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* hw03p4: Count Change
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[ab03p5: Maximum Subseguence

» max_subseq(n, 1): KnpyKERNEI|F FFR AR K HIEX

max_subseq(20125, 3) = 225

e Base cases:



[ab03p5: Maximum Subseguence

» max_subseq(n, 1): KnpyKERNEI|F FFR AR K HIEX

max_subseq(20125, 3) = 225

* Base cases:
‘n==0: HFE0, ZERA L0
« | == 0: KEAHOMFHFF|R0JgEZ0

« IR AEIENn < 105 E| == 1{Efbase case, ST EBERE R



[ab03p5: Maximum Subseguence

» max_subseq(n, 1): KnpyKERNEI|F FFR AR K HIEX

max_subseq(20125, 3) = 225

*n>0and | >0?

- AREEERE—NAEFELEEERB
« RNEZZE: return max_subseq(n // 10 )
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[ab03p5: Maximum Subseguence

» max_subseq(n, 1): KnpyKERNEI|F FFR AR K HIEX

max_subseq(20125, 3) = 225

*n>0and | >0?

- AREEERE—NAEFELEEERB
« RNEZZE: return max_subseq(n // 10 )

Y‘K?E return max_subseq(n // 10,1 - 1) * 10 + (n % 10)



[ab03p5: Maximum Subseguence

» max_subseq(n, 1): KnpyKERNEI|F FFR AR K HIEX

max_subseq(20125, 3) = 225

*n>0and | >0?

return max(max_subseq(n // 10, 1),
max_subseq(n // 10,1 -1) * 10 + (n % 10))



hwO03p?Z: PiIng-pong

* 5kPingpong#1 %! 5 25 nIin

 FHwhile5: SO EASY!
* i35




hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

« —FERIAE A

* Base case: n==1=>1
* Recursion: pingpong(n) = pingpong(n-1) +1/-1

s BT ¥R, MAHR, NBEFESWHIE




hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- A EES SeEwhilefyiUx, ARBUIENT (FFIF]

def pingpong(n):
curr, result, direct = 1, 1, 1

while curr != n:
if curr % 6 == 0 or number_of_six(curr) > 0:
result = result - direct
direct = -direct
else:

result = result + direct
# direct = direct
curr = curr + 1
return result

22 R fHACAD)
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hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- NERES EBwhilelBUE, ASRBUBOET (HFIF 2232 HHE)

def pingpong(n):
def helper(curr, result, direct):

if curr == n:
return result
if curr % 6 == 0 or number_of_six(curr) > 0:

return helper(curr + 1, result - direct, -direct)
return helper(curr + 1, result + direct, direct)
return helper(1, 1, 1)

11



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

« L BES:

FHENR I EAY T 1]
a3 K
(R FI] 22 T fHEAS)

12

def pingpong(n):
def ping_pong(k, f):
if k <= 6:
return k
elif k % 6 == 0 or number_of_six(k) > O:
return ping_pong(k - 1, -f) - f
else:
return ping_pong(k - 1, f) + f
def add_or_sub(k):
if k < 6:
return 1
elif k % 6 == 0 or number_of_six(k) > O:
return -1 * add_or_sub(k - 1)
else:
return add_or_sub(k - 1)
return ping_pong(n, add_or_sub(n))



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EEE: pingpong(K)Fpingpong(n)iHZE % /7



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EEE: pingpong(K)Fpingpong(n)iHZE % /7

e Base case: k==n =>



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EEE: pingpong(K)Fpingpong(n)iHZE % /7

* Base case: k==n=>0
* Recursion: diff(k) =



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EEE: pingpong(K)Fpingpong(n)iHZE % /7

* Base case: k==n=>0

* Recursion: diff(k) = pingpong(n) - pingpong(k)
= pingpong(n) - (pingpong(k+1) - (1/-1))
= diff(k + 1) + (1/-1)



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EE pingpong(k)Hpingpong(n)tHZ= % /D ie?

