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ra
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A
n
I
te

ra
tor

C
onfusion

•
T
h
e
d
istinction

b
e
tw

e
e
n
iterators

(th
ings

w
ith

a
n
e
x
t

m
e
th

od
)

and
iterab

les
(th

ings
from

w
h
ich

th
e
i
t
e
r
function

can
construct

an
ite

rator)
can

b
e
confusing,

and
som

e
tim

e
s
d
ow

nrigh
t
incove

nie
nt.

•
S
uppose

th
at

b
a
c
k
w
a
r
d
s
(
L
)
re

turns
an

ite
rator

ob
je
ct

th
at

re
turns

th
e
value

s
in

list
L
from

last
to

first:
c
l
a
s
s
b
a
c
k
w
a
r
d
s
:

d
e
f

i
n
i
t

(
s
e
l
f
,
L
)
:

s
e
l
f
.
L

=
L
,
s
e
l
f
.
k
=

l
e
n
(
L
)
-
1

d
e
f

n
e
x
t

(
s
e
l
f
)
:

i
f

s
e
l
f
.
k

<
0
:

r
a
i
s
e
S
t
o
p
I
t
e
r
a
t
i
o
n

e
l
s
e
:s
e
l
f
.
k
-
=

1
;
r
e
t
u
r
n
s
e
l
f
.
L
[
s
e
l
f
.
k

+
1
]

•
T
h
e
follow

ing
w
on’t

w
ork

[w
h
y
not?]:

f
o
r
x

i
n
b
a
c
k
w
a
r
d
s
(
L
)
:

p
r
i
n
t
(
x
)
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A
n
I
te

ra
tor

C
onve

ntion

•
Prob

le
m

is
th

at
f
o
r
e
x
pe

cts
an

iterab
le
,
b
ut

a
b
a
c
k
w
a
r
d
s
is

a
pure

i
t
e
r
a
t
o
r.

•
T
h
is

is
aw

kw
ard

,so
th

e
usualfix

is
alw

ays
to

d
e
fine

ite
rator

ob
je
cts

to
h
ave

a
trivial

i
t
e
r

m
e
th

od
on

th
e
m
:

c
l
a
s
s
b
a
c
k
w
a
r
d
s
:

d
e
f

i
n
i
t

(
s
e
l
f
,
L
)
:

s
e
l
f
.
L

=
L
,
s
e
l
f
.
k
=

l
e
n
(
L
)
-
1

d
e
f

i
t
e
r

(
s
e
l
f
)
:

r
e
t
u
r
n
s
e
l
f

#
N
o
w

I
a
m

m
y
o
w
n

i
t
e
r
a
t
o
r

d
e
f

n
e
x
t

(
s
e
l
f
)
:

.
.
.

•
Ite

rators
re

turne
d
b
y
Pyth

on
lib

rary
m
e
th

od
s
and

oth
e
r
stand

ard
language

constructs
ob

e
y
th

is
conve

ntion.
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U
sing

ge
tite

m
for

I
te

ra
b
le
s

•
W

h
e
n
confronte

d
w
ith

a
type

th
at

d
oe

s
not

im
ple

m
e
nt

i
t
e
r

,
b
ut

d
oe

s
h
ave

a
g
e
t
i
t
e
m

,
th

e
i
t
e
r
function

cre
ate

s
an

ite
rator.

•
T
h
is

in
itse

lf
is

an
e
x
am

ple
of

ge
ne

ric
program

m
ing!

•
C
once

ptually:

c
l
a
s
s
G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
:

d
e
f

i
n
i
t

(
s
e
l
f
,
a
n
I
t
e
r
a
b
l
e
)
:

"
"
"
A
n
i
t
e
r
a
t
o
r
o
v
e
r
A
N
I
T
E
R
A
B
L
E
,
w
h
i
c
h
m
u
s
t
i
m
p
l
e
m
e
n
t

g
e
t
i
t
e
m

.

