CS321 F'04 Lecture Notes
Lecture 2
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Learning a Language: Resources

Sun documentation URL (for version 1.4.2):
http://java.sun.conlj2se/ 1. 4.2/ docs/index. htnl

Textbooks and Tutorials
¢ Arnold and GoslingThe Java Programming Langua@aook)

e Bruce Eckel,Thinking in Java, 2nd ed(book or on web — see
course syllabus)

e Many, many other books...
e Sun’s Java tutorials, on web at SUN.
Language and Library Specifications

e Java Language Specification, 2nd. ,g@n web at SUN) (Very
hard reading!)

e Java 2 Platform API Specificatiofversion-specific; on web at
SUN)

Users manuals for Implementation

e Java 2 SDK Tools and Utilitiegversion-specific; on web at
SUN)
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Introducing Java for C++/C Programmers

Why Java?

e Developed by Sun Microsystems beginning in 1995.
e Conceived as a better, simpler version of C++.

¢ Originally hyped as language for Internet programming,dmit
tually general purpose.

Notable Characteristics

e Supports object-oriented programming.

e Strong static type safety.

e Garbage collection; strong memory security at runtime.
¢ Highly portable, via bytecode intermediate reprsentation
Why Java in this course?

e Good choice for project: higher level than C, but simplemtha
C++.

e Good choice for study of languages: modern, well-designed
widely used.
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Java Versions

Language has had several revisions, usually identified lmysSu
SDK version numbers.

e Currently at version 1.4.2 (approximately; depends orfqiat)

e Last major language changes occured at 1.2.0; Sun refers
versions 1.2 and later dava 2

e Course will use 1.4.2; doesn’t matter too much which exact ve
sion you use, as long as it 1.2 or later.
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Primitive Types
A small collection of types are completely “built-in.”
e Integral types (sizes same oall platforms):

byt e (8 bits, signed)

short (16 bits, signed)

i nt (32 bits, signed)

| ong (64 bits, signed)

char (16 bits, unsigned — uses Unicode represntations)

Integer arithmetic is always performed in 32 bits, unles®ag
operand is involved, in which case it is done in 64 bits. Value
of smaller sizes are automatically promoted to larger orfesrey
needed, but conversions the other way require expliciscasy.,

short c;
short d = (short) (c+1);

¢ Floating-point types aref | oat (32 bits) anddoubl e (64
bits) in IEEE format.

e Boolean type

Booleans aranot integers! They form a distinct typeool ean
with two literal valued r ue andf al se.

Boolean operators are the same as in C/C++, except that yeu ca
not do arithmetic on boolean values. Booleans are used &rgov
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Expressions and Statements
These are mostly the same as in C and C++.

One difference: Java has got o statement. (But you never use
that anyway, right?)

Instead, it has a labeleor eak statement, which jumps to the
end of labeled enclosing control structufeo(, whi | e, do, or
swi t ch). Unlabeledbr eak jumps to the end of the innermost
enclosing control structure, as usual. For example:

int i =0;
outer:
while (true) {
Systemout.print (i);

switch (i) {
case O:
i ++; /1 falls through
case 1:
i += 2;
break; // break out of switch

case 3:

break outer; // break out of while

}

}
Systemout.print (99);

. . rints 0 3 99.

i f,for,do,andwhi | e statements as usual. P
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Declarations Objects

Declaring variables of primitive types is roughly as in CAC+A
few differences:

e Compiler must be able to convince itself that all variablegen
been assigned a value before they are used, e.qg.:

int i;
int j =0;
if (j ==0) [/ always true, but
i = 1; /1l conpiler doesn’'t know that!
i =i + 1 /1 conpile-tine error!

Simple approach: always initialize variables in declaradl

e There are n@onst declarations, but variables can be declared
fi nal , which means that they can only be assigned to once, e.g.

final int j =0; // j is constant

final int i;

i = 100; /1l i is constant from now on
i =i +1; // conpile-tine error!

e Loop variables can be declared wittiior statements, e.g.,

for (int i =0; i
X =X +i;

< 100; i++)

Every value in Java that does not belong to a primitive type is ar
object.

Each object is arinstance of someclass which is much like a
C++ class. Each class definition can conti#tds andmethods
(i.e., functions).Constructors are a special kind of method used
to create new instances; they typically initialize the ealof the
fields.

Each instance object contains its own copy of the field casten
(ordinarily — more below!)

