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d
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p
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r
e
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r
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b
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func
g()

[↑
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↑
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fr2 d
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p
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r
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r
n
1

g
(
)

h
(
)

S
o
w
e
e
valuate

f
in

an
e
nvironm

e
nt

(fr2
)
w
h
e
re

it
is

b
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r
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e
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d
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r
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p
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r
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r
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p
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h
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b
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p
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d
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h
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w
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th
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re
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p
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d
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↑
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r
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d
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d
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h
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unction
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are
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nvironm

e
nts

w
h
e
n
th

e
y
are

first
cre

ate
d
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y
lam

b
d
a
or

d
e
f).

A
ssignm

e
nts

(such
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to
p)

d
on’t

th
e
m
se

lve
s
cre

ate
ne

w
value

s,
b
ut

only
copy

old
one

s,
so

th
at

w
h
e
n
p
is

e
valuate

d
,
it

is
e
qual

to
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w
h
ich

is
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qual

to
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w
h
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e
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O
b
se

rva
tion:

E
nvironm

e
nts

R
e
fle

ct
N
e
sting

•
F
rom

w
h
at

w
e
’ve

se
e
n
so

far:

Linking
of

environm
ent

fram
es

⇐
⇒

N
esting

of
d
efinitions.

•
F
or

e
x
am

ple
,
give

n

d
e
f
f
(
x
)
:

d
e
f
g
(
x
)
:

d
e
f

h
(
x
)
:

p
r
i
n
t
(
x
)

.
.
.

.
.
.

T
h
e

structure
of

th
e

program
te

lls
you

th
at

th
e

e
nvironm

e
nt

in
w
h
ich

print(x
)
is

e
valuate

d
w
ill

alw
ays

b
e
a
ch

ain
of

4
fram

e
s:

–
A

local
fram

e
for

h
linke

d
to

...

–
A

local
fram

e
for

g
linke

d
to

...

–
A

local
fram

e
for

f
linke

d
to

...

–
T
h
e
glob

al
fram

e
.

•
H
ow

e
ve

r,w
h
e
n
th

e
re

are
m
ultiple

localfram
e
s
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,
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L
ast

m
od

ified
:
S
un

F
eb

19
14

:5
5
:3
1
2
0
17

C
S
6
1A

:
L
ecture

#
5

12



D
o
Y
ou

U
nd

e
rsta

nd
th

e
M
a
ch

ine
ry

?
(V

I)

W
h
at

is
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or
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rror)
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(
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,
k
)
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e
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g
(
)
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p
r
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(
k
)
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f
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=
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(
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h
is

prints
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h
e
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p()

is
calle

d
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f2
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T
h
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call

to
p()

cre
ate

s
an

instantiation
of

g
w
h
ose

pare
nt

is
f1.

d
e
f

f
(
p
,
k
)
:

d
e
f
g
(
)
:

p
r
i
n
t
(
k
)

i
f
k

=
=
0
:

f
(
g
,
1
)

e
l
s
e
:p
(
)

f
(
N
o
n
e
,
0
)

G
lob

al
fram

ef
func

f(p,k)
[↑

G
lob

al]

f1:
f
[
↑
G
lob
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p

0
kg

func
g()

[↑
f1]

f2
:
f
[
↑
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lob
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p

1
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func
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[↑
f2

]

f3
:
g
[
↑
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U
se
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H
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e
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O
rd

e
r
F
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•
T
h
e
syntax

@ex
pr

d
e
f
f
u
n
c
(ex

pr)
:

b
od

y

is
e
quivale

nt
to

(“syntactic
sugar

for”)

d
e
f
f
u
n
c
(ex

pr)
:

b
od

y
f
u
n
c
=

(ex
pr)

(
f
u
n
c
)

•
F
or

e
x
am

ple
,
our

u
c
b
m
od

ule
d
e
fine

s
d
e
corator

t
r
a
c
e.

A
fte

r

f
r
o
m
u
c
b
i
m
p
o
r
t
t
r
a
c
e

@
t
r
a
c
e

d
e
f
m
y
s
u
m
(
x
,
y
)
:

r
e
t
u
r
n
x

+
y

m
y
s
u
m
w
illprint

its
argum

e
nts

and
re

turn
value

e
ach

tim
e
it

is
calle

d
.

