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1. Ffas...

e Environment Diagram

e Trees
e« Remember Me!



2. Environment Diagram



2.1 ipA = E]

def fix(f): cJ ¢
def inner(n): « name lookup

return 1 if n < 1 else f(n)| | function as values

return inner .
3& %\E/n\yﬁ (/QI* A, /9)

fact = lambda n: n * fact(n - 1) Cool Stuff:
fact = fix(fact)
result = fact(2)

coONO UG &~ WIDN -
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2.1 ipA = E]

1|def fix(f): .

2| def inner(n): « name lookup

3 return 1 if n < 1 else f(n)| | function as values

4 return inner .

5 3&%\@/“\?& (/QI* A,z)
6|fact = lambda n: n * fact(n - 1) Cool Stuff:

7|fact = fix(fact

3 ix( ) . fact:*i%g

result = fact(2)

>Lﬁﬁﬁ¢m#

» RecursionError
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2.1 TR R

=]

coONO UG &~ WIDN -

def fix(f):
def inner(n):
return 1 if n
return inner

fact = lambda n:
fact = fix(fact)
result = fact(2)

<

~

1 else f(n)

n * fact(n - 1)

Z R

« name lookup
« function as values

- BB (Z1EE
Cool Stuft:

. fact ﬁ%ﬁ

» RecursionError

- fix BE T HENIE)T

» #p ERIEZH
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2.1 pel = &

1|def fix(f): .

2| def inner(n): « name lookup

3 return 1 if n < 1 else f(n)| | function as values

4 return inner < .

: - EERM (FEIXAE)
6|fact = lambda n: n * fact(n - 1) Cool Stuff:

7| fact = fix(fact)

8|result = fact(2) « fact B4

> B)FIRLLEFMGF

» RecursionError

- fix B2 T B EAVE)IREN
> A EZRIEFRMF

- BERESERH
» (SRR vs REARAEF
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2.2 M

1]def fix(f): Easy:
def inner(n):

return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

coONO U1 &~ WDN

NJU SICP 2024-11-15



2.2 M

1]def fix(f): Easy:

def inner(n): . fact(n). PR ZER
return 1 if n < 1 else f(n) . result = fact(2) = 2
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

OO U1~ WN
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2.2 M

1]def fix(f): Easy:

2| def inner(n): . fact(n):. PNIEEKZK

3 return 1 if n < 1 else f(n) . result = fact(2) = 2
4 return inner — "

: . BT =R
6|fact = lambda n: n * fact(n - 1) 1. fix

7|fact = fix(fact) 2. inner

8|result = fact(2) 3. lambda<6>
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2.2 M

1]def fix(f): Easy:

2| def inner(n): . fact(n):. PNIEEKZK

3 return 1 if n < 1 else f(n) . result = fact(2) =
4 return inner

5 ° Ll\/\II:EIEJLJT AZ*&
6|fact = lambda n: n * fact(n - 1) 1. fix

7|fact = fix(fact) 2. inner

8| result = fact(2) 3. lambda<6>

e fact ?EZJ\EHETM_;T\
» fact BMZXIA: lambda<6>, inner
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2.2 M

1]def fix(f): Medium:
def inner(n):

return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

coONO U1 &~ WDN
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2.2 M

1]def fix(f): Medium:

def inner(n): - parent frame:
return 1 if n < 1 else f(n)

return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

OO U1~ WN

NJU SICP 2024-11-15



2.2 M

1|def fix(f): Medium:
def inner(n): . parent frame:

return 1 if n < 1 else f(n) » parent[fix] = global
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

OO U1~ WN
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2.2 M

1[def fix(f): Medium:

2| def inner(n): - parent frame:

3 return 1 if n < 1 else f(n) » parent[fix] = global
4| return inner : :

c » parent[inner] = fix
6|fact = lambda n: n * fact(n - 1)

7|fact = fix(fact)

8|result = fact(2)
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2.2 M

1

OO U1~ WN

def fix(f):
def inner(n):
return 1 if n < 1 else f(n)
return inner

fact =
fact =
result

lambda n: n * fact(n - 1)
fix(fact)
= fact(2)

Medium:
- parent frame:
» parent[fix] = global
» parent[inner] = fix
» parent[lambda<6>] = global
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2.2 M

1]def fix(f): Hard:
def inner(n):

return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

coONO U1 &~ WDN
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2.2 M

1

OO U1~ WN

def fix(f):
def inner(n):
return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

NJU SICP
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2.2 M

1

OO U1~ WN

def fix(f):
def inner(n):
return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

Hard:
D f

- BRI A
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» {E fact, {E9 lambda<6>
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2.2 M

