenary non-primitive valuesneedto be compared
with assertEquals.

General Form: JUnit's assertEquals method

assertEquals(  Object expected, Object actual)

Thisis possible because all Java classes(non-primitiveg extend Java's object class. Any
objectcanbe pasedasanargumert to these object parameters

Comparing Strings with equals and equalsIgnoreCase

JUnit's assertEquals method usesJava's equals method to comparethe strings. Thisisthe
way to seeif two strings have the same sequence of characers It is ca® sensitive.
equalsIgnoreCase ighoresthe ca® of the letters

@Test
public void testStringEquals () {

String sl = new String("Casey"):;
String s2 = new String("Casey"):;
String s3 = new String("caSey");

assertTrue(sl.equals(s2));

// equals is case sensitive
assertFalse(sl.equals(s3));

// equalsIgnoreCase is case insensitive
assertTrue (sl.equalsIgnoreCase (s3));

}

Never use == to comparestrings. The reaults canbe surprising.

@Test
public void testStringEqualEqual () {
String sl = new String("Casey");
assertTrue (sl == "Casey"); // This assertion fails!

}

Comparing Objects with compareTo

Relational operators suchas<, >, <=, and >=ted therelatonship betweenprimitive
values However, the relational operators camot be used to comparetwo objects. Java usesa
different approachfor comparing objects (non-primitives. The conpar eTo mesage returns
one of these threevalues

- zeroif two object areequal, or

- apositiveintegerif the objectto theleft of the dot is greater thanthe argument between
parertheses or

« anegativeinteger if the objectto the left of the dot is less than the argumert.

Strings arecomparedalphabetically. If two strings are differert, they have atleas one
differert charecter, or they have diff erert lengths, or both. The conpar eTo method returns
the difference betweenthefirst two characters found to be diff erert. Consider the following
assertions:

@Test
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public void testCompareToIntegerReturnValues() {
assertEquals ("Abc".compareTo ("Abc"), 0); // 0 means equal
assertEquals ("OOA" .compareTo ("OOD"), -3); // 'A' - 'D' is -3
assertEquals ("f".compareTo ("abcde"), 5); // 'f£' - 'a' is 5
assertEquals ("abcdef".compareTo ("ab"), 4); // longer by 4

}

Thes four assertions demonstrate how string comparison works. A compareTo mesage
returns O whenever both strings areequal. A string that precedtsanother alphabetically is
consideredto be less thanthe other string. For example, "ABC" islesthan"BBC".

A compareTo message will return anegative integer wherever the recever of the
mesage—the string before the dot—is less thanthe argument—the string betweenthe
parertheses A string that follows another alphabetically is consideredto be greater thanthe
otherstring. For examgde "XYZ" is greaterthan"ABC".

A compareTo message will return apositive integer wherever the receiver of the
messace is greater thanthe argumert. If there areno differing charactersup to the erd of the
shorter string, thenthe shorter string alphabetically precedesthe longer string. In this case,
conpar eTo returns the differencein the lengths of the strings.

Consider some more exampleswith JUnit'sasser t Tr ue metod.

General Form: JUnit's assertTrue method

assertTrue(  boolean-value)
Examples
assertTrue (3 > 1);
assertTrue ('A' != 'a'");

Thisted method shows the more typical use of compareTo in determining which string
prececaksthe other alphabetically.

@Test
public void testCompareToWitheRelationalOperators () {
String a = "Able";
String b = "Baker";
assertTrue (a.compareTo ("Charlie") < 0);
assertTrue (a.compareTo (b) < 0);
assertTrue (b.compareTo (a) > 0);
assertTrue (b.compareTo (b) == 0);
assertTrue (a.equals ("Able"));

}

The conpar eTo metod doesnot readin aleft to right mamer, aswould a more intuitive
a<b. Theconpar eTo mesage reads morelikea b <. It iseaderto readin thisfashion: the
first operard, ®; followedby the comparison operator, ®; followed by the second operard,
©. For example, the following boolean expression canbereadass1 < "def":

(1] ® ©

sl.compareTo ("def") < 0;
And thisexpression canbereadas"def" >= si:
o ® o

"def".compareTo(sl) >= 0;
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Self-Check

2-1 Fill inthe blarks so that all assertions pass.

import static org.junit.Assert.*;
import org.junit.Test;

public class BankAccountTest {

@Test

public void testAcct () {
BankAccount bl = new BankAccount ("Kim", 0.00);
BankAccount b2 = new BankAccount ("Chris", 500.00);
assertEquals( ;, bl.getID());
assertEquals ( , b2.getID());

bl.deposit (222.22);

bl.withdraw(20.00);

assertEquals( , bl.getBalance(), 0.001);
b2.deposit (55.55);

b2 .withdraw (10.00) ;

assertEquals ( , b2.getBalance(), 0.001);

2-2 Eachof the letteredlineshasanerror. Explain why.

BankAccount bl = new BankAccount ("B. "); // a
BankAccount b2 ("The ID", 500.00); // b
BankAccount b3 = new Account ("N. Li", 200.00); // c
bl.deposit () ; // d
bl.deposit ("100.00") ; // e
bl.Deposit (100.00) ; // £
withdraw (100) ; // g
System.out.println (b4.getID()) ; // h
System.out.println (bl.name()); // i
System.out.println(bl.getBalance) ; // 3

2-3 Whatisthe value of positionofG?
String sl = new String("abcdefghi");
int positionOfG = sl.indexOf ("g");

2-4 Whatisthe value of s3?

String s2 = "abcdefghi";
String s3 = s2.substring (4, 6);

2-5 Whatisthevalue of 1en?
String s4 = new String("abcdefghi");
int len = s4.length() - 1;

2-6 Writetheoutput of system.out.print ("Wheatley" + ", " + "Kay");.