As in C++, methods (including the constructor method) can re
fer to the fields of the object for which they were invoked. Un-
less specifically restricted, fields can also be read orewriftom
outside the class definition. (There are several possibigskof
restrictions; the details are similar but not identical to+Q
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Example

/'l Aclass to represent points in the plane
class Point {
/'l Fields contain the point’s coordi nates
int x;
int vy;

/1 Constructor for creating points
Point (int xInit, int ylnit) {

x =xlnit; y =ylnit;
}

/1 Method on points

void translateX (int deltaX) {
X += del taX;

}

}

Point p = new Point(3,4);

/1 create new point object and assign to p
p.transl ateX(7);

/1 use method to change fields inside object
int x =p.x +p.y

/'l extract current values of fields (x = 14)
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Object Values are References
Variables of object type (likp above)alwayscontainreferences
(or pointers) to objects, rather than objects themselvémt iE,
the Java declaration

Poi nt p;
is like the C++ declaration

Poi nt *p;
Similarly, the Java notation

p. X

corresponds to the C++ notations

(*p) - x
p- >X

Unlike in C++, there is simply no way to declare storage fa th
object itself (e.g., on the stack, or inside another objethis is
because fixed-size storage doesn’t work well for objectraad
programming (more later...)
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Objects Live in the Heap

Objects are alwaybkeap-allocated i.e., new acts much like in
C++.

Obijects armeverexplicitly deallocated. Instead, the Java runtime
systemautomatically deallocates them when they are no longer
pointed to from anywhere in the running program.

This is calledgarbage collection It has the huge advantage that
the programmer doesn’t have to worry about deallocatiod, an
can'tintroducedangling pointers(pointers that still point to deal-
located objects) aspace leakqobjects that are still allocated but
no longer pointed to).
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Example

class Link {

Poi nt p;

Li nk next;

Link (Point plnit, Link nextlnit) {
p = plnit; next = nextlnit;

}

}
Point pl = new Point(0,1);
Point p2 = new Point(2,3);

Li nk x = new Li nk(pl, new Link (p2, null));

Since both fields ii nk are really references (pointers), the rep-
resentation ok in the heap looks like this:

X =

p= next= ——— .| p= next = null

pr=— |\ p2 =

Note that the special valueul | , representing an “empty” or
“missing” object, is a legal value for all class types.
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Copying is Shallow

It is crucial to remember thassigningan object variable just
assigns a pointer.

Point pl = new Point(0,1);
Point p2 = pl; // pl, p2 point to sane object
pl.x = 2; /1 now p2.x == pl.x ==

To copy thecontentsof an object, we must copy the individual
fields one at a time. In Java this is call@ddning.
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Classes without Instances

Many classes contain both static and non-static membets, b
some classes contaimly static members. Such classes are neve|
used to create instances (there would be no point, sincenthe i
stances would contain no data); they just serve to orgahige t
name space of top-level global variables and functions.

Example: theSystemclass defined in the Java library contains
useful top-level things, like
static PrintStreamout; // standard out put

which we can use to print things to the terminal, using then{no
static) methods defined d®r i nt St r eam e.g.

Systemout.println("hello world");
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Static members and methods

Both fields and methods of a class can be declatatic.

class Stuff {
static int counter = O;
static int sqr(int x) {
return x * Xx;
}
}

St uf f . count er ++;
int z = Stuff.sqr(33);

A static field has only one copy, no matter how many objects of
the class are created. In effect, it is like a global variable

A static method has no associated object; it operates only on its
arguments (and possibly static fields from its own class berot
classes).

Both static fields and methods are named using the dot notatio
just as in ordinary field and method references. But for cstati
members, the class name is what appears before the dot; ratt
than an expression that identifies an object. In fact, theagtios

of static and non-static members are very different, soithées-

ity in notation for accessing them can lead to confusion.
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Functions are Methods

Unlike in C++,all functions in a Java program are class methods
(possiblyst at i c).

A method can have zero or more arguments, declared just as
C/C++.

All arguments are passdy valuejust as in C. However, remem-
ber that object argumertluesare in factreferences For exam-
ple:

class Foo {
static void foo(Point p) {

p.x = 0;
}
}
Poi nt p = new Point (10, 20);
Foo. foo(p);
/'l p.x now =0

A method can have a return type (primitive or class), in witiake
the compiler must be able to convince itself thlifpossible paths
through the function lead toraet ur n statement with a value of
appropriate type.

Or, a method may have return typei d, meaning that it returns
no value.
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Overloading

A single class can define multiple methods with the same nam
provided that their arguments are of different types. Suethods
are said to b@verloaded The choice of which method will be
called is made atompile time, based on the types of the actual
arguments provided at the call site.

class Foo {
static int foo(int i) { return O; }
static int foo(double d) { return 1; }

}

Foo. foo(3) + Foo.foo(3.14)
/1l evaluates to 0 + 1 =1

Methods cannot be overloaded based on return type.
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Arrays
e Arrays are (slightly special) objects!

e Each array contains elements of some primitive type or class
eg.int[],char[],String[],int[][].

e For compatibility with C/C++, can declare array variables i
two equivalent ways:

int[] a;int a[];

¢ As with other objects, an array variable is jugegerenceto an
array; to create the actual array (with contents) we mushese

int[] a = newint[10];
or an explicit initializer
int[] a ={1,2,3,4,5,6,7,8,9, 10}

e The length of an array is fixed forever when the array is cre-
ated; it can be retrieved using the built-in final instancealde
| engt h.