1

OO U1~ WN

def fix(f):
def inner(n):
return 1 if n < 1 else f(n)
return inner

fact = lambda n: n * fact(n - 1)
fact = fix(fact)
result = fact(2)

NJU SICP

Hard:

28 f

» {E fact, {E9 lambda<6>

BRI £33 FE
» fact = fix(fact)
— global = fix
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2.2 M

1[def fix(f): Hard:

2| def inner(n): ot i

3 return 1 if n < 1 else f(n) . fE\ fact, 1B lambda<6>
4 return inner wels

: . AR

6|fact = lambda n: n * fact(n - 1) » fact = fix(fact)

7|fact = fix(fact) - global = fix

8| result = fact(2) » result = fact(2)

— global = fact{inner}(2)
= f{lambda<6>}(2)
= fact{inner}(1)
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3. Trees




3.1 fpl = E

def fix(f): Zm:
def inner(n): « data abstraction

return 1 if n S 1 else f(n) e TEcursion

return inner .
. XT3

fact = lambda n: n * fact(n - 1) Cool Stuff:
fact = fix(fact)
result = fact(2)

coONO UG &~ WIDN -
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3.1 fpl = E

def fix(f): Zm:
def inner(n): « data abstraction

return 1 if n S 1 else f(n) e TEcursion

return inner .
« X7

fact = lambda n: n * fact(n - 1) Cool Stuff:
fact = fix(fact) CTE_ABE S E\mP
result = fact(2) ) “f[%éﬁﬁfﬁFA’ ﬁgggﬁj?e .
o “ Y SEIIRMIRIFEMIZERIXE T

coONO UG &~ WIDN -

How dare you!
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3.2 t1

tl = tree(1, [
tree(2, [ 0 Q
tree(4)]),
tree(3, [ ‘
N O = O
ENE 5

- REBD NERXE]T

EH IO — 4+

* Ig1X7 \5[3)( :
» [1, [2, [4]], [3, [5]]]

» tree(1l, [tree(2, tree(4))],
[tree(3, tree(5))])
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3.3 map_tree

def map_tree(t, f): 13B13:
return tree(
f(label(t)),

[map_tree(b, f) for b in branches(t)]
)
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3.3 map_tree

def map_tree(t, f): 13
return tree( . is leaf:
f(label(t)), -

[map_tree(b, f) for b in branches(t)] BB f
) fER7E label(t) £
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3.3 map_tree

def map_tree(t, f): 3.
return tree( . is leaf:
f(label(t)), e
[map_tree(b, f) for b in branches(t)] BB f
) ERTE label(t) L

« BNIMZE branches
AR map_tree
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3.3 map_tree

def map_tree(t, f): 3.
return tree( . is leaf:
f(label(t)), e
[map_tree(b, f) for b in branches(t)] BB f
) ERTE label(t) L

o BMAZE branches
AR map_tree
o doctest 1B 1 E—ARIEZR
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3.3 map_tree

def map_tree(t, f): 3.
return tree(
f(label(t)), e is Tleaf:
[map_tree(b, f) for b in branches(t)] BiZEA f
) VEFATE label(t) E

« BNHZE branches
B FH map_tree

o doctest 1B 1 E—AREZR

. BRI
FIES A (why?)
AREE is leaf 3 OK(why?)
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3.3 map_tree

def map_tree(t, f): MERISE:
return tree(
f(label(t)),

[map_tree(b, f) for b in branches(t)]
)
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3.3 map_tree

def map_tree(t, f): o E I B E
return tree( . _
f(label(t)), f(;)x ' ,
[map_tree(b, f) for b in branches(t)] f =EFTE tabel LRIXKIZR
) F 1 doctest
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3.4 height

def height(t, f): 1313
if is leaf(t):
return 1

return 1 + max([
height(b) for b in branches(t)

1)
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3.4 height
def height(t, f): 3EY3:
if is leaf(t): e is leaf: 1R[] 1
return 1 - |

return 1 + max([
height(b) for b in branches(t)

1)
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3.4 height
def height(t, f): CIEE

if is leaf(t): . is leaf: 3EE 1
return 1 — |
return 1 + max([ « BNHEE branches

height(b) for b in branches(t)  BJIMIITE height
1) °%Eﬁﬁﬁﬁﬁﬂ
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3.4 height

def height(t, f): i%Y3:
if is leaf(t): e is leaf: R[] 1
return 1 -

return 1 + max([ + B branches
height(b) for b in branches(t)  BJIMIITE height
1) - SAFIREIERAKIE 1
- BERME—
» 1+ INEE
» sorted( ... )[-1] IREER /]
» RIES AEHNEY(why?)
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3.4 height

def height(t, f): MERISE:
if is leaf(t):
return 1

return 1 + max([
height(b) for b in branches(t)

1)
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3.4 height

def height(t, f): 25 I b
if is leaf(t): C =T
return 1 A

return 1 + max([ F IR

height(b) for b in branches(t)
1)
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3.4 height

def height(t, f): R b,
if is leaf(t): C =T

return 1 At

return 1 + max([ FRIRN
height(b) for b in branches(t) - sum()

]) r‘-‘-‘lA\:l:,Eﬁ

- = 13kEA
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3.5 What went wrong?