2-7 Write expressions to store the middle character of a String into a String object named
mid. If thereisanevennumber of characters, store the charecterto the right of the middie.
For examfe, the middle character of "abcde" is"c" and of "Robert' is"e".

2-8 For each of the following messages if thereis something wrong, write OerorO;otherwise,
write the value of the expression.
String s = new String("Any String");

a. length(s) d. s.indexOf (" ")
b. s.length e. s.substring (2, 5)
c. s (length) f. s.substring("tri")
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Methods

There aretwo major componerts to a metod:
« themetod heading (the methodOsignature) y
+ theblock (a pair of curly braceswith the code that completesthe methodOgunctionality)

Seweral maodifiersmaybegn a metod headng, suchaspubl i ¢, pri vat e, prot ect ed, and
fi nal . The examplesshown herewill use only the modifierpubl i ¢, which mears that
methods canbe usedfrom other classes Hereis a gereral form for metod headngs.

General Form: A public method heading

publ ic return-type method-name( parameter-1, parameter-2, ..., parameter-n )

The return-type represerts the type of value returned from the metod. The return type canbe
ary primitive type, such asi nt or doubl e (asin St ri ngO$ engt h metod or
BankAccount Osvi t hdr aw method, for example). Additionally, the return type canbe ary
referencetype, suchassSt ri ng or BankAccount . The return type mayalso be voi d to
indicate that the method returns nothing, asin the main metod in several programs from
Chapter 1.

The method-name is ary valid Javaidertifi er. Since most methods needone or more
valuesto getthe job done, method headngs may also specify parameters betweenthe
required parertheses Here areafew syntacically correct method headngs:

Example Method Headings

public int compareTo (String anotherString) // String
public void withdraw (double withdrawalAmount) // BankAccount
public int length () // String

public String substring(int startIndex, int endIndex) // String

Parameters

A parameter is anidertifier declared betweenthe parenthesesof a method headng.
Paraneters specify the number and type of argumerts that must be usedin a mesage. For
examgde, wi t hdr awal Amount inthedeposi t method headng above is a parameter of type
doubl e. The programmerwho wrote the method specifi edthe number and type of valuesthe
metod would needto do its job.

A method may needzero, one, two, or evenmore argumerts to accomplish its objectves
OHbw much money do you wart to withdraw from the BankAccount object?OQWhat is the
begnning and ending index of the subst ri ng you want?OQ0Nhat size window do you
wart?0 O ou wart the square root of what number?OParametersprovide the mechanism to
getthe appropriate informaionN argumertsN to the method whenit is called

Whenamessage is sernt to anobject, the value of eachargumert is pasedon to the
associated parameter. For eachparameter in the method headng, you must supply one
expression in the metod call that canbe assignedto the parameterOsype. Oncethe
argumerts areassignedto the parameters in the method headng, program control transfersto
the method body. The same method should work for awide variety of argumert values
Here aresome examgdesof passing argumerts to parameters It may help to readthe arrow as
anassignmert statemert. First, adeposi t mesage to aBankAccount object requiresthat
the amaunt to be deposited, (adoubl e), be supplied In the example below, the argumert
123. 45 isassignedto deposi t Amount and usedinsidethe deposi t method.

public void deposit (double depositAmount)

1

anAccount.deposit (123.45);
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Thisexamge hasalliteralargumert (123.45) . However,anargumernt may be any
expression that evaluatesto the parametrOsleclaredtype, such as (checks + cash).
double checks = 123.45;

double cash = 100.00;
anAccount.deposit (checks + cash);

Whenthe value of anargumert is passedto a paraneter, the assignmert compatibility rules
apply. So, for examge, anargumert of typei nt may be pasedto adoubl e parameter, but
not viceversa.

Reading Method Headings

When properly documerted method headngs help programmersexplain what the metod
does determine what argumerts areneeded, and sometimesstate what exceptions may be
thrown atruntime. All of these things allow the programmerto send mesagesto objects
without knowing the details of theimplemertation. For example, to send a message to an
object the programmer must:

«  know the method name (remember case sersitivity: toStringisnot tostring).
« supply the proper type and number of argumerts.
« usethe evaluation of the method correctly (what doesthe method return?).

All of thisinformaton is specifiedin the method headng. For example, the substring
metod of JavaOs tring class takestwo int argumerts ard evaluatesto astring.

/**
* Return portion of this string indexed from beginIndex through endIndex-1
*

* This method throws IndexOutOfBoundsException if beginIndex < 0, or
* endIndex > length of this String object, or beginIndex > endIndex.
*/

public String substring(int beginIndex, int endIndex)

The method headng for subst ri ng providesthe following informaion:

« whatthe method evaluatesto: St ri ng

« themethod name:subst ri ng

« how mary argumerts arerequired 2

« whattype of argumerts arerequired i nt

« theconditions under which an IndexOutOfBoundsException Will bethrown

Sincesubst ri ng isamethod of the St ri ng class, the mesage must begn withastring
literalor aSt ri ng reference variale before the dot.

String str = "small";

assertEquals ("mall", str.substring(l, str.length()));

// Can send messages to String literals ...

assertEquals ("for", "forever".substring(0, 3));

assertEquals ("ever", "forever".substring (3, "forever".length()):;

A subst ri ng message requirestwo argumerts, which specify the begnning and ending
index of the St r i ng to return. This canbe observedin the metod headng below, which has
two parametersnamedbegi nl ndex and endl ndex. Both argumertsin
fullName.substring (0, 6) aretypei nt becausethe parametersinthesubstri ng
method headng aredeclared astype int.

public String substring(int beginIndex, int endIndex)

1 )

fullName.substring (0, 6);
Whenthis message is sert, the argumert 0 is assignedto the parameter begi nl ndex, and
the argumert 6 is assignedto the parameter endl ndex. Control isthentransferredto the
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metod body, where the code usesthis informaion to return what the method promises In
gereral whenamethod requiresmore thanone argument, the first argumert in the mesage
will be assignedto the first paraneter, the second argumert will be assignedto the secand
parameter, and so on. In orderto get correctreallts, the programmer must also orderthe
argumerts correctly. Whereasnot supplying the correctnumber and type of argumertsin a
message reaultsin acompile time (syntax) errar, supplying the correct number and type of
argumertsin the wrong order reaultsin alogic error (i.e, the programdoeswhat you typed,
not what you intended).

