
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
Im

p
erative

P
ro

g
ram

m
in

g
I,sectio

n
s

2.0
-

2.9

A
n

n
e

H
axth

au
sen

a

IM
M

,D
T

U

1.
V

alues
and

types
(e.g.ch

ar,b
o

o
lean

,in
t,d

o
u

b
le)

(section
2.4)

2.
V

ariables
and

constants
(section

2.3)

3.
S

tatem
ents

(e.g.assignm
ents)

(section
2.3)

4.
E

xpressions
(e.g.arithm

etic)
(section

2.4)

5.
D

ata
conversion

(section
2.4)

6.
O

bjects
and

classes
(e.g.S

t
r
i
n
g

)
(sections

2.0,2.1,2.2,2.6,2.7)

7.
O

utputto
screen

(sections
2.1,2.9)

8.
Inputfrom

keyboard
(section

2.8)

a.P
arts

ofthis
m

aterialare
inspired

by/originate
from

a
course

atIT
U

developed
by

N
iels

H
allenberg

and
P

eter
S

estoft

on
the

basis
ofa

course
atK

V
L

developed
by

M
orten

Larsen
and

P
eter

S
estoft.
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E
xam

p
le:

Tax
year

2000

S
o

u
rce:

F
O

R
S

T
Å

S
katten...,S

kattem
inisteriet
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E
xam

p
le:

C
alcu

latio
n

o
f

A
M

B
Ian

d
sp

ecialp
en

sio
n

p
aym

en
t

p
u
b
l
i
c
c
l
a
s
s

T
a
x
1
{

p
u
b
l
i
c

s
t
a
t
i
c
v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]
a
r
g
s
)

{

i
n
t
i
n
c
o
m
e
=

1
2
0
0
0
0
;

d
o
u
b
l
e
a
m
b
i
,

p
e
n
s
i
o
n
;

a
m
b
i

=
i
n
c
o
m
e
*

8
.
0
/

1
0
0
.
0
;

p
e
n
s
i
o
n
=
i
n
c
o
m
e

*
1
.
0
/

1
0
0
.
0
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
A
M
B
I
:

"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
a
m
b
i
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
S
p
e
c
i
a
l

p
e
n
s
i
o
n
p
a
y
m
e
n
t
:

"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
p
e
n
s
i
o
n
)
;

}

}
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O
u

tp
u

t
fro

m
th

e
Tax1

p
ro

g
ram

A
M
B
I
:
9
6
0
0
.
0

S
p
e
c
i
a
l
p
e
n
s
i
o
n
p
a
y
m
e
n
t
:

1
2
0
0
.
0
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B
asic

co
n

cep
ts:

valu
es

an
d

typ
es

A
(data)

value
can

for
instance

be

an
integer

(heltal):1
2
0
0
0
0

a
floating

pointnum
ber

(kom
m

atal):8
.
0

a
character

(tegn):’
!
’

a
B

oolean
(sandhedsvæ

rdi):f
a
l
s
e

ort
r
u
e

a
character

string
(tegnstreng):"

B
u
n
d
s
k
a
t
:
"

A
(data)

type
is

a
fam

ily
ofvalues

and
operations

on
these.
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Typ
es

in
Java

b
y
t
e
,

s
h
o
r
t
,
i
n
t
,

l
o
n
g

are
types

ofintegers:...,-2,-1,0,1,2,

f
l
o
a
t
,
d
o
u
b
l
e

are
types

offloating
pointnum

bers:e.g.-32.3,1.0,42.456,,4.5E
6,

c
h
a
r

is
the

type
ofcharacters:’

a
’
,

.
.
.
,
’
1
’
,

.
.
.
,

’
!
’
,

.
.
.
,
’
\
n
’
,

.
.
.

b
o
o
l
e
a
n

is
the

type
ofB

ooleans:t
r
u
e

,f
a
l
s
e

S
t
r
i
n
g

is
a

type
ofstrings

ofcharacters:"
B
u
n
d
s
k
a
t
:
"

,"
P
e
t
e
r
"

,,

S
t
r
i
n
g

is
nota

prim
itive

type,buta
so-called

class.M
ore

aboutthatlater.
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N
u

m
eric

valu
es

In
a

com
puter

every
num

eric
value

is
represented

as
a

binary
num

ber,i.e.com
binations

ofbits

(0
and

1).

