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P
rogram

 E
lem

ents  --  Introduction

•
W

e can now
 exam

ine the core elem
ents of program

m
ing

•
C

hapter 3 focuses on:

–
data types

–
variable declaration and use

–
operators and expressions

–
decisions and loops

–
input and output
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P
rim

itive D
ata T

ypes

•
A

 d
a

ta
 typ

e is defined by a set of values and the 
operators you can perform

 on them

•
E

ach value stored in m
em

ory is associated w
ith a 

particular data type

•
T

he Java language has several predefined types, called 
p

rim
itive

 d
a

ta
 typ

e
s

•
T

he follow
ing reserved w

ords represent eight different 
prim

itive types:

–
b

yte
, sh

o
rt

, in
t

, lo
n

g
, flo

a
t

, d
o

u
b

le
, b

o
o

le
a

n
, ch

a
r



Java S
oftw

are S
olutions      Lew

is and Loftus

C
hapter 3

3 
C

opyright 1997 by John Lew
is and W

illiam
 Loftus.  A

ll rights reserved.

Integers

•
T

here are four separate integer prim
itive data types

•
T

hey differ by the am
ount of m

em
ory used to store them

T
ype

byte
short
int
long

S
torage

8 bits
16 bits
32 bits
64 bits

M
in V

alue

-128
-32,768
-2,147,483,648
<

 -9 x 10 18

M
ax V

alue

127
32,767
2,147,483,647
>

 9 x 10 18
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F
loating P

oint

•
T

here are tw
o floating point types:

•
T

he  flo
a

t 
type stores 7 significant digits

•
T

he  d
o

u
b

le
 

type stores 15 significant digits

T
ype

float
double

S
torage

32 bits
64 bits

A
pproxim

ate
M

in V
alue

-3.4 x 10 38

-1.7 x 10 308

A
pproxim

ate
M

ax V
alue

3.4 x 10 38

1.7 x 10 308
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C
haracters

•
A

 ch
a

r 
value stores a single character from

 the 
U

n
ico

d
e

 ch
a

ra
cte

r se
t

•
A

 ch
a

ra
cte

r se
t is an ordered list of characters

•
T

he U
nicode character set uses sixteen bits per character, 

allow
ing for 65,536 unique characters

•
It is an international character set, containing sym

bols 
and characters from

 m
any w

orld languages
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C
haracters

•
T

he A
S

C
II character set is still the basis for m

any other 
program

m
ing languages

•
A

S
C

II is a subset of U
nicode, including:

uppercase letters
low

ercase letters
punctuation
digits
special sym

bols
control characters

A
, B

, C
, …

a, b, c, …
period, sem

i-colon, …
0, 1, 2, …
&

, |, \, …
carriage return, tab, ...
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B
oolean

•
A

 b
o

o
le

a
n

 
value represents a true or false condition

•
T

hey can also be used to represent any tw
o states, such 

as a light bulb being on or off

•
T

he reserved w
ords tru

e
 

and fa
lse

 
are the only 

valid values for a boolean type
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W
rappers

•
F

or each prim
itive data type there is a corresponding 

w
ra

p
p

e
r cla

ss.  F
or exam

ple:

•
W

rapper classes are useful in situations w
here you need 

an object instead of a prim
itive type

•
T

hey also contain som
e useful m

ethods

P
rim

itive T
ype

in
t

d
o

u
b

le
ch

a
r

b
o

o
le

a
n

W
rapper C

lass

In
te

g
e

r
D

o
u

b
le

C
h

a
ra

cte
r

B
o

o
le

a
n
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V
ariables

•
A

 va
ria

b
le is an identifier that represents a location in 

m
em

ory that holds a particular type of data

•
V

ariables m
ust be declared before they can be used

•
T

he syntax of a variable declaration is:

      
d

a
ta

-typ
e

 va
ria

b
le

-n
a

m
e

;

•
F

or exam
ple:

      in
t to

ta
l;
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V
ariables

•
M

ultiple variables can be declared on the sam
e line:

      in
t to

ta
l, co

u
n

t, su
m

;

•
V

ariables can be initia
lize

d (given an initial value) in the 
declaration:

      in
t to

ta
l =

 0
, co

u
n

t =
 2

0
;

      flo
a

t u
n

it_
p

rice
 =

 5
7

.2
5

;