And finally, there are several timeswhenthe substring metod will throw anexception
becatse the integer argumerts are not in the correctrange.
"abc".substring (-1, 1) // beginIndex < 0

"abc".substring (0, 4) // endIndex of 4 is off by 1
"abc".substring (2, 1) // beginIndex > endIndex

Methods that return Values

The Javar et ur n statemert allows a metod to return information. The expression after

r et ur n is what the mesage evaluatesto. For example, you might wart to view the current
balanceof aBankAccount (thevalue of theprivate instancevariabe bal ance). Whereasa
metod recevesinput viathe argumerts in the method cal, a method communicatesvalues
backto the message sender through the return statement. Hereisits gereral form:

General Form return statement

return expression;
Examples:

public int twiceTheValue (int arg) {
return 2 * arg; // return an int

}

public boolean firstGreater (double first, double second) {
return first > second; // return true or false

}

Whenar et ur n statemert is encountered the expression thatfollows return regacesthe
message. Thisis how a mesage communicatsback to the caler. Whereasavoid method
returns nothing (seeary of the void main methods or test XXX methods), any method that
hasa return type otherthanvoi d must return a value that matchesthe return type. So, a
method declaredto return a St ri ng must return areferenceto aSt ri ng object A metod
declaredto return adoubl e must return aprimitive doubl e value. Fortunately, the compiler
will complain if you forgetto return avalue or you atempt to return the wrong type of value.

A method mayexist in ary class. This book usested methods in ted classesbecatseit is
conveniert to write metods and teds in the samefile. For examgde, hereis a class that canbe
run to teg¢ a simple function named £ that returns avalue thatis twice the argumert.

// Implement and test a simple f (x) method
import static org.junit.Assert.*;

import org.junit.Test;

public class FunctionTest {

@Test

public void testF()
assertEquals (2, f(
assertEquals (6, f(
assertEquals (-4, f

}

{

1))
3));
(=2));

public int f (int x) {
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return 2 * x;
}
}
JUnit callsthe testF method, and then execuesthe four assertionsin its block, eachof
which calls the method named . to verify if the assertion passesor fails

Self-Check

Use the following method headng to answer thefirst threequedions thatfollow. The concat
method is from JavaOst r i ng class.

// Return the concatenation of str at the end of this String object
public String concat(String str)

2-9 Determine the following for the concat method:
-a returntype -d first argument type (or class)
-b metod name -e secand argumert type (or class)
-¢ number of argumerts

2-10 Assuming String s = "abc";, writethe return value for eachvalid message or
explain why the message isinvalid.
-a s.concat("xyz"); -ds.concat("x", "y");
yz");
-C s.concat(5); -fSstring.concat ("d");

-b s.concat(); -e s.concat ("wx" +

2-11 Fill in the blarks so the assertions pass.

import static org.junit.Assert.*;
import org.junit.Test;

public class MethodTestl {

@Test

public void testConcat () {
String s = "abc";
assertEquals(" ", s.concat("!"));
assertEquals(" ", s.concat("cba"));
assertEquals (" ", s.concat("123"M));

}

2-12 Write acomplete method so all assertions pass.

import static org.junit.Assert.*;
import org.junit.Test;

public class MethodTestl {

@Test

public void testOdd() {
assertTrue (is0dd (1)) ;
assertFalse (1is0dd(2))
assertTrue (1is0dd (3)) ;

}

’

/1 Wite isOdd as if it were here

2-13 Write acomplete method so all assertions pass
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import static org.junit.Assert.*;
import org.junit.Test;

public class MethodTest2 {

@Test

public void testAverage3 () {
assertEquals (0.0, averageThree (0, 0, 0)
assertEquals (2.1, averageThree (1.1, 2.1
assertEquals (-5.7, averageThree(-1.3, -

, le-14);

, 3.1), le-14);
6.3, -9.5), le-14);
}

// Write averageThree as if it were here

}

2-14 Write acomplete method so all assertions pass
import static org.junit.Assert.*;
import org.junit.Test;

public class AMethodsTest {

public void testFirstLast () {

assertEquals ("hh", firstLast ("hurrah"));

assertEquals ("CS", firstLast("Calling all studentS"));
}

// Write testFirstLast as if it were here

Control Structures

Sofar, the code hasshown statemerts that execute exadly once. However, programsoften
have statemerts that do not always execute. At one momert, a particular statemert must
occur. At arother timeN the next day or the next millisecand perhapsN the same statemert
must be skipped For example, a studert who hasa grade point average (GPA) of 3.5 or
higher may make the deanOdist. The next student may have a GPA lower than3.5, and
should not becane part of the dearOsist.

if (GPA >= 3.5)
deanslLi st. add( current Student);

General Form: if statement

if ( Boolean-expression)
true-part

The Boolean-expression is any expression that evaluatesto either true or false. The true-
part maybe ary valid Java statemen, including ablock, whichis asequerce of statemerts
within braces { and }. The Otue partOexecutesonly if the Booleanexpression evaluatesto
true. So, the overtimeHours metod below returns a positive value only whenthe argumert
is greaerthan40.0. Whenthe argumert in the metod call is40.0 or less, the true partis
skippedand the reault remains 0.0. Wherever the argumert is greaer than40.0, result is
changedbefore it is returned.