E
xam

ple:the
num

eric
value

4
is

represented
as

the
binary

num
ber

100.

T
he

various
kinds

ofnum
eric

values
differ

by
the

am
ountofm

em
ory

space
used

to
store

a

value
ofthattype.E

.g.
the

type
in

t
uses

32
bit.S

ee
figure

2.4
ofthe

book.

L
iterals:

A
n

integer
like

1
7

is
oftype

in
t.

A
n

integer
follow

ed
by

’L’,e.g.14084591234L,is
oftype

lo
n

g
.

A
floating

pointnum
ber

like
1
7
.
2

is
oftype

d
o

u
b

le.

A
floating

pointnum
ber

follow
ed

by
’F

’,e.g.1
7
.
2
F

,is
oftype

fl
o

at.

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
9.septem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
S

ide
2-7

C
h

aracters

In
a

com
puter

every
character

is
represented

as
an

integer,e.g.’A
’is

represented
as

65.

A
character

setis
a

‘translation’from
code

(integers
in

the
com

puter)
to

characters
(graphics

on
a

screen
or

paper).

S
tandard

character
sets:A

S
C

II,IS
O

Latin1,U
nicode.

Java
uses

U
nicode.
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E
xercise:

w
h

at
are

th
e

typ
es

o
f

th
e

fo
llo

w
in

g
valu

es?

V
alu

e
Typ

e

5
8

t
r
u
e

-
2
3

"
a
f
d

"

4
2
.
0

’
$
’

"
4
2
.
0
"

"
t
r
u
e
"

’
7
’
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B
asic

co
n

cep
ts:

variab
le,d

ec laratio
n

an
d

assig
n

m
en

t

A
variable

has
a

nam
e

and
a

location
in

the
com

puter
m

em
ory

thatcan
contain

a
value

ofa

given
type.

A
declaration

gives
a

nam
e

and
a

type
for

one
or

m
ore

variables:
d
o
u
b
l
e

a
m
b
i
,
p
e
n
s
i
o
n
;

T
he

declaration
also

allocates
space

for
the

variables
in

the
m

em
ory.

A
declaration

can
contain

an
initialvalue

:
i
n
t
i
n
c
o
m
e

=
1
2
0
0
0
0
;

A
n

assignm
ent(tildelingssæ

tning)
assigns

a
value

to
a

variable
by

storing
the

value
in

the

m
em

ory
location

belonging
to

the
variable:

a
m
b
i

=
i
n
c
o
m
e
*

8
.
0
/
1
0
0
.
0
;
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B
asic

co
n

cep
t:

co
n

stan
ts

A
constantis

sim
ilar

to
a

variable,butithas
the

sam
e

value
allthe

tim
e.

E
xam

p
le

o
f

d
eclaratio

n
:

f
i
n
a
l
d
o
u
b
l
e

A
M
B
I
_
P
R
O
C
E
N
T
A
G
E
=
8
.
0
;

E
xam

p
le

o
f

u
se:

a
m
b
i
=

i
n
c
o
m
e
*

A
M
B
I
_
P
R
O
C
E
N
T
A
G
E
/

1
0
0
.
0
;
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B
asic

co
n

cep
t:

statem
en

ts

T
he

state
consists

ofthe
contents

ofthe
com

puter
m

em
ory,output(on

the
screen),etc.

A
statem

ent
changes

the
state.

