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This chapter appliesconcepts from Chapter 1 to building simple programs in the
Javalanguage.lIts objectives are to

2 presentthe standad format of a Java program and il lustrate the instances of
class, methal, and object, as they appear in Java.

2 explain the stepsone takesto type a program, check its spelling and grammar,
and exeute it

2 showhow an object can send messagego other objects and even create other
objects as it exeutes.

2.1 An Application and its Arc hitecture

If youwereaskedto built arobot, what would you do? First, youwould draw a picture
of the robot; next you would write the detailed instructions for its asserbly. Finally,
you would usethe detailed instructions to build the physicalrobot. The nal product,
arobot \ob ject,” hasbuttons on its chest, that when pushed,causethe robot to talk,
walk, sit, and soforth. The buttons trigger the robot's \methods"|the activities the
robot can perform.
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Figure 2.1: architecture of initial application

Hello

i [Note: what we will write]
main

System.out

[Note: Java's name for the command window]

As we learnedin the previous chapter, program construction follows the same
methodology: We draw an initial design,the classdiagram, and for ead componert
(class)in the diagram, we write detailed instructions in Java, which are savedin a le
in secondarystorage. When we start the program, the classis copiedinto primary
storageand becomesan executing object.

The Java designersusethe term application to descrike a program that is started
by a human user. After an application's object is constructedin primary storage,a
messagas automatically sert to the application's main method, causingits instruc-
tions to execute. Therefore, every Java application must possessa method named
main.

Begin Footnote: Not surprisingly, the preciseexplanation of how an application
starts executionis more complexthan what is stated here, but we nonethelessstick
with our sloganthat \classesare copiedinto primary storageand becomeexecuting
objects.” End Footnote

Toillustrate theseideas,we construct a small Java application that cortains just

the one method, main, which makesthesetwo lines of text appear in the command
window:

Hello to you!
49

To make the text appear, our application sendsmessages$o a pre-existing object,
named System.out , which is Java's name for the commandwindow. The application
we build is namedHello ; it interacts with System.out in the pattern portrayedin the
classdiagram of Figure 1.

The classdiagram shows that Hello has a main method; a messagefrom the
\outside world" to main starts the application. The other componert, System.out,
hasits nameunderlinedto indicate that it is a pre-existingobjectja Java object that
is already connectedto the commandwindow. The object has a method, printin
(read this as\prin tline™), which knows how to display a line of text in the command
window. The Java designershave ensuredthat a System.out object is always ready
and waiting to commnmunicate with the applications you write.
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The arrow in the diagram indicates that Hello sendsmessagedo System.out.
That is, it usesSystem.out by communicating with (or \connecting to") its printin
method.

Using terminology from Chapter 1, we say that Figure 1 preseits an architecture
whereHello is the controller (it cortrols what the program does) and System.out is
the output view (it displays the \view" of the program to the human who usesit).

We write and placethe instructions for class Hello in a Te namedHello.java
Java instructions look like \technical English,” and the corntents of Hello.java  will
look somethinglike this:

public class Hello
{ public static void main(String[] args)

{

}
}
Java is a wordy programming language,and we must tolerate distracting words like
public , static , void , which will be explainedin due course. For now, keepin mind
that we are writing a classthat hasthe nameHello and contains a method named
main. The set bracesact as \punctuation,” showing exactly wherea method and a
classbegin and end. The ellipsesindicate where the instructions will be that send
message$o System.out .

For our example,main must cortain instructions that display two full lines of text.
The algorithm for this task goes:

to be supplied momentarily

1. Senda messagdo System.out to print "Hello to you!" on a line of its own in
the commandwindow.

2. Senda messagdo System.out to print the number 49 on a line of its own in
the commandwindow.

We must cornvert the above algorithm into Java instructions and insert them where
the ellipsesappearedabove. Step 1 of the algorithm is written like this in Java:

System.out.printin("Hello to you!);

This instruction sendsto System.out the messageo print-line (printin ) the text,
"Hello to you!" . In similar fashion, Step 2 is written

System.out.printin(49);

The technical details behind thesetwo instructions will be presetted momenarily;
for now, seeFigure 2 for the completely asserbled program.

Beforewe dissectFigure 2 word by word, we demonstrate rst how onetypesthe
program into the computer, chedks the program's spelling and grammar, and starts
it.
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Figure 2.2: sampleapplication

[** Hello prints two lines in the commandvindow */
public class Hello

f public static void main(String[] args)
f System.out.printin("Hello to you!");
System.out.printin(49);
g
g

2.2 How to Build and Execute an Application

Wetake se\eral stepsto make the application in Figure 2 print its text in the command
window:

1. class Hello must be typed and saved in the Te, Hello.java .

2. The program's spelling and grammar must be chedked by the Java compiler;
that is, the program must be compiled.

3. The program must be started (exeuted).

To perform these steps, you use either your computer's (i) integrated dewelopmert
ervironment (IDE) for the Javalanguageor (ii) text editor andthe Java Developmert
Kit (JDK).

We brie°y examineboth options, and you should obtain help with selectingthe
oneyou will use. If you are not interestedin this selectionat this momen in time,
you may skip either or both of the two subsectionghat follow.

2.2.1 Using an IDE

Therearemany IDEs available for Java, and we cannotconsiderthem all. Fortunately,
IDEs operate similarly, sowe present a hypothetical example. Be certain to read the
manual for your IDE before you attempt the following exgeriment.

When an IDE is started, it will presen a window into which you cantype a Java
application (or \pro ject,” asthe IDE might call it). Selectthe IDE's meru item or
button named New Project to create a new project, and when the IDE asks, type
the name of the classyou wish to write. For the examplein Figure 2, usethe name,
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Hello , for the project:
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Next, type the classinto the window and save it by using the IDE's Savebutton:

If doneproperly, class Hello will be savedin a Te namedHello.java .

