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0l 3Z2 A0 {2 FH %X

. defBEINIE— P REMRIERMEL—TEE

l1def intersect(A, B):

2 res = []

3 for x in A:

4 1T x 1n B:

5 res.append(x)
6 return res

e HifTdefiZ012fE, QBT —1TREXR, HETE
intersect@ BRI GTR  EHEn, HIEMITENintersect

e ERXGRAPEARIEIN 1 FENA(EEX)
>>> C = intersect(LA, LB)
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BRI X 1 FH

o JREWEAEK, WHEEEHNTT, B2ZREEE|return
expBRIHITHERER, FREREIZLERNexphE

1 intersect(A, B):

2 res = []

3 _ X 1n A:

4 1T X 1n B:

5 res.append(x)
6 n res

o BRBARFRRREIE, HARIEFRNHT

>> LA = [1, 2, 3, 4, 5]
>> LB = [2, 3, 5, 7, 11]
>>> C = 1nte rsect(LA LB)
>>> ‘
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returniaj

o returniBo)|E R AEEAH, FA :
e (1BreturnBalBE—1 &L,

o Y1EreturniBA) R EER L,

;& [B1%FEARE
& [E]— 7 "NoneXt 2

ZHENEPPIR 1B EER

o DB L “751 returnigqj,

FECER, FBamRE /\Noneﬂ’?
>>> g0 >>> - hQ): >>> - fO):
X =1 X =1 X =1
X X
X
>>> print(g()) >>> print(f)
1 >>> printCh()) None

None
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ldef collatz(n):

1T n%s 2 ==1:
return 3 x n + 1
else:
return n // 2

7def trace_collatz(n):

8

9
10
11
12
13
14

res = [n]
while True:
n = collatz(n)
res.append(n)
1T n == 1:
break
return res

>>> trace_collatz(1l)
[1, 4, 2, 1]

>>> trace_collatz(2)

[2, 1]

>>> trace_collatz(3)

[3, 10, 5, 16, 8, 4, 2, 1]
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o TEFEMEPMNIERIE & R BETE REN M HPIE

>>> def intersect(A, B):
res = []
for x 1n A:
1f x 1n B:
res.append(x)
return res

>>> res
Traceback (most recent call last):

File "<pyshell#16>", 1line 1, 1n <module>
res

NameError: name

| ] | ]

res' 1s not defined
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o TEX iff(mMBWEa’l SMERNYNBRENTSZE{ER
2, hE2RTAENEE

>>> def intersect(A, B):

res = []
</”—__—* for x 1n A:

XEFHNRETS 1t X 1n B:

res.append(x)
\\\\ return res

>>> res = 'outside variable res’
>>> 1intersect([1, 2, 3], [2, 3, 5])
[2, 3]

>>> res

'outside variable res'
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>>> - f(a, b):

a=8
b[@] = 10
>> X = 1
>>y = [1, 3, 5]

>>> f(X, Yy)
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line that has just executed

== next line to execute

def f(a, b):
a = 8
b[O] = 10

x =1

y = [1, 3, 5]

f(x, vy)

def f(a, b):
a = 8
b[O] = 10

x =1

y = [1, 3, 5]

f(x, vy)

def f(a, b):
a = 8
b[O0] = 10

x =1

y = [1, 3, 5]

Frames

Frames

Global frame
f

Frames

Global frame

f
X |1

y ./N

Objects

Objects

function

f(a,

Objects

b)

function

f(a,

list

0

1

1

b)

3

2

5
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line that has just executed

== next line to execute

def

<
|

f(x

def

G HURRE IR N A

f(a, b):
a = 8
b[@] = 10

1
[1, 3, 5]
. Y)

f(a, b):
a = 8
b[@] = 10

[1, 3, 5]

M=

Ly

Frames Objects
Global frame function
f(a, b)
f e
X _1 list
0o |1 |2
- 1 (3|5
f
a 1
b |
Frames Objects
Global frame function
f(a, b)
f —
X i list
0o |1 |2
- 1 (3|5
f
a 8
b |

EBX - http://www.pythontutor.com/
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line that has just executed

== next line to execute

IR

def f(a, b):
a = 8
b[@] = 10

x =1

y = [1, 3, 5]

f(x, y)

def f(a, b):
a = 8
b[O@] = 10

x =1

y = [1, 3, 5]

f(x, y)

G hRN AW BRI (8l

M=

Ly

Frames Objects
Global frame function
f(a, b)
f —
X _1 list
0 1 2
YL 10 | 3 | 5
f
a 8
b —
Return None
value
Frames Objects
Global frame function
.~ f@. b
f —
X ;& list
o— |0 1 2
YL 10 | 3 | 5

EBX - http://www.pythontutor.com/
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o defEEOIE— P BHHRIEHIES TSR

o IEBAIUFZITEE

>>> - my_add(x, y):
X + Y

>>> my_add(3, 5)

