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>>> def area(r):
pi = 3.14
return p1 * r ** 2

>>> area(l)
3.14
>>> pl
Traceback (most recent call last):
File "<pyshell#750>", line 1, in <module>
pi
NameError: name 'pi' 1s not defined

() defhRESIET, FINETAREEES, EENRBREERS
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>>> def area(r):
pi = 3.14
return p1 * r ** 2

>>> area(l)

>>> pl = 3.142
>>> def area(r):
return p1 * r *¥* 2

>>> area(l)

3.14 PiREEEE
>>> pl1 = 3.142
>>> def area(r):

pi = 3.14

return p1 * r *¥* 2

>>> area(l)

3.14

>>> pi IZI &areaﬂlﬂﬁJLFJ'nBzgpl
3.142 wINE/HEEpilE

3.142 PiZEEREE
>>> pl = 3.142
>>> def area(r):

global p1i

pi = 3.14

return p1 * r ** 2

>>> area(l)

3.14

>SS p'|_ I;Zl%&areaq:'iﬁi‘iglobaliﬁ’cﬂ
3.14 FIREPRpiRERES
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o PR ERZ—T R AbuiltinsHiTEERIR, HEPMAEXT
E2EANTER, &L sumFlprint

IR MERHTEZNEN, ERAKRESA

e [Bff : randomtt Z2— iR EERIR, EBRFEREDLME
XL &2, ttelFirandint, PINBE N ZIER

>>> random.randint(0, 10)
Traceback (most recent call last):
File "<pyshell#915>", line 1, in <module>
random.randint(@, 10)
NameError: name 'random' is not defined
>>> 1mport random

>>> random.randint(@, 10)
9

>>> sum([1, 2, random.randint(@, 10)]) Hft+4sumB]CAEIZRIE?
10 7
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o S Abuiltinst2iR, REERZEARETEXNTES

o S Abuiltinst21R, RIELEGBAINIE X
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>>> sum([1l, 2, random.randint(@, 10)])
10

>>>
>>> - builtins

>>> builtins.sum([1, 2, 3])
6

>>> sum 1S builtins.sum

True



Le 2 pl

o NHAMRD RS B2 ERSE

1L = [1, 2, 3]
o L:Z[F 2m = 0
m (line 2) : €8 25 = 0
N 5def f()
o f: TH 6 'S
= 7 S = sum(L)
m (line 8) : BZP 8 m = min(L)
° sum: B 181‘()
e min: NE 11print(s, m)

e print : NE&
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- RIBLEGBMINIBNE HKIRE, BEPIERBPHT RS R
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>>> 1mport builtins

BPEIEEE, 2HFE ﬁ¢

BPREIEEE

>>> min = @ # TEminEEZFEERE, FTEEREFEREFIIRE

>>> def f():
sum = builtins.sum([1, 2, 3]) # TEsumEEEERAE
min = builtins.min([1, 2, 3]) # TEminEHEPIERE
>>> ()

>>> print(sum, min)

<built-in function sum> 0
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o FEFAEBRINR{E B alx=valueB 3£ S globalFnonlocal &2 I

e global (AMEHLE5TRY4T6IF)

o WNETEFEf RN EPFglobal¥fx 7 AH
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o LN, pExHME XPAREBTEBE
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globalZlnonlocal

o FEXFMIEPRINRIR TS Blx=valueBI3N R Z globalFInonlocalZ I

e nonlocal

e V1B REFREZBANonlocal¥txE BR
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o TN H R % SyntexError: no binding for nonlocal
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9XIylz=1l 1, 1
10def f():

11
BREREN | global x

@E’z‘ng >XI yl Z = 2 2 2 <—1?<y*ﬂzyjf=|=ﬂ’]ﬁ§|3§%
= 13 def g():
14 global y «—— zyhigrduneRTE
— ZzHHNEET S
VBB .Q°"§°C§1=Z3 N Bt
Bl 17 print('g:"', X, y, z)
18 g() _
19 print('f:', x, y, z) g: 333
20 fi 2 23
21 () m: 2 31

22print('m:"', x, vy, z)
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Ox =
10 def
11
12
13
14
15
16
17
18
19
20F()

1
f():
X = 2
def g():
X = 3
def h():
X =4

h()
print('g:", x)
g()
print('f:', x)

