
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
A

rrays,sectio
n

s
6.0-6.3

A
n

n
e

H
axth

au
sen

a,IM
M

,D
T

U

1.
W

hatis
an

array?
(section

6.0)

2.
A

rray
types.

(section
6.0)

3.
H

ow
to

declare
and

create
an

array?
(section

6.0)

4.
H

ow
to

initialize
an

array?
(section

6.0)

5.
O

perations
on

arrays
(length

of,indexing,elem
entassignm

ent).
(section

6.0)

6.
A

rray
aliasing.

(section
6.0)

7.
H

ow
to

com
pare

the
contents

ofarrays?
(E

quality.)

8.
H

ow
to

copy
the

contents
ofone

array
into

another
array?

9.
A

rrays
as

argum
ents

ofm
ethods.

(section
6.0)

10.
A

rrays
having

objects
as

elem
ents.

(section
6.1)

11.
M

ulti-dim
ensionalarrays.

(section
6.3)

12.
A

rrays
ofvariable

length.
(section

6.1)

13.
U

sing
arrays

for
sorting.

(section
6.2)

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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W
h

at
is

an
array?

B
asic

co
n

cep
t:

A
n

array
is

an
inde xed

(D
anish:num

m
ereret)

collection
ofvariables,called

elem
ents.

T
he

elem
ents

are
indexed

w
ith

integers
0,1,2,....

A
llelem

ents
have

the
sam

e
type.

E
xam

p
le:

graphicalillustration
ofan

array
having

12
elem

ents
ofinteger

type:

0
1

2
3

4
5

6
7

8
9

10
11

5
4

1
7

19
2

5
1

0
13

0
0

In
Java:

an
array

is
a

specialkind
ofobject,for

w
hich

elem
ents

are
sim

ilar
to

field
variables.

T
he

rem
aining

partofthis
lecture

concerns
arrays

in
Java.
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A
rray

typ
es

W
hen

the
elem

ents
ofan

array
have

type
T

,then
the

array
itselfhas

type
T
[
]

.

In
the

exam
ple

above
the

type
w

as
in

t[
]

.

S
u

m
m

ary:
kin

d
s

o
f

typ
es

prim
itive

types:

–
integer

types:in
t,...

–
floating

pointnum
ber

types:d
o

u
b

le,...

–
the

character
type:ch

ar

–
the

B
oolean

type:b
o

o
lean

reference
types:

–
class

types:S
t
r
i
n
g

,T
i
m
e

,...

–
interface

types:T
i
m
e
I
n
t
e
r
f
a
c
e

,...

–
array

types
in

t[
]

,T
i
m
e
[
]

,...
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H
ow

to
d

eclare
an

d
create

an
array?

D
eclararing

an
array

variab le
(butnotcreating

the
array

itself):

i
n
t
[
]

d
a
y
s
;

C
reating

an
array

having
12

integer
elem

ents
(allinitialized

to
0)

and
assigning

to
the

array
variable

a
reference

to
thatarray:

d
a
y
s

=
n
e
w
i
n
t
[
1
2
]
;

days
0

0
0

0
0

0
0

0
0

0
0

0

S
im

ultaneous
declaration,creation

and
assignm

ent:
i
n
t
[
]

d
a
y
s

=
n
e
w
i
n
t
[
1
2
]
;

T
he

array
itselfis

an
object,w

hile
the

array
variable

d
a
y
s

contains
a

reference
to

the
array.
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H
ow

to
in

itialize
an

array?

D
eclaration,creation

and
initialization

in
one

step:

i
n
t
[
]

d
a
y
s

=
{
3
1
,
2
8
,

3
1
,
3
0
,
3
1
,

3
0
,
3
1
,
3
1
,

3
0
,
3
1
,
3
0
,

3
1
}
;

0
1

2
3

4
5

6
7

8
9

10
11

31
28

31
30

31
30

31
31

30
31

30
31
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O
p

eratio
n

s
o

n
arrays

L
en

g
th

o
f

an
array

T
he

length
(i.e.the

num
ber

ofelem
ents)

ofthe
d
a
y
s

array
is

obtained
by:

d
a
y
s
.
l
e
n
g
t
h

In
the

exam
ple

d
a
y
s
.
l
e
n
g
t
h

evaluates
to

12.