8

>>> your_add = my_add
>>> your_add(1l, 10)
11

HE 2B — 1 25X

Global frame function
my add(x, y)
my_add
Global frame function

my_add f}my—add(x’ )
your_add

15
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o JFXZ—ATERENNR, PRLIRITDEEFNHEF

>>> def my_sub(X, y) Global frame :r:J;Ct:Zjnd(x, ’)

return x - y my_add
my_sub

function

my_mul my sub(x, y)

>>> def my_mul(x y):

* my_arith_lib
I Arm X Y

function

my mul(x, y)

>>> my_arith_lib = [my_add,
my_sub,
my_mul,
]
>>> for f in my_arith_l1ib:
print(f(3, 5), end = " ")

8 -2 15

16
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>>> ~calculate(f, x, y):
- fx, y)

>>> calculate(my_add, 3, 5)
8

>>> calculate(my_mul, 3, 5)
15

. BERTBHIEHSHNERIHRABH B

e map(function, iterable, ---) : BEI— e[ 2, Ho
TERBTIEEANER - R iterableth B)7TEEA
SRR FA & £ functiontF 2| BAERIFR 5

W =

17



NS ?{Zmap

e map(function, iterable, ---) : BREI—PR[ZERKF T, HPE
TR IR TEANIER - R Fiterable P BUI7TTEEAE

SR BIFA & £X functiontF 2IBVERIFR 5|

>> A =[-2, -1, 0, 1, 2]
>> B = [1, 2, 3, 4, 5]
>>>

>>> Llist(map(abs, A)) # ANEBEXRIabsiE=Z— 13
[2, 1, 0, 1, 2]

>>>

>>> list(map(my_add, A, B)) # my_addiZEZm NS
[-1, 1, 3, 5, 7]
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>>>
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>>>
>>>

>>>
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K2 o L8 B

A bl LGB T defBEA)E XY B— 1R

def maker(n): # JMNEREN

def action(X): # HNEXRE

return x ** n

return action # iREREaction, ZREECET nHE
f = maker(2) #FFAREmaker, SlEEXEaction, nB{ER2
f(3) # AAREaction, HxH3, nER?2
f(4) # AAEaction, BExH4, nHER2
g = maker(3) # GlEX#actionfIB—"hrAs, nBYERN3
g(3) # ARXRHactionB—1ThERA, nBIERN3

19
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1% |3

>>> def my_fac(n):
1f n==1:
return 1
else:
return n * my_fac(n-1)

>>> my_fac(5)

120

>>> my_fac(20)
2432902008176640000
>>> 1mport math

>>> math.factorial(20)
2432902008176640000

s WREEmy facERINSHBORE-1, HRLUMT?

21



line that has just executed
== next line to execute

(1)

(2)

(3)

def

res

def

res

def

res

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my_ fac(n-1)

= my_fac(4)

>

(4)

Frames Objects
Global frame function
my_ fac(n)
my_fac
Frames Objects
Global frame function
my_ fac(n)
my_fac
my_ fac
n 4

def my_ fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

res = my_fac(4)

22



line that has just executed
== next line to execute

-—)
(5)

—
(6)

-

(7)

def

res

def

res

def

res

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my_ fac(n-1)

my fac(4)

Frames

Global frame

my_fac
my fac
n 4
my_ fac
n 3

Objects

function

my_ fac(n)

23



line that has just executed
== next line to execute

(8)

(9)

(10)

-

def

res

def

res

def

res

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

Frames

Global frame

my_fac
my fac
n 4
my_ fac
n 3
my_ fac
n 2

Objects

function

my_ fac(n)

24



line that has just executed
== next line to execute

(11)

(12)

(13)

def

res

def

res

def

res

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my_ fac(n-1)

my fac(4)

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

Frames

Global frame

my_fac

my_ fac

n 4
my_ fac

n 3
my_ fac

n 2
my_ fac

n 1

Objects

function

my_ fac(n)

25



def my fac(n):
if n ==
- return 1
else:
return n * my fac(n-1)

(14) res = my_fac(4)
Frames Objects

Global frame function
my fac(n)
my_fac

my_ fac

my_ fac

my fac

my fac

n 1

Return
value

(15)

—

def my_

if

els

fac(n):
n==
return 1
e:
return n * my fac(n-1)

res = my_fac(4)

Frames Objects

Global fr

ame function
my fac(n)

my_fac

my fac

my_ fac

my_fac

n

Return
value

line that has just executed
== next line to execute

20
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= next line to execute

(16)

(17)

(18)

def

res

def

res

res

my fac(n):
if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

my fac(n):
if n ==
return 1
else:
return n * my_ fac(n-1)

= my_fac(4)

def my_ fac(n):

if n ==
return 1
else:
return n * my fac(n-1)

= my_fac(4)

Global frame function
my_ fac(n)
my_fac
my_fac
n 4
my fac
n 3
Return
value
Global frame function
my_ fac(n)
my_fac
my fac
n 4
Return 24
value
Global frame function
~ my fac(n)
my_fac
res 24