Next, the program must be compiled. Compile by selectingthe IDE's Compile or
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Build button:

If there are any spelling or grammar errors, they will be listed in a small window
of their own; otherwise, a messagewill announcethat the compile has completed
successfully In the former case you repair the errorsand try again;in the latter case,
you will seethat the compiler has createdthe translated version of the application
and placedit in the Te, Hello.class

Finally, start the programby selectingthe button namedRun or Launch(or Start ,
etc.) This starts the Java interpreter, which helpsthe processorread and execute
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the byte-code instructions in Hello.class . In the caseof the Hello application, its
executioncauseswo full lines of text to appear in the commandwindow. The IDE
shaws the commandwindow when needed:

(Footnote: Unfortunately, your IDE might shov and remove the commandwindow
before you can read the text that appeared! If the commandwindow disappears
too quickly, insert these lines into your Java program immediately after the last
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System.out.printin

try { Thread.sleep(5000); }
catch (InterruptedException e {}

Thesecryptic extra lines delay the program by 5 secondsgiving you time to readthe
cortents of the commandwindow. EndFootnote.)

2.2.2 Using the JDK

An alternative to an IDE is a text editor and the Java Dewvelopmert Kit (JDK). Your

computer should already have a text editor (e.g., Notepad or emacsor vi ) that you

can useto type and save les. The JDK can be obtained from Sun Microsystems's
Web Site at http://java.sun.com . You must download the JDK and properly install

it on your computer;installation is not covered here, but instructions comewith the

JDK.

Onceyou have the JDK installed, the rst stepis to usea text editor to create
the Te, Hello.java , with the cortents of Figure 2:
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Next, compile the application by typing in a commandwindow, javac Hello.java

This starts the Java compiler, which examineghe application, line by line, attempting
to translate it into byte-code language. If the program is badly formed|there are
spelling or grammar or punctuation errors|then the compiler will list theseerrors.
If there are errors, correct them with the text editor and compile again; if not, then
you will seethat the Java compiler createdthe translated versionof the application,
a byte-code Te namedHello.class

To executethe program, type the command,java Hello . This starts the program,
more speci cally, it starts the Java interpreter that helpsthe processorexecutethe
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byte-code instructions, and the two lines of text appearin the commandwindow:

Details about error messagesnd error correction appear in a section later in this
Chapter.

Exercise

Install either an IDE or the JDK on your computer and type, compile, and execute
the programin Figure 2.

2.3 How the Application Works

We now scrutinize Figure 2 line by line. The class's rst line,
/** Hello prints two lines in the commandvindow */

is a comment A commern is not a Java instruction for the computer to executelit
is a sertenceinserted, as an aside,for a human to read, in the casethat the human
wants to inspect the application beforeit is compiled and executed. The commen is
meart to explain the purposeof class Hello. A commern can extend over multiple
lines, aswe will seein later examples.

You shouldbegin every classyou write with a comment that explainsthe class's
purpose. Java programsare not all that easyfor humansto read, and a few lines of
explanation can prove very helpful!
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Begin Footnote: By the way, it confuseshe Java compiler if you place one com-
mert inside another, e.g.

/** A badly formed /** comment*/ looks like this. */

sodo not do this! Also, the Java compilerwill acceptcommerts that beginwith /* as
well as/** , but we usethe latter for reasonsexplainedin Chapter 5. End Footnote.

Following the commert is the line that givesthe class'sname,and then there are
two matching brackets:

public class Hello

{
.-

The line with the program'snameis the program's header line. Hello is of coursethe
name, but the words public and class have special, speci ¢ meaningsin Java.

Words with special, speci ¢ meaningsare called keywods The keyword, public ,
indicates that the classcan be usedby the \general public,” which includes other
objects and human users,to build objects on demand. The keyword, class , indicates
of coursethat Hello is a Java class,the basicunit of program construction.

Following the program's headerline is the program's body, which is enclosedby
the matching bradkets, f and g. Within the body lie the program's methods (as well
asother items that we encourter in later chapters).

In the examplesin this text, we will align the bracdkets vertically sothat they are
easyto seeand match. The only exceptionto this rule will be when the brackets
enclosea mere one-line body; then, the closing bracket will be placedat the end of
the sameline, to save spaceon the printed page. (SeeFigure 2 again.) When you
type your own Java programs,you might preferto usethis style of bradket placemern:

public class Hello {

}...

becausdt is easierto usewith atext editor. (But this style makesit easyto forgeta
bracket, sobe careful.) Do asyour instructor indicates;we will not discussthis issue
again.

Badk to the example| Hello 's body hasbut onemethod, main, which hasits own
headerline and body:

public static void main(String[] args)

{
-
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Method main is surroundedby a slewof keywords! The word, public , meansthe same
as before|the main method may receive message$rom the general\public." (This
includesthe userwho starts Hello and wants main to execute!) The keyword, static
refersto a subtle, technical point, and its explanation, along with that of void and
(String[]  args) , must be postponed.

The body of the main method contains the instructions (statement$ that will be
executedwhen a Hello object is sent the messagdo executeits main method. These
instructions are

System.out.printin("Hello to you!);
System.out.printin(49);

Ead of the statemeris has the form, System.out.printin(SOMETHING _TQDISPLAY);
this statemen form sendsa messageo the System.out object, and the messageds
printin(SOMETHING.TQDISPLAY) The SOMETHINGODISPLAYpart is the argumentpart
of the message.The statemert must be terminated by a semicolon. (Semicolonsin
Java are usedmuch like periods in English are used.)