In
d

exin
g

(lo
o

kin
g

u
p

elem
en

ts)

F
ind

the
contents

ofelem
entnum

ber
3:

d
a
y
s
[
3
]

T
he

expression
inside

[
.
.
.
]

is
called

an
array

index.

Legalindex
values

are
0
,

1
,
2
,
.
.
.
,

d
a
y
s
.
l
e
n
g
t
h
-
1

.

Ifthe
index

has
an

illegalvalue,the
program

is
interrupted

w
ith

the
m

essage:

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
:
.
.
.
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E
lem

en
t

assig
n

m
en

t

A
ssign

the
value

29
to

elem
entnum

ber
1:

d
a
y
s
[
1
]

=
2
9
;
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E
xam

p
le1:

u
sin

g
arrays

A
m

ethod
thattakes

the
num

ber
ofa

m
onth

(1–12)
as

argum
entand

returns
the

num
ber

of

days
in

the
m

onth
(in

a
non-leap

year):

s
t
a
t
i
c
i
n
t

m
o
n
t
h
l
e
n
(
i
n
t
m
t
h
)
{

i
n
t
[
]

d
a
y
s

=
{
3
1
,
2
8
,

3
1
,
3
0
,

3
1
,
3
0
,
3
1
,

3
1
,
3
0
,
3
1
,

3
0
,
3
1

}
;

r
e
t
u
r
n
d
a
y
s
[
m
t
h
-
1
]
;

}
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E
xam

p
le2

(exercise
17):

u
sin

g
arrays

p
u
b
l
i
c
c
l
a
s
s

D
a
t
e

{

f
i
n
a
l

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

d
a
n
i
s
h
M
o
n
t
h
s

=

{
"
j
a
n
u
a
r
"
,

"
f
e
b
r
u
a
r
"
,
"
m
a
r
t
s
"
,

"
a
p
r
i
l
"
,

"
m
a
j
"
,

"
j
u
n
i
"
,

"
j
u
l
i
"
,

"
a
u
g
u
s
t
"
,

"
s
e
p
t
e
m
b
e
r
"
,

"
o
k
t
o
b
e
r
"
,

"
n
o
v
e
m
b
e
r
"
,

"
d
e
c
e
m
b
e
r
"
}
;

p
r
i
v
a
t
e

i
n
t
y
e
a
r
,
m
o
n
t
h
,
d
a
y
;
/
/
f
i
e
l
d
s

.
.
.

p
u
b
l
i
c
S
t
r
i
n
g

d
a
n
i
s
h
T
e
x
t
(
)

{

r
e
t
u
r
n

d
a
y
+
"
.
"
+

d
a
n
i
s
h
M
o
n
t
h
s
[
m
o
n
t
h
-
1
]
+
"

"
+
y
e
a
r
;

}
}

p
u
b
l
i
c
c
l
a
s
s

T
e
s
t
D
a
t
e
{

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
)
{

D
a
t
e

t
o
d
a
y

=
n
e
w
D
a
t
e
(
2
0
0
1
,
1
0
,
2
3
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
D
a
n
i
s
h
t
e
x
t
:
"
+
t
o
d
a
y
.
d
a
n
i
s
h
T
e
x
t
(
)
)
;

}T
e
s
t
D
a
t
e

w
rites:

D
a
n
i
s
h

t
e
x
t
:
2
3
.
o
k
t
o
b
e
r
2
0
0
1
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A
rray

aliasin
g

Tw
o

array
variables

can
refer

to
the

sam
e

array
object.

E
xam

p
le

i
n
t
[
]

d
a
y
s
1
=
{

3
1
,
2
8
,
3
1
,

3
0
,
3
1
,
3
0
,

3
1
,
3
1
,
3
0
,

3
1
,
3
0
,
3
1
}
;

i
n
t
[
]

d
a
y
s
2
=
d
a
y
s
1

Im
p

licatio
n

s
o

f
array

aliasin
g

:

Ifthe
contents

ofan
array

is
changed,then

itim
plies

a
change

for
all

the
array

variables
that

has
a

reference
to

the
array.