•
U
sually,

ex
pr

is
a
sim

ple
nam

e
,
b
ut

it
can

b
e
any

e
x
pre

ssion
th

at
e
valuate

s
to

a
function

th
at

take
s
and

re
turns

a
function.
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Im
ple

m
e
nt

tra
ce

d
e
f
t
r
a
c
e
(
f
u
n
c
)
:

"
"
"
A
d
e
c
o
r
a
t
o
r
t
h
a
t
a
c
c
e
p
t
s
t
h
e

s
a
m
e
a
r
g
u
m
e
n
t
s

a
n
d

r
e
t
u
r
n
s
t
h
e
s
a
m
e

v
a
l
u
e
a
s
F
U
N
C
,
b
u
t
a
l
s
o

p
r
i
n
t
s
t
h
e
a
r
g
u
m
e
n
t
s
a
n
d
r
e
t
u
r
n
v
a
l
u
e
.
"
"
"

d
e
f

a
f
u
n
c
(
a
r
g
)
:

p
r
i
n
t
(
"
C
a
l
l
"
,
f
u
n
c
.

n
a
m
e

,
"
w
i
t
h
"
,
a
r
g
)

v
=

f
u
n
c
(
a
r
g
)

p
r
i
n
t
(
f
u
n
c
.

n
a
m
e

,
"
r
e
t
u
r
n
s
"
,
v
)

r
e
t
u
r
n
v

r
e
t
u
r
n
a
f
u
n
c
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Im
ple

m
e
nt

tra
ce

(F
a
ncie

r
V
e
rsion)

•
A
t
th

e
m
om

e
nt,

t
r
a
c
e
h
and

le
s
only

one
-argum

e
nt

functions.

•
T
o
h
and

le
m
ore

ge
ne

ral
one

s,
w
e
use

tw
o
Pyth

on
fe

ature
s:

d
e
f
t
r
a
c
e
(
f
u
n
c
)
:

"
"
"
A
d
e
c
o
r
a
t
o
r
t
h
a
t
a
c
c
e
p
t
s
t
h
e

s
a
m
e
a
r
g
u
m
e
n
t
s

a
n
d
r
e
t
u
r
n
s
t
h
e
s
a
m
e
v
a
l
u
e
a
s

F
U
N
C
,
b
u
t
a
l
s
o

p
r
i
n
t
s
t
h
e
a
r
g
u
m
e
n
t
s
a
n
d

r
e
t
u
r
n
v
a
l
u
e
.
"
"
"

d
e
f
a
f
u
n
c
(
*
a
r
g
s
)
:

#
a
r
g
s
i
s

n
o
w
a
l
i
s
t

o
f
a
c
t
u
a
l
p
a
r
a
m
e
t
e
r
s

p
r
i
n
t
(
"
C
a
l
l
"
,
f
u
n
c
.

n
a
m
e

,
"
w
i
t
h
"
,
a
r
g
s
)

v
=

f
u
n
c
(
*
a
r
g
s
)

#
L
i
n
e
a
b
o
v
e
i
s

l
i
k
e
v
=

f
u
n
c
(
a
r
g
s
[
0
]
,
a
r
g
s
[
1
]
,
.
.
.
)

p
r
i
n
t
(
f
u
n
c
.

n
a
m
e

,
"
r
e
t
u
r
n
s
"
,
v
)

r
e
t
u
r
n
v

r
e
t
u
r
n
a
f
u
n
c
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D
e
sign

a
D
e
cora

tor

•
I’d

like
a
d
e
corator

th
at

w
ill

ch
e
ck

th
at

th
e
output

of
a
function

ob
e
ys

som
e
pre

d
icate

:

@
c
h
e
c
k
r
e
s
u
l
t
(
l
a
m
b
d
a
x
:

x
<
1
0
0
0
)

d
e
f
c
o
m
p
u
t
e
(
x
)
:

.
.
.

r
e
t
u
r
n
w
h
a
t
e
v
e
r

#
v
a
l
u
e
o
f
w
h
a
t
e
v
e
r
m
u
s
t
b
e
<

1
0
0
0
.

•
H
ow

w
ould

you
d
e
fine

c
h
e
c
k
r
e
s
u
l
t?

•
It

m
ust

re
turn

a
function

th
at

–
T
ake

s
a
function,

say
f
u
n
c,

as
input

–
R
e
turns

a
function

th
at

take
s
th

e
sam

e
argum

e
nts

as
f
u
n
c
and

re
turns

th
e
sam

e
value

as
f
u
n
c
if

th
at

value
satisfie

s
P
R
E
D,

b
ut
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oth
e
rw

ise
.
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A
D
e
cora

tor
T
h
a
t
C
h
e
cks

R
e
sults

@
c
h
e
c
k
r
e
s
u
l
t
(
l
a
m
b
d
a
x
:

x
<

1
0
0
0
)

d
e
f
c
o
m
p
u
t
e
(
x
)
:

.
.
.

r
e
t
u
r
n
w
h
a
t
e
v
e
r

#
v
a
l
u
e
o
f

w
h
a
t
e
v
e
r
m
u
s
t
b
e

<
1
0
0
0
.

•
W

e
re

quire
th

at
c
h
e
c
k
r
e
s
u
l
t
(
l
a
m
b
d
a
x
:
x
<
1
0
0
0
)
(
c
o
m
p
u
t
e
)
re

-
turns

a
function

th
at

re
turns

th
e
sam

e
value

s
as

c
o
m
p
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