E
xam

p
le

1:
an

assignm
entcan

change
the

value
ofa

variable:

p
e
n
s
i
o
n
=
i
n
c
o
m
e

*
1
.
0
/

1
0
0
.
0
;

E
xam

p
le

2:
a

printstatem
entcan

w
rite

on
the

screen:

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
S
p
e
c
i
a
l
p
e
n
s
i
o
n

p
a
y
m
e
n
t
:
"
)
;
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B
asic

co
n

cep
t:

exp
ressio

n
s

A
n

expression
denotes

(D
anish:angiver)

a
value.

E
xam

p
le:

i
n
c
o
m
e
*

8
.
0
/
1
0
0

K
inds

ofexpressions:

arithm
etic

expressions
(denote

num
eric

values)

B
oolean

expressions
(denote

B
oolean

values)

string
expressions

(denote
string

values)
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A
rith

m
etic

exp
ressio

n
s

A
re

com
binations

ofarithm
etic

operators
and

operands.

O
perator

M
eaning

E
xam

ples

*
M

ultiplication
1
.
5
*
6
0
.
0

2
4
*

6
0

/
D

ivision
1
3
.
0

/
2
.
0

1
3
/

2

%
R

em
ainder

1
3
.
0

%
2
.
0

1
3
%

2

+
A

ddition
1
.
1
+
6
0
.
0

1
4
+

6
0

-
S

ubtraction
1
.
1
-
6
0
.
0

1
3
4
-

6
0

R
esulttype

is
i
n
t

ifboth
argum

ents
are

i
n
t

,otherw
ise

d
o
u
b
l
e

.

R
ead

m
ore

on
operator

precedence
and

evaluation
order

in
the

book.
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B
o

o
lean

exp
ressio

n
s

M
ore

aboutthatin
chapter

3
(nextlecture).
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S
trin

g
exp

ressio
n

s

Like
you

can
w

rite
arithm

etic
expressions

representing
num

eric
values,

you
can

w
rite

expressions
representing

strings
ofcharacters.

A
n

im
portantstring

operator:

string
concatenation

(
)

E
xam

p
le:

"
T
h
i
s

i
s
"
+
"
c
o
u
r
s
e
0
2
1
0
0
"

(represents
the

string
"
T
h
i
s
i
s
c
o
u
r
s
e

0
2
1
0
0
"

)
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Typ
es

o
f

exp
ressio

n
s

E
ach

expression
has

a
type.

E
xam

p
les:

1
2

has
type

in
t

"
T
h
i
s

i
s
"
+
"
c
o
u
r
s
e
0
2
1
0
0
"

has
type

S
t
r
i
n
g
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B
asic

co
n

cep
t:

d
ata

co
nversio

n

V
alues

ofone
type

can
(in

certain
cases)

be
converted

to
another

type:

1.
C

onversions
betw

een
num

ericaltypes:

(a)
“w

idening”:from
a

sm
aller

type
to

a
larger

type
(e.g.from

in
t

to
d

o
u

b
le)

(b)
“narrow

ing”:from
a

larger
type

to
a

sm
aller

type
(e.g.from

d
o

u
b

le
to

in
t)

2.
C

onversion
from

any
type

to
S
t
r
i
n
g

type

In
Java

1a
and

2
is

done
autom

atically,but1b
can

only
be

done
explicitly

by
casting.
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E
xam

p
les

o
f

im
p

licit
w

id
en

in
g

co
nversio

n

d
o
u
b
l
e
m
o
n
e
y
;
i
n
t

d
o
l
l
a
r
s
;

/
/
a
s
s
i
g
n
m
e
n
t

c
o
n
v
e
r
s
i
o
n
:

d
o
l
l
a
r
s

=
2
5
;

m
o
n
e
y

=
d
o
l
l
a
r
s
;
/
/
n
o
w
:
m
o
n
e
y

=
=

2
5
.
0

/
/
i
l
l
e
g
a
l

a
s
s
i
g
n
m
e
n
t
:

d
o
l
l
a
r
s

=
m
o
n
e
y
;