* Base case: k==n=>0
 Recursion: diff(k) = diff(k + 1) + (1/-1)

n AL 218 4 &2



hw03p2: Ping-pong

* 5kPingpong#1 %! 5 25 nIin

- B EEE: pingpong(K)Fpingpong(n)iHZE % /7

* Base case: k==n=>0
« Recursion: diff(k, d) = diff(k+1,-dif .. else d)+d

* Answer: pingpong(n) = diff(0, 1)



hw03p4: Count Change

* count_change(total, next_money): KL F T A=

* Base case:
e total <O =>
* total == =>

* money is None =>



hw03p4: Count Change

* count_change(total, next_money): KL F T A=

* Base case:
* total < O =>0
* total == => 1
* money is None => 0
* Recursion:
- ZA—IKHHTA%R: count(total - money, money)

I TANERNER: count(total, next_money(money))



hwO3p6: Multiadder

* multiadder(n): 1R

O
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hw03p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

« 503} lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + xn



hw03p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

« 503} lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + xn

* Base case:



hwO3p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

e Base case: n==1=> lambda x: x



hw03p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

e Base case: n == 1 => lambda x: x
* Recursion:



hwO3p6: Multiadder

» multiadder(n): 1R [E—1T 3EZE1E An2K Y 5K F R 2X

1?—1

« 503 lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + xn

\/

lambda x12: lambda x3: ...: lambda xn: x12 + x3 + ... + xn



hwO3p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

\/

lambda x12: lambda x3: ...: lambda xn: x12 + x3 + ... + xn

\/

lambda x123: lambda x4: ...: lambda xn: x123 + x4 + ... + Xn



hw03p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

* lambda x123: lambda x4: ...: lambda xn: x123 + x4 + ... + xn

\
\

oY
n W10 B W3t ?

lambda x12345678.... x12345678...



hwO03p6: Multiadder

* multiadder(n): 1R[o

* lambda x123: lambda x4: ...: lambda xn: x123 + x4 + ... + xn

— o] PUEZRIE FInoR B9 K TN £X

\
\

\ lambda x: x

lambda x12345678...: x12345678...

29



hwO3p6: Multiadder

» multiadder(n): 1R [E—1T 3EZE1E An2K Y 5K F R 2X

1?—1

« 503 lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + xn

\/

lambda x12: lambda x3: ...: lambda xn: x12 + x3 + ... + xn



hwO3p6: Multiadder

» multiadder(n): 1R [E—1T 3EZE1E An2K Y 5K F R 2X

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

\/

lambda x12: lambda x3: ...: lambda xn: x12 + x3 + ... + xn

multiadder(n - 1)
i



hwO3p6: Multiadder

» multiadder(n): 1R [E—1T 3EZE1E An2K Y 5K F R 2X

1?—1

« 503 lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + xn

\/

lambda x12: lambda x3: ...: lambda xn: x12 + x3 + ... + xn

multiadder(n - 1)(x1 + x2)



hw03p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

e Base case: n == 1 => lambda x: x
* Recursion:



hwO3p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

1?—1

e SCIN lambda x1: lambda x2: ...: lambda xn: x1 + x2 + ... + Xn

* Base case: n == 1 => lambda x: x
* Recursion: lambda x: lambda y: multiadder(n - 1)(x +y)

xS



hwO3p6: Multiadder

» multiadder(n): 1R [E—0] PIZEZ21E FAn>R Y 5K F1K 22

- 2N EB&: E.g. multiadder(5)(1)(2)
s BHEBOPUERM, EXETE 721

c EEM3NE, EFHEEIFAS
*» multiadderZHWABRFXEEFER, FERAE XTI REL



hwO3p6: Multiadder

- multiadder(n): & [E—a] XESLIA,

- BRANERT (BEFF 2R )

def multiadder(n):
def helper(n, curr_sum):
def inner(x):
if n ==

N>R AY 5K 0 2R 2

return curr_sum + X
return helper(n - 1, curr_sum + X)

return inner
return helper(n, 0)

36



hw03p8: All-Ys Has Been

":? .
B Y i tiamE?




hw03p8: All-Ys Has Been

.

B V2N LI E?

