
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
E

xcep
tio

n
s

an
d

I/O
:

sectio
n

s
8.0

–
8.3

A
n

n
e

H
axth

au
sen

a

IM
M

,D
T

U

1.
E

xceptions
(section

8.0)

2.
Inputand

output(I/O
)

(sections
8.1-8.3)

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.

Translated
into

E
nglish

by
P

hilip

H
eede.

c
H
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Introductory
P

rogram
m

ing
P

age
8-1

E
rro

rs
in

p
ro

g
ram

s

T
hree

types
oferrors:

1.
S

yntax
errors:

detected
by

the
j
a
v
a
c

com
piler

2.
R

untim
e

errors
(e.g.

divide
by

zero):
detected

by
the

j
a
v
a

interpreter
and

gives
rise

to

exceptions

3.
Logicalerrors

(the
program

does
som

ething
else

than
planned):

possibly
discovered

by
testing

A
n

exception
is

an
eventthatoccurs,w

hen
an

error
is

detected
during

the
execution

ofa

progr am
.

Itcauses
execution

to
be

halted,unless
you

perform
exception

handling.

c
H

axthausen
and

S
estoft,IM

M
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T
U

,
8th

N
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Introductory
P

rogram
m

ing
P

age
8-2

E
xcep

tio
n

s

P
rogram

s
m

ustbe
able

to
signaland

handle
error

situations
—

by
throw

ing
and

handling

exceptions.

W
hatis

an
‘exception’?

H
ow

do
you

throw
(D

anish:
kaster)

an
exception

(using
a

th
row

statem
ent)?

H
ow

do
you

handle(D
anish:

håndterer)
an

exception
(usning

try-catch
clauses)?

W
hen

do
you

declare
an

exception
(using

th
row

s)
in

the
m

ethod
header?

U
ser-defined

exception
classes.

c
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axthausen
and
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M
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T
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8th
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Introductory
P

rogram
m

ing
P

age
8-3

W
h

at
is

an
excep

tio
n

?

A
n

exception
is

an
instance

ofa
subclass

ofthe
class

T
h
r
o
w
a
b
l
e

.

Itis
used

to
signaland

describe
an

error
condition,or

another
exception

alsituation,thatoccurs

atruntim
e.

T
he

objectincludes:

w
hatexception

class
itis

an
instance

of

a
description

ofthe
cause

ofthe
exception

inform
ation

aboutw
here

the
exception

occurred

T
his

inform
ation

is
printed

by
a

callto
the

object’s
p
r
i
n
t
S
t
a
c
k
T
r
a
c
e

m
ethod.

T
he

object’s
g
e
t
M
e
s
s
a
g
e

m
ethod

returns
the

m
essage

as
a

string.
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H
ere

is
partofthe

class
hierarchy

forT
h
r
o
w
a
b
l
e

,E
r
r
o
r

,and
E
x
c
e
p
t
i
o
n

:

T
h
r
o
w
a
b
l
e

E
r
r
o
r

(
n
e
e
d

n
o
t
b
e

d
e
c
l
a
r
e
d
)

V
i
r
t
u
a
l
M
a
c
h
i
n
e
E
r
r
o
r

O
u
t
O
f
M
e
m
o
r
y
E
r
r
o
r

S
t
a
c
k
O
v
e
r
f
l
o
w
E
r
r
o
r

E
x
c
e
p
t
i
o
n

(
m
u
s
t

b
e
d
e
c
l
a
r
e
d
)

I
O
E
x
c
e
p
t
i
o
n

F
i
l
e
N
o
t
F
o
u
n
d
E
x
c
e
p
t
i
o
n

R
u
n
t
i
m
e
E
x
c
e
p
t
i
o
n

(
n
e
e
d

n
o
t
b
e

d
e
c
l
a
r
e
d
)

A
r
i
t
h
m
e
t
i
c
E
x
c
e
p
t
i
o
n

I
n
d
e
x
O
u
t
O
f
B
o
u
n
d
s
E
x
c
e
p
t
i
o
n

I
l
l
e
g
a
l
A
r
g
u
m
e
n
t
E
x
c
e
p
t
i
o
n

N
u
m
b
e
r
F
o
r
m
a
t
E
x
c
e
p
t
i
o
n
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T
h

ro
w

in
g

o
f

excep
tio

n
s

A
n

exception
is

throw
n

w
hen

a
runtim

e
error

occurs
during

the
execution

ofa
program

.