¢ All loads and stores on the array are checked against thg arr:
bounds; out-of-bounds index causes an exception to balraise

e As in C/C++, multi-dimensional arrays are just one-dimenai
arrays containing arrays as elements.
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Strings

e Strings are (almost ordinary) objects of library cl&tsing.
They areimmutable, i.e., their contents can never change. Can
use class member functions to access characters insidg. stri

e There is a another library clasringBuffer for handling mu-
table sequences of characters.

e Strings arenot arrays of characters.
Special language-level support for strings:

e Literal string constructors’ abc" creates a nev@t r i ng ob-
ject with contents a,b,c.

¢ Applying the+ operator to a string is interpreted as string con-
catenation, e.g.,

String ¢ = "abc" + "def"

makesc a new 6-character string object. This is actually turned
into:

String ¢ = new StringBuffer().append("abc").
append("def").toString()

Since St ri ngbuf fer().append is overloaded on all the
primitive types, we can write things like:

"2+2=" + (2+2) [/ produces string "2+2=4"
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Array Example

static doub

le[] vAdd (double[] v1, double[] v2) {
double[] r =

new doubl e[ v1. | ength];
for (int i 0; i <vl.length; i++)
r{i] = vi[i] + v2[i];
return r;
}

public static void main(String[] argv) {
double a[] = {1.1,2.2,3.3};
doubl e b[] = vAdd (a, new double [] {4.4,5.5,6.6});
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Packages
Thepackageis Java’s top-level code structuring mechanism.

¢ A package is just a namespace containing the definitionsef on
or more classes.

e Packages can include Sun’s own library, other vendorstibs,
and your own local code.

e Important library packages
java. util,andjava.io.

includej ava. | ang,

e To refer to elements of a package, you can fusdly qualified
names e.g.,

java. util.LinkedList nyList =
new java. util . LinkedList();

e Better:i nport the package name (or specific class names) the
you need:

import java.util.*; // at top of file

Li nkedLi st myLi st = new Li nkedLi st ();

e Packagg ava. | ang is always implicitly imported, so you
never need to qualify its class names.

¢ By default, classegou define go into a default anonymous pack-
age, which is fine for now.
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Architecture (Continued)

e Bothj avac andj ava access library packages (in standard
location you don't have to specify) to get executable codkaso
static typing information (equivalent of Ch file info). Library
may be in. cl ass or. j ar (Java archive) files.

e Bothj avac andj ava read and write in your current directory.

e You can direct them to look for input files in other directo-
ries by setting yourclasspath either using the shell variable
CLASSPATH or via a flag. For now, you shoulNOT set the
classpath.

e Warning: some other packages on the CS Solaris system
set theCLASSPATH variable incorrectly. If you think avac

or j ava is having trouble finding your files, make sure that no
CLASSPATH environment variable is set.
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Java System Architecture

\
e N\

Library Program output
.class/.jar
files

Standard Sun SDK set-up for building Jaapplications (NOT
applets, which run under a browser).

e Source file (j ava extension) contains one or more class defi-
nitions.

e Use compiler executablg &vac) to compile the source file
into byte-codefiles (. cl ass extension). (You get onecl ass
file for each defined class. Name depends on class name, not
. j ava file name.)

¢ Byte-codes are an intermediate format that must be exebyted
a Java virtual machine (JVM) executablej(ava). You must
specify the name of the classithout . cl ass extension!) con-
taining desiredrai n method (more below).

¢ JVM may interpret byte-codes directly, or may internallyrco
pile them to machine code and then execute that code. Much mo
about this later...
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Main Program
Java programs come in two flavors.

Applets are intended to be run under the control of a browser (e.g.
Netscape).

Applications are stand-alone programs intended to be run directly
by O/S (just like C or C++ executables).

We’'ll only be concerned with applications.

Every application must define some class with a method havin
this signature:

public static void main(String[] argv)

(where the argument name must be present, but is arbitrary).

When the application starts upgri n is invoked with the argu-
ment set to an array containing the command line parameters.
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Example

Suppose filenyapp. j ava contains the following (complete)
program

class MyApp {
public static void main(String [] argv) {
for (int i =0; i < argv.length; i++)

Systemout.printlin(argv[i]);
}
}

This can be compiled to bytecode as follows:

% j avac nyapp.j ava
%

This produces a filtyy App. cl ass, which can be executed thus:

%java MyApp p d q
p
d

q
%
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More to Come!

There are many important features of Java still to descirick)d-
ing:

¢ Class inheritance and dynamic method dispatch.
e Utility collection classes and polymorphism.
e Exceptions.

We will begin studying these by example in the next lecture.