+ REE R (fix-point)
{x]f(x)=x}



hw03p8: All-Ys Has Been

.

B V2N LI E?

+ REE R (fix-point)
{x]f(x)=x}

« I’ s 2HEF(fix-point combinator)
vf, Y(f) = f(Y(f))
N ERERE, Yo IR Az = !




hw03p8: All-Ys Has Been

« Y24 F(Y combinator)
Y = Af. (Ax.f(x x))(/lx.f(x x))

Haskell Brooks Curry was an
American mathematician and
logician. Curry is best known
for his work in combinatory
logic. While the initial concept
of combinatory logic was based
on a single paper by Moses
Schonfinkel, Curry did much of
the development. Curry is

ot

40
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hw03p8: All-Ys Has Been

X Ehw03p7 i — &

« O &+ (O combinator) /
0= (Ax.Ay. y(x x y))(Ax. 2y. y(x x y))

Alan Mathison Turing was an
English mathematician,
computer scientist, logician,
cryptanalyst, philosopher, and
theoretical biologist. Turing was
highly influential in the
development of theoretical
computer science, providing a
formalisation of the conce:!

o




hw03p8: All-Ys Has Been

. THY fib = fib (Y fib) 0.
 FibRIZIE 4B EI R 245




hw03p8: All-Ys Has Been

- 2HY fib = fib (Y fib)
 FibRIZIE T 4 RS BB TR R KT

 fib = lambda f: lambda r: 1 if r<=1else f(r-1) + f(r - 2)

':"
n ERENE AR T?



hw03p8: All-Ys Has Been

- 2HY fib = fib (Y fib)
 FibRIZIE T 4 RS BB TR R KT

 fib = lambda f: lambda r: 1 if r<=1else f(r-1) + f(r - 2)

Y fib = fib (Y fib)
= lambda r: 1if r<=1else (Y fib)(r - 1) + (Y fib)(r - 2)

Y fib =



hw03p8: All-Ys Has Been

What Would Python Display?
>>>Y = lambda f: (lambda x: f(x(x)))(lambda x: f(x(x)))
>>> Y(fib)(3)



hw03p8: All-Ys Has Been

What Would Python Display?
>>>Y = lambda f: (lambda x: f(x(x)))(lambda x: f(x(x)))
>>> Y(fib)(3)

fibonacci(3)= 7



hw03p8: All-Ys Has Been

What Would Python Display?
>>>Y = lambda f: (lambda x: f(x(x)))(lambda x: f(x(x)))
>>> Y(fib)(3)
Runtime Error: maximum recursion depth exceeded

&

MR IREEFRIT 4

47



hw03p8: All-Ys Has Been

What Would Python Display?
>>>Y = lambda f: (lambda x: f(x(x)))(lambda x: f(x(x)))
>>> Y(fib)(3)
Runtime Error: maximum recursion depth exceeded

Y(f) = (lambda x: f(x(x)))(lambda x: f(x(x)))
= f((lambda x: f(x(x)))(lambda x: f(x(x))))
=f(Y f)



hw03p8: All-Ys Has Been

What Would Python Display?
>>> Y = lambda f: (lambda x: f(x(x)))(lambda x: f(x(x)))
>>> Y(fib)(3)
Runtime Error: maximum recursion depth exceeded

Y(f) = (lambda x: f(x(x)))(lambda x: f(x(x)))
= f((lambda x: f(x(x)))(lambda x: f(x(x))))
= f(Y f) = £(F(Y ) = F(F(£(Y ) = F(F(F(F(Y 1))

= => Runtime Error



/S
hwO3p8: All-Y¥& Has Been

« 7205+ (Z combinator)
Z=2f (Ax.f(Az.x x 2) ) (Ax. f(Az. x x z))

vf, Z(f)(z) = £(Z(f))2)



/S
hwO3p8: All-Y¥& Has Been

« 7205+ (Z combinator)
Z=2f (Ax.f(Az.x x 2) ) (Ax. f(Az. x x z))

vf, Z(f)(z) = £(Z(f))2)