T
h
i
s
i
t
e
r
a
t
o
r
r
e
t
u
r
n
s
A
N
I
T
E
R
A
B
L
E
[
0
]
,
A
N
I
T
E
R
A
B
L
E
[
1
]
,
.
.
.
u
p

t
o
a
n
d

n
o
t
i
n
c
l
u
d
i
n
g
t
h
e

f
i
r
s
t
i
n
d
e
x
t
h
a
t

c
a
u
s
e
s
a
n

I
n
d
e
x
E
r
r
o
r
o
r

S
t
o
p
I
t
e
r
a
t
i
o
n
.
"
"
"

d
e
f

n
e
x
t

(
s
e
l
f
)
:

?
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U
sing

ge
tite

m
for

I
te

ra
b
le
s
(I
I
)

A
possib

le
im

ple
m
e
ntation:

c
l
a
s
s
G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
:

d
e
f

i
n
i
t

(
s
e
l
f
,
a
n
I
t
e
r
a
b
l
e
)
:

"
"
"
A
n
i
t
e
r
a
t
o
r
o
v
e
r
A
N
I
T
E
R
A
B
L
E
,
w
h
i
c
h
m
u
s
t
i
m
p
l
e
m
e
n
t

g
e
t
i
t
e
m

.

T
h
i
s
i
t
e
r
a
t
o
r
r
e
t
u
r
n
s
A
N
I
T
E
R
A
B
L
E
[
0
]
,
A
N
I
T
E
R
A
B
L
E
[
1
]
,
.
.
.
u
p

t
o

a
n
d
n
o
t
i
n
c
l
u
d
i
n
g
t
h
e

f
i
r
s
t
i
n
d
e
x
t
h
a
t
c
a
u
s
e
s
a
n

I
n
d
e
x
E
r
r
o
r
o
r

S
t
o
p
I
t
e
r
a
t
i
o
n
.
"
"
"

s
e
l
f
.
i
t
e
r
a
b
l
e
=

a
n
I
t
e
r
a
b
l
e

s
e
l
f
.
n
e
x
t
I
n
d
e
x
=

0

d
e
f

n
e
x
t

(
s
e
l
f
)
:

t
r
y
:

v
=
s
e
l
f
.
i
t
e
r
a
b
l
e
[
s
e
l
f
.
n
e
x
t
I
n
d
e
x
]

s
e
l
f
.
n
e
x
t
I
n
d
e
x
+
=

1

r
e
t
u
r
n
v

e
x
c
e
p
t
I
n
d
e
x
E
r
r
o
r
:

r
a
i
s
e
S
t
o
p
I
t
e
r
a
t
i
o
n
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Prob
le
m
:
R
e
construct

th
e
ra

nge
cla

ss

•
W

ant
R
a
n
g
e
(
1
,
1
0
)
to

give
us

som
e
th

ing
th

at
b
e
h
ave

s
like

a
Pyth

on
range

,
so

th
at

f
o
r
x

i
n
R
a
n
g
e
(
1
,
1
0
)
:

p
r
i
n
t
(
x
)

prints
1–9

.

c
l
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a
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g
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?
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R
e
constructing

R
a
nge

(I
)

c
l
a
s
s
R
a
n
g
e
:

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
e
n
d
,
s
t
e
p
=
1
)
:

a
s
s
e
r
t
s
t
e
p
!
=

0

?
?

