
A
PS

105
–

C
om

puter
Fundam

entals

L
ab

#5:
R

ecursion

Fall1999

(To
be

com
pleted

before
your

lab
period,w

eek
of

O
ctober

11.
D

ue
to

T
hanksgiving

on
M

onday,those
stu-

dents
w

illhave
a

m
akeup

lab
T

uesday
6–8pm

.)

O
bjective:

To
understand

how
recursion

w
orks.

1
P

rinting
A

L
istofN

um
bers

in
R

everse
O

rder

D
esign,im

plem
entand

testa
Java

program
thatreads

a
listofnum

bers
and

prints
them

in
reverse

order.
T

he
num

ber�

w
illend

the
list,and

is
notto

be
included

in
the

output.
U

se
recursion

to
reverse

the
list.

D
o

not
use

an
array

or
any

other
data

structure
thathas

notyetbeen
discussed

in
class.

H
int:

D
esign

a
m

ethod
“reverseN

um
bers”

thatreads
an

integerand
returns

ifit’s� ;otherw
ise

the
m

ethod
calls

itself
to

process
the

other
integers

in
the

listand
then

prints
the

integer.

Y
our

code
w

illlook
som

ething
like

this:

p
u
b
l
i
c
c
l
a
s
s
R
e
v
e
r
s
e
{

p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d
r
e
v
e
r
s
e
N
u
m
b
e
r
s
(
)
{

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

i
n
t
i
=
S
t
d
i
n
.
g
e
t
I
n
t
(
)
;

/
/
*
*
*
*
P
U
T
Y
O
U
R
C
O
D
E
H
E
R
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
)
{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
E
n
t
e
r
a
l
i
s
t
o
f
i
n
t
e
g
e
r
s
,
e
n
d
i
n
g
w
i
t
h
0
.
"
)
;

r
e
v
e
r
s
e
N
u
m
b
e
r
s
(
)
;

}
}

E
xecution

of
the

program
should

be
sim

ilar
to

the
exam

ple
thatfollow

s.
T

he
inputsupplied

by
the

user
is

show
n

in
bold.

E
n
t
e
r
a
l
i
s
t
o
f
i
n
t
e
g
e
r
s
,
e
n
d
i
n
g
w
i
t
h
0
.

E
n
t
e
r
a
n
i
n
t
e
g
e
r
:

8
E
n
t
e
r
a
n
i
n
t
e
g
e
r
:

-2
E
n
t
e
r
a
n
i
n
t
e
g
e
r
:

3
E
n
t
e
r
a
n
i
n
t
e
g
e
r
:

0
3-
2
8

1

2
F

inding
R

oots
ofA

ny
F

unction

In
lab

assignm
ent3

you
used

an
equation

to
determ

ine
the

roots
ofa

quadratic
function.In

general,itis
m

ore
difficultto

find
roots

of
higher-order

polynom
ials

(those
w

ith
high

pow
ers

of
x).

In
this

section
you

w
illuse

a
generalm

ethod
to

directly
search

for
the

roots
of

a
function,and

you
w

illuse
recursion

to
im

plem
entit.

T
he

m
ethod

is
called

the
“bisection

m
ethod.”

T
he

bisection
m

ethod
is

a
m

eans
offinding

an
approxim

ate
rootforthe

equation�� �� �
�

on
the

interval

� ��� �

to�	 

� ��

inclusive.(W
e

w
illassum

e
thatthe

function
is

continuous
in

this
interval.)

Y
ou

should
ask

the
user

for
3
d
o
u
b
l
e

values:




the
intervalendpoints,� ��� �

and�	 

� ��




the
tolerance

for
the

approxim
ation,�� �


���

T
he

figure
below

show
s

an
exam

ple
situation:

X
M

id

X
L

eft
0

f(X
L

eft)

f(X
M

id)

f(X
R

ight)

y

x

y =
 f(x)

X
R

ight

T
he

goalis
to

find
an

interval� � ��� �
� �	 


� ��
� thatis

less
than�� �


���

in
length

overw
hich

the
function

changes
sign

(and
hence

m
ustbe

equalto
zero,the

root,som
ew

here
betw

een
the

tw
o

points).
T

he
m

idpoint
of

the
interval

� �

�

� � ��� �
� �	 


� ��

���

w
illthen

be
an

approxim
ation

of
the

rootof
the

equation.
Ifyou

happen
to

find
a

value
of�� � �


�
� thatdoes

equalzero
then

you
are

done
and

the
program

should
stop.