Tw
o

types
ofruntim

e
exceptions:

pre-defined:
a

runtim
e

exception
is

throw
n

autom
atically

by
the

Java
interpreter

w
hen

an

error
is

detected

user-defined:
an

exception
is

explicitly
throw

n
by

the
program

m
er

using
the

th
row

statem
ent

c
H
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M
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T
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rogram
m

ing
P

age
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E
xam

p
le

o
f

an
au

to
m

atic
(p

re-d
efi

n
ed

)
excep

tio
n

W
hen

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

A
r
r
a
y
I
n
d
e
x

{

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
[
]

a
=

{
1
,
2
,
3
,
4
,
5
}
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
a
[
5
]
)
;

/
/
i
n
d
e
x
i
n
g

e
r
r
o
r

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

n
o
t
p
r
i
n
t
"
)
;

}

}the
program

is
aborted

w
ith

an
error

m
essage:

E
x
c
e
p
t
i
o
n
i
n
t
h
r
e
a
d

"
m
a
i
n
"

j
a
v
a
.
l
a
n
g
.
A
r
r
a
y
I
n
d
e
x
O
u
t
O
f
B
o
u
n
d
s
E
x
c
e
p
t
i
o
n

a
t
A
r
r
a
y
I
n
d
e
x
.
m
a
i
n
(
A
r
r
a
y
I
n
d
e
x
.
j
a
v
a
:
4
)
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E
xam

p
le

o
f

exp
licitly

th
ro

w
n

excep
tio

n

T
he

D
ate

constructor
below

allow
s

the
construction

of’illegal’dates,e.g.1999-13-30
is

constructed
w

ith
D
a
t
e
(
1
9
9
9
,
1
3
,
3
0
)

D
a
t
e
(
i
n
t

y
e
a
r
,

i
n
t

m
o
n
t
h
,

i
n
t
d
a
y
)

{

t
h
i
s
.
y
e
a
r
=

y
e
a
r
;
t
h
i
s
.
m
o
n
t
h

=
m
o
n
t
h
;

t
h
i
s
.
d
a
y
=

d
a
y
;

}

A
better

solution:
the

constructor
throw

s
an

exception,ifitis
asked

to
constructan

illegaldate:
c
l
a
s
s

D
a
t
e
{

.
.
.

D
a
t
e
(
i
n
t

y
e
a
r
,

i
n
t

m
o
n
t
h
,

i
n
t
d
a
y
)
t
h
r
o
w
s

E
x
c
e
p
t
i
o
n
{

i
f
(
o
k
(
y
e
a
r
,

m
o
n
t
h
,

d
a
y
)
)

{
t
h
i
s
.
y
e
a
r

=
y
e
a
r
;

t
h
i
s
.
m
o
n
t
h
=

m
o
n
t
h
;

t
h
i
s
.
d
a
y
=

d
a
y
;

}

e
l
s
e

t
h
r
o
w
n
e
w

E
x
c
e
p
t
i
o
n
(
"
I
l
l
e
g
a
l

d
a
t
e
:

"

+
y
e
a
r
+

"
"

+
m
o
n
t
h

+
"
"

+
d
a
y
)
;

}

.
.
.

}
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W
hen

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

D
a
t
e
-
e
x
n
0
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
)
t
h
r
o
w
s
E
x
c
e
p
t
i
o
n

{

D
a
t
e

d
1
=

n
e
w
D
a
t
e
(
1
9
9
9
,
1
3
,

3
0
)
;

/
/
i
l
l
e
g
a
l
d
a
t
e

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
d
1
)
;

}

}the
program

is
interrupted

w
ith

an
error

m
essage:

E
x
c
e
p
t
i
o
n
i
n
t
h
r
e
a
d

"
m
a
i
n
"

j
a
v
a
.
l
a
n
g
.
E
x
c
e
p
t
i
o
n
:

I
l
l
e
g
a
l
d
a
t
e
:

1
9
9
9
1
3
3
0

a
t
D
a
t
e
.
<
i
n
i
t
>
(
D
a
t
e
.
j
a
v
a
:
8
)

a
t
D
a
t
e
-
e
x
n
0
1
.
m
a
i
n
(
D
a
t
e
-
e
x
n
0
1
.
j
a
v
a
:
3
)
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E
xcep

tio
n

h
an

d
lin

g

W
ays

to
handle

an
exception:

1.
ignore

them
as

in
the

previous
exam

ple

2.
catch

them
(w

ith
try-catch

)

(a)
w

here
itis

created

(b)
som

ew
here

else
in

the
program

S
olution

1
can

give
excellenterror

descriptions
butw

illcause
the

program
to

exitin
the

m
iddle

ofoperations,w
hich

can
be

unfortunate.