•
S

ee P
ia

n
o

_
K

e
ys.ja

va
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A
ssignm

ent S
tatem

ents

•
A

n assignm
ent statem

ent takes the follow
ing form

:

     
va

ria
b

le
-n

a
m

e
 =

 
e

xp
re

ssio
n

;

•
T

he expression is evaluated and the result is stored in the 
variable, overw

riting the value currently stored in the 
variable

•
S

ee U
n

ite
d

_
S

ta
te

s.ja
va

 

•
T

he expression can be a single value or a m
ore 

com
plicated calculation
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C
onstants

•
A

 constant is sim
ilar to a variable except that they keep 

the sam
e value throughout their existence

•
T

hey are specified using the reserved w
ord

 fin
a

l 
in 

the declaration

•
F

or exam
ple:

     fin
a

l d
o

u
b

le
 P

I =
 3

.1
4

1
5

9
;

     fin
a

l in
t S

T
U

D
E

N
T

S
 =

 2
5

;
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C
onstants

•
W

hen appropriate, constants are better than variables 
because:

–
they prevent inadvertent errors because their value cannot 
change

•
T

hey are better than literal values because:

–
they m

ake code m
ore readable by giving m

eaning to a value

–
they facilitate change because the value is only specified in one 
place
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Input and O
utput

•
Java I/O

 is based on 
in

p
u

t stre
a

m
s and o

u
tp

u
t stre

a
m

s

•
T

here are three predefined standard stream
s:

•
T

he p
rin

t 
and p

rin
tln

 
m

ethods w
rite to standard 

output

S
tream

S
yste

m
.in

S
yste

m
.o

u
t

S
yste

m
.e

rr

P
urpose

reading input
w

riting output
w

riting errors

D
efault D

evice

keyboard
m

onitor
m

onitor
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Input and O
utput

•
T

he Java A
P

I allow
s you to create m

any kinds of stream
s 

to perform
 various kinds of I/O

•
T

o read character strings, w
e w

ill convert the
 

S
yste

m
.in

 
stream

 to another kind of stream
 using:

     B
u

ffe
re

d
R

e
a

d
e

r std
in

 =
 n

e
w

 B
u

ffe
re

d
R

e
a

d
e

r

        (n
e

w
 In

p
u

tS
tre

a
m

R
e

a
d

e
r (S

yste
m

.in
));

•
T

his declaration creates a new
 stream

 called
 std

in

•
W

e w
ill discuss object creation in m

ore detail later
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E
scape S

equences

•
S

ee E
ch

o
.ja

va

•
A

n e
sca

p
e

 se
q

u
e

n
ce
 is a special sequence of characters 

preceded by a backslash (\)

•
T

hey indicate som
e special purpose, such as:

E
scape S

equence

\t\n\"\'\\

M
eaning

tab
new

 line
double quote
single quote
backslash
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B
uffers

•
A

s you type, the characters are stored in an 
in

p
u

t b
u

ffe
r

•
W

hen you press enter, the program
 begins processing the 

data

•
S

im
ilarly, output inform

ation is tem
porarily stored in an 

o
u

tp
u

t b
u

ffe
r

•
T

he output buffer can be explicitly 
flu

sh
e

d (sent to the 
screen) using the flu

sh
 

m
ethod

•
S

ee P
yth

o
n

.ja
va
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N
um

eric Input

•
C

onverting a string that holds an integer into the integer 
value can be done w

ith a m
ethod in the

 In
te

g
e

r 
w

rapper class:

     va
lu

e
 =

 In
te

g
e

r.p
a

rse
In

t (m
y_

strin
g

);

•
A

 value can be read and converted in one line:

     n
u

m
 =

 In
te

g
e

r.p
a

rse
In

t (std
in

.re
a

d
L

in
e

());

•
S

ee A
d

d
itio

n
.ja

va
 

and A
d

d
itio

n
2

.ja
va
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E
xpressions

•
A

n e
xp

re
ssio

n is a com
bination of operators and 

operands

•
T

he arithm
etic operators include addition (

+
), subtraction 

(-
), m

ultiplication (*
), and division (/)

