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t
l
e
f
t
(
p
a
i
r
,
v
)
:
r
e
t
u
r
n
p
a
i
r
(
2
,
v
)

d
e
f
s
e
t
r
i
g
h
t
(
p
a
i
r
,
v
)
:
r
e
t
u
r
n
p
a
i
r
(
3
,
v
)

•
T
h
is

d
oe

s
not

w
ork.

W
h
y
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A
ssignm

e
nt

U
p
U
ntil

N
ow

•
B
y
d
e
fault,an

assignm
e
nt

in
Pyth

on
(includ

ing
=
and

f
o
r
.
.
.
i
n),b

ind
s

a
nam

e
in

th
e
current

environm
ent

fram
e.

•
N
ot

alw
ays

w
h
at

you
w
ant.

E
.g„

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

d
e
f
d
a
t
a
(
w
h
i
c
h
,
v
a
l
u
e
=
N
o
n
e
)
:

i
f

w
h
i
c
h
=
=
0
:

r
e
t
u
r
n
l
e
f
t

e
l
i
f

w
h
i
c
h
=
=
1
:
r
e
t
u
r
n
r
i
g
h
t

e
l
i
f

w
h
i
c
h
=
=
2
:
l
e
f
t

=
v
a
l
u
e

D
o
e
s
n
’
t
w
o
r
k

e
l
s
e
:
r
i
g
h
t
=

v
a
l
u
e

D
o
e
s
n
’
t
w
o
r
k

r
e
t
u
r
n
d
a
t
a

A
=
c
o
n
s
(
1
,
2
)

A
(
2
,
4
)

#
T
r
y
t
o
a
s
s
i
g
n
4

t
o
l
e
f
t

•
T
h
e

atte
m
pt

to
assign

to
l
e
f
t

cre
ate

s
a
ne

w
local

(uninitialize
d
)

variab
le

on
e
ach

call
to

A,
w
h
ich

vanish
e
s
w
h
e
n
th

e
call

re
turns.
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T
h
e
nonloca

l
D
e
cla

ra
tion

•
T
o
fix

th
is

prob
le
m
,
w
e
introd

uce
a
ne

w
d
e
claration:

nonlocal:

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

d
e
f
d
a
t
a
(
w
h
i
c
h
,
v
a
l
u
e
=
N
o
n
e
)
:

n
o
n
l
o
c
a
l
l
e
f
t
,
r
i
g
h
t

i
f

w
h
i
c
h
=
=
0
:

r
e
t
u
r
n
l
e
f
t

e
l
i
f

w
h
i
c
h
=
=
1
:
r
e
t
u
r
n
r
i
g
h
t

e
l
i
f

w
h
i
c
h
=
=
2
:
l
e
f
t

=
v
a
l
u
e

#
A
s
s
i
g
n
s
t
o

e
n
c
l
o
s
i
n
g
l
e
f
t

e
l
s
e
:
r
i
g
h
t
=

v
a
l
u
e

#
A
s
s
i
g
n
s
t
o

e
n
c
l
o
s
i
n
g
r
i
g
h
t

r
e
t
u
r
n
d
a
t
a

A
=
c
o
n
s
(
1
,
2
)

A
(
2
,
4
)

#
T
r
y
t
o
a
s
s
i
g
n
4

t
o
l
e
f
t

•
T
h
e
e
ffe

ct
of

n
o
n
l
o
c
a
l
is

th
at

allre
fe

re
nce

s
l
e
f
t
and

r
i
g
h
t
im

m
e
-

d
iate

ly
w
ith

in
d
a
t
a
re

fe
r
to

th
e
ord

inary
localvariab

le
or

param
e
te

r
in

th
e
sm

allest
enclosing

function
d
efinition,rath

e
r
th

an
to

any
local

variab
le

in
d
a
t
a.

•
[A

ny
n
o
n
l
o
c
a
l
d
e
clarations

in
functions

e
nclosing

d
a
t
a
w
ould

h
ave

no
e
ffe

ct.]
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G
lob

a
l
D
e
cla

ra
tion

•
n
o
n
l
o
c
a
l
d
oe

s
not

re
fe

r
to

glob
al

variab
les—

th
ose

d
e
fine

d
outsid

e
of

any
function.