27
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5l 2 KA

1Emy_sum, #EZ—HIFRL, KPAATRELZ
15X, B2

) & sum K

10

(]

5

0

a

L[O]+my_sum(L[1:])
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https://dblp.uni-trier.de/pers/hd/l/Liu_0002:An

A 22 (35K AD

o IRE—EE(MY_sum, FSZ—18|EL, BB Ak

o AN - 9FZAZE, REIO

o BB - JRTAR, REL[O0]J+my_sum(L[1:])

my_sum(L):
L:
0

OB WNPE

L[0] + my_sum(L[1:])

>>> res = my_sum([2, 3, 5, 7])
>>> res
17

29



Global frame function Global frame function

| my_sum(L) my sum(L)
my_sum | my_sum
list list
my_sum 0 1 2 3 my_sum O2 13 2
2 | 3|5 |7 L
L
i list
list my_sum o 11 1o
my _sum o 1 | |
| 3|57 L 315
L
: my_sum list
my_sum list o |1
0 1 L 5 7
L 5|7
my_sum list
my_sum list L | ‘07
L \O_
| 7
my_sum

./_‘*empty list
my sum | L
- empty list
L Return

value



Global frame function Global frame function

my_sum(L) my sum(L)
my_sum L my_sum L
list list
my_sum o (1 |2 |3 my_sum 0 (1 |2
1 ’ 2 3 5 7 L ‘ 2 3
list list
my_sum 0 1 2 my_sum 0 1 2
L’ 31517 L‘ 3|5
0o |1 > 0o |1
L 5 | 7 L 5 |7
Return
value 12
my_sum list
L e —> 07
Return

value



Global frame function

| my_ sum(L)
my_sum
list
my _sum 0 1 2 3
| 2 3 5 7
L
list
my_sum 0 1 2
L o 3 (5|7
Return Global frame function
15
value /—>my_sum(L)
my_sum
res 17
Global frame function
| my_ sum(L)
my_sum
list
my_sum 0 1 2 3
/—) 23|57
L
Return 17
value
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e NEsumFE o[ LL3T—1F|E KD

= AERARRN7TE T &M, N

>> L = [2, 3, 5, 7]

>>> sum(L)

17

>>> A = [1, [2, [3, 4], 5], 6, [7, 8]]

>>> sum(A)

Traceback (most recent call last):

File "<pyshell#69>", line 1, in <module>

sum(A)

TypeError: unsupported operand type(s) for +:

"int' and 'list’
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https://dblp.uni-trier.de/pers/hd/l/Liu_0002:An

o BE—THEE MY sum v, ES— P HREHE (RES
=

=)
70N )

EAREBI - Sninka—THE BERERE

2 B2 KA

K %5 2= P78 2 (ERIA

e Z[ARN - FRITEE— TR

o MTAXRPHE—T7tHR, ERAmMY_sum_visKAD

o WHhThkMRE, RELH

o JNfElHIEF— T EEGRYE?

o &

N & FE 2 isinstance(obj, classinfo) & 17| lf

3

xdt
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https://dblp.uni-trier.de/pers/hd/l/Liu_0002:An

|

* =

° 1B

OONOUITE WN B

fz B 5| 22 K A0

AER - SRlTEE—1TIE, BiERE
AYER - SaltE—15E
MFAEPEG—17tE, [EHRmy_sum_v1KE

®h7ThkZfa, REEBIA

my_sum_v1(L):
* isinstance(L, 1list):

L
total = 0
~ X 1n L:
total = total + my_sum_v1(x)
total
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EHA

e [ENT TR, EXENNEH ttallztEm 12,30 =H5
HAR6FE T - 123, 132, 213, 231, 312, 321

o 27t RaMbHEHAIR BB - abilba

P ENEHNWNFE B2 T ENEHHNEFER 7

123 132 = 213 231 = 312 | 321

N T T N

23 32 | 13 31 | 12 | 21
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EHA

TTH, e_m-e EMNZHY . i 1,230 2H3
: 123, 132, 213, 231, 312, 321

L EN 7T
,\7§6$¢’4

o X permute(l)a[ LA £ pKHIZRLP PRIA 7T EBIZHES
o Tt R EHF2NfEI £ Rk 7
o I—7t& + RRn-1 17T EREHS

e L[O] + permute(L[1: ])
e L[i] + permute(L] :i] + L[i+1: ])

e L[n-1] + permute(L[:n-1])


https://dblp.uni-trier.de/pers/hd/l/Liu_0002:An

EHA

>>> def permute(lL):

1f not L:

return [L] # MNiZRE[[]]
else:

res = []

for 1 1n range(len(L)):
rest = L[:1] + L[1+1:]
# WNRrestNZE, permuteXENMN1ZIR
for x 1n permute(rest):
res.append(L[1:1+1] + x)
return res

>>> permute([1,2,3])

(o1, 2, 31, 1, 3, 21, [¢, 1, 31, [2, 3, 1], [3, 1, 2], [3, 2, 11]
>>> len(permute([1,2,3,4,5]))

120

[L1]
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