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S
oftw

are C
oncepts  --  Introduction

•
N

ow
 w

e can begin to exam
ine the basic ideas behind 

w
riting program

s

•
C

hapter 2 focuses on:

–
the structure of a Java application

–
basic program

 elem
ents

–
preparing and executing a program

–
basic object-oriented program

m
ing concepts

–
helpful support for w

riting softw
are

–
Java applets



Java S
oftw

are S
olutions      Lew

is and Loftus

C
hapter 2

2 
C

opyright 1997 by John Lew
is and W

illiam
 Loftus.  A

ll rights reserved.

Java P
rogram

 S
tructure

•
S

ee L
in

co
ln

.ja
va

•
A

 program
 is m

ade up of one or m
ore 
cla

sse
s

•
A

 class contains one or m
ore 
m

e
th

o
d

s

•
A

 m
ethod contains program

 
sta

te
m

e
n

ts

•
A

 Java application alw
ays executes the 

m
a

in m
ethod
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W
hite S

pace

•
S

paces, blank lines, and tabs are collectively called 
w

h
ite

 
sp

a
ce and are used to separate w

ords and sym
bols in a 

program

•
E

xtra w
hite space is ignored

•
A

 valid Java program
 can be form

atted m
any different 

w
ays

•
S

ee L
in

co
ln

2
.ja

va
 

and L
in

co
ln

3
.ja

va

•
P

rogram
s should be form

atted to enhance readability, 
using consistent indentation
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C
om

m
ents

•
C

om
m

ents in a program
 are also called 

in
lin

e
 

d
o

cu
m

e
n

ta
tio

n

•
T

hey should be included to explain the purpose of the 
program

 and describe processing steps

•
Java com

m
ents can take tw

o form
s:

   //  co
m

m
e

n
t ru

n
s to

 th
e

 e
n

d
 o

f th
e

 lin
e

   /*  co
m

m
e

n
t ru

n
s to

 te
rm

in
a

tin
g

       sym
b

o
l, e

ve
n

 a
cro

ss lin
e

 b
re

a
ks  */
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Identifiers

•
Id

e
n

tifie
rs are the w

ords a program
m

er uses in a program

•
M

ost identifiers have no predefined m
eaning except as 

specified by the program
m

er

•
A

n identifier can be m
ade up of letters, digits, the 

underscore character (_), and the dollar sign

•
T

hey cannot begin w
ith a digit

•
Java is ca

se
 se

n
sitive, therefore T

o
ta

l 
and to

ta
l 

are different identifiers
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R
eserved W

ords

•
S

om
e identifiers, called 

re
se

rve
d

 w
o

rd
s, have specific 

m
eanings in Java and cannot be used in other w

ays

abstract
boolean
break
byte
byvalue
case
cast
catch
char
class
const
continue

default
dodouble
else
extends
false
final
finally
float
for
future
generic

goto
ifim

plem
ents

im
port

inner
instanceof
int
interface
long
native
new
null

operator
outer
package
private
protected
public
rest
return
short
static
super
sw

itch

synchronized
this
throw
throw

s
transient
true
try
var
void
volatile
w

hile
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Literals

•
A

 lite
ra

l is an explicit data value used in a program

•
Integer literals:2

5
     6

9
     -4

2
8

8

•
F

loating point literals:

3
.1

4
1

5
9

     4
2

.0
7

5
     -0

.5

•
S

tring literals:

"T
h

e
 re

su
lt is: "

"T
o

 th
in

e
 o

w
n

 se
lf b

e
 tru

e
."
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T
he Java A

P
I

•
T

he Java Ap
p

lica
tio

n
 P

ro
g

ra
m

m
e

r In
te

rfa
ce (A

P
I) is a 

collection of classes that can be used as needed

•
T

he p
rin

tln
 

and p
rin

t 
m

ethods are part of the 
Java A

P
I;  they are not part of the Java language itself

•
B

oth m
ethods print inform

ation to the screen;  the 
difference is that prin

tln
 

m
oves to the next line 

w
hen done, but prin

t 
does not

•
S

ee C
o

u
n

td
o

w
n

.ja
va
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S
tring C

oncatenation and A
ddition

•
T

he +
 

operator serves tw
o purposes

•
W

hen applied to tw
o strings, they are com

bined into one 
(strin

g
 co

n
ca

te
n

a
tio

n)