21print('m:", x)

g f m
x 3 2 1

O9x =
10def
11
12
13
14
15
16
17
18
19
20
21f()

1

f():

X = 2

def g():
X = 3
def h():

nonlocal X
X =4
h()
print('g:"', x)
g()
print('f:"', x)

22print('m:"', x)

g

f m
x 4 2 1




Ox =
10def f():

11
12
13
14
15
16
17
18
19
20
211()

1

X =
def

g()

2

g():

def h():
nonlocal X
X =4

h()
print('g:", x)

print('f:"', x)

22print('m: ", x)

O9x =

1

10def f():

11
12
13
14
15
16
17
18
19
20
21f()

X =
def

g()

2
g():
X = 3
def h():
nonlocal X
X =4

h()
print('g:"', x)

print('f:"', x)

22print('m:"', x)

X

g m
4 1

f
4

X

g

f m
4 2 1




nonlocal x

N\

SyntaxError: no binding for nonlocal 'x' found

9x =1 9x =1
10def f(): 10def f():
11 X = 2 11
12 def g(): 12 def g():
13 13
14 def h(): 14 def h():
15 nonlocal x 15 nonlocal X
16 X =4 16 X =4
17 h() 17 h()
18 print('g:"', x) |18 print(‘g:", x)
19 g() 19 g()
20 print('f:', x) 20 print('f:"', Xx)
21 () 21 ()
22print('m:"', x) 22print('m:"', x)
g f m
X 4 4 A
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o RIBEZHMENUE (MZRR) FEERELEH

\\

>>> - f(sid, age, grade):
print(sid, age, grade)

>>> (101, 19, 91)
101 19 91



REFZEN

o TEFRECERE, Brtname=valueskBRfAtsE B A 1namef(A&
= {Bvalue

>>> def f(sid, age, grade):
print(sid, age, grade)

>>> (101, 19, 91)

101 19 91

>>>

>>> f(grade = 91, sid = 101, age = 19)
101 19 91



INTNIEESES

o EFEE XN, @xIname=valueAnameZ {5 EINE
value, NRTEFEERERERE AnameZ AN E,
2B

>>> def f(sid = 100, age = 19, grade = 90):
print(sid, age, grade)

>>> fQO # RIEMEIEE

100 19 90

>>>

>>> F(101) # {UBME—ME, (RIEME, ZERLsid

101 19 90

>>>

>>> (102, 20) # REFAME, RIBALE, HRIRLEsidiage
102 20 90

20
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o SdefBAIMITE, ENESHBKEFFRFTX

o MNRENEBEZ—TR[EMRLLWIIFR, BABEFALER

>>> def saver(x, L = []): # BxREFEEIIRLP, IRZEEL, EFH[]
L.append(x)

print(L)
>>> L = [1]
>>> saver(3, L) # ¥3{REFZELF
[1, 3]
>>>
>>> saver(4) # BAREFEZIRIANZTIIERH
[4]
>>>

>>> saver(6) # JFOREFEZIRINTIIERAH
[4, 6] xERHtARREIR? o1



def saver(x, L = []):

L.append(x)

saver(4)
saver (6)

def saver(x, L = []):
L.append(x)

saver(4)
saver (6)

def saver(x, L = []):

L.append(x)

saver(4)
saver(6)

Global frame empty list

saver )
functio
saver(x, L)

defaulf arguments:

L

Global frame empty list
saver
L)
saver defaulf arguments:
X
L
Global frame list
saver
saver
X 4
L
Return None
value

22



def saver(x, L
L.append(x)

saver (4)
saver (6)

def saver(x, L
L.append(x)

saver (4)
saver(6)

[1):

[1):

Global frame

saver

Global frame

saver

saver

X 6
L

Return

value None

list
0
4

functio

saver(x, L)
defaulf arguments:

L

23



NN GIET RS S

o SdefBAIMITE, ENESHBKEFFRFTX
o UIRHAERIEINEAEZ—TRIEXNER, vl HE

>>> def saver(x, L = None): # RxX{RFEIIERLP, WRZIEEL, FRAL]
1t L is None:
= [ # 8—REBETE—TFNTIR
L.append(x) # REEREL, BAMBEXIMATIIZER
print(L)

>>> saver(l)

[1]

>>> saver(2)

[2]