S
olution

2
gives

the
possibility

thatthe
program

w
on’tcrash

on
an

error,butcan
be

‘saved’by

taking
specialaction.

Ifsolution
2b

is
used,you

can
collecterrors

from
m

ultiple
parts

ofyour
program

in
one

location

—
good,ifyou

are
interested

in
catching

errors
for

partofthe
program

butyou
don’tcare

about

exactly
w

here
the

error
occurred.

c
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P
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A
d

1:
u

n
h

an
d

led
excep

tio
n

s

W
hen

an
exception

is
ignored

in
the

program
, the

follow
ing

happens:

1.
the

program
stops

2.
a

m
essage

is
printed

w
ith

inform
ation

about

(a)
w

hatexception
occurred

(b)
w

here
in

the
program

itoccurred

the
firstline

contains
the

nam
e

ofthe
m

ethod
in

w
hich

the
exception

w
as

throw
n

and

any
m

essage
thatm

ay
be

attached

the
rem

aining
lines

show
w

hich
m

ethods
w

ere
called

to
reach

the
pointofthe

failure

c
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P
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A
d

2:
catch

in
g

excep
tio

n
s

w
ith

try-catch
clau

ses

t
r
y

{

s
t
a
t
e
m
e
n
t
s
1

}c
a
t
c
h
(
E
x
c
e
p
t
i
o
n

e
x
n
)

{

s
t
a
t
e
m
e
n
t
s
2

}T
he

statem
ents

in
statem

ents1
are

executed.

Ifan
exception

e
1

is
throw

n
during

the
execution

ofstatem
ents1,the

statem
ents

in

statem
ents2

are
executed.

O
therw

ise
the

statem
ents

in
statem

ents2
are

ignored.

D
uring

execution
ofstatem

ents2,the
variable

e
x
n

is
bound

to
the

exception
objectthrow

n

during
the

execution
ofstatem

ents1.
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A
d

2:
exam

p
le

o
f

catch
in

g
an

excep
tio

n

p
u
b
l
i
c
c
l
a
s
s

D
a
t
e
-
e
x
n
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
)
{

t
r
y

{

D
a
t
e

d
1

=
n
e
w

D
a
t
e
(
1
9
9
9
,
1
3
,
3
0
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
d
1
)
;

}c
a
t
c
h

(
E
x
c
e
p
t
i
o
n

e
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
I
l
l
e
g
a
l
d
a
t
e
!
"
)
;

}

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
W
e
’
l
l

g
o
t
o

h
e
r
e
!
"
)
;

}

}

gives
the

follow
ing

output:

I
l
l
e
g
a
l

d
a
t
e
!

W
e
’
l
l

g
o
t
o

h
e
r
e
!
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A
d

2b
:

excep
tio

n
p

ro
p

ag
atio

n

{
 
l
e
v
e
l
2
(
)
;
 
}

.... . .
......

......
... ...

m
a
i
n

l
e
v
e
l
1

l
e
v
e
l
2

l
e
v
e
l
3

l
e
v
e
l
1
(
)
;

l
e
v
e
l
3
(
)
;

t
r
y

c
a
t
c
h
 
(
E
x
c
e
p
t
i
o
n
 
e
x
)

{}

a
n
 
e
x
c
e
p
t
i
o
n
 
i
s
 
t
h
r
o
w
n

handle exception ex
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D
eclarin

g
excep

tio
n

s

T
he

exceptions
E
r
r
o
r

and
R
u
n
t
i
m
e
E
x
c
e
p
t
i
o
n

and
their

sub-classes
are

‘unchecked’.

A
llother

exceptions
are

‘checked’.

F
or

‘checked’exceptions
the

follow
ing

rules
apply:

Iffor
a

m
ethod

m
,there

is
a

risk
thatan

exception
E

is
throw

n
w

hen
itis

called
w

ith
m
(
.
.
.
)

and
thatthis

exception
is

notcaughtin
the

body
ofthe

m
ethod,then

itm
ustbe

declared
in

the

header
ofthe

m
ethod

w
ith

th
row

s
E

.

E
xam

ple:
see

D
a
t
e
-
e
x
n
0
1

‘U
nchecked’exceptions

are
never

declared.
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P
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U
ser-d

efi
n

ed
excep

tio
n

classes

Itis
possible

to
create

your
ow

n
exception

classes.