•
W

hen applied to a string and som
e other value (like a 

num
ber), that value is converted to a string and they are 

concatenated

•
W

hen applied to tw
o num

eric types, they are added 
together arithm

etically

•
S

ee A
n

ta
rctica

.ja
va

 
and S

u
m

.ja
va
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P
rogram

m
ing Languages

•
T

here are four basic program
m

ing language levels:

–
m

achine language

–
assem

bly language

–
high-level language

–
fourth-generation language

•
E

ach C
P

U
 has its ow

n specific 
m

a
ch

in
e

 la
n

g
u

a
g

e

•
T

he other levels w
ere created to m

ake program
m

ing 
easier
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P
rogram

m
ing Languages

•
A

 program
 m

ust be translated into m
achine language 

before it can be executed on a particular type of C
P

U

•
T

his can be accom
plished in several w

ays

•
A

 co
m

p
ile

r is a softw
are tool w

hich translates source 
code into a specific target language

•
O

ften, that target language is the m
achine language for a 

particular C
P

U
 type

•
T

he Java approach is som
ew

hat different
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Java T
ranslation and E

xecution

•
T

he Java com
piler translates Java source code into a 

special representation called 
b

yte
co

d
e

•
Java bytecode is not the m

achine language for any 
traditional C

P
U

•
A

nother softw
are tool, called an 

in
te

rp
re

te
r, translates 

bytecode into m
achine language and executes it

•
T

herefore the Java com
piler is not tied to any particular 

m
achine

•
Java is considered to be 

a
rch

ite
ctu

re
-n

e
u

tra
l



Java S
oftw

are S
olutions      Lew

is and Loftus

C
hapter 2

13 
C

opyright 1997 by John Lew
is and W

illiam
 Loftus.  A

ll rights reserved.

Java T
ranslation and E

xecution

Java source
code

M
achine
code

Java
bytecode

Java
interpreter

B
ytecode

com
piler

Java
com

piler
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Java T
ranslation and E

xecution

•
E

xecuting the com
piler in a com

m
and line environm

ent:

>
  ja

va
c L

in
co

ln
.ja

va

•
T

his creates a file called Lin
co

ln
.cla

ss
, w

hich is 
subm

itted to the interpreter to be executed:

>
  ja

va
 L

in
co

ln

•
T

he .ja
va

 extension is used at com
pile tim

e, but the 
.cla

ss
 extension is not used w

ith the interpreter

•
O

ther environm
ents do this processing in a different w

ay
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S
yntax and S

em
antics

•
T

he syn
ta

x of a language defines how
 you can put 

sym
bols, reserved w

ords, and identifiers together to 
m

ake a valid program

•
T

he se
m

a
n

tics of a language construct is the m
eaning of 

the construct;  it defines its role in a program

•
A

 syntactically correct program
 does not m

ean it is 
logically (sem

antically) correct

•
A

 program
 w

ill alw
ays do w

hat w
e tell it to do, not w

hat 
w

e m
eant  to tell it to do
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E
rrors

•
A

 program
 can have three types of errors

•
T

he com
piler w

ill find problem
s w

ith syntax and other 
basic issues (co

m
p

ile
-tim

e
 e

rro
rs)

–
If com

pile-tim
e errors exist, an executable version of the 

program
 is not created

•
A

 problem
 can occur during program

 execution, such as 
trying to divide by zero, w

hich causes a program
 to 

term
inate abnorm

ally (run
-tim

e
 e

rro
rs)