This messageasks System.out to executeits printin  method. The instructions
inside the printin  method display the argumen, SOMETHINTGDDISPLAY at the posi-
tion of the cursorin the commandwindow. And, printin  inserts a newline character
immediately after the displayed argumert|this makesthe cursor in the command
window move to the start of a freshline.

As we learn in the next chapter, the Java languagerequiresthat textual phrases
must be enclosedwithin double quotes, e.g.,"Hello to you!" . Textual phrasesare
calledstrings. The doublequotesthat surround strings prevernt confusingstrings with
keywords. For example,"public class" is clearly a string and not two keywords side
by side. In cortrast, numberslike 49 are not strings and are not enclosedby double
quotes.

Begin Footnote: But note that "49" is a string, becauseof the double quotes. The
distinction between49 and "49" becomestlearin the next chapter. End Footnote

Method printin  sernesas System.out 's \communication” or \connection" point,
and the Hello object makes two sudh communications with System.out by using
printin , not unlike contacting a friend twice on the telephone.

Here is a nal point, about spelling: The Java languagedistinguishesbetwesn
upper-caseand lower-aseletters. Therefore,public is spelleddi®erertly from PUBLIC
and Public , and only the rst is acceptedasthe correctJava keyword. It is traditional
to spell the namesof classedeginningwith a singleupper-casdetter, e.g.,Hello , and
method namestranditionally beginwith alower-casdetter, e.g.,printin . Additional
spelling guidelinesare introducedin the next chapter.

Exercises

1. Write a Java program that displays your nameon oneline.
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2. Write a Java program that prints your name, whereyour rst (given) nameis
on a line by itself, and you last (family) nameis on a line by itself.

3. For both of the previousexercisesexplain why your program hasthe architec-
ture presened in Figure 1. (This makesclear that di®erern programscan be
built in the samearchitectural style.)

2.3.1 An Execution Trace of the Application

When we demonstratedthe Hello application, we saw the lines, Hello to you! and
49 appearin the commandwindow, but we did not seehow the computerexecutedthe
application's instructions to producetheseresults. To be a competernt programmer,
you must dewelop mental imagesof how the computer executesprograms. To help
dewelopthis skill, we study a step-by-steppictorial re-creation|an exeution trace|of
the computer's actions.

When the Hello application is started by a user,the Te, Hello.class , is copied
into primary storageand becomesa Hello object.

Begin Footnote: The precedingexplanationis imprecise,becausat fails to explain
that the \ob ject" createdfrom Hello.class is not the usual form of object descriked
in Chapter 1. But it is not worth the pain at this point to state the distinction
betweena classthat possessean invokedstatic  main method and onethat possesses
an invoked non-static  constructor method. Our situation is similar to the onein an
introductory physics course,where Newtonian physicsis learnedinitially becauseit
is simple and beautiful although slightly incorrect. In subsequeh chapters, these
technical issuesare resolhed. End Footnote

Hereis a depiction of the Hello object (and System.out, which already exists) in
primary storage:

Hello System.out

public static void main(String[]  args) -r.i.ntln( )
f System.out.printin("Hello to you!"); ]E) L .
System.out.printin(49); instructions  to print text g

g

Objects restin primary storageand wait for messagesSo, to start the computa-
tion, the computer (more precisely the JVM) sendsHello a messagéo start its main
method.

When Hello receiwesthe messagejt indeed starts main, whose statemerns are
executed,one by one. We usea marker, >, to indicate which statemern is executed
rst:

Hello System.out

public static void main(String[]  args) .r-i.ntln( )
f > System.out.printin("Hello to you!"); fp .
System.out.printin(49); instructions  to print text g

g
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The statemert, System.out.printin("Hello to you!") , sendshe messageprintin("Hello
to you!") , to the System.out object. The argumern, "Hello to you!", is what the
method will print. (The enclosingdouble quotesare not printed, but you must in-
clude them, nonetheless.)This is an exampleof how one object sendsa messageo
another object, awakeningit from its rest.

The messages deliveredto System.out, which puts its printin  method to work.

In the interim, the Hello object waits:

Hello System.out

public static void main(String[]  args) .r-i.ntln( )

f > AWAITSystem.out's COMPLETION ? . .
System.out.printin(49): > instructions  to print text g
g

Evertually, System.out ful lls its requestand the text, Hello to you! appearsin the
commandwindow. Oncethis happens,System.out signalsHello that it can proceed
to its next statemen, and System.out returns to a \resting" state:

Hello System.out

fubllc static void main(String[]  args) printin(..)
>...System.out.println(49)' f instructions to print text g
g

Next, another messageas sert to System.out, requestingthat its printin  method dis-
play the number 49. (Notice that double-quotemarks are not usedaround numbers.)
Again, Hello waits until System.out executesits messageand signalscompletion:

Hello System.out

Fubllc static void main(String[]  args) p.r.i.ntln(...)
> AWAITSystem.outs COMPLETION f > instructions  to print text g
9

Onceprintin  nishes, there is nothing more to executein main's body,

Hello System.out

gubllc static void main(String[]  args) p.r.i‘ntln(...)
f instructions to print text g
> g

and Hello signalsthat it is nished.

Exercise

Write an executiontrace for a program you wrote from the earlier Exerciseset.
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Figure 2.3: classdiagram of an application that displays the time

NameAndDate GregorianCalendar [Note: connectsto the
man - --= =1 getTime computer's internal clock]
System.out

printin
print

2.4 How One Object Constructs Another

The Hello exampleshaved how an object cansendmessageto the preexistingobject,
System.out . But it is alsopossiblefor an object to constructits own, \help er," objects
as neededand sendthem messagesWe seethis in an example.