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
k
)
:

?
?

d
e
f

i
t
e
r

(
s
e
l
f
)
:

r
e
t
u
r
n
?
?
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R
e
constructing

R
a
nge

(I
I
)

c
l
a
s
s
R
a
n
g
e
:

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
e
n
d
,
s
t
e
p
=
1
)
:

a
s
s
e
r
t
s
t
e
p
!
=

0

s
e
l
f
.
f
i
r
s
t
,
s
e
l
f
.
e
n
d
,
s
e
l
f
.
s
t
e
p
=

f
i
r
s
t
,
e
n
d
,
s
t
e
p

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
k
)
:

?
?

d
e
f

i
t
e
r

(
s
e
l
f
)
:

?
?
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R
e
constructing

R
a
nge

(I
I
I
)

c
l
a
s
s
R
a
n
g
e
:

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
e
n
d
,
s
t
e
p
=
1
)
:

a
s
s
e
r
t
s
t
e
p
!
=

0

s
e
l
f
.
f
i
r
s
t
,
s
e
l
f
.
e
n
d
,
s
e
l
f
.
s
t
e
p
=

f
i
r
s
t
,
e
n
d
,
s
t
e
p

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
k
)
:

i
f
k

<
0
:

i
f
0

<
=
k

<
s
e
l
f
.
l
e
n
:

r
e
t
u
r
n

e
l
s
e
:

d
e
f

i
t
e
r

(
s
e
l
f
)
:
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R
e
constructing

R
a
nge

(I
V
)

c
l
a
s
s
R
a
n
g
e
:

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
e
n
d
,
s
t
e
p
=
1
)
:

a
s
s
e
r
t
s
t
e
p
!
=

0

s
e
l
f
.
f
i
r
s
t
,
s
e
l
f
.
e
n
d
,
s
e
l
f
.
s
t
e
p
=

f
i
r
s
t
,
e
n
d
,
s
t
e
p

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
k
)
:

i
f
k

<
0
:

k
+
=
s
e
l
f
.
l
e
n

i
f
0

<
=
k

<
s
e
l
f
.
l
e
n
:

r
e
t
u
r
n
s
e
l
f
.
f
i
r
s
t
+
k

*
s
e
l
f
.
s
t
e
p

e
l
s
e
:r
a
i
s
e
I
n
d
e
x
E
r
r
o
r

d
e
f

i
t
e
r

(
s
e
l
f
)
:
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R
e
constructing

R
a
nge

(V
)

c
l
a
s
s
R
a
n
g
e
:

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
e
n
d
,
s
t
e
p
=
1
)
:

a
s
s
e
r
t
s
t
e
p
!
=

0

s
e
l
f
.
f
i
r
s
t
,
s
e
l
f
.
e
n
d
,
s
e
l
f
.
s
t
e
p
=

f
i
r
s
t
,
e
n
d
,
s
t
e
p

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
k
)
:

i
f
k

<
0
:

k
+
=
s
e
l
f
.
l
e
n

i
f
0

<
=
k

<
s
e
l
f
.
l
e
n
:

r
e
t
u
r
n
s
e
l
f
.
f
i
r
s
t
+
k

*
s
e
l
f
.
s
t
e
p

e
l
s
e
:r
a
i
s
e
I
n
d
e
x
E
r
r
o
r

d
e
f

i
t
e
r

(
s
e
l
f
)
:

r
e
t
u
r
n
G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
(
s
e
l
f
)
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D
iscussion

•
A
n
ite

rator
re

pre
se

nts
a
kind

of
“d
e
construction”

of
a
loop.

•
Inste

ad
of

w
riting

a
loop

such
as

x
=
0

#
I
n
i
t
i
a
l
i
z
e
i
t
e
r
a
t
o
r
o
b
j
e
c
t
,
i
t
e
r
o
b
j

w
h
i
l
e
x

<
N
:

#
i
t
e
r
o
b
j
.

n
e
x
t

,
p
a
r
t
1

D
o
som

eth
ing

using
x

x
+
=
1

#
i
t
e
r
o
b
j
.

n
e
x
t

,
p
a
r
t
2

•
...w

e
b
re

ak
it

up
as

sugge
ste

d
b
y
th

e
com

m
e
nts.

•
In

som
e
case

s
(e
.g.,

ite
rators

on
tre

e
s),

th
e
re

sult
can

b
e
rath

e
r

clum
sy.