•
A

 program
 m

ay run, but produce incorrect results 
(lo

g
ica

l e
rro

rs) 
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C
om

m
and Line A

rgum
ents

•
S

ee N
a

m
e

_
T

a
g

.ja
va

•
T

he m
a

in
 

m
ethod accepts extra inform

ation on the 
com

m
and line w

hen a program
 is executed

      >
 ja

va
 N

a
m

e
_

T
a

g
 Jo

h
n

•
E

ach extra value is called 
co

m
m

a
n

d
 lin

e
 a

rg
u

m
e

n
t

•
In Java, com

m
and line argum

ents are alw
ays read as a 

list of character strings
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S
oftw

are E
ngineering

•
W

e should alw
ays strive to engineer our softw

are to 
m

ake it reliable and m
aintainable

•
A

s the com
plexity of a program

 increases, its cost to 
develop and revise grow

s exponentially

cost

com
plexity
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S
oftw

are C
om

ponents

•
P

rogram
s are easier to construct and m

odify w
hen they 

are m
ade up of separate com

ponents

•
A

 softw
are com

ponent can be thought of as any program
 

elem
ent that transform

s input into output

Input
O

utput
C

om
ponent

15   38
16

22
C

om
pute

average
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S
oftw

are C
om

ponents

•
C

om
ponents can be com

bined to m
ake larger 

com
ponents
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O
bject-O

riented P
rogram

m
ing

•
Java is ob

je
ct-o

rie
n

te
d

 la
n

g
u

a
g

e

•
P

rogram
s are m

ade from
 softw

are com
ponents called 

objects

•
A

n o
b

je
ct contains data and m

ethods

•
A

n object is defined by a 
cla

ss

•
M

ultiple objects can be created from
 the sam

e class
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O
bject-O

riented P
rogram

m
ing

•
A

 class represents a concept and an object represents the 
realization of that concept

C
ar

M
y first car

John's car

D
ad's car

C
lass

O
bjects
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O
bject-O

riented P
rogram

m
ing

•
O

bjects can also be derived from
 each other using a 

process called inh
e

rita
n

ce

•
O

bjects, classes, and inheritance w
ill be discussed in 

greater detail later

V
ehicle

T
rain

C
ar

A
irplane
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C
lass Libraries

•
T

he Java A
P

I is a cla
ss lib

ra
ry, a group of classes that 

support program
 developm

ent

•
C

lasses in a class hierarchy are often related by 
inheritance

•
T

he classes in the Java A
P

I is separated into 
p

a
cka

g
e

s

•
T

he S
yste

m
 

class, for exam
ple, is in package 

ja
va

.la
n

g

•
E

ach package contains a set of classes that relate in som
e 

w
ay
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T
he Java A

P
I P

ackages

•
S

om
e packages in the Java A

P
I:

java.applet
java.aw

t
java.beans
java.io
java.lang
java.m

ath

java.net
java.rm

i
java.security
java.sql
java.text
java.util
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Im
porting P

ackages

•
U

sing a class from
 the Java A

P
I can be accom

plished by 
using its fully qualified nam

e:

      ja
va

.la
n

g
.S

yste
m

.o
u

t.p
rin

tln
 ();

•
O

r, the package can be im
ported using an 

im
p

o
rt 

sta
te

m
e

n
t, w

hich has tw
o form

s:

      im
p

o
rt ja

va
.a

p
p

le
t.*;

      im
p

o
rt ja

va
.u

til.R
a

n
d

o
m

;

•
T

he ja
va

.la
n

g
 

package is autom
atically im

ported 
into every Java program
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Java A
pplets

•
A

 Ja
va

 a
p

p
le

t is a Java program
 that is intended to be 

sent across a netw
ork and executed using a W

eb brow
ser

•
A

 Ja
va

 a
p

p
lica

tio
n is a stand alone program

•
A

pplications have a m
a

in
 

m
ethod, but applets do not

•
A

pplets are derived from
 the ja

va
.a

p
p

le
t.A

p
p

le
t

 
class

•
S

ee C
o

n
fu

ciu
s.ja

va
 

and N
o

_
P

a
rkin

g
.ja

va

•
Links to applets can be em

bedded in H
T

M
L docum

ents
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Java A
pplets

Java source
code

Java
bytecode

Java
com

piler

Java
interpreter

W
eb brow

ser

local com
puter

rem
ote

com
puter


