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B
uild

ing
R
e
cursive

S
tructure
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•
In

L
e
cture

#
9
,
w
e
d
e
fine

d
m
a
p
r
l
i
s
t
and

f
i
l
t
e
r
r
l
i
s
t:

d
e
f
m
a
p
r
l
i
s
t
(
f
,
s
)
:

"
"
"
T
h
e
r
l
i
s
t
o
f
v
a
l
u
e
s
F
(
x
)
f
o
r

e
a
c
h
e
l
e
m
e
n
t
x

o
f
r
l
i
s
t
S

(
s
a
m
e
o
r
d
e
r
)
.
"
"
"

i
f

i
s
e
m
p
t
y
(
s
)
:

r
e
t
u
r
n
e
m
p
t
y
r
l
i
s
t

e
l
s
e
:r
e
t
u
r
n
m
a
k
e
r
l
i
s
t
(
f
(
f
i
r
s
t
(
s
)
)
,
m
a
p
r
l
i
s
t
(
f
,
r
e
s
t
(
s
)
)
)

d
e
f
f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
s
e
q
)
:

"
"
"
T
h
e
r
l
i
s
t
c
o
n
s
i
s
t
i
n
g
o
f
t
h
e

s
u
b
s
e
q
u
e
n
c
e
o
f
r
l
i
s
t
S
E
Q
f
o
r

w
h
i
c
h

t
h
e
1
-
a
r
g
u
m
e
n
t
f
u
n
c
t
i
o
n
C
O
N
D
r
e
t
u
r
n
s
a
t
r
u
e
v
a
l
u
e
.
"
"
"

i
f

i
s
e
m
p
t
y
(
s
e
q
)
:

r
e
t
u
r
n
e
m
p
t
y
r
l
i
s
t

e
l
i
f
c
o
n
d
(
f
i
r
s
t
(
s
e
q
)
)
:

r
e
t
u
r
n
m
a
k
e
r
l
i
s
t
(
f
i
r
s
t
(
s
e
q
)
,
f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
r
e
s
t
(
s
e
q
)
)
)

e
l
s
e
:

r
e
t
u
r
n
f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
r
e
s
t
(
s
e
q
)
)

•
In

b
oth

case
s,

th
e
original

input
rlist

is
pre

se
rve

d
and

a
ne

w
list

cre
ate

d
:
th

e
ope

ration
is

non-d
e
structive

.

•
W

e
’ve

tre
ate

d
rlists

as
im

m
utab
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unch

anging
once

cre
ate

d
.
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e
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o
ke

e
p
w
ith

Pyth
on

te
rm

inology,ad
d
ing

one
e
le
m
e
nt

to
th

e
e
nd

of
a

list
is

append
ing,

and
concate

nating
tw

o
lists

toge
th

e
r
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ex
tend

ing.
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a
k
e
r
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i
s
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m
a
k
e
r
l
i
s
t
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e
m
p
t
y
r
l
i
s
t
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L
2
=

m
a
k
e
r
l
i
s
t
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3
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m
a
k
e
r
l
i
s
t
(
4
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m
a
k
e
r
l
i
s
t
(
5
,
e
m
p
t
y
r
l
i
s
t
)
)
)

L
3
=

e
x
t
e
n
d
r
l
i
s
t
(
L
1
,
L
2
)

L
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d
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f
e
x
t
e
n
d
r
l
i
s
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(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
T
h
e
s
e
q
u
e
n
c
e
o
f

i
t
e
m
s
o
f
r
l
i
s
t
L
E
F
T
f
o
l
l
o
w
e
d
b
y
t
h
e

i
t
e
m
s
o
f
R
I
G
H
T
.
"
"
"

i
f

:

r
e
t
u
r
n

e
l
i
f

:

r
e
t
u
r
n

e
l
s
e
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r
e
t
u
r
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C
onca

te
na

ting
R
lists

(I
I
)

d
e
f
e
x
t
e
n
d
r
l
i
s
t
(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
T
h
e
s
e
q
u
e
n
c
e
o
f

i
t
e
m
s
o
f
r
l
i
s
t
L
E
F
T
f
o
l
l
o
w
e
d
b
y
t
h
e

i
t
e
m
s
o
f
R
I
G
H
T
.
"
"
"

i
f

i
s
e
m
p
t
y
(
l
e
f
t
)
:

r
e
t
u
r
n
r
i
g
h
t

e
l
i
f
i
s
e
m
p
t
y
(
r
i
g
h
t
)
:

r
e
t
u
r
n
l
e
f
t

e
l
s
e
:

r
e
t
u
r
n
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C
onca

te
na

ting
R
lists

(I
I
I
)

d
e
f
e
x
t
e
n
d
r
l
i
s
t
(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
T
h
e
s
e
q
u
e
n
c
e
o
f

i
t
e
m
s
o
f
r
l
i
s
t
L
E
F
T
f
o
l
l
o
w
e
d
b
y
t
h
e

i
t
e
m
s
o
f
R
I
G
H
T
.
"
"
"

i
f

i
s
e
m
p
t
y
(
l
e
f
t
)
:

r
e
t
u
r
n
r
i
g
h
t

e
l
i
f
i
s
e
m
p
t
y
(
r
i
g
h
t
)
:

#
N
o
t
r
e
a
l
l
y
n
e
e
d
e
d

r
e
t
u
r
n
l
e
f
t

e
l
s
e
:

r
e
t
u
r
n
m
a
k
e
r
l
i
s
t
(
f
i
r
s
t
(
l
e
f
t
)
,

e
x
t
e
n
d
r
l
i
s
t
(
r
e
s
t
(
l
e
f
t
)
,
r
i
g
h
t
)
)

•
H
e
re

,th
e
l
e
f
t
argum

e
nt

ge
ts

d
uplicate

d
,b

ut
w
ith

its
last

r
e
s
t
value

b
e
ing

r
i
g
h
t
inste

ad
of

e
m
p
t
y
r
l
i
s
t.

•
W

e
could

e
x
clud

e
th

e
first

e
lif

clause
w
ith

out
affe

cting
corre

ctne
ss

[w
h
y?]...

•
...b

ut
th

e
re

is
a
pote

ntial
ad

vantage
to

h
aving

it
[w

h
at?].
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S
till

A
noth

e
r
E
x
a
m
ple
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R
e
pla

cing
a
L
e
a
f
of

a
T
re

e

•
F
rom

le
cture

#
10

,
a
tre

e
’s
re

cursive
structure

is:

–
A

lab
e
l
and

–
Z
e
ro

or
m
ore

ch
ild

re
n,

e
ach

a
tre

e
.

•
E
x
am

ple
:
re

placing
a
le
af

w
ith

a
tre

e
.
R
e
placing

le
af

4
on

th
e
le
ft

w
ith

th
e
m
id
d
le

tre
e
give

s
th

e
tre

e
on

th
e
righ

t.
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p
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c
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r
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c
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R
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re
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w
ith
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tre

e
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R
e
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le
af

4
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e
m
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d
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e
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s
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e
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righ
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"
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t
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b
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c
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r
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e
l
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r
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R
e
pla

cing
a
L
e
a
f
of

a
T
re

e
(I
I
I
)

•
E
x
am

ple
:
re

placing
a
le
af

w
ith

a
tre

e
.
R
e
placing

le
af

4
on

th
e
le
ft

w
ith

th
e
m
id
d
le

tre
e
give

s
th

e
tre

e
on

th
e
righ

t.
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8
9

4
2

3

5

4
1

10

8
9
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4
1 2

3 ne
w
nod

e
s

d
e
f
r
e
p
l
a
c
e
l
e
a
f
(
T
1
,
v
,

T
2
)
:

"
"
"
T
h
e
t
r
e
e
T
1

w
i
t
h
a
n
y
l
e
a
f
w
h
o
s
e
l
a
b
e
l
i
s
V

r
e
p
l
a
c
e
d
b
y
s
u
b
t
r
e
e
T
2
.
"
"
"

#
I
f

v
i
s

N
O
T
i
n

T
1
,

i
f

i
s
l
e
a
f
(
T
1
)
a
n
d
l
a
b
e
l
(
T
1
)
=
=

v
:

#
w
h
e
r
e
’
s
t
h
e
b
a
s
e
c
a
s
e
?
?
!
!
!

r
e
t
u
r
n
T
2

e
l
s
e
:

r
e
t
u
r
n
m
a
k
e
t
r
e
e
(
l
a
b
e
l
(
T
1
)
,

[
r
e
p
l
a
c
e
l
e
a
f
(
c
,
v
,
T
2
)
f
o
r

c
i
n

b
r
a
n
c
h
e
s
(
T
1
)
]
)
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I
m
m
uta

b
ility

a
nd

N
ond

e
structive

O
pe

ra
tions

•
T
h
e
functions

in
th

is
le
cture

(and
in

pre
vious

one
s)

d
id

not
m
od

ify
e
x
isting

list
or

tre
e
structure

s
(only

local
variab

le
s).

•
T
h
at

is,
th

e
y
w
e
re

non-d
estructive

;
th

e
y
pre

se
rve

d
th

e
original

in-
put

d
ata:

>
>
>
L
0

=
m
a
k
e
r
l
i
s
t
(
-
3
,
m
a
k
e
r
l
i
s
t
(
-
2
,
m
a
k
e
r
l
i
s
t
(
-
1
)
)
)

>
>
>
L
0

(
-
3
,
(
-
2
,
(
-
1
,
N
o
n
e
)
)
)

#
A
s
s
u
m
e
s
e
m
p
t
y
r
l
i
s
t
i
s

N
o
n
e
.

