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R
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p
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F
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S
um

m
a
ry

:
E
nvironm

e
nts

•
E
nvironm

ents
m
ap

nam
e
s
to

value
s.

•
T
h
e
y
consist

of
ch

ains
of

environm
ent

fram
es.

•
A
n

e
nvironm

e
nt

is
e
ith

e
r
a

glob
al

fram
e

or
a

first
(local)

fram
e

ch
aine

d
to

a
parent

environm
ent

(w
h
ich

is
itse

lf
e
ith

e
r
a
glob

alfram
e

or
...).

•
W

e
say

th
at

a
nam

e
is

b
ound

to
a
value

in
a
fram

e
.

•
T
h
e
value

(or
m
eaning)

of
a
nam

e
in

an
e
nvironm

e
nt

is
th

e
value

it
is

b
ound

to
in

th
e
first

fram
e
,
if

th
e
re

is
one

,
...

•
...or

if
not,

th
e

m
e
aning

of
th

e
nam

e
in

th
e

pare
nt

e
nvironm

e
nt

(re
cursive

ly).
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A
S
a
m
ple

E
nvironm

e
nt

C
h
a
in

G
lob

al

m
ul:

x
:

1
y:

12

x
:

2

x
:

3

E
nviron.

1

E
nviron.

2

G
lob

al

E
nviron.

1’s
first

fram
e

E
nviron.

1’s
parent

E
nviron.

2
’s
first

fram
e

E
nviron.

2
’s
parent

V
alue

of
In

x
y

G
lob

al
1

12
E
nviron

1.
2

12
E
nviron

2
.

3
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E
nvironm

e
nts:

B
ind

ing
a
nd

E
va

lua
tion

•
E
ve

ry
e
x
pre

ssion
and

state
m
e
nt

is
e
valuate

d
(e
x
e
cute

d
)
in

an
e
nvi-

ronm
e
nt,

w
h
ich

d
e
te

rm
ine

s
th

e
m
e
aning

of
its

nam
e
s.

•
E
x
pre

ssions
and

sub
e
x
pre

ssions
(pie

ce
s
of

an
e
x
pre

ssion)
are

e
val-

uate
d
in

th
e
sam

e
e
nvironm

e
nt

as
th

e
state

m
e
nt

or
e
x
pre

ssion
con-

taining
th

e
m
.

•
A
ssigning

to
a
variab

le
b
ind

s
a
value

to
it

in
(for

now
)
th

e
first

fram
e

of
th

e
e
nvironm

e
nt

in
w
h
ich

th
e
assignm

e
nt

is
e
x
e
cute

d
.

•
D
ef

statem
ents

b
ind

a
nam

e
to

a
function

value
in

th
e
first

fram
e

of
th

e
e
nvironm

e
nt

in
w
h
ich

th
e
d
e
f
state

m
e
nt

is
e
x
e
cute

d
.

•
C
alling

a
use

r-d
e
fine

d
function

cre
ate

s
a
ne

w
locale

nvironm
e
nt

fram
e

th
at

b
ind

s
th

e
function’s

form
al

param
eters

to
th

e
ope

rand
value

s
(actual

param
eters

)
in

th
e
call.

•
T
h
is

ne
w
local

fram
e
is

attach
e
d
to

an
e
x
isting

(pare
nt)

fram
e
th

at
is

take
n
from

th
e
function

value
th

at
is

calle
d
,
form

ing
a
ne

w
local

e
nvironm

e
nt

in
w
h
ich

th
e
function’s

b
od

y
is

e
valuate

d
.

•
S
o
far,

th
e
only

pare
nt

fram
e
s
w
e
’ve

se
e
n
h
ave

b
e
e
n
glob

al
fram

e
s,

b
ut

w
e
’ll

se
e
th

at
it

can
ge

t
m
ore

com
plicate

d
.
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E
x
a
m
ple

:
E
va

lua
tion

of
a
C
a
ll:

sum
squa

re
(3
,4

)

G
lob

al

square
:

...
m
ul,

ab
s...