BIEAMEEZ, I5hitEs TYHESFRKENNTSEA

Z(f) = (lambda x: f(lambda z: x(x)(z)))(lambda x: f(lambda z: x(x)(z)))
= f(lambda z: (lambda x: f(lambda w: x(x)(w)))(lambda x: f(lambda w: x(x)(w)))(z))
= f(lambda z: Z(f)(2))

ol



/S
hwO3p8: All-Y¥& Has Been

« 7205+ (Z combinator)
Z=2f (Ax.f(Az.x x 2) ) (Ax. f(Az. x x z))

vf, Z(f)(z) = £(Z(f))2)

BIEAMEEZ, I5hitEs TYHESFRKENNTSEA

Z(f) = (lambda x: f(lambda z: x(x)(z)))(lambda x: f(lambda z: x(x)(z)))
= f(lambda z: (lambda x: f(lambda w: x(x)(w)))(lambda x: f(lambda w: x(x)(w)))(z))
= f(lambda z: Z(f)(z))

XAY(F)EH4

X

7ill



/S
hwO3p8: All-Y¥& Has Been
« 7205+ (Z combinator)
Z=2f (Ax.f(Az.x x 2) ) (Ax. f(Az. x x z))
vf, Z(f)(z) = F(Z(f))(z)

BIAINEZz, 5B TYHE FRENTSE
Z(f) = f(lambda z: Z(f)(2))

Z fib = lambdar: 1if r<= 1 else (lambda z: Z(fib)(2))(r - 1) + (lambda z: Z(fib)(z))(r - 2)



/S
hwO3p8: All-Y¥& Has Been
« 7205+ (Z combinator)
Z=2f (Ax.f(Az.x x 2) ) (Ax. f(Az. x x z))
vf, Z(f)(z) = F(Z(f))(z)

BILAMNEEz, 9w eR TYHEEFRKERNLSIES
Z(f) = f(lambda z: Z(f)(2))

Z fib = lambda r: 1 if r<=1else (Z fib)(r - 1) + (Z fib)(r - 2)
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Traceback (most recent call last):
return

M

SsyntaxkError: invalid syntax

o6



invalid ZEEFFX (EF) 152

invalid
adjective

UK4) /mn'veelid/ us+) /imn'veel.id/

(X T 5EE) 82

S — A b e e
R - ANEVER  BAA

syntax ZFEE A (EHE) 155

syntax

noun U] LANGUAGE specialized

UK 49 ['sin.taks/ us+) /'sin.taeks/

the grammatical arrangement of words in a sentence

oy o P oy Bl o iy = =3
s, E_'_J ] .%El*ﬁ

+:
An invalid document, ticket, law, etc. is not legally or officially acceptable.

%

Traceback (most recent call last):

return

M

SsyntaxkError: invalid syntax

of



Traceback (most recent call last): ESEB
return

N

SsyntaxkError: invalid syntax

invalid 5 £ (EE) 15EFERE 7|<' =1 Hh — Ab n 35.
s« CEFH. 0T, BREFIIE

invalid \ o —
) R AS007T
. ANRAE BBEARA A

An invalid document, ticket, law, etc. is not legally or officially acceptable. /
(XH - EZ2EE) 880 £&82Z0  EAFERN “—)
S ]
]aja i b 2y RO DICERENTINEG A,
RS AmeZ@>TIVATSTEHNTERRAL
syntax ZFEE A (L) [FEFE0ENE FANTA AT CNET.
@ ﬁ' 3 s A ATTENTION A
o FYPI—OBRBEGTOTLET
t ﬁ LEs<BHs{EEn
Syn ax FHOTLARBIETLELE
noun[U] - LANGUAGE - specialized fﬁmﬁ. &
UK %) ['sIn.teeks/ us <) /'sintaeks/ EIE R <5F 500RMB
A <10%F 300RMB
A <20F 200RMB

[EFE R > 20 + #RE 80RMB

[EER A > 30+ MM + & SORMB
BATE, RELE, BERN

OISR M TR R

+
iii

the grammatical arrangement of words in a sentence

Dk ATER

PEIRIE A | FELR MR
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