Say that you want an application that prints your name and the exact date and
time, all ononeline, in the commandwindow. Of course the date and time aredepen-
dert on whenthe program starts, and you cannot guessthis in advance. Fortunately,
the Java designerswrote a class,namedclass GregorianCalendar , that knows how
to readthe computer'sinternal clock. So,we constructan object that itself constructs
a GregorianCalendar object and sendsthe GregorianCalendar object a messagdor
the exact date and time. Figure 3 shows the architecture of the application we plan
to build. The classwe write is called NameAndDate It will senda getTime message
to the GregorianCalendar and then it will sendmessages$o System.out to print the
time. (The new method, print , of System.out, is explainedbelow.)

When this program is executed,we will seein the commandwindow something
like this:

Fred Mertz --- Fri Aug 13 19:07:42 CDT2010
Finished

That is, the programmer'sname,Fred Mertz, is printed followed by the exactmomert
that the program executes.Then an empty line and a line consistingof just Finished
appears.

Figure 3 has an interesting architecture: NameAndDatés the cortroller, because
it cortrols what will happen; System.out is the output view, becauset preserts the
\view" of the program to its user; and GregorianCalendar is the madel, becauseit
\mo dels" the computer clock|this is our rst, simplistic example of a model-view-
controller (MV C) architecture|see Chapter 1.

We must write the cortroller, class NameAndDate The cortroller's main method
asksSystem.out to print the text in the commandwindow, but main must also ask
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a GregorianCalendar object for the exacttime. To do this, main must construct the
object rst beforeit sendsit a messageHere are the crucial stepsmain must do:

2 Construct a new GregorianCalendar object, by saying
new GregorianCalendar()

The keyword, new constructsan object from the classnamedGregorianCalendar .
The matching parentheses,( and), canhold extra argumerns if necessaryhere,
extra argumerts are unneededto construct the object.

2 Givethe newly createdobject a variable namesothat we can sendmessage$o
the object:

GregorianCalendar ¢ = new GregorianCalendar();

Here, the nameis c. (The extra word, GregorianCalendar , is explained later.)
We can usethe namec like we usedthe name, System.out |w e can sendmes-
sagedo the namedobject.

2 Sendobject c a getTime messagehat asksit to consult the clock and reply
with the date and time:

c.getTime()

2 Tell System.out to display this date and time:
System.out.printin(c.getTime());

Recallthat the statemert, System.out.printin(ARGUMENT) , prints the ARGUMENT
Here,weinsert, c.getTime() , which asksc to reply with the time asaresponse|
it is the time received in respnsethat is printed.

Figure 4 shaws the program that usesthe above steps. In addition to what we
have just studied, seeral other new techniquesare illustrated in the example. We
explain them one by one.

To understandthe rst line,

import java.util.*;

we must provide somebadkground: The Java languagecomeswith many prewritten
classedgor your use. The classesregroupedinto packagesand the padkagewhereone
‘nds class GregorianCalendar is java.utii . The statemert, import java.utiL*
tells the Java interpreter to seart in the java.uti  padkage, where it will locate
class GregorianCalendar . Oncethe classis located, an object may be constructed
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Figure 2.4: application that prints the date and time

import java.util.*;

/**  NameAndDaterints mynameand the exact date and time. */

public class NameAndDate

f public static void main(String[] args)

f System.out.print("Fred Mertz --- ");

/I The next statement creates an object:
GregorianCalendar c¢ = new GregorianCalendar();
System.out.printin(c.getTime()); /[ ask c¢ the time and print its reply
System.out.printin();
System.out.printin("Finished");

from it. It will always be clearin this text's exampleswhen a special statement like
import java.util.* IS necessary

Begin Footnote: Stated more precisely when a class,C is mentioned in a state-
mert, the Java interpreter must locate the le, C.class . Normally, the interpreter
seartesin two places: (1) the folder in which the application was started, and (2)
java.lang , a padkageof general-purpseclasses.If C.class doesnot residein either
of thesetwo places, an import statemert must indicate where elsethe interpreter
should seart). End Footnote

The rst statemen within main says

System.out.print("Fred Mertz --- ");

Method print is another method that belongsto System.out. When executed,
print(ARGUMENT)displays the ARGUMENI the position of the cursor in the com-
mand window, but no newline character is appendal immediately after the displayel
argumentthis retains the command window's cursor on the sameline as the dis-
played argumert sothat additional information can be printed on the line.

The line,

/I The next statement creates an object:

is an internal comment An internal commern is a commeri inserted inside a class,
providing technical information to the personwho is studying the program. An
internal commern extendsonly from the double slashesuntil the end of the line on
which it appears. In this text, we useinternal commerts to explain the workings of
important or subtle statemerts.

The statemen,

GregorianCalendar c¢ = new GregorianCalendar();
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wasexplainedabove: a newobject is constructedfrom classGregorianCalendar andis
namedc. the reasonfor the apparertly redundart leadingword, GregorianCalendar ,
is best explainedin the next chapter; for the momert, we note that the leadingword
statesthat c is a \t ype" of nameonly for GregorianCalendar objects.

Variable namesare deweloped fully in the next chapter, and our use of one to
namefor the GregorianCalendar object is merely a \preview."

The statemen,

System.out.printin(c.getTime());

hasbeenexplained;the date that is computedand returned by the GregorianCalendar
object becomeghe argumert to the printin - messageand thereforeit is the date (and
not the messagdself) that is displayedin the commandwindow. We seethis behavior
explainedin the executiontrace that follows.

Finally,

System.out.printin()

prints an argumert that is nothing, to which is appendeda newline character. The
net e®ectis that the cursorin the commandwindow is moved to the beginning of a
freshline. (The parertheses,() , hold no information to print.)