>
>
>
L
1

=
m
a
p
r
l
i
s
t
(
a
b
s
,
L
0
)

>
>
>
L
1

(
3
,
(
2
,
(
1
,

N
o
n
e
)
)
)

>
>
>
L
0

(
-
3
,
(
-
2
,
(
-
1
,
N
o
n
e
)
)
)

•
Ind

e
e
d
,
th

e
r
l
i
s
t
inte

rface
m
ake

s
th

e
m

im
m
utab

le
.

•
T
h
is

is
a
ve

ry
use

ful
prope

rty:

–
L
ist

value
s
b
e
h
ave

like
inte

ge
r
value

s
(e
.g.):

stay
around

as
long

as
ne

e
d
e
d
in

a
com

putation.

–
S
afe

to
sh

are
sub

lists
or

sub
tre

e
s
in

tw
o
d
iffe

re
nt

structure
s.
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M
uta

b
ility

a
nd

D
e
structive

O
pe

ra
tions

•
W

h
at

if
w
e
d
on’t

ne
e
d
th

e
original

d
ata?

T
h
e
n
nond

e
structive

ope
r-

ations
h
ave

m
e
m
ory

costs,
possib

ly
tim

e
costs

as
w
e
ll.

•
F
or

e
x
am

ple
,
in

th
e
pre

ce
d
ing

e
x
t
e
n
d
r
l
i
s
t
e
x
am

ple
,
w
e
could

sim
-

ply
ke

e
p
th

e
sam

e
rlist

ob
je
cts

as
b
e
fore

,
w
ith

out
copying

anyth
ing,

and
just

ch
ange

d
th

e
pointe

r
at

th
e
e
nd

of
th

e
le
ft

list
w
ith

a
pointe

r
to

th
e
righ

t
list:

L
1
=

m
a
k
e
r
l
i
s
t
(
1
,
m
a
k
e
r
l
i
s
t
(
2
,
e
m
p
t
y
r
l
i
s
t
)
)

L
2
=

m
a
k
e
r
l
i
s
t
(
3
,
m
a
k
e
r
l
i
s
t
(
4
,
m
a
k
e
r
l
i
s
t
(
5
,
e
m
p
t
y
r
l
i
s
t
)
)
)

L
3
=

d
e
x
t
e
n
d
r
l
i
s
t
(
L
1
,
L
2
)

#
D
e
s
t
r
u
c
t
i
v
e
e
x
t
e
n
d

L
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1
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L
2
:

3
4

5

L
3
:
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M
uta

ting
O
pe

ra
tions

•
S
uppose

w
e
ad

d
tw

o
m
ore

ope
rations

to
rlist:

d
e
f
s
e
t
f
i
r
s
t
(
r
,
v
)
:

"
"
"
C
a
u
s
e
f
i
r
s
t
(
R
)
t
o
b
e

V
.
"
"
"

d
e
f
s
e
t
r
e
s
t
(
r
,
V
)
:

"
"
"
C
a
u
s
e
r
e
s
t
(
R
)
t
o

b
e
V
.
"
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"
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D
e
structive

E
x
te

nd
ing

d
e
f
e
x
t
e
n
d
r
l
i
s
t
(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
T
h
e
s
e
q
u
e
n
c
e
o
f

i
t
e
m
s
o
f
r
l
i
s
t
L
E
F
T
f
o
l
l
o
w
e
d
b
y
t
h
e

i
t
e
m
s
o
f
R
I
G
H
T
.
"
"
"

i
f

i
s
e
m
p
t
y
(
l
e
f
t
)
:

r
e
t
u
r
n
r
i
g
h
t

e
l
i
f
i
s
e
m
p
t
y
(
r
i
g
h
t
)
:

r
e
t
u
r
n
l
e
f
t

e
l
s
e
:

r
e
t
u
r
n
m
a
k
e
r
l
i
s
t
(
f
i
r
s
t
(
l
e
f
t
)
,

e
x
t
e
n
d
r
l
i
s
t
(
r
e
s
t
(
l
e
f
t
)
,
r
i
g
h
t
)
)

d
e
f
d
e
x
t
e
n
d
r
l
i
s
t
(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
R
e
t
u
r
n
s
r
e
s
u
l
t
o
f

e
x
t
e
n
d
i
n
g
L
E
F
T
w
i
t
h
R
I
G
H
T
.

M
a
y
d
e
s
t
r
o
y
o
r
i
g
i
n
a
l

l
i
s
t
L
E
F
T
.
"
"
"

i
f

i
s
e
m
p
t
y
(
l
e
f
t
)
:

r
e
t
u
r
n
r
i
g
h
t

e
l
i
f
i
s
e
m
p
t
y
(
r
i
g
h
t
)
:

r
e
t
u
r
n
l
e
f
t

e
l
s
e
:

r
e
t
u
r
n
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D
e
structive

E
x
te

nd
ing

(I
I
)

d
e
f
e
x
t
e
n
d
r
l
i
s
t
(
l
e
f
t
,
r
i
g
h
t
)
:

"
"
"
T
h
e
s
e
q
u
e
n
c
e
o
f
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