ENEE:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list  tree
6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))
15 |copy_tree(bri[i])
18 |tree(11 + 12, new_branches)

NJU SICP
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3.5 What went wrong?

ENEE:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list  tree
6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))
15 |copy_tree(bri[i])
18 |tree(11 + 12, new_branches)

ip e =
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

A == &
BRIl =

- AFFRBRIRIIRE O] AKX
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

R

. BRFTEHIRIRE O] HIUER
. EEMRBRAR
FEERMBEET?

NJU SICP 2024-11-15



3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

HERE:

. BHFTEIIRE o) HALER
. EEREHIAR
FEERMBRET?

L DIEEAT, —FR%?
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3.5 What

went wrong?

ENEE:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list  tree
6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))
15 |copy_tree(bri[i])
18 |tree(11 + 12, new_branches)

el = E: eNE R 5

. BHFTEIIRE o) HALER

. EEREHIAR
FEERMBRET?

L DIEEAT, —FR%?
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

HERE: BRI
. BHFTERINORE O ETER - 4 Mo MBEE, 69
. EEREHIAR

FEERMBRET?

L DIEEAT, —FR%?
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

ip e = EXE R 5
- AFFRBRIRIIRE O] AKX - 4 M 6 WREEF, ¢ 7
- EERBIERLE - T 10

FEERMBRET?
- DA, H—FRE%?
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

el = E: eNE R 5

- APFEIEIRIYRE O] ELIER c 4M 6o WBEF, 6 9

- BEEIREBNEAR - W7 10
“BREMEIET? e A copy tree IR T 53

- “MR=T1T, ;—FEFE?
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3.5 What went wrong?

ENER:

Line #|Correct Answer Comment
3 |is_leaft(t1) tree =+ list
4 |tree(11 + 12, [copy_tree(b) for b in branches(t2)] list + tree

6 |tree(11 + 12, [copy_tree(b) for b in branches(t1)]
10 |range(max(len(br1l), len(br2)))

15 |copy_tree(bri[i])

18 |tree(11 + 12, new_branches)

el = E: eNE R 5

- APFEIEIRIYRE O] ELIER c 4M 6o WBEF, 6 9

- BEEIREBNEAR - W7 10
“BREMEIET? e A copy tree IR T 53

« “MR=T1T, IT— FRIFE? - FZEIFTE(why?)
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4. Remember Me!




.
o« KHI%E(~900 1A])

higher order functions

pure functions
« ADT

1E1R%ZF code FHINIE
(AR a2 5 A7)

Cool Stuft:
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.
o« KHI%E(~900 1A])

higher order functions

pure functions
ADT

1E1R%ZF code FHINIE
(AR a2 5 A7)

Cool Stuft:

« Python adecorator BY/FIE
B BRI cats.py BIEE?

- (JIF) =8mNERMK
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4.2 count_calls

def count _calls(n):
if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count _calls(n - 2) + 1

=34
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4.2 count_calls
def count _calls(n):

if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count _calls(n - 2) + 1
58

o 2] call tree T 22X

NJU SICP 2024-11-15



4.2 count_calls

def count_calls(n):
if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count_calls(n - 2) + 1

58
o ¥ call tree T 522K
« count_calls FYIBKIRE :
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4.2 count_calls

def count_calls(n):
if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count_calls(n - 2) + 1

B

o ¥ call tree W 22X

« count_calls FYIBKIRE:
1. ;325 count_calls(n) > fib(n)
2.
3.
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4.2 count_calls

def count_calls(n):
if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count_calls(n - 2) + 1

B

o ¥ call tree W 22X

« count_calls RVIZKIRE:
1. ;325 count_calls(n) > fib(n)
2. H fib(n) $8ERIEK
3.