24
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o HE : LRI CIMERIRHNENEN

e EREIEX P, *argslF T RELACRNE T ERNEHAMNT
tHargsth, **kwargsi¥ KX AN F Hkwargss

>>> def f(*args): # *argsBEAAEETUEMNSHNAN—TTTAHF
print(Cargs) # &mtcHargsBIAE

>>> ()

O

>>> (1)

(1,)

>>> f(1, 2, 3)
a, 2, 3

25



e HE) : 1L
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R R IRHERNZN

AIEEX P, TargstF I RELECRIRE T AN EEAIANTT

tHargsd, **kwargsiFKEZ BN\ F Hkwargsth

>>> def f(**kwargs): # **kwargsiFiExBFSEBMNFEkwargsH
printCkwargs)

>>> ()

{}

>> f(a=1, b = 2)

{'a':

1, 'b': 2}

26
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o HE : LRI CIMERIRHNENEN

e EREIEX P, *argslF T RELACRNE T ERNEHAMNT
tHargsth, **kwargsi¥ KX AN F Hkwargss

>>> - f(a, *args, **kwargs):
print(a, args, kwargs)

>> f(1, 2, 3, x =1, y = 2)
1 (@2, 3) {'x": 1, 'y': 2}

o 1IRIRUBEG1b0a, FIRNUBESIN2F03M N\ 7tHargs
B, REFZEHFNYANFHBkwargss
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o TRERAEHEEI EEZNFY], BdHEEFTH, (@

>>> def f(a, b, c):
print(a, b, c)

>> x = [1, 2, 3]

>>> f(*x) # FRYFEITSHN, *RIIRXEE
123

>>>

>> D = {'b":1, "'c':2, 'a':3}

>>> f(¥*D) # fREFE3INSEN, **R[FHDEER
312

28
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defi2 4] & @ 1tname=valuefgE
NESY MR ERARIHEIIER S name
| SR*EE, NEREILEvalue
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782 lambda ik 22 2\ 01 32 (5 £X

. defBAIOIR—D R, HEHBE— TR

e lambdaZR A\ th £ rk— 1 F %X

e lambda &1, &2, -, BEn: LA

>>> lambda X, ¥y, Zz : X + Yy + Z

<function <lambda> at 0x10f814el8>

>>>

>>> add = lambda X, y, z : X + Yy + z # BELEadd4fiEE K EL
>>> add(1, 2, 3) # FERXE

6

>>>

>>> (lambda x, y, z : x +y + z) (1, 2, 3) # EEFARERE
6



B2 XZEN : lambda

e lambdaZ XA QENRLICKBRE, BIULTRER ®iX

o defiBAITEE X BT, PRBRRMNRE—TZEPTE

o [ambdaZE AR FECES Areturni® A

o KLAFEB—1E, REMZHLHENREIE

o MERBETANNIAZEX AR R thd B T lambda i £{

>>> (lambda a = "hello, ', b = "world": a + b)O) # {ERFIAE
"hello, world'

>>>

>>> (lambda a = 'hello, ', b = "world': a + b)(b = "python")

"hello, python'

31



lambdaB{#R13=

o [EIPA : sort7 EHsorted M EEPE R — TkeyZE, BHER
— T EHIR, BLEZANone

e o[[/fERlambdaF AR T X B 1E & 5key

o FIEEIHIRRSUHFANNNAKNKHER

>>> L = [123, 45, 6, 7, 18, 9, 22]
>>> sorted(L, key = X : sum([i1nt(c) ¢ 1n str(x)]1))
[22, 123, 6, 7, 45, 18, 9]

o RIBINZHFETE KR
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o IRBRFNTFRHR
>>> sorted(students, key = lambda x : x[1])
[[1004, 15, 90, 85, 100], [1009, 15, 95, 90, 85],
[1001, 16, 90, 95, 90], [1006, 17, 80, 95, 95]]

o B ERKGTRHER
>>> sorted(students, key = lambda x : sum(x[2:]))
[[1006, 17, 80, 95, 95], [100@9, 15, 95, 90, 85],
[1001, 16, 90, 95, 90], [1004, 15, 90, 85, 100]]

>>> students = [

(1001, 16, 90, 95, 90],
1004, 15, 90, 85, 100], 1004 15 90 85 100
(1006, 17, 80, 95, 95],
(1009, 15, 95, 90, 85],
] 1009 15 95 90 85