// Demonstrate and test a method that returns overtime hours
import static org.junit.Assert.*;
import org.junit.Test;
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public class OvertimeHoursTest {

@Test

public void testOvertimeHours () {
assertEquals (0.0, overTimeHours(38.0), le-14);
assertEquals (0.0, overTimeHours (40.0), le-14);
assertEquals (0.5, overTimeHours (40.5), le-14);
assertEquals (2.0, overTimeHours (42.0), le-14);

}

// Return 0 or the number of hours worked over 40
public double overTimeHours (double hoursWorked) {
double result = 0.0;
if (hoursWorked > 40.0)
result = hoursWorked - 40;
return result;
}
}

Programs must oftenselectfrom two actions. In thiscase,use thei f . . . el se statemen.

General Form: Thei f. . . el se statement

if ( Boolean-expression)
true-part
el se

false-part

Theif...el se stattmertisani f statemert followedby ane1se path. The true-part ard
the false-part maybe ary valid Java statements or a block, which are the statemerts ard
varial e declaratons betweenthe curly braces{ and ;.
Whenani f . . . el se statemert executes the Booleanexpression evaluatesto eithert r ue or
fal se. Whent r ue, the true-part execuesN the false part after the el se is skipped When
the Booleanexpression evaluatesto f al se, only the false- part execues

The next examgde illustrateshow thei f . . . el se stattmert works. Whenthe argumert
passedto the parameterf i nal G ade inthepassFai | Message method hasavalueles
than 60, the method returns " Fai | i ng". If the argument is greaer thanor equal to 60, the
method returns " Passi ng".

import static org.junit.Assert.*;
import org.junit.Test;

public class PassFailTest {

@Test

public void testPassFailMessage() {
assertEquals ("Failing", passFailMessage(59.9));
assertEquals ("Passing", passFailMessage(60.0));
assertEquals ("Passing", passFailMessage(61.0));

}

public String passFailMessage (double finalGrade) {
String result = "?";
if (finalGrade < 60.0)
result = "Failing";
else
result = "Passing";
return result;
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Boolean Operators

Java hasthreeBooleanoperabrsN | (not), 1! (or), and && (ard)N to creae more complex
Booleanexpressions. For examge, this Boolean expression shows the BooleanOadO
operabr (s &) appliedto two Booleanoperands:

(test >= 0) && (test <= 100)
Sincethere areonly two Booleanvalues t r ue ard f al se, the following tade shows every
possible combination of Booleanvaluesand the Boolean operabrs! ,!'! , and &&:

! Boolean “not” operator

Expression Result
! false true
! true false

I'l Boolean “or” operator

Expression Result
true || true true
true || false true
false || true true
false || false false

&& Boolean “and” operator

Expression Result
true && true true

true && false false
false && true false
false && false false

The next examge shows a Booleanexpression using the s s (Oad() operator to return true if
the argumert isin the range of 0 through 100 inclusive.

import static org.junit.Assert.*;
import org.junit.Test;

public class FunctionTest {

@Test

public void testF () {
assertTrue (isInRange (
assertTrue (isInRange (
assertTrue (isInRange (
assertFalse (isInRange
assertFalse (isInRange

}

—~~ O U

public boolean isInRange (int test) {
return (test >= 0) && (test <= 100);
}
}

The following evaluations of expressions show operator precedence rules (seetale below)
goverrning the orderin which operavors areevaluated.

When t est is 97 When t est is 977
(test >= 0) && (test <= 100) (test >= 0) && (test <= 100)
(97 >= 0) && (97 <= 100) (977 >= 0) && (977 <= 100)
true && true true && false

true false
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Operator Precedence Rules

Programming languageshave operator precednce rules governing the order in which
operabrs are appliedto operands. For examge, in the absence of parertheses the relational
operabrs >= and <= areevaluated before the s s operator. Most operators are evaluatedin a
left-to-right order. For examge, a/ b/ ¢/ d isequivalertto (((a/b)/c)/d).

The following talde lists some (though not all) of the Java operabrs in order of
precectnce. Thedot . and () operators are evaluatedfirst (have the higheg precedence), and
the assignmert operator = is evaluatedlad. Thistabe shows all of the operabrs usedin this
textbook (however, thereare more).

Precedence rules for most operators (some operators and priorities not shown)

Precedence Operator Description Associativity
1 . Member reference Left to right
0O Method call
2 ! Unary logical complement (hotQ Right to | eft
+ Unary plus
Unary minus
3 new Constructor of objects
4 * Multiplication Left to right
/ Division
% Remainder
5 + Addition (for i nt and doubl e) Left to right
+ String concatenation
- Subtraction
7 < Lessthan Left to right
<= Lessthan or equal to
> Greater than
>= Greater than or equal to
8 == Equd Left to right
I = Not equal
12 8& Boolean GaindO Left to right
13 1 Boolean QrO Left to right
15 += Add and assign Right to | eft
-= Subtract and assign
= Assignment
Self-Check
2-15  Which assertion would pass, a or b?
int nl = 5;
int n2;
if (n1 > 0)
nz2 = 3;
else
n2 = 4;

assertEquals(n2, 3); // a
assertEquals(n2, 4); // b
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2-16 Which assertions would pass (a, b, ¢, and/or d)?

int nl = -3;
int n2 = 7;
assertTrue (n2 > nl && nl >= 0); // a
assertFalse(n2 > 100 || n2 < 0); // b
assertTrue(n2 - 2 >= nl && !(nl == n2)); // c
assertTrue( n2 % 4 == 0); // 4

2-17  Writeassertions for anew metod isLeapYear thatreturnstrueif the argumertisa
leapyea. A leapyea is ary yea divisible by 4 unlessit isalso divisible by 100, in
which case it must also be divisible by 400.

2-18 Writemethod isLeapyear thatreturnstrue if the argumert isaleapyea.

2-19  Writeassertions for anew method 1argest thatreturnsthelarges of thethree
integer argumerts.