...
sum

square
:

func
square

(x
)[pare

nt=G
lob

al]

func
sum

square
(x
,
y)[pare

nt=G
lob

al]

sum
square

(3
,4
)

2
5

square
(x
)+square

(y)

square
(3
)

9x
*x

square
(4
)

16

x
*x

A
x
:
3

y:
4

A

A
A

x
:
3

B
x
:
4

B
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W
h
a
t
D
oe

s
T
h
is

D
o
(A

nd
W

h
y
)?

d
e
f
i
d
(
x
)
:

r
e
t
u
r
n
x

p
r
i
n
t
(
i
d
(
i
d
)
(
i
d
(
1
3
)
)
)

E
x
e
cute

th
is
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http://pythontutor.com/composingprograms.html#code=def+id%28x%29%3A%0A++++return+x%0Aprint%28id%28id%29%28id%2813%29%29%29&mode=display&origin=composingprograms.js&cumulative=true&py=3&rawInputLstJSON=%5B%5D&curInstr=11


A
nsw

e
r

d
e
f
i
d
(
x
)
:

r
e
t
u
r
n
x

p
r
i
n
t
(
i
d
(
i
d
)
(
i
d
(
1
3
)
)
)

•
W

e
’ll

d
e
note

th
e
use

r-d
e
fine

d
function

value
cre

ate
d
b
y
d
e
f
id
():...

b
y
th

e
sh

orth
and

id
.

•
E
valuation

proce
e
d
s
like

th
is:

id
(id

)(id
(13

))

=
⇒

id
(
id

)(
id

(
13

))

=
⇒

id
(
id

(
13

))

(b
ecause

first
id

call
returns

its
argum

ent).

=
⇒

id
(
13

))

(b
ecause

inner
id

call
returns

its
argum

ent).

=
⇒

13

(b
ecause

call
to

returned
id

value
returns

its
argum

ent).

•
Im

portant:
T
h
e
re

is
noth

ing
ne

w
on

th
is

slid
e
!
E
ve

ryth
ing

follow
s

from
w
h
at

you’ve
se

e
n
so

far.
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N
e
ste

d
F
unctions

•
In

le
cture

#
2
,
I
h
ad

th
is

e
x
am

ple
:

d
e
f
i
n
c
r
(
n
)
:

d
e
f
f
(
x
)
:

r
e
t
u
r
n
n

+
x

r
e
t
u
r
n
f

i
n
c
r
(
5
)
(
6
)

•
W

e
e
valuate

d
th

e
argum

e
nt

to
print

b
y
sub

stitution:

i
n
c
r
(
5
)

=
=
=
>

d
e
f
f
(
x
)
:
r
e
t
u
r
n
5
+

x

r
e
t
u
r
n
f

=
=
=
>

λ
x
:
5

+
x

i
n
c
r
(
5
)
(
6
)
=
=
=
>
(
λ

x
:
5

+
x
)
(
6
)
=
=
=
>
5

+
6
=
=
=
>

1
1

•
S
o
h
ow

d
oe

s
th

is
w
ork

w
ith

e
nvironm

e
nts?
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E
nvironm

e
nts

for
incr

(I
)

d
e
f
i
n
c
r
(
n
)
:

d
e
f

f
(
x
)
:

r
e
t
u
r
n
n

+
x

r
e
t
u
r
n
f

#
B
r
e
a
k
i
n
c
r
(
5
)
(
6
)

#
i
n
t
o
t
w
o
s
t
e
p
s
:

g
=
i
n
c
r
(
5
)

p
r
i
n
t
(
g
(
6
)
)

G
lob

al

incr:
g:

func
incr(n)[pare

nt=G
lob

al]

f1n:
5

f:R
e
turns:

func
f(n)[pare

nt=f1]

E
valuate

b
od

y
of

incr
h
e
re

:

E
valuate

incr(5
)
h
e
re

:

•
T
h
e
pare

nt
points

of
incr

is
G
lob

al
b
e
cause

th
e
d
e
fintion

of
incr

w
as

e
valuate

d
in

th
e
glob

al
e
nvironm

e
nt.

