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P
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m
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P
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S
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R
ecu

rsio
n

:
m

eth
o

d
s

th
at

callth
em

selves

A
m

ethod
can

invoke
another

m
ethod.

A
m

ethod
can

also
invoke

itself.
S

uch
a

m
ethod

is
said

to
be

recursive.
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E
xam

p
le:

facto
rialfu

n
ctio

n

T
he

function
,pronounced

factorial,gives
the

num
ber

ofperm
utations

of
item

s.

E
.g.3

persons
can

siton
a

bench
in

differentperm
utations.

T
he

factorialfunction
can

be
defined

as
follow

s

H
ow

ever,the
factorialfunction

can
also

be
defined

recursively:

ifif

T
he

firstdefinition
is

m
osteasily

im
plem

ented
as

a
loop

(i.e.
as

an
iterative

m
ethod).

T
he

second
definition

is
m

osteasily
im

plem
ented

as
a

m
ethod

thatcalls
itself(i.e.

as
a

recursive
m

ethod).

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
19th

N
ovem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
P

age
11-3

Iterative
an

d
recu

rsive
calcu

latio
n

s
o

f

p
u
b
l
i
c
c
l
a
s
s

F
a
c
t
o
r
i
a
l

{
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

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

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

i
s
"

+
i
f
a
c
(
n
)
)
;

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

i
s
"

+
r
f
a
c
(
n
)
)
;

}s
t
a
t
i
c
i
n
t

i
f
a
c
(
i
n
t
n
)

{
/
/

I
t
e
r
a
t
i
v
e

f
a
c
t
o
r
i
a
l
f
u
n
c
t
i
o
n

i
n
t

r
e
s
u
l
t
=
1
;

f
o
r

(
i
n
t

i
=
n
;

i
>
=

1
;
i
=
i
-
1
)

r
e
s
u
l
t
=
r
e
s
u
l
t
*
i
;

r
e
t
u
r
n

r
e
s
u
l
t
;

}s
t
a
t
i
c
i
n
t

r
f
a
c
(
i
n
t
n
)

{
/
/

R
e
c
u
r
s
i
v
e

f
a
c
t
o
r
i
a
l
f
u
n
c
t
i
o
n

i
f

(
n

=
=

0
)

r
e
t
u
r
n
1
;

e
l
s
e
r
e
t
u
r
n
n
*
r
f
a
c
(
n
-
1
)
;

}
}
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H
ow

r
f
a
c
(
3
)

is
evalu

ated
in

th
e

m
ach

in
e

r
f
a
c
(
3
)

3
*

r
f
a
c
(
2
)

3
*

(
2
*
r
f
a
c
(
1
)
)

3
*

(
2
*
(
1

*
r
f
a
c
(
0
)
)
)

3
*

(
2
*
(
1

*
1
)
)

3
*

(
2
*
1
)

3
*

2

6

D
uring

the
evaluation,the

recursive
m

ethod
invocations

require
allocation

ofm
em

ory
for

not

com
pleted

expressions.

R
ecursive

m
ethod

invocations
are

a
little

slow
er

than
repetitions

in
a

loop.
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S
o

m
e

p
ro

b
lem

s
are

m
o

re
eleg

an
tly

so
lved

u
sin

g
recu

rsive
m

eth
o

d
s

E
xam

ple:
the

tow
ers

ofH
anoi

A
lldisks

should
be

m
oved

from
tow

er
A

to
tow

er
B

.

O
nly

m
ove

one
disk

ata
tim

e.

N
ever

place
a

larger
disk

on
the

top
ofa

sm
aller

disk.

A
B

C
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E
xam

p
le:

th
e

tow
ers

o
f

H
an

o
i,alg

o
rith

m

M
ove

disks
from

tow
er

A
to

tow
er

B
via

an
extra

tow
er

C
:

1.
M

ove
the

topm
ostdisks

from
tow

er
A

to
tow

er
C

.
2.

M
ove

a
disk

from
tow

er
A

to
tow

er
B

.
3.