2-20 Writemethod 1argest (int nl1, int n2, int n3) thatreturnsthelarged of the
threeinteger argumerts.

Nested ifE else statements

Programs often needto selectone acfion from mary possible actons. The following code
selects one of threepossible acions. Any grade point average (GPA) less than 3.5 (including
negative numbers) gereraesthe output Ofry harder.OAny GPA less than4.0 but greater than
or equal to 3.5 generaesthe output O ou mace the deanOsist.OANd ary GPA greater thanor
equal to 4.0 gereratesthe output Or ou made the presderntOgist.OThere is no upper range or
lower range definedin this problem

// Multiple selection, where exactly one println statement
// executes no matter what value the user types in for GPA.
Scanner keyboard = new Scanner (System.in);

System.out.print ("Enter your GPA: ");

double GPA = keyboard.readDouble () ;

if (GPA < 3.5)
System.out.println ("Try harder");
else { // This false part of this if...else is another if...else
if (GPA < 4.0)
System.out.println ("You made the dean's list");
else
System.out.println ("You made the president's list");

}

Noticethatthe false part of thefirsti f. . . el se stattmentisamotheri f. .. el se statement.
If cpaislesthan3.5, Try harder isoutput and the program skips overthe neged
i f...else.However,if the Booleanexpression isfalse (whencea isgreaerthanor equal
to 3.5), the false part executes Thissecondi f . . . el se statement isthefalse part of the first
i f...else.ltdeterminesif GPA is high erough to qualify for either the deanOdist or the
presdertOdist.
You do have flexibility in formating. The previous negedi f . . . el se maybe writtenin

the following preferred mamerto line up the threedifferen paths:
if (GPA < 3.5)

System.out.println ("Try harder");
else 1f(GPA < 4.0)

System.out.println ("You made the dean's list");

else
System.out.println ("You made the president's list");
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Now that we are seeing code that may not exectte, such asone of the paths through an
i f...else statemen, itisagood ideato consider some additional teding consideraions:

* Estallish asetof asertonsthat will execue all possible paths through the multiple
selection points
* Haveassertionsthatted the boundary values

For examge, giventhe following gradng scale, thereshould be atleas one assertion for each
letter gracke.

Value of Percentage Assigned Grade
90 < percertage < 100
80 =< percertage < 90
70 < percertage < 80
60 < percertage < 70
0 < percentage < 60

MoOO @ >

Checking the upper ard lower boundariesprovidesfurther confi dence that the metod will be
correctonceall assertions pass. Thisted shows thatthe metod is expeciedto return " ?" if
the argumert is out of range (in this cas, lessthan0 or greater than 100).

import static org.junit.Assert.*;
import org.junit.Test;

public class LetterGradeTest {
@Test

public void testLetterGradeForValidRanges () {
assertEquals ("?", letterGrade(101));

assertEquals ("A", letterGrade(100));
assertEquals ("A", letterGrade(90)):;
assertEquals ("B", letterGrade(89)):;
assertEquals ("B", letterGrade(80)):;
assertEquals ("C", letterGrade(79));
assertEquals ("C", letterGrade(70));
assertEquals ("D", letterGrade(60)):;
assertEquals ("F", letterGrade(59)):;
assertEquals ("F", letterGrade(0));
assertEquals ("?", letterGrade(-1));

}

/1 see Sel f-Check bel ow

}
Self-Check

2-21 Complete method letterGrade SO all assertions passin the ted metod above.

Repetition

Without the selection control structuresof the precedng chapter, computersarelittle more
thanunprogrammalde calculators. Sekciion control makescomputers more adaptale to
varying situations. However, what makescomputerstruly powerful istheir ahlity to repeat
the same actions accuately and very quickly. Two algorithmic patterns emerge. The first
involvesperforming some acion a specifi ¢, predetermined (known in advance) number of
times For example, to find the average of 142 teg grades you would repeata set of
statemernts exactly 142 times To pay 89 emgoyees you would repeat a set of statemerts 89
times To produce grade reports for 32,675 studerts, you would repeat a set of statements
32,675 times (Thereis apatternhere)

In each of these examples a programrequiresthat the exactnumber of repetitions be
known beforehand. The number of timesthat the process should repeatmust be egallished
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before the loop begnsto execue. This situation occurs oftenenough that Java hasa statemert
for this:

General Form: f or statement

for (  init-statement; loop-test, update-step) {

repeated-part,
Example:
for (int counter = 1; counter <= 5; counter++) {
System.out.print (counter + "-"); // Output: 1-2-3-4-5-

}

Whenaf or loop isencountered the init-statement is executedfirst, and only once. The loop-
test evaluatesto eithert r ue or f al se before eachexecution of the repeated-part. The
update-step executesafter eachiteration of the repeated part. This proces continuesuntil the
loop ted evaluatesto false.
The following for statement shows the threemain parts: theinitializaion (n =5andj =

1), the loop teg, for determining whento stop (j <=n), and theupdate step(j =j + 1), which
brings the loop one step closer to terminating.
int n = 5; // Predetermined number of iterations
for(int j = 1; jJ <=n; 3 =3 + 1) {

// Execute this block n times

}

In thisexample, j isfirst assignedthe value of 1. Next, j <= n (1 <= 5) evaluatesto true
and the block execues Whenthe statemertsinside the block arecompleted, j incremerts by
1( = j + 1). Thesethreecomponenrts ensure that the block executesprecisely n times

3 =1 // Initialize loop counter
j <=n // Loop test
j =3+ 1 // Update counter

In this next example, thef or loop printsall characters of astring on separate lines

String name = "John";
for (int index = 0; index < name.length(); index = index + 1) {
System.out.println (name.charAt (index)) ;