•
T
h
e
pare

nt
pointe

r
for

th
e
value

of
g
(re

turne
d
b
y
incr(5

))
is

f1,
not

G
lob

al,
b
e
cause

th
e
d
e
finition

of
f
w
as

e
valuate

d
in

f1.
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E
nvironm

e
nts

for
incr

(I
I
)

d
e
f
i
n
c
r
(
n
)
:

d
e
f

f
(
x
)
:

r
e
t
u
r
n
n

+
x

r
e
t
u
r
n
f

g
=
i
n
c
r
(
5
)

p
r
i
n
t
(
g
(
6
)
)

G
lob

al

incr:
g:

func
incr(n)[pare

nt=G
lob

al]

f1n:
5

f:R
e
turns:

func
f(n)[pare

nt=f1]

f2

x
:

6

R
e
turns:

11

E
valuate

g(6
)
h
e
re

E
valuate

b
od

y
of

g
(i.e

.,
f)

h
e
re

•
f2

ge
ts

its
pare

nt
pointe

r
from

g’s
value

,
since

it
is

th
e
local

fram
e

for
e
valuating

a
call

to
g.

(S
am

e
rule

for
f1.)
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R
e
ca

p

•
E
ve

ry
e
x
pre

ssion
or

state
m
e
nt

is
e
valuate

d
in

an
e
nvironm

e
nt—

a
se

-
que

nce
of

fram
e
s.

•
E
ve

ry
fram

e
(e
x
ce

pt
th

e
glob

al
fram

e
)
is

linke
d
to

a
pare

nt
fram

e
.

•
E
ve

ry
function

value
is

linke
d
to

th
e
e
nvironm

e
nt

in
w
h
ich

its
d
e
f
is

e
valuate

d
.

•
E
ve

ry
function

call
cre

ate
s
a
ne

w
local

fram
e
th

at
is

linke
d
to

th
e

sam
e
fram

e
as

th
e
function

value
b
e
ing

calle
d
.

•
T
h
e
total

e
ffe

ct
is

th
e
sam

e
as

for
th

e
sub

stitution
m
od

e
l,
b
ut

w
e

can
also

h
and

le
ch

ange
s
in

th
e
value

s
of

variab
le
s.

•
L
ooking

ah
e
ad

,
th

e
re

are
still

tw
o
constructs—

glob
a
l
and

nonloca
l—

th
at

w
ill

re
quire

ad
d
itions.

•
B
ut

w
h
at

w
e
h
ave

h
e
re

b
asically

cove
rs

h
ow

nam
e
s
w
ork

in
m
ost

of
Pyth

on.
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C
ontrol

•
T
h
e

e
x
pre

ssions
w
e
’ve

se
e
n
e
valuate

all
of

th
e
ir

ope
rand

s
in

th
e

ord
e
r
w
ritte

n.

•
W

h
ile

th
e
re

are
ve

ry
cle

ve
r
w
ays

to
d
o
e
ve

ryth
ing

w
ith

just
th

is
[ch

alle
nge

!],
it’s

ge
ne

rally
cle

are
r
to

introd
uce

constructs
th

at
con-

trol
th

e
ord

e
r
in

w
h
ich

th
e
ir

com
pone

nts
e
x
e
cute

.

•
A
controlex

pression
e
valuate

s
som

e
or

allof
its

ope
rand

s
in

an
ord

e
r

d
e
pe

nd
ing

on
th

e
kind

of
e
x
pre

ssion,
and

typically
on

th
e
value

s
of

th
ose

ope
rand

s.

•
A
statem

ent
is

a
construct

th
at

prod
uce

s
no

value
,b

ut
is

use
d
sole

ly
for

its
sid

e
e
ffe

cts.

•
A

control
statem

ent
is

a
state

m
e
nt

th
at,

like
a
control

e
x
pre

ssion,
e
valuate

s
som

e
or

all
of

its
ope

rand
s,

e
tc.