E
xam

p
le

d
a
y
s
1
[
1
]
=

2
9
;

now
d
a
y
s
1
[
1
]

=
=
2
9

and
d
a
y
s
2
[
1
]

=
=

2
9
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H
ow

to
co

m
p

are
th

e
co

n
ten

ts
o

f
arrays?

E
xam

p
le

A
ssum

e
given:

i
n
t
[
]

d
a
y
s
1
=

{
3
1
,
2
8
,
3
1
,

3
0
,
3
1
,
3
0
,

3
1
,
3
1
,
3
0
,

3
1
,
3
0
,

3
1
}
;

i
n
t
[
]

d
a
y
s
2
=

{
3
1
,
2
8
,
3
1
,

3
0
,
3
1
,
3
0
,

3
1
,
3
1
,
3
0
,

3
1
,
3
0
,

3
1
}
;

H
ow

can
w

e
investigate

w
hether

the
arrays

thatd
a
y
s
1

and
d
a
y
s
2

refer
to,have

the
sam

e

contents?
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H
ow

to
co

m
p

are
th

e
co

n
ten

ts
o

f
arrays,co

n
tin

u
ed

?

W
ro

n
g

:
d
a
y
s
1

=
=

d
a
y
s
2

does
notw

ork
–

itdecides
w

hether d
a
y
s
1

and
d
a
y
s
2

refer
to

the
sam

e
array,i.e.are

aliases.(T
he

returned
value

is
false.)

C
o

rrect:
U

se
j
a
v
a
.
u
t
i
l
.
A
r
r
a
y
s
.
e
q
u
a
l
s
(
d
a
y
s
1
,
d
a
y
s
2
)

or
m

ake
your

ow
n

m
ethod:
s
t
a
t
i
c
b
o
o
l
e
a
n

e
q
u
a
l
s
(
i
n
t
[
]

a
r
r
a
y
1
,
i
n
t
[
]

a
r
r
a
y
2
)

{

b
o
o
l
e
a
n

s
a
m
e
;

s
a
m
e

=
(
a
r
r
a
y
1
.
l
e
n
g
t
h
=
=

a
r
r
a
y
2
.
l
e
n
g
t
h
)
;

f
o
r

(
i
n
t

i
=
0
;

s
a
m
e

&
&
i

<
a
r
r
a
y
1
.
l
e
n
g
t
h
;

i
=
i
+
1
)

s
a
m
e

=
(
a
r
r
a
y
1
[
i
]

=
=

a
r
r
a
y
2
[
i
]
)
;

r
e
t
u
r
n

s
a
m
e
;

}

e
q
u
a
l
s
(
d
a
y
s
1
,

d
a
y
s
2
)

now
returns

tru
e,as

the
contents

ofthose
arrays

that

d
a
y
s
1

and
d
a
y
s
2

refer
to

is
the

sam
e.
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A
rrays

as
arg

u
m

en
ts

o
f

m
eth

o
d

s.

E
xam

p
le:

h
o

w
to

co
p

y
th

e
co

n
ten

ts
o

f
o

n
e

array
in

to
an

o
th

er
array

E
xercise:w

rite
a

m
ethod,c

o
p
y

,that copies
the

elem
ents

from
one

integer
array

to
another

integer
array

ofthe
sam

e
length.

E
xam

p
le:

A
ssum

e
given

i
n
t
[
]
a
r
r
a
y
1

=
{

1
,

2
,

3
,

4
,

5
,

6
,

7
}
;

i
n
t
[
]
a
r
r
a
y
2

=
{

8
,

9
,
1
0
,
1
1
,
1
2
,
1
3
,
1
4
}
;

A
fter

execution
of

c
o
p
y
(
a
r
r
a
y
1
,

a
r
r
a
y
2
)
;

w
e

have:

array1
1

2
3

4
5

6
7

array2
1

2
3

4
5

6
7
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A
rrays

as
arg

u
m

en
ts

o
f

m
eth

o
d

s.