•
O

perands can be literal values, variables, or other 
sources of data

•
T

he program
m

er determ
ines w

hat is done w
ith the result 

of an expression (stored, printed, etc.)
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D
ivision

•
If the operands of the / 

operator are both integers, the 
result is an integer (the fractional part is truncated)

•
If one or m

ore operands to the
 / 

operator are floating 
point values, the result is a floating point value

•
T

he rem
ainder operator (

%
) returns the integer rem

ainder 
after dividing the first operand by the second

•
T

he operands to the %
 

operator m
ust be integers

•
S

ee D
ivisio

n
.ja

va
 

•
T

he rem
ainder result takes the sign of the num

erator
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D
ivision

E
xpression

1
7

 / 5
1

7
.0

 / 5
1

7
 / 5

.0

9
 / 1

2
9

.0
 / 1

2
.0

6
 %

 2
1

4
 %

 5
-1

4
 %

 5

R
esult

3
3

.4
3

.40
0

.7
504-4
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O
perator P

recedence

•
T

he order in w
hich operands are evaluated in an 

expression is determ
ined by a w

ell-defined 
p

re
ce

d
e

n
ce

 
h

ie
ra

rch
y

•
O

perators at the sam
e level of precedence are evaluated 

according to their asso
cia

tivity (right to left or left to 
right)

•
P

arentheses can be used to force precedence

•
A

ppendix D
 contains a com

plete operator precedence 
chart for all Java operators
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O
perator P

recedence

•
M

ultiplication, division, and rem
ainder have a higher 

precedence than addition and subtraction

•
B

oth groups associate left to right

E
xpression:

O
rder of evaluation:

R
esult:

5
 +

 1
2

 / 5
 - 1

0
 %

 3

6

4
3

2
1
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O
perator P

recedence

E
xpression

2
 +

 3
 * 4

 / 2

3
 * 1

3
 +

 2
(3

 * 1
3

) +
 2

3
 * (1

3
 +

 2
)

4
 * (1

1
 - 6

) * (-8
 +

 1
0

)

(5
 * (4

 - 1
)) / 2

R
esult

84
1

4
1

4
5

4
07
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T
he if S

tatem
ent

•
T

he Java if sta
te

m
e

n
t has the follow

ing syntax:

          if (
co

n
d

itio
n

)

             
sta

te
m

e
n

t
;

•
If the boolean condition is true, the statem

ent is 
executed;  if it is false, the statem

ent is skipped

•
T

his provides basic decision m
aking capabilities
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T
he if S

tatem
ent

statem
ent

condition
false

true



Java S
oftw

are S
olutions      Lew

is and Loftus

C
hapter 3

27 
C

opyright 1997 by John Lew
is and W

illiam
 Loftus.  A

ll rights reserved.

B
oolean E

xpressions

•
T

he condition of an if 
statem

ent m
ust evaluate to a 

true or false result

•
Java has several equality and relational operators:

•
S

ee T
e

m
p

e
ra

tu
re

.ja
va

O
perator

=
=

!=<<
=><
=

M
eaning

equal to
not equal to

less than
less than or equal to

greater than
greater than or equal to
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B
lock S

tatem
ents

•
S

everal statem
ents can be grouped together into a 

b
lo

ck 
sta

te
m

e
n

t

•
B

locks are delim
ited by braces

•
A

 block statem
ent can be used w

herever a statem
ent is 

called for in the Java syntax

•
S

ee Te
m

p
e

ra
tu

re
2

.ja
va
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T
he if-else S

tatem
ent

•
A

n
 e

lse
 

clause can be added to an
 if 

statem
ent to 

m
ake it an if-e

lse
 sta

te
m

e
n

t:

       if (
co

n
d

itio
n

)

          
sta

te
m

e
n

t1
;

       e
lse

          
sta

te
m

e
n

t2
;

•
If the condition is true, statem

ent1 is executed;  if the 
condition is false, statem

ent2 is executed

•
S

ee Te
m

p
e

ra
tu

re
3

.ja
va

 and 
R

ig
h

t_
T

ria
n

g
le

.ja
va
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T
he if-else S

tatem
ent

statem
ent1

condition
false

true

statem
ent2
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N
ested if S

tatem
ents

•
T

he body of an if 
statem

ent or else
 

clause can be 
another if 

statem
ent

•
T

hese are called 
n

e
ste

d
 if sta

te
m

e
n

ts

•
S

ee Fo
o

tb
a

ll_
C

h
o

ice
.ja

va

•
N

ote:  an e
lse

 
clause is m

atched to the last 
unm

atched if 
(no m

atter w
hat the indentation im

plies)



Java S
oftw

are S
olutions      Lew

is and Loftus

C
hapter 3

32 
C

opyright 1997 by John Lew
is and W

illiam
 Loftus.  A

ll rights reserved.