}

And here af or loopisusedtoreturn n! (nfacirial) where0Q! and 1! areboth 1, 2! is2*1, 3!
is3*2*1, and 5! is5*4*3*2* 1.
import static org.junit.Assert.*;

import org.junit.Test;
public class FactorialTest {

@Test

public void testFactorial() {
assertEquals(l, factorial(0));
assertEquals (1, factorial(l));
assertEquals (2, factorial(2));
assertEquals (6, factorial(3));
assertEquals(12O factorial(5));

}

public int factorial (int n) {
int result = 1;
for (int 1 = 2; 1 <= n; 1 =1 + 1)

result = i * result;

return result;
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Other Increment and Assignment Operators

Assignmert operatons alter computer memory evenwhenthe varialde on the left of = is also
involvedin the expression to the right of =. For examgde,the variabei nt j isincremented
by 1 with this assignmert operation:

j=3 L

This type of updateN incremerting a variadleN is performedso frequertly that Java offers
operabrs with the express purpose of doing just this. The++ and - - operators increment and
decrement avariade by 1, repectively. For exampe, the expressionj ++ adds 1 to the value
of j , and the expression x- - reducesx by 1. The++ and - - unary operabrs alter the numeric
variab e thatthey follow (seethe tale below).

Statement State of |
int j =0; 0
j++; 1
j++; 2
i--; 1

So, within the context of the determinate loop, the update stepcanbe writtenas- ++ rather
thanj =5 + 1. Thefollowing f or loop
for(int j = 1; j <=n; 3 =3 + 1) {
/...
}

may also be writtenwith the ++ operabr for equivalent behavior:

for(int j = 1; j <= n; Jj++) {
/...
}

Thes new assignmert operators provide a conveniernt way to incremert and decremert a
counterin for loops. Most Java programmers use the ++ operator in this fashion. You will
seeit often

Java hasseveralassignmert operators in addition to =. Two of them, += and -=, add ard
subtractvalue from the variable to the left, regectively.

Operator Equivalent Meaning

+= Increment variable on left by value on right.
-= Decrement variable on | eft by value on right.

These two new operators alter the numeric variable that they follow.

Statement Value of
int j =0; 0
j +=3; 3
j +t=4; 7
j -=2; 5

Whereaghe operators ++ and -- incremert and decremert the variabe by one, the operabrs
+=and -= increment and deaemert the varialde by any amaunt. The += and -= operators can
be usedto incremert or decremert loop control varialesby valuesother than 1. In the next
exampe, the loop control variade 5 increments by two atthe end of eachiteraton.

for(int j = 0; j <= 10; 3 += 2) { // Count by twos

System.out.print (3 + " ");
}
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Output

0 2 4 6 8 10

The while Statement

Although f or loops canbe usedin mary algorithms, they have a serious limitation.
Samelow, you must determine the number of repetitions in advarnce. Quite oftenthisis
impossible, or atleas very inconvenert or diffi cult. For example, aninstructor may have a
differert number of tedsto average asattendance varies betweenand during school terms. A
compary may not have a constart number of employees becawse of hires fires lay-offs,
trarsfers and retiremerts. An evert-drivenprogram cannot predct how mary actons the user
will initiate. This situation occurs often enough that Java hasa statemert for it.

General Form: whi | e statement

while (loop-test) {
repeated-part

The loop-test isabool ean expression that evaluatesto eithertrue or false. The repeated-part
may be any Java statemert, but it is usually a set of statemers erclosedin { and }, ablock.
Whenawhile loop executes theloop teg evaluatesto eithertrue or false. If true, the
repeaked part executes This process continueswhile (aslong a9 the loop ted istrue.

// Test a method that sums all of the integers in a string of integers.

// This example uses the Scanner class constructed with a string that

// will be scanned until there are no more integers to be processed.

import java.util.Scanner;

import static org.junit.Assert.*;
import org.junit.Test;

public class TestSumInScanner {

@Test
public void testSum() {
Scanner input = new Scanner ("1 2 3");

assertEquals (6, sum(input));

input = new Scanner ("-1 -2 -4");
assertEquals (-7, sum(input));

input = new Scanner ("423");
assertEquals (423, sum(input));

input = new Scanner("");
assertEquals (0, sum(input));

}

public int sum(Scanner input) {
int result = 0;
while (input.hasNextInt()) {
result += input.nextInt();
}
return result;

}

Infinite Loops

It is possible thataloop may never execute, not evenonce. It isalso possiblethatawhile
loop neverteminates Consider the following whi 1e loop that potertially continuesto
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execute until external forcesareapplied (turning off the computer or a power outage, for
exampe). Thisis potertially aninfinite loop, someting thatis usually undesrable.
public int sum(Scanner input) {
int result = 0;
while (input.hasNextInt()) {
result += result;
}

return result;

}

The loop repeats virtually forever (except during the cal to assertEquals, whenthere are
no numbersto proces). The temmination condition cannever be reacted sincethe nextInt
message is not sert inside the loop (and thus, the whi | e loop camot move pag thefirst digit
of number in the scamer's stream of numberg. In general, awhi | e loop should have a
statemernt that brings the loop one step closer to the termination condition, whenthe loop teg
evaluatesto false.

Self Check
2-22  Writethe output gererated by the following f or loops.
-afor(int j =1; j <5; ) =j + 1) { -d for(int j =5; j >=1; j--)
Systemout.print(j +" "); Systemout.print(j +" ");
}
-b int n =5 - int n=0;
for(int j =1; j <=n; j++) { System out. print("before " );
Systemout.print(j + " "); for(int j =1; j <=n; j++) {
} Systemout.print(j + " ");
}
- int n =3 Systemout.print(" after” );
for(int j =-3; j <=n; j +=2) {
Systemout.print(j +" "); -fint n =0;
} for(int i =0; i <n; i++)

Systemout.print(j + " ");
2-23  Writeafor loop thatdisplays all of theintegersfrom 10 down to 1.