•
Inste

ad
,Pyth

on
h
as

a
g
l
o
b
a
l
d
e
claration

th
at

m
arks

nam
e
s
assigne

d
in

th
e
function

as
re

fe
rring

to
variab

le
s
in

th
e
glob

al
scope

.

•
T
h
e
se

variab
le
s
ne

e
d
not

pre
viously

e
x
ist,

and
m
ust

not
alre

ad
y
b
e

local
in

th
e
function.

>
>
>
d
e
f
f
(
)
:

.
.
.

g
l
o
b
a
l
x
,

y

.
.
.

x
=

4
#
S
e
t
s
g
l
o
b
a
l
x

.
.
.

y
=

2
#
C
r
e
a
t
e
s
a
n
d
s
e
t
s
g
l
o
b
a
l
y

.
.
.

g
(
)

>
>
>
x

=
1

>
>
>
f
(
)

>
>
>
p
r
i
n
t
(
x
,
y
)
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D
e
ta

ils

•
N
e
ith

e
r
g
l
o
b
a
l
nor

n
o
n
l
o
c
a
l
affe

cts
variab

le
s
in

m
ore

d
e
e
ply

ne
ste

d
functions:

>
>
>
d
e
f
f
(
)
:

.
.
.

g
l
o
b
a
l
x

.
.
.

d
e
f
g
(
)
:

.
.
.

x
=
3

#
L
o
c
a
l
x

.
.
.

g
(
)

.
.
.

r
e
t
u
r
n
x

>
>
>
x

=
0

>
>
>
f
(
)

0
#
g
l
o
b
a
l
d
e
c
l
a
r
a
t
i
o
n
d
o
e
s
n
o
t
a
p
p
l
y
t
o

o
u
t
e
r
x

L
ast

m
od

ified
:
S
un

F
eb

19
17

:15
:18

2
0
17

C
S
6
1A

:
L
ecture

#
12

16

M
ore

on
B
uild

ing
O
b
je
cts

W
ith

S
ta

te

•
T
h
e
te

rm
state

applie
d
to

an
ob

je
ct

or
syste

m
re

fe
rs

to
th

e
curre

nt
inform

ation
conte

nt
of

th
at

ob
je
ct

or
syste

m
.

•
Includ

e
value

s
of

attrib
ute

s
and

,in
th

e
case

of
functions,th

e
value

s
of

variab
le
s
in

th
e
e
nvironm

e
nt

fram
e
s
th

e
y
link

to.

•
S
om

e
ob

je
cts

are
im

m
utab

le,e
.g.,inte

ge
rs,b

oole
ans,floats,strings,

and
tuple

s
th

at
contain

only
im

m
utab

le
ob

je
cts.

T
h
e
ir

state
d
oe

s
not

vary
ove

r
tim

e
,
and

so
ob

je
cts

w
ith

id
e
ntical

state
m
ay

b
e
sub

sti-
tute

d
fre

e
ly.

•
O
th

e
r
ob

je
cts

in
Pyth

on
are

(at
le
ast

partially)
m
utab

le
,
and

sub
sti-

tuting
one

ob
je
ct

for
anoth

e
r
w
ith

id
e
ntical

state
m
ay

not
w
ork

as
e
x
pe

cte
d
if

you
incorre

ctly
e
x
pe

ct
th

at
b
oth

ob
je
cts

w
ill

continue
to

h
ave

th
e
sam

e
value

.

•
H
ave

just
se

e
n
th

at
w
e
can

b
uild

m
utab

le
ob

je
cts

from
functions.
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M
uta

b
le

O
b
je
cts

W
ith

F
unctions

(continue
d
)

•
H
ow

ab
out

d
ice

?
i
m
p
o
r
t
t
i
m
e

d
e
f
m
a
k
e
d
i
c
e
(
s
i
d
e
s
=

6
,

s
e
e
d
=
N
o
n
e
)
:

"
"
"
A
n
e
w
’
s
i
d
e
s
’
-
s
i
d
e
d
d
i
e
.
"
"
"

i
f
s
e
e
d

=
=
N
o
n
e
:

s
e
e
d
=

i
n
t
(
t
i
m
e
.
t
i
m
e
(
)
*

1
0
0
0
0
0
)

a
,
c
,

m
=
2
5
2
1
4
9
0
3
9
1
7
,
1
1
,
2
*
*
4
8

#
F
r
o
m

J
a
v
a

d
e
f
d
i
e
(
)
:

n
o
n
l
o
c
a
l
s
e
e
d

s
e
e
d
=

(
a
*
s
e
e
d
+
c
)

%
m

r
e
t
u
r
n
s
e
e
d
%

s
i
d
e
s
+
1

r
e
t
u
r
n
d
i
e

>
>
>
d

=
m
a
k
e
d
i
c
e
(
6
,
1
0
0
0
2
)

>
>
>
d
(
)

6>
>
>
d
(
)
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T
ruth

:
W

e
D
on’t

U
sua

lly
D
o
It

T
h
is

W
a
y
!