If
the

sign
change

happens
in

the
interval� � ��� �

� � �

�

� then
let�	 


� ��
�� �


�

,and
sim

ilarly
if

the
change

is
in

the
other

interval.
T

hen
repeatthe

process.

2



3
U

sing
Y

our
R

ootSolver

In
the

sections
below

,you
are

to
use

your
rootsolver

program
to

find
solutions

for
tw

o
fixed

equations
and

one
generalequation.
For

the
firsttw

o
parts,you

w
illrun

you
program

w
ith

differentvalues
of� ��� �

,�	 

� ��

,and�� �

���

until
you

find
the

roots.
If

the�� �

���

value
you

choose
is

too
large,

you
m

ay
not

find
a

root.
If

it
is

too
sm

all,your
program

m
ay

take
a

long
tim

e
to

find
a

root.
ForPartC

,you
should

prom
ptthe

userforthe
coefficients

fora
generalcubic,as

w
ellas� ��� �

,�	 

� ��

,
and�� �


���

.
Y

ourprogram
should

try
to

find
one

rootbetw
een� ��� �

and�	 

� ��

.
O

nly
PartC

is
going

to
be

m
arked,butyou

should
attem

ptto
do

PartA
and

B
firstto

fam
iliarize

yourself
w

ith
the

conceptbefore
m

oving
on

to
PartC

.
For

the
optionalPartD

,your
program

should
expand

on
partC

by
finding

as
m

any
roots

as
itcan.

Y
ou

m
ay

stillask
the

userforthe
valuesattem

ptto
choose

appropriate
valuesbetw

een� ��� �

,�	 

� ��

,and�� �

���

,
or

you
can

have
your

program
attem

ptto
choose

them
autom

atically.

P
artA

Find
an

approxim
ation

to
the

equation

� � �
�

�� �
� �

�
�

over
the

interval� � �  � using�� �

���

�
� ����  .

Y
our

program
should

use
a

recursive
im

plem
entation

of
the

bisection
m

ethod.

P
artB

M
odify

your
program

from
PartA

to
find

approxim
ations

to
the

three
roots

of
the

equation

�� �
�� �
�

 �
�

�
! �
�

Y
ou

m
ay

assum
e

thatallroots
are

realnum
bers.

P
artC

M
odify

your
solution

to
PartB

to
be

a
m

ore
generalrootsolver.

A
sk

the
user

for
the

the
coefficient

values

"

, #

,$

,and %

of
the

equation

" &
� �

� # &
� �

�
$ &
�

�
%

�
�

Y
ou

should
also

ask
the

user
for� ��� �

,�	 

� ��

,and�� �

���

.
Y

our
program

should
only

find
1

root.
To

speed
up

the
user’s

search
for

the
roots,

you
m

ay
find

it
helpful

to
repeatedly

ask
the

user
for

new
intervalvalues.C

allyourbisection
m

ethod
foreach

new
intervalentered.Ifyou

do
this,yourprogram

should
end

w
hen

an
invalid

intervalis
entered

(for
exam

ple,if� ��� �

¿�	 

� ��

).

P
artD

(O
P

T
IO

N
A

L
)

Instead
of

finding
just

a
single

root
of

the
equation,m

odify
the

program
so

that
if

finds
all

of
the

roots
of

the
equation,by

cleverly
dividing

up
and

searching
the

space
betw

een� ��� �

and�	 

� ��

.
Y

ou
only

have
to

find
real

roots,and
your

program
m

ustgive
up

at
som

e
point(it

m
ustnot

run
forever,

nor
should

it
run

foran
exceptionally

long
tim

e).
A

lso,instead
ofhaving

the
userenter�� �


���

orthe
endpoints

ofthe
search

interval,you
m

ay
try

to
have

your
program

determ
ine

them
autom

atically.

H
int:

Find
the

derivative
and

solve
itusing

the
quadratic

equation.T
his

w
illtellyou

how
m

any
localm

inim
a

3

and
m

axim
a

the
cubic

equation
has,as

w
ellas

w
here

they
are.U

se
this

know
ledge

to
betterselectyoursearch

intervals.
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5

4
Solution

to
L

ab
3

B
elow

you
w

illfind
a

sam
ple

solution
to

lab
3.N

otice
how

variable
nam

eshave
been

chosen
to

be
descriptive.