2-24  Writethe output from the following Java program fragmerts:

-a int last = 10; -b counter = 10; // Tricky!
int j = 2; whi l e(counter >= 0); {
while(j <= last) { System out. printl n(counter);
Systemout.print(j +" "); count er ++;
=2 }
}

2-25  Writethe number of times(HelloOis printed (ZeroOand Olrii niteQarevalid arswers.

-a int counter = 1; -¢ int n=5;
int n = 20; int j =1;
whi | e(counter <= n) { while(j <= n)
Systemout.print("Hello "); Systemout.print("Hello ");
count er ++; j++
}
-d int j =1;
-b int counter = 1; int n=5;
int n=0; while(j <= 5) {
whi | e(counter <= n) { Systemout.print("Hello ");
Systemout.print("Hello "); n++;

} }
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Use this code to answer the quegions that follow.

Scanner keyboard = new Scanner (Systemin);
i nt hi ghest = -999999999;

int lowest = 999999999;

int n=5;

for( int j =1; j <=n; j++) {
currentl nput = keyboard. nextlnt();
i f( currentlnput > highest )
hi ghest = currentl nput;
el se if(currentlnput < | owest)
| owest = currentlnput;
}

range = hi ghest - |owest;

2-26 Trace through the code above using these inputs:
-5 8 22 -7 15

Predct the value storedinr ange. Is it correct?

2-27 Trace through the same code with these inputs:
5 4 3 2 1

Predct the value storedin r ange. Is it correct?

2-28 Trace through the same code with these inputs:
1 2 3 4 5

Predct the value storedin r ange. Is it correct?

2-29 Whenisr ange incorrecly computed?
-aWhentheinput is enteredin descerding order.
-b Whentheinput is enteredin ascerding order.
-c Whenthe input isin neither accending nor descerding order.

2-30 What must be doneto correctthe error?

1-D Arrays

Java arrays store collections of elemerts. One array allows alarge number of elemertsto be
converiertly maintainedtogether under the same name. Individual array elements are
accesedthrough anindex. Thefirst arrayelemert islocatedatindex 0, and the secand is at
index 1. An array canstore a collecion of primitive valuesor referencesto any object Arrays
arequite differert than other objects becatse they have no metods.

The code below declaresthreedifferert arrays namedbal ance, fri end, and
t est Scor es. It also initializesall five elements of these threearrays. The subscript
operator [] providesaccessto individual array elemerts. Arrays are constructed using these
two gereralforms
General Form Two ways to Construct and Initialize Array Objects

type[l array-name = new type [ capacity]; )
type[l array-name = { elementy, element;, element,, E , element,; };
* type may be one of the primitive typesor the name of any Java class or interface

e arraynameisary valid Javaidertifi er. With subscripts, the array name canrefer to any
ard all elemertsin the array.
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* capacity isaninteger expression represerting the max mum number of elemertsthatcan
be storedin the array. The capacity is always available through a variade namedlength
thatis referencedasarray-name. 1ength.

* Unlessthe secand form is used, all elemerts areinitializedto a defaut value; O for int,
0.0for double, and null for anarrayof object references

Examples:
// Use an array initializer to construct an array reference by
// friend that also initializes all elements at indexes 0, 1, 2, or 3.

String[] friend = { "Jody", "Rachael", "Troy", "Neha" };

// Declare and initialize an array of double values

double[] balance = new double[5];
balance([0] = 0.00;

balance[l] = 111.11;

balance[2] = 222.22;

balance[3] = 333.33;

balance[4] = 444.44;

// Declare and initialize most array elements

int[] testScores = new int([8];

testScores([0] = 90;

testScores[1l] = 78;

testScores[2] = 89;

testScores[3] = 57;

testScores[4] = 100; // The final three elements are 0.0

Arrays support random access. The individual array elemerts canbe found through subscript
notation. A subscript isanintegervalue between[ and] thatrepresensthe index of the
elemen you wart to acess. The special symbols|[ and] represen the mathematical
subscript notation. So, insteadof x,, X,, and x,.,, Javausesx[ 0] , x[ 1] , and x[ n- 1] .

General Form: Accessing one array element

array-name [ index] 1/ 1ndex nust range fromO0 to capacity - 1

The subscript range of aJava arrayis aninteger value in the range of 0 through its capacity-1.
The code in the sum method below sumsall integersin the array referencedasnumbers.

// This example shows how to pass an array as an argument to a method

// where all elements are accessed with indexes ranging from 0 up to,

// but not including, the array's capacity, which is known as array.length
import static org.junit.Assert.*;

import org.junit.Test;

public class TestSum {

@Test
public void testArrayWithForLoop () {
int[] numbers = { 5, 2, 3, 7, 1 };
assertEquals (18, sum(numbers, numbers.length));
}

public int sum(int[] array, int n) {
int sum = 0;
for (int index = 0; index < n; index++) {
sum += array[index];
}

return sum;



50 Chapter 2

Out of Bounds Subscripts

Java's runtime ervironmert checks arrayindexesto ensure that they arewithin the proper
range of 0 through capacity - 1. The following assignmerts for the array shown in the lag
exam@de would reallt in anexception being thrown.

nunber s[ 5] = 123; /1 This out-of-range i ndex woul d cause an excepti on
nunbers[-1] = 123; // So would this

The program terminates prematrely, usually with a message like the one shown below. (The
output shows the out-of-range index, whichis 5 here).

java.l ang. Arrayl ndexQut Of Bounds exception: 5

This might seemto be a nuisance.But without range checking, such out-of-range indexes
could dedroy the state of other objects in memory and cause bugs that arediffi cult to detect.
More dramaicaly, your computer could OfangOor Ocash.OEvenworse, with a workstation
that runs all of the time, you could get anerror that affects computer memory now, but wonOt
crat the systemuntil weeks from now. However, in Java, you getthe more accepalde
occurenceof anArr ayl ndexQut Of Bounds exception, asshown above.