F
or

an
exam

ple:
see

listing
8.6

in
the

book.
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I/O
in

Java

S
tream

s

Inputfrom
the

keyboard
and

outputto
the

screen

Inputfrom
and

outputto
textfiles
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S
tream

s

In
Java

you
use

input
and

output
stream

s
to

com
m

unicate
w

ith
the

surroundings:
files,the

keyboard,etc.

Java
has

a
fam

ily
ofclasses

to
create

stream
objects.

S
ee

figure
8.3

in
the

book.

S
tream

s
can

be
divided

into:

inputstream
s

thathave
m

ethods
to

read
data

from
the

surroundings

outputstream
s

thathave
m

ethods
to

w
rite

data
to

the
surroundings

and
into

character
(text)

stream
s

thatinterpretthe
individualbytes

as
textcharacters

byte
(binary)

stream
s,w

here
bytes

are
notinterpreted

butused
‘raw

’

Ifanything
goes

w
rong

w
hen

perform
ing

I/O
an
I
O
E
x
c
e
p
t
i
o
n

,w
hich

is
a

sub-class
of

E
x
c
e
p
t
i
o
n

,is
throw

n.
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R
ead

in
g

fro
m

th
e

keyb
o

ard
an

d
w

ritin
g

to
th

e
screen

W
e

already
know

how
to:

read
from

the
keyboard

using
the

m
ethods

in
the

K
e
y
b
o
a
r
d

class

w
rite

to
the

screen
using

the
m

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

and

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

E
xam

p
le:

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

x
;

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

n
u
m
b
e
r
:
"
)
;

x
=

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

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

n
u
m
b
e
r

i
s
:
"
+
x
)
;

}E
n
t
e
r

a
n
u
m
b
e
r
:

1
3

T
h
e
n
u
m
b
e
r

i
s
:
1
3
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Text
fi

les
vs.

b
in

ary
fi

les

A
file

is
a

nam
ed

collection
ofdata

stored
on

a
secondary

storage
device

(e.g.hard
disk,floppy

disk
or

cd).

A
llfiles

consistofbytes.
1

byte
=

8
bits.

A
bitis

either0
or1

.

Itis,how
ever,differenthow

bits
are

interpreted
in

differentsituations.

E
xam

p
le:

A
file

w
ith

four
bytes:

0
1
0
0
1
0
1
0

0
1
1
0
0
0
0
1

0
1
1
1
0
1
1
0

0
1
1
0
0
0
0
1

Ifitis
a

text
fi

le,w
here

each
byte

is
to

be
interpreted

as
an

A
S

C
IIcharacter,the

four
bytes

representthe
follow

ing
characters:

J
a

v
a

B
utifitis

a
b

in
ary

file,the
four

bytes
can

be
interpreted

as
som

ething
com

pletely
different,e.g.

a
single

integer
(oftype

i
n
t

).
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Text
fi

les

A
textfile

is
a

sequence
ofcharacters.

Typicalfilenam
es:s

c
o
r
e
.
t
x
t
,
n
u
m
b
e
r
s
.
t
x
t
,

T
i
m
e
.
j
a
v
a
,

...

E
xam

p
le:

T
he

textfile
s
c
o
r
e
1
.
t
x
t

thatlooks
like

this
J
o
e
3

4

J
o
h
n

4
5

6

consists
ofthe

follow
ing

characters:

J
o

e
3

4
\
n

J
o

h
n

4
5

6
\
n
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Id
ea

w
h

en
read

in
g

text
fi

les

W
hen

reading
textfiles,itis

often
m

ore
interesting

to
read

w
hole

w
ords

and
num

bers
rather

than
the

single
characters.

O
ften

w
e

don’tcare
abouta

specific
group

ofcharacters
jointly

called
‘w

hitespace’:
blank,new

line
and

tabulator.

T
he

individualnum
bers

and
w

ords
are

called
tokens.

W
hitespace

often
separates

the
individualtokens.