Execution Trace

Becausethis exampleis an important one, we study its executiontrace. The instant
after the NameAndDatapplication is started, primary storagelooks like this:

NameAndDate System.out

main print(...)

f > System.out.print("Fred Mertz --- "); f instructions to print text g
GregorianCalendar ¢ = new GregorianCalendar();

System.out.printin(c.getTime()); printin(...)

System.out.printin(); f instructions to terminate text g

System.out.printin("Finished");
9

Oncethe text, Fred Mertz --- , is printed, the interpreter beginsthe next state-
ment, which createsa new GregorianCalendar objectla segmeh of primary storage
is allocatedto hold the cortents of a GregorianCalendar object, asdescribed by class
GregorianCalendar .

Begin Footnote: More speci cally, the Te, GregorianCalendar.class is usedto
construct the object in storage. End Footnote
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We seethe following:

NameAndDate System.out

main as before
f .. /I the test, "FredMertz --- " has been displayed

> GregorianCalendar c¢ = new GregorianCalendar();
System.out.printin(c.getTime());

System.out.printin();

System.out.printin("Finished");

g

al : a GregorianCalendar object

getTime()
f a method that reads the clock and returns the time g

The new object has an internal addresswhere it is found. Here, the addressof the
newly constructed GregorianCalendar object is al. The object at addressal hasits
own internal structure, including a method namedgetTime.

Next, a storagespace(called a cell) is created,and the addressis placedinto the
cell. In this way, ¢ is madeto namethe object at addressal:

NameAndDate System.out

main as before
fo.. /I the test, "FredMertz --- " has been displayed

GregorianCalendar c ::

> System.out.printin(c.getTime());
System.out.printin();
System.out.printin("Finished");

g

al : a GregorianCalendar object

getTime()
f a method that reads the clock and returns the time g

Now, a printin  message&o System.out must be sert. But the message'argument
is not yet determineal. For this reason,the interpreter sendsa getTime() messagedo
¢, and sincec namesa cell that holds addressal, the object at addressal is sert the
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messagdo executethe instructions in its getTime method:

NameAndDate System.out

main
fo.. /I the test, "FredMertz --- " has been displayed

GregorianCalendar c ::

> System.out.printin( AWAITTHEREPLYFROM1 );
System.out.printin();

System.out.printin("Finished");

g

al : a GregorianCalendar object

getTime()
f > a method that reads the clock and returns the time g

The main method waits while al's getTime method executes.
Once getTime gets the date and time from the computer's clock, it returns the
date and time to the exact position from which the messagevas sent

NameAndDate System.out
main

fo.. /I the test, "FredMertz --- " has been displayed @
GregorianCalendar c ==

> System.out.printin("Fri Aug 13 19:07:42 CDT2010" );

System.out.printin();
System.out.printin("Finished");

g

al : a GregorianCalendar object

g.éiTime()
f a method that reads the clock and returns the time g

After the time is placedin the position whereit was requested,it becomesthe
argumert part of the printin  messagehat is sert to System.out. This is a pattern
that appearsoften in Java statemerts: When part of a statementis written within
parenthesesthe parenthesizd part exeutes rst, and the result, if any, is demsited
in the parentheses.

System.out displays the date and time, and execution proceedsto the last two
statemerts in main.

Finally, we note that only one messagas sert to the GregorianCalendar object
that is constructedby the application. In the casethat an object is constructedand
just one messages ser to it immediately thereafter, we neednot give the object a
name. Hereis the application rewritten sothat the object's nameno longerappears:

import java.util.*;
/**  NameAndDategrints my nameand the exact date and time. */
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public class NameAndDate
{ public static void main(String[]] args)
{ System.out.print("Fred Mertz --- ");
/I The next statement constructs an object and sends it a getTime message:
System.out.printin(new GregorianCalendar().getTime());
System.out.printin();
System.out.printin("Finished");
}
}

The key statemert,
System.out.printin(new GregorianCalendar().getTime());

embedswithin it the stepsof (i) constructing a new GregorianCalendar object (ii)
immediately sendingthe object a getTime() messageand (iii) using the message's
reply asthe argumert to System.out.printin . This complex arrangemem executes
correctly becausethe Java interpreter executesphraseswithin parertheses rst.

Exercise

ReviseFigure 3 sothat it prints your own name with the date and time. Compile
and executeit. Executeit again. Comparethe outputs from the two executions.

2.5 Repairing Compiler Error Messages

Humans can tolerate errors in spelling and grammar, but computers cannot, and
for this reason,the Java compiler complainsif a program cortains any spelling or
grammar errors. The compiler will identify the line on which an error appearsand
give a short explanation.

For example, hereis a program that contains se\eral errors. (Take a momert to
locate them.)

public class test
{ public static main(String[]] args)
{ System.out.printin(Hello!)

}

Perhapswe save this programin Test.java and compileit. The compilerreplieswith
seweral error messagesthe rst of which is

Testjava:2: Invalid method declaration; return type required.
{ public static main(String[]] args)
N
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This messagestatesthere is an error in Line 2 of the program, at approximately the
position marked by the caret. The explanation of the error is not so helpful, but
its position is important becausewe can comparethe above to a correctly written
program and notice that we forgot the keyword, void .

The compiler reports an error on the next line, also:

Testjava:3: ') expected.
{ System.out.printin(Hello!)

Again, the compiler'smessages not so helpful, but the position of the error suggests
there is something wrong with the word, Hello! |w e forgot to enclosethe string
within doublequotes. Again, we canspot this error quickly by comparingour printin
statemen to onein the text that was correctly written.

There is alsoan error in the following line:

Testjava:4: '} expected.