/
/
S
e
c
o
n
d
a
r
g
u
m
e
n
t

(
2
)
o
f

/
i
s

c
o
n
v
e
r
t
e
d

t
o
a

d
o
u
b
l
e
(
2
.
0
)
:

m
o
n
e
y

=
m
o
n
e
y

/
2
;

/
/
n
o
w
:
m
o
n
e
y

=
=
1
2
.
5

/
/
H
e
r
e

2
i
s

n
o
t

c
o
n
v
e
r
t
e
d
:

m
o
n
e
y

=
2
5
.
0
;

m
o
n
e
y

=
(
i
n
t
)
m
o
n
e
y
/

2
;
/
/
n
o
w
:

m
o
n
e
y
=
=

1
2
.
0
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E
xam

p
les

o
f

n
arro

w
in

g
co

nversio
n

b
y

castin
g

m
o
n
e
y

=
8
4
.
6
9
;

/
/

c
a
s
t
i
n
g
,
t
h
a
t

t
h
r
o
w
s
d
e
c
i
m
a
l
s

a
w
a
y
:

d
o
l
l
a
r
s

=
(
i
n
t
)

m
o
n
e
y
;

/
/
n
o
w
:
d
o
l
l
a
r
s
=
=

8
4
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E
xam

p
le

o
f

co
nversio

n
to

a
strin

g

i
n
t
x
=

7
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
t
h
e

c
o
n
t
e
n
t
s

o
f
x

i
s
:

"
+

x
)
;

S
econd

argum
entof+

is
autom

atically
converted

to
the

string
"
7
"

,

before
itis

concatenated
w

ith
the

firstargum
ent.

O
utput:t

h
e

c
o
n
t
e
n
t
s
o
f

x
i
s
:
7

G
enerally

itholds
fors

+
v

and
v

+
s

,

w
here

s
is

a
string

and
v

an
expression

ofanother
type,

thatv
is

autom
atically

converted
to

its
string

representation.
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E
xercise:

w
h

ich
valu

es
an

d
typ

es
d

o
th

e
fo

llo
w

in
g

exp
ressio

n
s

h
ave?

E
xp

ressio
n

V
alu

e
o

f
exp

ressio
n

Typ
e

o
f

exp
ressio

n

1
.
5
*
6
0
.
0

1
.
5
*
6
0

2
4
*

6
0

1
.
1
+
6
0

-
1

1
5
0
.
0
/

6
0

1
5
0
/
6
0

1
3
4
.
0
%

6
0

1
3
4
%
6
0

"
0
2
1
9
9
"

"
x
i
s
e
q
u
a
l

t
o
"
+

"
0
"

"
x
i
s
e
q
u
a
l

t
o
"
+

0
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S
h

o
rt

in
tro

d
u

ctio
n

to
classes

an
d

o
b

jects

In
fo

rm
ally

A
class

represents
a

concept:tim
e,appointm

ent,car,cow
,person,...

A
n

object
represents

a
thing,an

instance
ofa

concept:a
particular

tim
e,a

particular
car,a

particular
cow

,a
particular

person,...

A
class

has
a

collection
ofm

ethods:those
operations

(functions)
thatcan

be
applied

to
its

objects.

In
Java

A
class

corresponds
to

a
type,like

i
n
t

,d
o
u
b
l
e

,b
o
o
l
e
a
n

,...

A
n

object
corresponds

to
a

value,like
1
7

,1
8
.
0
1

,f
a
l
s
e

,...

A
m

ethod
corresponds

to
an

operation,like
,

,...
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T
h

ree
step

s
in

u
sin

g
classes,o

b
jects

an
d

m
eth

o
d

s

1.
D

efine
a

class
(incl.its

m
ethods).

2.
C

reate
objects

ofthe
class.