T
he

firstline
in
s
c
o
r
e
1
.
t
x
t

has
3

tokens:

J
o
e

3
4

T
he

second
line

in
s
c
o
r
e
1
.
t
x
t

has
4

tokens:

J
o
h
n

4
5

6
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R
ead

in
g

o
f

text
fi

les,step
b

y
step

1.
O

pening
the

file
s
c
o
r
e
1
.
t
x
t

and
conversion

to
a

buffered
reader:

F
i
l
e
R
e
a
d
e
r

r
=

n
e
w
F
i
l
e
R
e
a
d
e
r
(
"
s
c
o
r
e
1
.
t
x
t
"
)
;

B
u
f
f
e
r
e
d
R
e
a
d
e
r

i
n
=

n
e
w
B
u
f
f
e
r
e
d
R
e
a
d
e
r
(
r
)
;

2.
You

can
now

read
one

line
ata

tim
e

from
”score1.txt”

using
i
n
.
r
e
a
d
l
i
n
e
(
)

that

returns
a
S
t
r
i
n
g

:
S
t
r
i
n
g

l
i
n
e
=

i
n
.
r
e
a
d
l
i
n
e
(
)
;

3.
R

eading
a

single
line

token
by

token:
S
t
r
i
n
g
T
o
k
e
n
i
z
e
r
t
o
k
e
n
i
z
e
r

=
n
e
w
S
t
r
i
n
g
T
o
k
e
n
i
z
e
r
(
l
i
n
e
)
;

S
t
r
i
n
g

t
o
k
e
n
=

t
o
k
e
n
i
z
e
r
.
n
e
x
t
T
o
k
e
n
(
)
;

4.
C

onvertt
o
k
e
n

to
an

appropriate
type:

e.g.
to

an
i
n
t

using

I
n
t
e
g
e
r
.
p
a
r
s
e
I
n
t
(
t
o
k
e
n
)
;

T
he

w
hole

process
is

w
rapped

in
a

try-catch
clause

to
catch

any
exceptions

thatm
ay

occur.
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E
xam

p
le

o
f

read
in

g
a

text
fi

le

A
ssig

n
m

en
t:

E
ach

line
in

the
file

s
c
o
r
e
1
.
t
x
t

consists
ofthe

nam
e

ofa
golf-player

and
the

num
ber

of

strokes
used

for
each

ofthe
holes.

T
hese

data
are

to
be

read;and
for

each
player

the
nam

e
ofthe

player,the
num

ber
ofholes

played,and
the

totalnum
ber

ofstrokes
used,is

to
be

outputon
the

screen:

J
o
e
h
a
s

p
l
a
y
e
d
2
h
o
l
e
s

a
n
d
u
s
e
d

7
s
t
r
o
k
e
s

J
o
h
n

h
a
s
p
l
a
y
e
d

3
h
o
l
e
s
a
n
d

u
s
e
d
1
5

s
t
r
o
k
e
s

S
o

lu
tio

n
:

see
R
e
a
d
i
n
g
.
j
a
v
a

w
hich

can
be

dow
nloaded

from
the

hom
epage

w
ith

the

overheads.
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W
ritin

g
to

a
text

fi
le

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
)
t
h
r
o
w
s
I
O
E
x
c
e
p
t
i
o
n
{

/
/

s
e
t
u
p

o
u
t
p
u
t
s
t
r
e
a
m
w
i
t
h

n
a
m
e

"
n
n
"

(
e
.
g
.

"
r
e
s
.
t
x
t
"
)

F
i
l
e
W
r
i
t
e
r

w
r
i
=
n
e
w

F
i
l
e
W
r
i
t
e
r
(
"
n
n
"
)
;

P
r
i
n
t
W
r
i
t
e
r
o
u
t

=
n
e
w
P
r
i
n
t
W
r
i
t
e
r
(
w
r
i
)
;

/
/
o
u
t
p
u
t

t
o
t
h
e

f
i
l
e

"
n
n
"

u
s
i
n
g
t
h
e
m
e
t
h
o
d
s

/
/
‘
o
u
t
.
p
r
i
n
t
’

a
n
d
‘
o
u
t
.
p
r
i
n
t
l
n
’

.
.
.

o
u
t
.
c
l
o
s
e
(
)
;
/
/

c
l
o
s
e
t
h
e

f
i
l
e

a
f
t
e
r
u
s
e

}o
u
t

above
w

orks
the

sam
e

w
ay

as
our

old
friend

S
y
s
t
e
m
.
o
u
t

—
i.e.

w
e

can,am
ong

other

things,w
rite

o
u
t
.
p
r
i
n
t
l
n
(
"
E
r
i
c
"
)
;

oro
u
t
.
p
r
i
n
t
(
4
2
)
;

.

try-catch
could

also
have

been
used

here
–

then
th

row
s

...
could

have
been

avoided.
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