T
here

are
com

m
ents

placed
atstrategic

points
to

explain
w

hatis
being

done
w

hen
itm

ay
notbe

com
pletely

clear.
T

he
cornercases

have
been

carefully
separated

and
handled

appropriately
(how

m
any

ofyou
forgotto

check
for

divide-by-zero?
if

you
did,did

you
also

check
for

an
invalid

equation
w

hen
a

and
b

are
both

zero
butc

is
nonzero?).

/
/
Q
u
a
d
r
a
t
i
c
R
o
o
t
S
o
l
v
e
r

/
/
S
a
m
p
l
e
S
o
l
u
t
i
o
n
(
A
n
t
h
o
n
y
C
o
x
,
S
e
p
t
9
9
)

/
/
T
h
i
s
p
r
o
g
r
a
m
a
s
k
s
f
o
r
c
o
e
f
f
i
c
i
e
n
t
s
t
o
t
h
e
e
q
u
a
t
i
o
n

/
/

a
*
x
ˆ
2
+
b
*
x
+
c
=
0

/
/
a
n
d
t
h
e
n
t
r
i
e
s
t
o
f
i
n
d
t
h
e
s
o
l
u
t
i
o
n
(
s
)
f
o
r
x
.

/
/

/
/
I
t
s
h
o
u
l
d
h
a
n
d
l
e
a
l
l
t
y
p
e
s
o
f
v
a
l
u
e
s
f
o
r
a
,
b
,
a
n
d
c

/
/
e
l
e
g
a
n
t
l
y
.

c
l
a
s
s
Q
u
a
d

{

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
a
,
b
,
c
;

/
/
C
o
e
f
f
i
c
i
e
n
t
s

d
o
u
b
l
e
d
i
s
c
r
i
m
i
n
a
n
t
,

/
/
b
ˆ
2
-
4
a
c
p
a
r
t
o
f
f
o
r
m
u
l
a

r
o
o
t
,

/
/
s
q
u
a
r
e
r
o
o
t
o
f
d
i
s
c
r
i
m
i
n
a
n
t

t
w
o
A
;

/
/
2
a
p
a
r
t
o
f
f
o
r
m
u
l
a

/
/
W
h
e
t
h
e
r
t
h
i
s
i
s
c
e
n
t
e
r
e
d
d
e
p
e
n
d
s
o
n
y
o
u
r
w
i
n
d
o
w
w
i
d
t
h
.
.
.

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

"
Q
u
a
d
r
a
t
i
c
E
q
u
a
t
i
o
n
S
o
l
v
e
r
"
)
;

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

"
T
h
i
s
p
r
o
g
r
a
m
a
c
c
e
p
t
s
t
h
r
e
e
v
a
l
u
e
s
f
o
r
t
h
e
u
s
e
r
t
h
a
t
"
)
;

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

"
c
o
r
r
e
s
p
o
n
d
t
o
t
h
e
t
h
r
e
e
v
a
r
i
a
b
l
e
s
i
n
t
h
e
q
u
a
d
r
a
t
i
c
e
q
u
a
t
i
o
n
"
)
;

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

"
a
x
ˆ
2
+
b
x
+
c
=
0
"
)
;

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

"
a
n
d
s
o
l
v
e
s
f
o
r
t
h
e
r
o
o
t
s
o
f
t
h
e
e
q
u
a
t
i
o
n
.
"
)
;

/
/
I
n
i
t
i
a
l
i
z
a
t
i
o
n
p
h
a
s
e
:
g
e
t
t
h
e
f
i
r
s
t
s
e
t
o
f
c
o
e
f
f
i
c
i
e
n
t
s

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

"
E
n
t
e
r
v
a
l
u
e
s
-
-
a
l
l
z
e
r
o
e
s
w
i
l
l
t
e
r
m
i
n
a
t
e
t
h
e
p
r
o
g
r
a
m
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
a
:
"
)
;

a
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
b
:
"
)
;

b
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
c
:
"
)
;

c
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;
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/
/
S
o
l
v
e
/
p
r
i
n
t
/
i
n
p
u
t
l
o
o
p

w
h
i
l
e
(
!
(
(
a
=
=
0
)
&
&
(
b
=
=
0
)
&
&
(
c
=
=
0
)
)
)