NJU SICP 2024-11-15



4.2 count_calls

def count_calls(n):
if n = 1o0or n = 2:
return 1
return count_calls(n - 1) + count_calls(n - 2) + 1

B B E R

o %% call tree TI 22K « FOAEFTX—I fib
. count_calls BUIEKRE: W 2R count_calls(5):& 9
1. ;325 count_calls(n) > fib(n) TN

2. H fib(n) $I8ELRILZ K
3. EERLEE—TF

NJU SICP 2024-11-15



4.2 count_calls
def count_calls(n):

if n=1o0orn = 2:
return 1
return count_calls(n - 1) + count_calls(n - 2) + 1
58 EE R i

e ¥ call tree T %X

« ROABTX— fib
e count_calls FYIEKIERE: ~ i

DB 1R count_calls(5)RE 9

1. ;325 count_calls(n) > fib(n) A A3 B

2. H fib(n) IB5EPIEK TERE

3. EERLEE—TF - ARFHES B
Gk SR

(GEBINA] fib SE{R)
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4.3 Pure

def append_len(x):

import random F
def lottery():
return random.randint(6, 71)
def fact(n): T
return 1 if n = 1 else fact(n - 1) * n
t = [] F

print(append_len('A'))

def safe(y, total):
nonlocal X
ify < 0:
return total
X = (y - 1) % 2
return safe(y - 1, x * (total + 1))
return safe(x, 0)

t.append(x) .
return len(t) print(append_len('B'))
def fun(x): T

nonlocal X &85’

AR safe & y g
= y< 0, total 790
(BIRER)BI{ER

NJU SICP
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4.4 Rewrite Me?

mem = memory() MERISE:
def fib_r(n):
if recall(mem, n):
return recall(mem, n)
Fn = 1
if n = 3:
Fn = fib_ r(n - 1) + fib_r(n - 2)
remember(mem, n, Fn)
return Fn

NJU SICP 2024-11-15




4.4 Rewrite Me?
mem = memory() L& R 5

def fib_r(n): . ;f;,hn.m./rh-_/l\ﬁiiﬁ not recall
if recall(mem, n):
return recall(mem, n)
Fn = 1
if n = 3:
= fib r(n - 1) + fib_r(n - 2)
remember(mem, n, Fn)
return Fn
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4.4 Rewrite Me?
mem = memory() MERIE:

def fib_r(n): e

if recall(mem, n): o ADEIFEEZITIE not recall
return recall(mem, n) » =FPRIEY3, EHZE RecursionError
f:l -1 , fFib r(3) = fib r(2) =
if n : . .
- fib r(1) = fib r(0) =
Fn = fib_ r(n - 1) + fib_r(n - 2) ib_r(1) ib_r(0)
remember(mem, n, Fn) « BREIFET n > 2

return Fn
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4.4 Rewrite Me?
mem = memory() M&E RS-

def fib_r(n): e

if recall(mem, n): o ADEIFEEZITIE not recall
return recall(mem, n) » =FPRIEY3, EHZE RecursionError
f:l -1 , fFib r(3) = fib r(2) =
if n : . .
- fib r(1) = fib r(0) =
Fn = fib_ r(n - 1) + fib_r(n - 2) ib_r(1) ib_r(0)
remember(mem, n, Fn) « BREIFET n > 2

return Fn » {BAIE%E 7 (why?)
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4.5 Remember Me!

def remember me(f): &R
mem = memory( )
def inner(n):
if recall(mem, n):
return recall(mem, n)
Fn = f(n)
remember(mem, n, Fn)
return Fn
return inner

NJU SICP 2024-11-15



4.5 Remember Me!

def remember me(f): &R
en < menery() . RSN BRI fib
if recall(mem, n): > remember_me BRI Z L ERIER
return recall(mem, n) HITEREERIZIZT count_k
Fn = f(n)
remember(mem, n, Fn)
return Fn

return inner
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4.5 Remember Me!

def remember me(f): &R
en < menery() . RSN BRI fib
if recall(mem, n): > remember_me BRI Z L ERIER
return recall(mem, n) HAMEEEEIRIZHET count_k
Fn = f(n) . BZERME—
remember(mem, n, Fn)
return Fn

return inner
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4.5 Remember Me!

def two_to_one(f):
return lambda nk: f(nk[0], nk[1])

count_k = two_to_one(count_k)

# old count_k: (n: int, k: int) — int
# new_count_k: (nk: (int, int)) — int
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4.5 Remember Me!

def two_to _one(f): o At
return lambda nk: f(nk[0], nk[1]) .
- BEWERQ 57)

count_k = two_to_one(count_k) .
- REVFBBEXT

# old count k: (n: int, k: int) — 1int argument unpacking

# new_count_k: (nk: (int, int)) — int BYI2 (8]
new_count_k((5, 3)) . FOABTHEE 13/

= (lambda nk: old_count_k(nk[0], nk[1]))((5, 3)) ‘

= old_count_k(5, 3) HEe#K

= count_k(5 - i, 3) # Which count_k? s &
# new_count k! - BRINEFAZ
# TypeError
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5. Bonus




BRI

. BHRRE

- WEABLEEM RS

- AR R HEI R —?
. BAE R

» Interptation

» ... of Computer Science
» ... of Composing Programs

. BEREE
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