E
xam

p
le

co
n

t.:
h

o
w

to
co

p
y

th
e

co
n

ten
ts

o
f

o
n

e
array

in
to

an
o

th
er

array

W
hich

ofthe
follow

ing
m

ethods
are

right?

s
t
a
t
i
c
v
o
i
d

c
o
p
y
(
i
n
t
[
]
f
r
o
m
,

i
n
t
[
]
t
o
)
{

t
o
=

f
r
o
m
;
}

s
t
a
t
i
c
v
o
i
d

c
o
p
y
(
i
n
t
[
]
f
r
o
m
,

i
n
t
[
]
t
o
)
{

f
o
r
(
i
n
t
i

=
0
;
i

<
f
r
o
m
.
l
e
n
g
t
h
;
i

=
i
+
1
)

t
o
[
i
]
=

f
r
o
m
[
i
]
;

}

W
hatis

the
other

m
ethod

doing?
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W
h

at
h

ap
p

en
s

w
ith

variab
les

th
at

are
u

sed
as

actu
alp

aram
eter s

o
f

m
eth

o
d

s?

Java
uses

call-by-value
w

hen
a

value
is

passed
as

an
actualparam

eter
to

a
m

ethod
—

corresponds
to

copying
the

value
ofthe

actual
param

eter
to

the
form

al
param

eter
in

the

m
ethod.A

fter
a

callofthe
m

ethod,the
actualparam

eter
(here:variable)

has
the

sam
e

value
as

before
the

callofthe
m

ethod.

Im
p

licatio
n

fo
r

arrays
as

arg
u

m
en

ts
o

f
m

eth
o

d
s:

w
hen

variables
ofarray

types
are

argum
ents

ofa
m

ethod,the
reference

to
the

array
is

copied,notthe
array

itself

ifthe
m

ethod
body

changes
the

form
alparam

eter
reference

(letitrefer/pointto
a

new

array),itw
illnot

change
the

argum
ent

ifthe
m

ethod
body

changes
the

state
(the

contents)
ofthe

array
thatthe

form
alparam

eter

is
refering

to,the
sam

e
happens

to
the

argum
ent
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T
h

e
p

aram
eter

a
r
g
s

in
m
a
i
n

m
eth

o
d

s

a
r
g
s

in
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
)
{
.
.
.
}

is
an

array
ofstring

objects
thatshould

be
provided

as
com

m
and-line

argum
ents

w
hen

the

program
is

executed.Inside
the

m
a
i
n

m
ethod

you
can

refer
to

the
strings

as
a
r
g
s
[
0
]

,

a
r
g
s
[
1
]

,etcetera.

E
xam

p
le:

c
l
a
s
s

P
e
n
s
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
)
{

d
o
u
b
l
e

p
e
n
s
i
o
n
=

I
n
t
e
g
e
r
.
p
a
r
s
e
I
n
t
(
a
r
g
s
[
0
]
)

*
0
.
1
;

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

p
e
n
s
i
o
n

i
s
:
"
+

(
i
n
t
)
p
e
n
s
i
o
n
)
;

}

}E
xam

ple
ofprogram

execution:

$
j
a
v
a
P
e
n
s
i
o
n

3
0
0
0
0
0

Y
o
u
r

p
e
n
s
i
o
n
i
s
:
3
0
0
0
0
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A
rrays

h
avin

g
o

b
jects

as
elem

en
ts

A
n

array
can

contain
allkinds

ofdata;also
references

to
objects.

E
xam

p
le:

D
eclaration

ofa
variable

for
arrays

having
references

to
T

im
e

objects:

T
i
m
e
[
]
t
v
n
e
w
s
;
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A
rrays

h
avin

g
o

b
jects

as
elem

en
ts

D
eclaration

and
initialization

ofarray
having

space
for

5
references

to
T

im
e

objects:
T
i
m
e
[
]
t
v
n
e
w
s

=
n
e
w
T
i
m
e
[
5
]
;

N
o
T
i
m
e

objects
are

created
by

this.A
llthe

elem
ents

in
the

array
t
v
n
e
w
s

are
initialized

to

n
u

ll.