}

N

This time, the explanationis on target|w e are indeedlacking a closingbracdket.
Finally, the compiler reports an error at Line 1.

Test.java:l: Public class test must be defined in a file called "testjava".
public class test

N

The compiler'smessages correct|the nameof the class must be spelled exactly the
sameasthe nameof the Te in which the classis saved. Therefore,we should change
the rst line to read public class Test.

Once we repair the errors, we have this program:

public class Test
{ public static void main(String[] args)

{ System.out.printin("Hello!") }
}
When we compile the revisedprogram, the compiler identi es one error we missed:
Testjava:3: ' expected.

{ System.out.printin("Hello!") }

AN

Indeed, we have forgotten to end the statemen with a semicolon. Once we repair
this last error, the compiler will successfullycompile our program. (Unfortunately, a
compiler is not perfect at detecting all grammar errorson a rst reading, and it is
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commonthat an highly erroneousprogram must be compiled se\eral times beforeall
its grammar errors are exposed.)

Although the Java compiler will methodically locate all the grammar errorsin an
application, a programmershould not rely on it asa kind of \oracle" that announces
whenan application is readyto be executed.Indeed,a programmershouldbe familiar
with the appearance(syntaXy and meanings(semanticg of the statemerts in the Java
language.An introduction to thesenotions appearsin the sectionsat the end of this
chapter, and Appendix | providesa thorough description of the syntax and semartics
for the subsetof the Java languageusedin this text.

Finally, remenber that the compiler'srole is to enforcespelling and grammarand
not to commen on the suitability of the statemerts in the program. For example,
the English sertence,\T urn left into the Atlantic Ocean,and drive on the ocean’oor
until you read the eastcoastof France", is a grammatically correct but procedurally
and geographicallydubious instruction for someonewho wishesto travel from New
York City to Paris! In a similar way, a program can contain grammatically correct
but dubious statemerts.

For this reason,the Java compiler can not guamantee that a program will perform
the actionsthat its author intends. What the author intendslivesin her brain; how she
corverts theseintentions into written instructions cannot be cheded by the compiler!
For this reason,we must study design,testing, and validation techniquesthat help
a programmer correctly convert her intentions into programs. We encourer these
techniquesin subsequen chapters.

2.6 Summary

We concludethe chapter with a summary of the new constructions, terms, and con-
cepts.

New Constructions

2 Javaclass(from Figure 2):

public class Hello

{
-

2 main methal (from Figure 2):

public static void main(String[] args)

{
.-
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New

comment (from Figure 2):

/** Hello prints two lines in the commandvindow */

internal comment (from Figure 4):

/I The next statement creates an object:

message-sendingtatement(from Figure 2):

System.out.printin("Hello to you!);

constructing a new object (from Figure 4):

new GregorianCalendar()

variable name (from Figure 4):

GregorianCalendar ¢ = new GregorianCalendar();

Terminology

appliction: a Java programthat is started by a human; an object is constructed
in primary storage and a messages sert to the object to executeits main
method.

statement a singleinstruction within a Java program; typically terminated by
a semicolon.

main methal: the \start up" method that executes rst when an application is
started.

argument extra information that is appendedto a messagesern to an object;
enclosedwithin parenthesesfollowing the method namewithin the message.

comment an explanation inserted into a program for a human (and not the
computer) to read.

string: a sequencef characters,enclosedby double quotes,e.g., "hello"

Java DevelopmentKit (JDK): a collection of programs, available from Sun
Microsystems, that let a user compile and start a Java application from the
commandwindow.
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2 integrated developmentenvironment (IDE) : a single program from which a use
can edit, compile, start, and monitor a Java application

2 exeution trace: a sequencef pictures of primary storage,showing the changes
to the objects asthe computer executesstatemeris one by one.

2 address(of an object): an object's \name" within primary storage;usedto send
messageso it.

2 variablename a nameof a cell wherea value, suc asthe addressof an object,
is saved. (SeeChapter 3 for a fuller developmen.)

Additional Points to Remember

2 A Java application must be compiled beforeit can be started. When a e,
C.java , iscompiled,another le, C.class is created,and objectsare constructed
from C.class when the user starts C A messages sen to object Cs main
method.

2 When an application is created in primary storage, there are already other
preexisting objects, suc as System.out , to which messagesan be sen.

2 An object can createother objects by stating the keyword, new followed by the
name of the classfrom which the object is to be constructed.

2 When an object is created from a classthat is located in a Java padkage, the
padkage'snameshouldbe explicitly imported sothat the Java interpreter canlo-
catethe class. For example,class GregorianCalendar islocatedin the padkage,
java.util , sowe import the padkageto usethe class:

import java.util.*;
public class ExampleOflmportation

{
}

new GregorianCalendar()

New Constructions for Later Use

2 System.out : the object that comnmunicateswith the commandwindow. Meth-
ods:

{ printtARGUMENT,) displays ARGUMENT the commandwindow at the posi-
tion of the cursor

{ printin(ARGUMENTY displays ARGUMENappendedto a newline character,
in the commandwindow at the position of the cursor.
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2 class GregorianCalendar (a classfrom which one can construct objects that

read the computer'sclock). Found in the pakage,java.uti . Method:

{ getTime() : returns the current time

2.7 Programming EXxercises

1.

Write a Java program that displays your name and postal addresson three or
more lines. Next, usea GregorianCalendar object to print the date and time
beforeyour name.

. Write a Java program that appearsto do nothing at all.

. Create two GregorianCalendar objects by inserting thesetwo statemerts,

System.out.printin( new GregorianCalendar().getTime() );
System.out.printin( new GregorianCalendar().getTime() );

into a main method. What happenswhen you executethe program?