3.
U

se
the

m
ethods

ofthe
objects.

S
om

e
classes

(e.g.S
t
r
i
n
g

)
are

already
defined

in
a

class
library.In

thatcase
you

can
skip

step
one.

Ifa
class

has
static

m
ethods,these

can
be

used
w

ithoutstep
2.
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D
efi

n
itio

n
o

f
classes

Later
you

w
illlearn

how
to

define
a

class
thatcontains

declarations
of:

data
(constants

and
v ariables)

m
ethods

(each
m

ethod
is

given
a

nam
e

and
a

sequence
ofstatem

ents,thathave
to

be

executed
w

hen
the

m
ethod

is
invoked.)

F
or

now
w

e
w

illonly
use

classes
from

libraries.

F
or

each
class

there
is

an
interface

inform
ally

describing
the

m
ethods

ofthe
class:

nam
e,argum

enttypes
and

a
resulttype,and

w
hathappens

w
hen

itis
invoked.

E
xam

p
le:

E
xtract

o
f

in
terface

fo
r
S
t
r
i
n
g

in
tl
e
n
g
t
h
(
)

returns
the

num
ber

ofcharacters
in

the
string

ch
ar
c
h
a
r
A
t
(
i
n
t

i
n
d
e
x
)

returns
the

character
atthe

specified
i
n
d
e
x
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C
reatio

n
s

o
f

o
b

jects

A
n

objectis
an

instance
ofa

class.Ithas
data

(e.g.a
string)

and
m

ethods
as

described
by

the

class.

A
variable

contains
either

a
prim

itive
value,or

a
reference

(henvisning)
to

an
object.

E
xam

p
le:

a
variab

le
co

n
tain

in
g

a
referen

ce
to

an
o

b
ject

o
f

class
S

trin
g

S
t
r
i
n
g

s
1
=
"
H
o
w

d
o

y
o
u
d
o
?
"
;
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E
xam

p
le:

an
o

b
ject

o
f

class
S

trin
gs1

: String

"H
ow

 do you do?"

T
he variable s1 is a location in the m

em
ory

containing
 a reference to the object containing the string 

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
9.septem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
S

ide
2-27

U
se

o
f

m
eth

o
d

s

Invocation
(kald)

ofthe
m

ethods
ofan

objectis
done

w
ith

the
dotoperator.

E
xam

p
le:

invo
catio

n
o

f
a
S
t
r
i
n
g

m
eth

o
d

s
1
.
l
e
n
g
t
h
(
)
;

returns
the

value
1
4

(w
hen

the
object,referenced

to
by
s
1

,has
the

value
"
H
o
w
d
o

y
o
u
d
o
?
"

).
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C
lass

lib
raries

an
d

p
ackag

es

A
class

library
is

a
collection

ofclasses.

T
he

classes
are

organized
into

various
packages.

T
he

m
ostpopular

standard
packages

are:

P
ackage

S
upports

C
lasses

j
a
v
a
.
l
a
n
g

G
eneralstuff;autom

atically
im

ported
M
a
t
h

,S
t
r
i
n
g

,S
y
s
t
e
m

j
a
v
a
.
i
o

Inputand
output(e.g.to/from

files)
...

j
a
v
a
.
u
t
i
l

G
eneralaux.classes

R
a
n
d
o
m

,...

To
use

a
class

ofa
package,you

m
usteither

qualify
the

class
nam

e
w

ith
the

package
nam

e,or

use
an

im
portstatem

ent,e.g.:
i
m
p
o
r
t
j
a
v
a
.
u
t
i
l
.
*
;
/
/
a
l
l
c
l
a
s
s
e
s
i
n

t
h
e
p
a
c
k
a
g
e

i
m
p
o
r
t
j
a
v
a
.
u
t
i
l
.
R
a
n
d
o
m
;

/
/
o
n
l
y

t
h
e
R
a
n
d
o
m
c
l
a
s
s
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O
u

tp
u

t
to

screen

T
he

m
ethods

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n

can
be

used
to

printtexton
the

screen.