•
Pyth

on
provid

e
s
a
d
iffe

re
nt,and

ge
ne

rally
cle

are
r
w
ay

to
b
uild

th
e
se

ite
rator

ob
je
cts:

as
generators.
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G
e
ne

ra
tors

•
F
or

a
ge

ne
rator,

one
w
rite

s
a
function

th
at

prod
uce

s
in

se
que

nce
all

th
e
d
e
sire

d
value

s
b
y
m
e
ans

of
y
i
e
l
d
state

m
e
nts.

•
W

h
e
n
such

a
function

is
calle

d
,
it

e
x
e
cute

s
up

to,
b
ut

not
includ

ing,
th

e
first

y
i
e
l
d
and

re
turns

a
generator

ob
ject,

w
h
ich

is
a
kind

of
ite

rator.

•
T
rivial

e
x
am

ple
:

>
>
>
d
e
f

p
a
i
r
G
e
n
(
x
,
y
)
:

.
.
.

"
"
"
A
g
e
n
e
r
a
t
o
r
t
h
a
t
y
i
e
l
d
s
X
a
n
d

t
h
e
n
Y
.
"
"
"

.
.
.

y
i
e
l
d
x

.
.
.

y
i
e
l
d
y

>
>
>
o
n
e
T
w
o
=

p
a
i
r
G
e
n
(
1
,
2
)

>
>
>
o
n
e
T
w
o

<
g
e
n
e
r
a
t
o
r
o
b
j
e
c
t
p
a
i
r
G
e
n
.
.
.
>

>
>
>
o
n
e
T
w
o
.

n
e
x
t

(
)

1>
>
>
o
n
e
T
w
o
.

n
e
x
t

(
)

2>
>
>
o
n
e
T
w
o
.

n
e
x
t

(
)

T
r
a
c
e
b
a
c
k
.
.
.
S
t
o
p
I
t
e
r
a
t
i
o
n
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G
e
ne

ra
tor

E
x
a
m
ple

:
A
lte

ra
tive

I
m
ple

m
e
nta

tion
of

G
e
tite

m
I
te

ra
tor

>
>
>
d
e
f

G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
(
i
t
e
r
a
b
l
e
)
:

.
.
.

k
=

0

.
.
.

w
h
i
l
e
T
r
u
e
:

.
.
.

t
r
y
:

.
.
.

y
i
e
l
d
i
t
e
r
a
b
l
e
[
k
]

.
.
.

k
+
=
1

.
.
.

e
x
c
e
p
t
I
n
d
e
x
E
r
r
o
r
:

.
.
.

r
e
t
u
r
n

>
>
>
i
t
e
r
o
b
j
=

G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
(
[
1
,
3
,
7
]
)

>
>
>
i
t
e
r
o
b
j
.

n
e
x
t

(
)

1>
>
>
i
t
e
r
o
b
j
.

n
e
x
t

(
)

3>
>
>
f
o
r

x
i
n

G
e
t
i
t
e
m
I
t
e
r
a
t
o
r
(
[
1
,
3
,

7
]
)
:
p
r
i
n
t
(
x
,
e
n
d
=
"
"
)

1
3
7
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R
L
ist

R
e
visite

d

•
Pre

viously,
w
e
introd

uce
d
r
l
i
s
t
s—

re
cursive

lists,
aka

linked
lists.

•
H
e
re

’s
a
partial

ve
rsion

in
class

form
:

c
l
a
s
s
L
i
n
k
:

e
m
p
t
y
=

(
)

d
e
f

i
n
i
t

(
s
e
l
f
,
f
i
r
s
t
,
r
e
s
t
=
L
i
n
k
.
e
m
p
t
y
)
:

s
e
l
f
.
f
i
r
s
t
,
s
e
l
f
.
r
e
s
t
=

f
i
r
s
t
,
r
e
s
t

d
e
f

g
e
t
i
t
e
m

(
s
e
l
f
,
i
)
:

i
f
i

<
0
:

#
N
e
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