0
1

2

n
u
l
l

n
u
l
l

n
u
l
l

t
v
1
n
e
w
s

n
u
l
l

n
u
l
l

3
4

T
im

e
objects

have
to

be
created

explicitly,e.g.:
t
v
n
e
w
s
[
0
]

=
n
e
w
T
i
m
e
(
6
,
3
0
)
;

t
v
n
e
w
s
[
1
]

=
n
e
w
T
i
m
e
(
1
8
,

3
0
)
;

t
v
n
e
w
s
[
2
]

=
n
e
w
T
i
m
e
(
1
9
,

0
)
;

t
v
n
e
w
s
[
3
]

=
n
e
w
T
i
m
e
(
2
1
,

0
)
;

t
v
n
e
w
s
[
4
]

=
n
e
w
T
i
m
e
(
2
2
,

0
)
;
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A
rrays

h
avin

g
o

b
jects

as
elem

en
ts

D
eclaration

and
initialization

w
ith

references
to

T
im

e
objects

(thatare
created

atthe
sam

e

tim
e):
T
i
m
e
[
]
t
v
n
e
w
s

=
{
n
e
w
T
i
m
e
(
6
,
3
0
)
,

n
e
w
T
i
m
e
(
1
8
,
3
0
)
,

n
e
w
T
i
m
e
(
1
9
,

0
)
,
n
e
w
T
i
m
e
(
2
1
,
0
)
,

n
e
w
T
i
m
e
(
2
2
,

0
)
}
;

:
 
T
i
m
e

h
o
u
r
s

m
i
n

6

3
0

:
 
T
i
m
e

h
o
u
r
s

m
i
n

1
8

3
0

:
 
T
i
m
e

h
o
u
r
s

m
i
n

1
90

:
 
T
i
m
e

h
o
u
r
s

m
i
n

:
 
T
i
m
e

h
o
u
r
s

m
i
n

2
20

0
1

2
3

4

2
10

t
v
n
e
w
s
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S
everalelem

en
ts

o
f

an
array

can
refer

to
th

e
sam

e
o

b
ject

T
i
m
e

t
1

=
n
e
w
T
i
m
e
(
1
8
,

0
)
;

T
i
m
e
[
]

c
l
o
s
i
n
g
_
t
i
m
e

=
{
t
1
,
t
1
,

t
1
,
t
1
,
n
e
w

T
i
m
e
(
1
6
,

0
)

}
;

:
 
T
i
m
e

h
o
u
r
s

m
i
n

1
60

:
 
T
i
m
e

h
o
u
r
s

m
i
n

1
80

0
1

2
3

4

t
1

c
l
o
s
i
n
g
_
t
i
m
e
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M
u

ltid
im

en
sio

n
alarrays

T
he

elem
ents

ofan
array

can
also

be
arrays.T

hatgives
a

m
ultidim

ensionalarray.

E
xam

p
le:

a
cinem

a
can

be
m

odelled
as

an
arra y

ofrow
s;a

row
as

an
array

ofseats.E
ach

seatis
registered

as
occupied

(tru
e)

or
vacant(false).

E
rgo:a

cinem
a

is
a

tw
o-dim

ensionalarray
ofb

o
o

lean
s.

D
eclaration

ofa
tw

o-dim
ensionalarray

ofb
o

o
lean

s:
b
o
o
l
e
a
n
[
]
[
]

b
i
o
;

C
reation

ofa
“

”
cinem

a
(allelem

ents
are

autom
atically

initialized
to

false):
b
i
o

=
n
e
w
b
o
o
l
e
a
n
[
5
]
[
6
]
;

N
um

ber
ofrow

s:
b
i
o
.
l
e
n
g
t
h

R
eservation

ofrow
2

seat5:
b
i
o
[
2
]
[
5
]

=
tru

e;

Is
row

3
seat1

vacant?
b
i
o
[
3
]
[
1
]
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b
i
o
:

F
FFFFF

FF

FFFFFF
F F F F

F F F F
F

F

FFFF F F
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M
u

ltid
im

en
sio

n
alarrays

D
eclaration,creation

and
initialization

in
one

step:

b
o
o
l
e
a
n
[
]
[
]
b
i
o

=

{
{
f
a
l
s
e
,
f
a
l
s
e
,
t
r
u
e
,
t
r
u
e
,
f
a
l
s
e
,
f
a
l
s
e
}
,

{
f
a
l
s
e
,
t
r
u
e
,

t
r
u
e
,
t
r
u
e
,
t
r
u
e
,
t
r
u
e

}
,

{
f
a
l
s
e
,
f
a
l
s
e
,
t
r
u
e
,
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
}
,

{
t
r
u
e
,
t
r
u
e
,

f
a
l
s
e
,
t
r
u
e
,
f
a
l
s
e
,
t
r
u
e

}
,

{
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
}
}
;

FFTTFF b
i
o
:

FTTTTT

FFTFFF

TTFTFT

FFFFFF
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M
o

re
m

u
ltid

im
en

sio
n

alarrays

T
he

row
s

in
a

tw
o-dim

ensionalarray
need

not
have

the
sam

e
num

ber
ofelem

ents:

b
o
o
l
e
a
n
[
]
[
]
b
i
o

=

{
{
f
a
l
s
e
,
f
a
l
s
e
,
t
r
u
e
,
t
r
u
e
,
f
a
l
s
e
,
f
a
l
s
e
}
,

{
f
a
l
s
e
,
t
r
u
e
,
t
r
u
e
,
t
r
u
e
,
t
r
u
e
}
,

{
f
a
l
s
e
,
f
a
l
s
e
,
t
r
u
e
,
t
r
u
e
}
,

{
t
r
u
e
,
t
r
u
e
,
f
a
l
s
e
}
,

{
f
a
l
s
e
,
f
a
l
s
e
,
f
a
l
s
e
}
}
;

R
ow

0
has

6
seats.

R
ow

1
has

5
seats.

R
ow

2
has

4
seats.

R
ow

s
3

and
4

have
3

seats.

b
i
o
:

FTTTT

FFTT

TTF

FFF

FFTTFF
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C
o

m
m

an
d

lin
e

an
d

m
u

ltid
im

en
sio

n
alarrays

(1)

E
xercise:

w
rite

a
program

C
i
n
e
m
a
D
e
c
l

thatreads
a

sequence
ofintegers.

E
ach

integer
states

how
m

any
seats

there
are

on
a

given
row

in
a

cinem
a.

T
he

num
ber

ofintegers
states

the
num

ber
ofrow

s
in

the
cinem

a.

T
he

program
should

printthe
layoutofthe

cinem
a.

E
xam

p
le

o
f

execu
tio

n
:

$
j
a
v
a
C
i
n
e
m
a
D
e
c
l

6
5

4
3

3

O
O
O

O
O

O

O
O
O

O
O

O
O
O

O

O
O
O

O
O
O
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C
o

m
m

an
d

lin
e

an
d

m
u

ltid
im

en
sio

n
alarrays

(2)

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
)
{

b
o
o
l
e
a
n
[
]
[
]

b
i
o
=
n
e
w
b
o
o
l
e
a
n
[
a
r
g
s
.
l
e
n
g
t
h
]
[
]
;

f
o
r

(
i
n
t

i
=
0
;

i
<
a
r
g
s
.
l
e
n
g
t
h
;

i
=
i
+
1
)

{

i
n
t
s
e
a
t
s
O
n
R
o
w
=

I
n
t
e
g
e
r
.
p
a
r
s
e
I
n
t
(
a
r
g
s
[
i
]
)
;

b
i
o
[
i
]

=
n
e
w
b
o
o
l
e
a
n
[
s
e
a
t
s
O
n
R
o
w
]
;

}f
o
r

(
i
n
t

r
o
w
=
0
;
r
o
w
<
b
i
o
.
l
e
n
g
t
h
;
r
o
w
=
r
o
w
+
1
)