M
ove

the
topm

ostdisks
from

tow
er

C
to

tow
er

B
.

To
m

ake
step

1
use

the
recipe

replacing
‘

’w
ith

‘
’,‘B

’w
ith

‘C
’and

‘C
’w

ith
‘B

’:

M
ove

disks
from

tow
er

A
to

tow
er

C
via

an
extra

tow
er

B
:

1.
M

ove
the

topm
ostdisks

from
tow

er
A

to
tow

er
B

.
2.

M
ove

a
disk

from
tow

er
A

to
tow

er
C

.
3.

M
ove

the
topm

ostdisks
from

tow
er

B
to

tow
er

C
.

S
im

ilarly,to
m

ake
step

3
replace

‘
’w

ith
‘

’,‘A
’w

ith
‘C

’and
‘C

’w
ith

‘A
’:

M
ove

disks
from

tow
er

C
to

tow
er

B
via

an
extra

tow
er

A
:

1.
M

ove
the

topm
ostdisks

from
tow

er
C

to
tow

er
A

.
2.

M
ove

a
disk

from
tow

er
C

to
tow

er
B

.
3.

M
ove

the
topm

ostdisks
from

tow
er

A
to

tow
er

B
.

In
order

to
m

ove
zero

disks
you

do
notneed

to
do

anything.
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H
an

o
i–

exam
p

le
w

ith
3

d
isks

1.
M

ove
disk

1,2
from

A
to

C
via

B

(a)
M

ove
disk

1
from

A
to

B

(b)
M

ove
disk

2
from

A
to

C

(c)
M

ove
disk

1
from

B
to

C

2.
M

ove
disk

3
from

A
to

B

3.
M

ove
disk

1,2
from

C
to

B
via

A

(a)
M

ove
disk

1
from

C
to

A

(b)
M

ove
disk

2
from

C
to

B

(c)
M

ove
disk

1
from

A
to

B

1
a

1
b

1
c2

3
a

3
b

3
c

A
B

C

A
C

B
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E
xam

p
le:

‘th
e

tow
ers

o
f

H
an

o
i’in

Java
(H
a
n
o
i
.
j
a
v
a

)

p
u
b
l
i
c
c
l
a
s
s

H
a
n
o
i
{

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

v
o
i
d
m
o
v
e
(
i
n
t

n
,
S
t
r
i
n
g

f
r
o
m
,
S
t
r
i
n
g
t
o
,

S
t
r
i
n
g
v
i
a
)

{
i
f

(
n

>
0
)

{
m
o
v
e
(
n
-
1
,

f
r
o
m
,
v
i
a
,

t
o
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
M
o
v
e
d
i
s
k

"
+

n
+

"
f
r
o
m

"
+
f
r
o
m

+
"

t
o
"
+

t
o
)
;

m
o
v
e
(
n
-
1
,

v
i
a
,
t
o
,

f
r
o
m
)
;

}
}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

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

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
M
o
v
i
n
g
"
+

n
+
"
d
i
s
k
s

f
r
o
m

A
t
o

B
v
i
a
C
:
"
)
;

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

m
o
v
e
(
n
,

"
A
"
,

"
B
"
,

"
C
"
)
;

}
}
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M
ain

id
ea

in
recu

rsio
n

S
om

e
problem

s
can

be
solved

by
solving

one
or

m
ore

subproblem
s

ofthe
sam

e
kind.

E
.g.the

to w
ers

ofH
anoi:

m
ove

a
stack

of
disks

by

m
oving

a
stack

of
disks,

m
oving

1
disk,and

m
oving

a
stack

of
disks

S
uch

a
strategy

for
problem

solving
is

called
‘divide-and-conquer’(D

anish:
‘D

elog
hersk’).

Itis
w

ell-suited
for

im
plem

entation
w

ith
recursive

m
ethods.

T
he

strategy
only

w
orks

if:

each
subproblem

is
sim

pler
than

the
originalone,and

it term
inates

w
ith

a
trivialsubproblem

(e.g.
m

ove
a

stack
of0

disks)
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