Messages to Individual Array Elements

The subscript notation is usedto send mesagesto individual elemerns. The array name must
be accompariedby anindexto specify the particular array elemert to which the mesageis
sert.

General Form: Sending messages to individual array elements

array-name | index) . message-name( arguments )

The index distinguishesthe speciffi c objectto which the mesage shall be sert. For example,
the uppercag equivalent of the strings referencedby friend canbe producedby the
subscript notation before . toUppercase:

String[] friend = { "Jody", "Rachael", "Troy", "Neha" };

assertEquals ("JODY", friend[0].toUpperCase());
assertEquals ("NEHA", friend[3].toUpperCase());

The expression friend. toUppercCase () would be asyntaxerrar because it atempts to find
the uppercag version of the ertire array, not one of its St ri ng elemerts. Thet oUpper Case
method is only definedfor array objects of the type St r i ng, not for standard Java array
objecs.

Self Check

Use thisinitialization to answer the quedions that follow:

int[] x = new int[100];
2-31 Whatisthevalue of x[9917?

2-32 How mary integersmay be properly storedin x?

2-33  Whichintegerisusedasthe indexto acessthefirst elemert in x?
2-34  Whichintegerisusedastheindexto acessthelad elemertin x?

2-35  Writecodethatstoreslinto x[997,2intox[987,3intox[97],E, 99intox[1],
and 100 intox[0]. Useafor loop.

2-36  Write code that displays all elemerts of x on separate lines Use a for loop.

2-37 Whathappens whenthis code executes x[-1] = 100;
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2-38  Writethe output gererated by the following code:

int max = 10;

int[] intArray = new int[max];

for(int j = 0; j < max; Jj++)
intArray[j] = 3’

int low = 0;

int high = max - 1;

while (low < high) {
System.out.println (intArray[low] + " " + intArray[high]);
low++;
high--;

}

2-39  Writeanassertiontoted metod public int sum(int[] a, int n) that
returns the sum of all array elemertsindexed from O through n-1.

public class RangeTest {
@Test

public void testSum() {
int[] x = {1, 2, 3, 4, 5, -4 };

2-40  Write method sum so the assertion in the previous quegion compilesand passes

2-D Arrays

Datathat convenerly preensitself in tabular format canbe represertedusing anarray with
two subscripts, known asatwo-dimensional array. Two-dimersional arrays are constructed
with two pairs of square brackets (to indicate two subscripts represerting the row and column
of the element.)

General Form: A two-dimensional array consruction (all elements set to default values)

typell [I array-name = new type [ row-capacity|[ column-capacity);

tpellll — array-name = { { element[0][0], element[0][1], element[0][2],
{ element[1][0O], element[1][1], element[1][2],
{ element[2][ 0], element[2][1], element[2][2],

E},
E},
E} b
«  type may be one of the primitive typesor the name of any Java class or interface

+ identifier isthe nameof the two-dimersional array

«  rows specifiesthe total number of rows
«  columns specifiesthe total number of columns

Examples
double[] [] matrix = new double[4][8];

// Construct with integer expressions

int rows = 5;
int columns = 10;
String[] [] name = new String[rows] [columns];

// Use an array initializer that initializes all elements

int[][] t = { { 1, 2, 3}, // First row of 3 integers
{ 4, 5, 6 1}, // Row index 1 with 3 columns
{ 7, 8, 9} }; // Row index 2 with 3 columns
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Referencing Individual Items with Two Subscripts

A refererceto anindividual elemert of atwo-dimersional array requirestwo subscripts. By
convertion, programmersuse the first subscript for the rows, and the second for the columns.
Each subscript must be bracketedindividually.

General Form: Accessing individual two-dimensional array elements

two-dimensional-array-name[ rows) [ columns)

I rowsisaninteger value in the range of 0 through the number of rows - 1
I columns isaninteger value in the range of 0 through the number of columns - 1

Examples:

String[] [] name = new String[5][10];
name [0] [0] "Upper Left";

name [4] [9] "Lower Right";

assertEquals ("Upper Left", name[0] [0]);

// name.length is the number of rows,
// name[0].length is the number of columns
assertEquals ("Lower Right", name[name.length-1] [name[0].length-1]);

Nested Looping with Two-Dimensional Arrays

Negedlooping is commonly usedto process the elements of two-dimersional arrays. This
initialization allocatesenough memory to store 40 fl oating-point numbersN a two-
dimersional array with five rows and eight columns. Java sets all valuesto 0.0.

int ROWS = 5;
int COLUMNS = 8§8;
double[][] table = new double[ROWS] [COLUMNS]; // 40 elements set to 0.0

Thes nededf or loopsinitializeall 40 elemertsto - 1. 0. (Java had already initialized all
elemeristo 0.0 whenthey wereconstructed with new.)

// Initialize all elements to -1.0
for (int row = 0; row < ROWS; row++) {
for (int col = 0; col < COLUMNS; col++) {
table[row] [col] = -1.0;
}
}

Self-Check

Use this construction of a 2-D array objectto arswer quegions 2-41 through 2-49:
int[]1[] a = new int[3][4];

2-41  Whatisthevalueof a[1][2]?

2-42  DoesJava checkthe range of the subscripts whenreferencing the elemerts of a?

2-43  How mary intsare properly storedby a?

2-44  Whatistherow (first) subscript range for a?

2-45 Whatisthe coumn (secand) subscript range for a?

2-46  Writecodeto initializeall of the elemerts of a to 999.

2-47  Declareatwo-dimersional arraynamedsales such that 120 fl oating-point numbers
arestoredin 10 rows.

2-48 Declareatwo-dimersional arraynamedsales2 such that 120 fl oating-point
numberscanbe storedin 10 columns.