T
he w

hile S
tatem

ent

•
A

 w
h

ile
 sta

te
m

e
n

t has the follow
ing syntax:

        w
h

ile
 (

co
n

d
itio

n
)

           
sta

te
m

e
n

t
;

•
If the condition is true, the statem

ent is executed;  then 
the condition is evaluated again

•
T

he statem
ent is executed over and over until the 

condition becom
es false
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T
he w

hile S
tatem

entstatem
ent

condition
false

true
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T
he w

hile S
tatem

ent

•
If the condition of a w

h
ile

 
statem

ent is false initially, 
the statem

ent is never executed

•
T

herefore, w
e say that a

 w
h

ile
 

statem
ent executes 

zero or m
ore tim

es

•
S

ee C
o

u
n

te
r.ja

va
, F

a
cto

rs.ja
va

, and 
P

o
w

e
rs_

o
f_

T
w

o
.ja

va
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Infinite Loops

•
T

he body of a w
h

ile
 

loop m
ust eventually m

ake the 
condition false

•
If not, it is an in

fin
ite

 lo
o

p, w
hich w

ill execute until the 
user interrupts the program

•
T

his is a com
m

on type of logical error  --  alw
ays double 

check that your loops w
ill term

inate norm
ally

•
S

ee F
o

re
ve

r.ja
va
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P
rogram

 D
evelopm

ent

•
T

he creation of softw
are involves four basic activities:

–
establishing the requirem

ents

–
creating a design

–
im

plem
enting the code

–
testing the im

plem
entation

•
T

he developm
ent process is m

uch m
ore involved that 

this, but these basic steps are a good starting point
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R
equirem

ents

•
R

equirem
ents specify the tasks a program

 m
ust 

accom
plish (w

hat to do, not how
 to do it)

•
T

hey often address the user interface

•
A

n initial set of requirem
ents are often provided, but 

usually m
ust be critiqued, m

odified, and expanded

•
It is often difficult to establish detailed, unam

biguous, 
com

plete requirem
ents

•
C

areful attention to the requirem
ents can save significant 

tim
e and m

oney in the overall project
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D
esign

•
A

 program
 follow

s an alg
o

rith
m

, w
hich is a step-by-step 

process for solving a problem

•
T

he design specifies the algorithm
s and data needed

•
In object-oriented developm

ent, it establishes the classes, 
objects, and m

ethods that are required

•
T

he details of a m
ethod m

ay be expressed in 
p

se
u

d
o

co
d

e, w
hich is code-like, but does not necessarily 

follow
 any specific syntax
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Im
plem

entation

•
Im

plem
entation is the process of translating a design into 

source code

•
M

ost novice program
m

ers think that w
riting code is the 

heart of softw
are developm

ent, but it actually should be 
the least creative

•
A

lm
ost all im

portant decisions are m
ade during 

requirem
ents analysis and design

•
Im

plem
entation should focus on coding details, 

including style guidelines and docum
entation
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T
esting

•
A

 program
 should be executed m

ultiple tim
es w

ith 
various input in an attem

pt to find errors

•
D

e
b

u
g

g
in

g is the process of discovering the cause of a 
problem

 and fixing it

•
P

rogram
m

ers often erroneously think that there is "only 
one m

ore bug" to fix

•
T

ests should focus on design details as w
ell as overall 

requirem
ents
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P
rogram

 D
evelopm

ent

•
S

ee A
ve

ra
g

e
.ja

va

•
F

ollow
 the process of requirem

ents analysis, design, 
im

plem
entation, and testing

•
T

here are alw
ays m

ultiple w
ays to design and im

plem
ent 

a program

•
A

ny design has advantages and disadvantages;  there are 
alw

ays trade-offs

•
S

ee A
ve

ra
g

e
2

.ja
va