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

(
"
T
h
e
s
o
l
u
t
i
o
n
s
o
f
"
+
a
+
"
x
ˆ
2
+
"
)
;

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

(
b
+
"
x
+
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
c
+
"
=
0
a
r
e
"
)
;

d
i
s
c
r
i
m
i
n
a
n
t
=
b
*
b
-
4
*
a
*
c
;

t
w
o
A
=
2
*
a
;

/
/
F
i
n
d
a
n
d
p
r
i
n
t
t
h
e
r
o
o
t
s

i
f
(
a
=
=
0
)
{

/
/
A
v
o
i
d
d
i
v
i
d
e
b
y
z
e
r
o
e
r
r
o
r
i
f
a
i
s
z
e
r
o
.

/
/
T
h
e
r
e
c
a
n
b
e
o
n
l
y
1
r
o
o
t
.

i
f
(
b
=
=
0
)
{

/
/
h
e
r
e
,
a
=
=
0
,
b
=
=
0
,
c
!
=
0
,
s
o
t
h
e
e
q
u
a
t
i
o
n
r
e
a
d
s

/
/
"
c
=
0
"
,
w
h
i
c
h
c
a
n
’
t
b
e
t
r
u
e
s
i
n
c
e
c
i
s
n
o
n
z
e
r
o
.

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
E
r
r
o
r
:
c
o
e
f
f
i
c
i
e
n
t
s
a
r
e
n
o
t
v
a
l
i
d
"
)
;

}
e
l
s
e
{

/
/
w
e
k
n
o
w
b
!
=
0
,
i
t
’
s
o
k
t
o
d
i
v
i
d
e
n
o
w

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
R
o
o
t
1
:
"
+
(
(
-
1
*
c
)
/
b
)
)
;

}

}
e
l
s
e
i
f
(
d
i
s
c
r
i
m
i
n
a
n
t
<
0
)
{

/
/
2
c
o
m
p
l
e
x
r
o
o
t
s

r
o
o
t
=
M
a
t
h
.
s
q
r
t
(
-
1
*
d
i
s
c
r
i
m
i
n
a
n
t
)
;

d
o
u
b
l
e
r
e
a
l
P
a
r
t
=
-
b
/
t
w
o
A
;

d
o
u
b
l
e
i
m
a
g
P
a
r
t
=
r
o
o
t
/
t
w
o
A
;

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

(
"
R
o
o
t
1
:
"
+
r
e
a
l
P
a
r
t
+
"
+
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
i
m
a
g
P
a
r
t
+
"
i
"
)
;

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

(
"
R
o
o
t
2
:
"
+
r
e
a
l
P
a
r
t
+
"
-
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
i
m
a
g
P
a
r
t
+
"
i
"
)
;

}
e
l
s
e
i
f
(
d
i
s
c
r
i
m
i
n
a
n
t
=
=
0
)
{

/
/
o
n
l
y
1
r
e
a
l
r
o
o
t

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
R
o
o
t
1
:
"
+
(
-
b
/
t
w
o
A
)
)
;

}
e
l
s
e
{

/
/
2
r
e
a
l
r
o
o
t
s

r
o
o
t
=
M
a
t
h
.
s
q
r
t
(
d
i
s
c
r
i
m
i
n
a
n
t
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
R
o
o
t
1
:
"
+
(
(
-
b
+
r
o
o
t
)
/
t
w
o
A
)
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
R
o
o
t
2
:
"
+
(
(
-
b
-
r
o
o
t
)
/
t
w
o
A
)
)
;

}/
/
G
e
t
t
h
e
n
e
x
t
s
e
t
o
f
c
o
e
f
f
i
c
i
e
n
t
s

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

/
/
b
l
a
n
k
l
i
n
e

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

"
E
n
t
e
r
v
a
l
u
e
s
-
-
a
l
l
z
e
r
o
e
s
w
i
l
l
t
e
r
m
i
n
a
t
e
t
h
e
p
r
o
g
r
a
m
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
a
:
"
)
;

a
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
b
:
"
)
;

b
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
t
h
e
v
a
l
u
e
o
f
c
:
"
)
;

c
=
S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
)
;

}
/
/
e
n
d
w
h
i
l
e

/
/
T
e
r
m
i
n
a
t
i
o
n

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
E
n
d
o
f
P
r
o
g
r
a
m
"
)
;

}
}
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