•
U
sually,

if
w
e

w
ant

an
ob

je
ct

w
ith

m
utab

le
state

,
w
e

use
one

of
Pyth

on’s
m
utab

le
ob

je
ct

type
s,

•
L
e
t’s

look
at

a
couple

of
stand

ard
one

s.
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T
uple

s
a
nd

L
ists

•
Pyth

on
tuple

s
are

a
kind

of
function,

m
apping

non-ne
gative

inte
ge

rs
(ind

ice
s)

in
a
finite

range
to

value
s.

•
O
ne

cannot
ch

ange
th

e
value

at
a
give

n
ind

e
x
,
b
ut

can
only

cre
ate

a
ne

w
tuple

:

>
>
>
A

=
B

=
(
1
,
2
,

3
,
4
,
5
,

6
)

>
>
>
A
[
2
]
=

4
2
;
A
[
6
:
]
=

[
7
,
8
]

#
I
l
l
e
g
a
l

>
>
>
B

=
A
[
:
2
]
+

(
4
2
,
)
+

A
[
3
:
]
+
(
7
,

8
)

>
>
>
A

(
1
,
2
,

3
,
4
,

5
,
6
)

>
>
>
B

(
1
,
2
,

4
2
,
4
,
5
,

6
,
7
,

8
)

•
L
ists

are
a
kind

of
m
utab

le
function,

w
h
e
re

th
e
value

at
an

ind
e
x

m
ay

b
e
ch

ange
d
,
and

ne
w
ite

m
s
ad

d
e
d
.

>
>
>
A

=
B

=
[
1
,
2
,

3
,
4
,
5
,

6
]

>
>
>
A
[
2
]
=

4
2
;

A
[
6
:
]
=

[
7
,
8
]

>
>
>
A

[
1
,
2
,

4
2
,
4
,
5
,

6
,
7
,

8
]

>
>
>
B

[
1
,
2
,

4
2
,
4
,
5
,

6
,
7
,

8
]
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D
ictiona

rie
s

•
D
ictionaries

(type
d
ict)

are
m
utab

le
m
appings

from
one

se
t
of

value
s

(calle
d
keys)

to
anoth

e
r.

•
C
onstructors:

>
>
>

{
}

A
n
e
w
,
e
m
p
t
y
d
i
c
t
i
o
n
a
r
y

>
>
>

{
’
b
r
i
a
n
’
:

2
9
,
’
e
r
i
k
’
:
2
7
,
’
z
a
c
k
’
:
1
8
,
’
d
a
n
a
’
:
2
5

}

{
’
b
r
i
a
n
’
:
2
9
,
’
e
r
i
k
’
:
2
7
,
’
d
a
n
a
’
:
2
5
,
’
z
a
c
k
’
:
1
8
}

>
>
>
L

=
(
’
a
a
r
d
v
a
r
k
’
,
’
a
x
o
l
o
t
l
’
,
’
g
n
u
’
,
’
h
a
r
t
e
b
e
e
s
t
’
,
’
w
o
m
b
a
t
’
)

>
>
>
s
u
c
c
e
s
s
o
r
s
=

{
L
[
i
-
1
]
:

L
[
i
]
f
o
r
i

i
n
r
a
n
g
e
(
1
,
l
e
n
(
L
)
)

}

>
>
>
s
u
c
c
e
s
s
o
r
s

{
’
a
a
r
d
v
a
r
k
’
:
’
a
x
o
l
o
t
l
’
,
’
h
a
r
t
e
b
e
e
s
t
’
:
’
w
o
m
b
a
t
’
,

’
a
x
o
l
o
t
l
’
:
’
g
n
u
’
,
’
g
n
u
’
:
’
h
a
r
t
e
b
e
e
s
t
’
}

•
Q
ue

rie
s:

>
>
>
l
e
n
(
s
u
c
c
e
s
s
o
r
s
)

4>
>
>
’
g
n
u
’
i
n
s
u
c
c
e
s
s
o
r
s

T
r
u
e

>
>
>
’
w
o
m
b
a
t
’
i
n

s
u
c
c
e
s
s
o
r
s

F
a
l
s
e
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D
ictiona

ry
S
e
le
ction

a
nd

M
uta

tion

•
S
e
le
ction

and
M
utation

>
>
>
a
g
e
s
=

{
’
b
r
i
a
n
’
:

2
9
,
’
e
r
i
k
’
:
2
7
,

’
z
a
c
k
’
:
1
8
,

’
d
a
n
a
’
:
2
5

}

>
>
>
a
g
e
s
[
’
e
r
i
k
’
]

2
7

>
>
>
a
g
e
s
[
’
p
a
u
l
’
]

.
.
.

K
e
y
E
r
r
o
r
:
’
p
a
u
l
’

>
>
>
a
g
e
s
.
g
e
t
(
’
p
a
u
l
’
,
"
?
"
)

#
S
u
p
p
l
y
d
e
f
a
u
l
t
v
a
l
u
e

’
?
’

•
M
utation:
>
>
>
a
g
e
s
[
’
e
r
i
k
’
]
+
=
1
;

a
g
e
s
[
’
j
o
h
n
’
]
=

5
6

a
g
e
s

{
’
b
r
i
a
n
’
:
2
9
,
’
j
o
h
n
’
:
5
6
,
’
e
r
i
k
’
:
2
8
,
’
d
a
n
a
’
:
2
5
,

’
z
a
c
k
’
:
1
8
}

L
ast

m
od

ified
:
S
un

F
eb

19
17

:15
:18

2
0
17

C
S
6
1A

:
L
ecture

#
12

2
2

D
ictiona

ry
K
e
y
s

•
U
nlike

se
que

nce
s,

ord
e
ring

is
not

d
e
fine

d
.

•
K
e
ys

m
ust

typically
h
ave

im
m
utab

le
type

s
th

at
contain

only
im

m
utab

le
d
ata

[can
you

gue
ss

w
h
y?]

th
at

h
ave

a
h
a
s
h

m
e
th

od
.
T
ake

C
S
6
1B

to
find

out
w
h
at’s

going
on

h
e
re

.

•
W

h
e
n
conve

rte
d
into

a
se

que
nce

,
ge

t
th

e
se

que
nce

of
ke

ys:

>
>
>
a
g
e
s
=

{
’
b
r
i
a
n
’
:
2
9
,

’
e
r
i
k
’
:
2
7
,

’
z
a
c
k
’
:
1
8
,
’
d
a
n
a
’
:
2
5

}

>
>
>
l
i
s
t
(
a
g
e
s
)

[
’
b
r
i
a
n
’
,
’
e
r
i
k
’
,
’
d
a
n
a
’
,
’
z
a
c
k
’
]

>
>
>
f
o
r
n
a
m
e
i
n

a
g
e
s
:
p
r
i
n
t
(
a
g
e
s
[
n
a
m
e
]
,
e
n
d
=
"
,
"
)

2
9
,
2
7
,
2
5
,
1
8
,
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A
D
ictiona

ry
Prob

le
m

d
e
f
f
r
e
q
u
e
n
c
i
e
s
(
L
)
:

"
"
"
A
d
i
c
t
i
o
n
a
r
y
g
i
v
i
n
g
,
f
o
r
e
a
c
h
w

i
n

L
,
t
h
e
n
u
m
b
e
r
o
f

t
i
m
e
s
w

a
p
p
e
a
r
s
i
n
L
.

>
>
>

f
r
e
q
u
e
n
c
i
e
s
(
[
’
t
h
e
’
,
’
n
a
m
e
’
,
’
o
f
’
,
’
t
h
e
’
,
’
n
a
m
e
’
,
’
o
f
’
,
’
t
h
e
’
,

.
.
.

’
s
o
n
g
’
]
)

{
’
o
f
’
:
2
,
’
t
h
e
’
:
3
,

’
n
a
m
e
’
:
2
,

’
s
o
n
g
’
:
1
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