{

f
o
r
(
i
n
t
s
e
a
t
=
0
;

s
e
a
t
<
b
i
o
[
r
o
w
]
.
l
e
n
g
t
h
;

s
e
a
t
=
s
e
a
t
+
1
)

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

"
)
;

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

}

}
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A
rrays

o
f

variab
le

len
g

th

In
the

C
D

exam
ple

in
section

6.1
ofthe

book,itis
show

n
how

you
can

increase
the

length
ofan

array
dynam

ically.(S
ee

the
i
n
c
r
e
a
s
e
S
i
z
e

m
ethod

in
listing

6.8.)
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U
sin

g
arrays

fo
r

so
rtin

g

A
w

ell-know
n

subjectin
com

puter
science

is
sorting

item
s

(e.g.integers)
in

an
array

so
that

sm
aller

item
s

com
e

before
larger

ones.

E
xam

p
le:

S
orting

the
array

0
1

2
3

4

3
9

6
1

2

gives

0
1

2
3

4

1
2

3
6

9

F
o

rm
ald

efi
n

itio
n

:
a

sorting
algorithm

is
an

algorithm
thatm

akes
a

perm
utation

ofthe
item

s
in

an
array

a
,such

thata
[
i
]

a
[
i
+
1
]

for
0
<
=

i
<
=

a
.
l
e
n
g
t
h
-
2

,w
here

is
a

given
totalordering

relation
(e.g.<

=
for

integers).

M
any

algorithm
s

for
sorting

exist.T
he

book
show

s
tw

o
ofthem

:

selection
sort

and
insertion

sort.
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Id
ea

o
f

selectio
n

so
rt

S
tartfrom

one
end.F

ind
the

sm
allestitem

ofthose
item

s
thatare

notyetplaced
w

here
they

should
be.P

utitin
its

finalposition.R
epeatthis

untilallitem
s

are
in

their
finalposition.

S
tartw

ith
3.1

is
sm

allest.Interchange
1

and
3.

3
9

6
1

2

S
tartw

ith
9.2

is
sm

allest.Interchange
2

and
9.

1
9

6
3

2

S
tartw

ith
6.3

is
sm

allest.Interchange
3

and
6.

1
2

6
3

9

S
tartw

ith
6.6

is
sm

allest.Interchange
6

and
6.

1
2

3
6

9

1
2

3
6

9
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T
h

e
selectio

n
so

rt
alg

o
rith

m

p
u
b
l
i
c

s
t
a
t
i
c
v
o
i
d

s
e
l
e
c
t
i
o
n
S
o
r
t
(
i
n
t
[
]
n
u
m
b
e
r
s
)
{

i
n
t
m
i
n
,

t
e
m
p
;

f
o
r
(
i
n
t
i
=
0
;

i
<
n
u
m
b
e
r
s
.
l
e
n
g
t
h
-
1
;

i
=
i
+
1
)

{
m
i
n
=

i
;

/
/
f
i
n
d
i
n
d
e
x

m
i
n
o
f
s
m
a
l
l
e
s
t

i
t
e
m

i
n
A
[
i
.
.

]

f
o
r
(
i
n
t
s
c
a
n
=
i
+
1
;

s
c
a
n
<
n
u
m
b
e
r
s
.
l
e
n
g
t
h
;

s
c
a
n
=
s
c
a
n
+
1
)

i
f

(
n
u
m
b
e
r
s
[
s
c
a
n
]

<
n
u
m
b
e
r
s
[
m
i
n
]
)

m
i
n
=
s
c
a
n
;

/
/
s
w
a
p
t
h
e
i
t
e
m
s

a
t
i
n
d
e
x

i
a
n
d
m
i
n

t
e
m
p
=
n
u
m
b
e
r
s
[
m
i
n
]
;

n
u
m
b
e
r
s
[
m
i
n
]
=
n
u
m
b
e
r
s
[
i
]
;

n
u
m
b
e
r
s
[
i
]
=

t
e
m
p
;

}

}
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