T
he
N
u
m
b
e
r
F
o
r
m
a
t

and
D
e
c
i
m
a
l
F
o
r
m
a
t

classes
provide

m
ethods

for
form

atting
the

outputnicely.S
ee

section
2.9

ofthe
book.
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In
p

u
t

fro
m

th
e

keyb
o

ard

T
he
K
e
y
b
o
a
r
d

class
has

m
ethods

for
reading

data
from

the
keyboard

s
t
a
t
i
c
b
o
o
l
e
a
n

r
e
a
d
B
o
o
l
e
a
n
(
)

s
t
a
t
i
c
b
y
t
e

r
e
a
d
B
y
t
e
(
)

s
t
a
t
i
c
c
h
a
r

r
e
a
d
C
h
a
r
(
)

s
t
a
t
i
c
d
o
u
b
l
e

r
e
a
d
D
o
u
b
l
e
(
)

s
t
a
t
i
c
f
l
o
a
t

r
e
a
d
F
l
o
a
t
(
)

s
t
a
t
i
c
i
n
t

r
e
a
d
I
n
t
(
)

s
t
a
t
i
c
l
o
n
g

r
e
a
d
L
o
n
g
(
)

s
t
a
t
i
c
s
h
o
r
t

r
e
a
d
S
h
o
r
t
(
)

s
t
a
t
i
c
S
t
r
i
n
g

r
e
a
d
S
t
r
i
n
g
(
)

static
m

eans
thatm

ethods
can

be
invoked

via
their

class
nam

e,e.g.

K
e
y
b
o
a
r
d
.
r
e
a
d
B
o
o
l
e
a
n
(
)

T
he

class
can

be
copied

from
the

cd
ofthe

book.
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E
xam

p
le

o
f

in
p

u
t

(an
d

o
u

tp
u

t)
i
m
p
o
r
t
c
s
1
.
K
e
y
b
o
a
r
d
;

p
u
b
l
i
c
c
l
a
s
s

Q
u
e
s
t
i
o
n

{

p
u
b
l
i
c
s
t
a
t
i
c

v
o
i
d
m
a
i
n

(
S
t
r
i
n
g
[
]
a
r
g
s
)

{

S
t
r
i
n
g

n
a
m
e
;
i
n
t
c
a
r
s
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
W
h
a
t

i
s

y
o
u
r

n
a
m
e
?
"
)
;

n
a
m
e

=
K
e
y
b
o
a
r
d
.
r
e
a
d
S
t
r
i
n
g
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
H
o
w

m
a
n
y

c
a
r
s

d
o

y
o
u
o
w
n
,
"
+

n
a
m
e

+
"
?

"
)
;

c
a
r
s

=
K
e
y
b
o
a
r
d
.
r
e
a
d
I
n
t
(
)
;

i
f

(
c
a
r
s
>
1
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
n
a
m
e

+
"
o
w
n
s

m
a
n
y

c
a
r
s
!
"
)
;

}
}
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E
xecu

tio
n

o
f

Q
u

estio
n

>
j
a
v
a
Q
u
e
s
t
i
o
n

W
h
a
t

i
s
y
o
u
r

n
a
m
e
?

A
n
n
e

H
o
w
m
a
n
y

c
a
r
s

d
o
y
o
u
o
w
n
,

A
n
n
e
?

1

>
j
a
v
a
Q
u
e
s
t
i
o
n

W
h
a
t

i
s
y
o
u
r

n
a
m
e
?

H
e
n
r
i
k

H
o
w
m
a
n
y

c
a
r
s

d
o
y
o
u
o
w
n
,

H
e
n
r
i
k
?
2

H
e
n
r
i
k
o
w
n
s

m
a
n
y

c
a
r
s
!
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