•
W

e
typically

spe
ak

of
state

m
e
nts

b
e
ing

ex
ecuted

rath
e
r
th

an
e
val-

uate
d
,
b
ut

th
e
tw

o
conce

pts
are

e
sse

ntially
th

e
sam

e
,
apart

from
th

e
que

stion
of

a
value

.
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C
ond

itiona
l
E
x
pre

ssions
(I
)

•
T
h
e
m
ost

com
m
on

kind
of

control
is

cond
itional

evalutation
(ex

ecu-
tion) .

•
In

Pyth
on,

to
e
valuate

T
ruePart

i
f

C
ond

ition
e
l
s
e

F
alsePart

–
F
irst

e
valuate

C
ond

ition.

–
If

th
e
re

sult
is

a
“true

value,”
e
valuate

T
ruePart;

its
value

is
th

e
n

th
e
value

of
th

e
w
h
ole

e
x
pre

ssion.

–
O
th

e
rw

ise
,
e
valuate

F
alsePart;

its
value

is
th

e
n
th

e
value

of
th

e
w
h
ole

e
x
pre

ssion.

•
E
x
am

ple
:

If
x
is

2
:

1
/
x
if

x
!=

0
e
lse

1
1
/
x
if

2
!=

0
e
lse

1
=
⇒

1
/
x
if

T
rue

e
lse

1
=
⇒

1
/
x

=
⇒

1
/

2
=
⇒

0
.5

If
x
is

0
:

1
/
x
if

x
!=

0
e
lse

1
1
/
x
if

0
!=

0
e
lse

1
=
⇒

1
/
x
if

F
alse

e
lse

1
=
⇒

1
=
⇒

1
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“T
rue

V
a
lue

s”

•
C
ond

itions
in

cond
itionalconstructs

can
h
ave

any
value

,not
just

T
rue

or
F
alse

.

•
F
or

conve
nie

nce
,
Pyth

on
tre

ats
a

num
b
e
r
of

value
s
as

ind
icating

“false
”:

–
F
alse

–
N
one

–
0

–
E
m
pty

strings,
se

ts,
lists,

tuple
s,

and
d
ictionarie

s.

•
A
ll
e
lse

is
a
“true

value
”
b
y
d
e
fault.

•
F
or

e
x
am

ple
:
13

if
0
e
lse

5
and

13
if

[
]
e
lse

5
b
oth

e
valuate

to
5
.
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C
ond

itiona
l
E
x
pre

ssions
(I
I
)

•
T
o
e
valuate

Left
a
n
d

R
igh

t

–
E
valuate

Left.

–
If

it
is

a
false

value
,th

at
b
e
com

e
s
th

e
value

of
th

e
w
h
ole

e
x
pre

s-
sion.

–
O
th

e
rw

ise
th

e
value

of
th

e
e
x
pre

ssion
is

th
at

of
R
igh

t.

•
T
h
is

is
an

e
x
am

ple
of

som
e
th

ing
calle

d
“ sh

ort-circuit
evaluation.”

•
F
or

e
x
am

ple
,

5
and

"H
e
llo"

=
⇒

"H
e
llo"

.

[
]
and

1
/
0
=
⇒

[
]

.
(1/0

is
not

e
valuate

d
.)
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C
ond

itiona
l
E
x
pre

ssions
(I
I
I
)

•
T
o
e
valuate

Left
o
r

R
igh

t

–
E
valuate

Left.

–
If

it
is

a
true

value
,
th

at
b
e
com

e
s
th

e
value

of
th

e
w
h
ole

e
x
pre

s-
sion.

–
O
th

e
rw

ise
th

e
value

of
th

e
e
x
pre

ssion
is

th
at

of
R
igh

t.

•
A
noth

e
r
e
x
am

ple
of

“ sh
ort-circuit

evaluation.”

•
F
or

e
x
am

ple
,

5
or

"H
e
llo"

=
⇒

5
.

[
]
or

"H
e
llo"

=
⇒

"H
e
llo"

.

[
]
or

1
/
0
=
⇒

?
.
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C
ond

itiona
l
S
ta

te
m
e
nt

•
F
inally,

th
is

all
com

e
s
in

state
m
e
nt

form
:
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