. Modify the program from the previous exerciseas follows: Insert betweenthe

two statemerts this Java instruction:

try { Thread.sleep(5000); }
catch (InterruptedException e) {1}

We will not dissectthis complex statemert|simply stated, it causesthe main
method to delay for 5000milliseconds(that is, 5 seconds).Compile and execute
the program. What happens?

. Write the smallestJava program (fewest number of characters)that you can.

Is there a largest possible(most number of characters) program?

. Write a Java program that draws this picture on the display:
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2.8 Beyond the Basics
2.8.1 Syntax

2.8.2 Semantics

2.8.3 Java Packages

2.8.4 Java API

Here is optional, supplementalmaterial that will bolster your understandingof the
conceptsin this chapter.

2.8.1 Syntax

When we discussthe appearanceof a program's statemens|sp elling, useof blanks,
placemen of punctuation|w earediscussinghe program'ssyntax The Java compiler
strictly enforcescorrect syntax, and we have no choice but to learn the syntax rules
it enforces.

Appendix | gives a precisedescription of the syntax for the subsetof the Java
languagewe usein this text. The descriptionis precise,detailed, and a bit tedious.
Nonethelessjt is important that we learn to read sudh de nitions, becausethey tell
us preciselywhat grammatically correct Java programslook like.

For exercise,we presen herethe part of the syrtax de nition that matchesthe
examplesseenin this chapter. (Note: becausethey are deweloped more fully in the
next chapter, we omit the presenation of variable nameshere.)

Class

A Java classhasthis format:
CLASS::= public class IDENTIFIER{ METHOD¥

The above is an equation, called a syntax rule or a BNF rule. Read the equation,
CLASS:= ... asstating, \a well-formed CLASShasthe format ...".

We seethat a well-formed CLASSbhegins with the keywords, public and class ,
followed by an entit y calledan IDENTIFIER which we descrike later. (The IDENTIFIER
is the class'sname, e.g., NameAndDatén Figure 4. For now, think of an IDENTIFIER
asa singleword.)

Following the class'snameis a left bracket, f, then zero or more ertities called
METHGDde ned momertarily. (The * should be read as\zero or more.") A classis
concludedwith the right bradket, g.

The classesn Figures2 and 4 't this format|b oth classe$old onemethod, main.
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Metho d
A method, like the main method, can have this format:

METHOB=  public static void METHOD_HEADER
METHOD_BODY

That is, following the words, public static void, a METHOBEADERthe method's
name) and METHOBODYits body) appear.

METHOD_HEADER IDENTIFIER ( FORMALPARAM_LIST?

The METHOBEADERas a format consisting of its name (e.g., main), followed by
a left bracket, followed by an optional FORMALPARKRT. (The ? meansthat the
FORMALPARKIET can be absert.) Then there is a right bradket.

In this chapter, the FORMALPARKET was always String[] args, but we study
other formsin a later chapter.

METHOD_BODY { STATEMENT*

The body of a method is a sequencef zeroor more STATEMESI@nclosedoy bradkets.

Statemen t

There are se\eral statemert forms in Java; the form we usedin Chapter 2 is the
message-sendingtatemen, called an INVOCATIQNIhe format looks like this:

STATEMENT:= INVOCATION
INVOCATION=  RECEIVER IDENTIFIER ( ARGUMENT_LIST?

That is, an INVOCATIOKas a format that rst lists the RECEIVERwhich is the name
of an object (e.g., System.out). A period follows, then comesan IDENTIFIER which
is the method name (e.g., print ). Finally, there are matching brackets around an
optional ARGUMENTST, de ned later.

The syntax rule for well-formed RECEIVERIS instructiv e:

RECEIVER:= IDENTIFIER
| RECEIVER IDENTIFIER
| OBJECT_CONSTRUCTION

We readthe vertical bar, |, as\or." That is, there are three possibleways of writing
aRECEIVERThe rst isjust asingleIDENTIFIER e.g.,Systemis a RECEIVERhe second
way is an existing receiwer followed by a period and an identi er, e.g., System.out.
The third way is by writing an OBJECTONSTRUCTI|GNg., new GregorianCalendar ;
seebelow.

Notice how the recursiwe (self-referetial) de nition of RECEIVERivesa terseand
elegan way to state precisely that a RECEIVERan be a sequenceof IDENTIFIERs
separatedby periods.
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Object Construction

OBJECT_CONSTRUCTION new IDENTIFIER ( ARGUMENT_LIST?

An OBJECTONSTRUCTIOHginswith the keyword, new followed by an IDENTIFIER
that is the name of a class. Brackets enclosean optional ARGUMENTST.
Messageso objects and newly constructed objects can use ARGUMENITSTS:

ARGUMENT_LISE EXPRESSIOfl , EXPRESSION
EXPRESSION= LITERAL| INVOCATION

An ARGUMENTST is a sequenceof one or more EXPRESSIGNseparatedby commas.
(The double bradckets, [[ and]] , indicate that the * groupsboth the commaand the
EXPRESSION

For example, say that "hello" and 49 are both well-formed LITERAIs. Then,
both are well-formed EXPRESSIGNand this means "hello", 49 is a well-formed
ARGUMENTST

All the examplesin this chapter usedARGUMENTSTS that consistedof zero(e.g.,
System.out.printin() ) orjust one(e.g.,System.out.printin(new  GregorianCalendar().
getTime()) ) EXPRESSIGN

Within Chapter 2, an EXPRESSIOWas either a LITERAL like "hello" , or an
INVOCATIOKhew GregorianCalendar().getTime() ).

Literal and Identi er

Theseconstructionswill be deweloped more carefully in the next chapter; for the mo-
mert, we state that a LITERALconsistsof numbers, like 12 and 49, and strings, which
are letters, numerals, and punctuation enclosedby double quotes. The IDENTIFIERs
usedin Chapter 2 were sequence®f upper- and lower-caseletters.

2.8.2 Semantics

The syntax rulesin the previoussectiontell us nothing about what a Java application
means (that is, what the application does). When we discussa program's meaning,
we are discussingits semantics From the examplesin this chapter, we learnedthe
informal semarics of a number of Java constructions. As a exercise,we repeat this
knowledge here. The subsectionsthat follow are organizedto match the similarly
named subsectionsof syntax rules in the previous section, and by reading both in
parallel, you can gain a systematicunderstandingof the syntax and semairtics of the
Java constructionsusedin this Chapter.
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Class

Given a class, public class IDENTIFIERf METHODg, a user starts the classas an
appliaation by typing a class'sname, that is, the IDENTIFIERpart. The Ie with the
name IDENTIFIER.class is located, and an object is constructed by copying the Ie
into primary storage.

Begin Footnote: As noted earlier in the Chapter, this explanation deliberately
avoids technicalities regardinginvocation of so-calledstatic methods of classes.The
issuewill be handledlater. End Footnote

A messages sert to the newly constructed object's main METHOD

Metho d

When an object receivesa messagejt must identify which method is requestedby
the message.The object extracts from the messageghe method name, IDENTIFIER
and it locatesthe METHODhoseMETHOBEADERertions the samelDENTIFIER

public static void METHOD_HEADERTHOD_BODY

(At this time, we cannot discussthe use of the FORMALPARART and we skip this.
In a later chapter, we learn that the ARGUMENTST information that is attachedto a
messagaconnects” or \binds" to the FORMALPARKIKT.)

The statemerts in the METHOBODre executed,oneby one,in order. It is possible
for the last statemert in the METHQOBODYo \reply" with an\answer" to the message.
We study this behavior in a later chapter.

Statemen t

An invocation, RECEIVER IDENTIFIER ( ARGUMENIST? ), sendsa messagdo the
object named RECEIVERtelling it to executeits method named IDENTIFIER The
optional ARGUMENIST states additional details that help the method do its job. If
the RECEIVER method, IDENTIFIER is equipped to \reply" with an \answer," then
the answer is inserted at the very position in the program where the messagevas
sert.

Ob ject Construction

The phrase, new IDENTIFIER ( ARGUMENTST? ), constructs an object in primary
storagefrom the Te, IDENTIFIER.class . The optional ARGUMENTST lists information
that aids in the construction. The construction step generatesan internal \address"
that namesthe newly constructed object, and this addressis treated as a \reply"
similar to that descriked in the previoussubsection.
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2.8.3 Java Packages

It is painful to write any computer program completely\from scratch" andit is better
to usealready-written objects and classedo simplify the task. We did this in the ex-
amplesin this chapter whenwe usedthe System.out object andthe GregorianCalendar
classto help us display text in the commandwindow and ask the computer's clock
the time.

Objects and classeslike these two are organizedinto folders called packages
System.out livesin a padkage named java.lang , and GregorianCalendar appears
in java.utii . The former padkage, java.lang , cortains marny objects and classes
that are essetial for basic programming. Indeed, java.lang corntains those Java-
componerts that represem the \computing ervironment" portrayed in Figure 2 in
Chapter 1. For this reason, every Java application automatically gets use of the
objects and classesn java.lang .

But there are many other Java padkages|for graphics,networking, disk- Te ma-
nipulation, generalutilities|land if an application wishesto usea componert from
one of these padkages, then that padkage must be explicitly imported for the use
of the application. We saw this in Figure 4, where we stated import java.util.*
at the beginning of class NameAndDateso that class GregorianCalendar could be
found. (java.util  is the generalutilit y package;it hasclassegshat can createclocks,
calendars, and other structures. In Chapter 4, we will import the java.awt and
javax.swing padkages,whoseclassesknow how to draw graphicson the display.)

2.8.4 Java API

There are literally hundreds of objects and classesorganizedinto Java's two dozen
padkages. How do we learn the namesof these componerts and how to use them?
It is a bit early to undertake this ambitious task, but we can at leastlearn whereto
look for basicinformation|w e readJava's Application Programming Interface (API)
documertation.

The Java APl documenation is a summary of the contents of the padages;it is
a bit like a dictionary, where eat word is listed with its proper spelling and a one-
sertencedescription of its use. The Java APl documertation lists the componerts of
its padkagesand givesshort explanationsabout how to usethe componerts.

Fortunately, the Java APl documertation is organizedasa collectionof Web pages.
It is best to download into your computer a complete set of the API's web pages;
seehttp://java.sun.com for details about \Do cumentation.” But you are welcome
to survey the APl documertation at Sun's Web site at the URL just mertioned, as
well.

Let's make a quick seard for information about the System.out object. We begin
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at the API's starting Web page,which looks somethinglike the following:

We recall that System.out livesin the java.lang padkage,sowe sear®n down the list
of packagesto nd and selectthe link namedjava.lang . (If you do not know the
padkagewherea componert lives,you can always usethe alphabetized index.)
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When we read the Web pagefor java.lang , we seea description of the padage:

The componerts of the padkagearelisted, and onethem is namedSystem By selecting
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its link, we see

Among the Systemis componerts, we nd and selectthe one namedout, and we end
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our investigation by viewing the details for out (that is, System.out):

In this way, you can browse through the Java padagesand learn their cortents.
(As an exercise,you should consult the Web page for java.uti  and locate class
GregorianCalendar ; youwill seethat it hasmany more methods than just the getTime

method we usedsofar.)