1001 16 90 95 90

1006 17 80 95 95

FS TR EXRG HEFENG RIEEMS




NP EHNRERZRETH

e BARMBLEAGPEFRHIFF, WREKGHEE, RIEB XA
GPFEFHIR, WERBXKGAHER, RIBFRTFRHF

o lambdaZitFREI—17th (EIFR : 7TA20REEER KN
o BrkG (BFR) : -sum(x[2:])
o BXrG (FFR) : -x[2]
o Fie (frp) :x[1]

>>> sorted(students, key = X : (-sum(x[2:])
, -x[2], x[1]))

[[1004, 15, 90, 85, 100], [1001, 16, 90, 95, 90],
[1009, 15, 95, 90, 85], [1006, 17, 80, 95, 95]]

34



A T lambdap) 57 4% (0]

o B%& 54

>>> def make_action():
acts = []
for 1 1in range(S)
acts.append(lambda x: 1**x)
return acts

/

>>> acts = make_action()

>>> acts[0](2) # should be 0**2=07
16

>>> acts[1](2) # should be 1**2=17
16

o AftailNERBICE"?



def make_action():
acts = []
for i in range(5):
acts.append(lambda x:
return acts

i**x)

acts = make_action()
acts[0] (2)
acts[1](2)

def make_action():
acts = []
for i in range(5):
acts.append(lambda x:
return acts

i**x)

acts = make_action()
acts[0] (2)
acts[1](2)

def make_action():
acts = []
for i in range(5):
acts.append(lambda x:
return acts

"

i**x)

acts = make_action()
acts[0] (2)
acts[1](2)

A1TdefiF0) A R RIZ— TR RH L E ZEllmake_action L,

HFiRBHTEHANRE

Global frame function

_ ‘////—__%>make_action()
make_action

function
make_action()

Global frame

make_action

empty list
fl: make_actioi////////;’
acts

XEHHREE—TERRINR, FEBRAIIRT,
RBEPITRENE, FRMifEREICHE!

function
make_action()

Global frame

make_action
list

f1: make_action 0
function

acts A(x) <line 4> [parent=fl

i 0

36



def make_action():
acts = []
for i in range(5):
w— acts.append(lambda x: 1i**x)
return acts

acts = make_action()
acts[0] (2)

acts[1](2) MEFIENITIambdag$l, xf9ERZ2, INEEEH#HTE,
£ R imake_actiond, #%ZFIT =i, HIEN4,
FRLAiX Blambdai® 2R [E]2**4, HFiE16

Global frame function
make action()
make_action -
acts list
0 1
function function

A(X) <line 4> [parent=fl] A(X) <line 4>

A <line 4> [parent=f1l]
X 2
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o MNERHERHEXNKKE (MAZEICERN) |

LB RAG—"1"lambdaE ENMDNFIRE, S8R T —
TEKE

>>> def make_action():
acts = []
for 1 1n range(5):
acts.append(lambda x, 1 = 1: 1**x)
return acts

>>> dcts = make_action()

>>> acts[0](2) # should be 0**2=07
0

>>> acts[1](2) # should be 1**2=17
1

38



def make_action():

acts
for

retu

acts.append(lambda x, i = 1i: i**x)

=[]
i in range(5):
rn acts

acts = make_action()
acts[0] (2)
acts[1](2)

Global frame

make_action

fl:

make_action

acts
[

.—""’—\
2

function
make_action()

list

0

1
function function
A(Xx, 1) <line 4> [parent=f1] A(x, 1) <line 4> [parent=fl]
default arguments: default arguments:

o LIS

FRIMES BN TE R EE BT 3K 1E,
FTAERIE—MambdaR EUHI A FIZRET,
SHIEIRZ T —TEME

39



IRz T H

o JK : ER[ERMERPHNETTHE LERA—T B

o WHIRAFNEF T TEEARIS, REERFRIHEBD

o« B : BRZERKNGRTM > def £

return x + 10
KAY
o NE FHZX >> A = [1, 2, 3, 4]
. >>> B = []
e mapFlfilter >>> for x in A:

B.append(f(x))

o {1 FEfunctoolsth BreduceF £X

>>> B

[11, 12, 13, 14]

@ https://docs.python.org/3/library/functools.html

40



K21 T\ gmiz T Bmap

e map(func, iterable) : £ e[ K3t Riterablep B N7TE L

B @£ fune, FEAANRERIEMAN—TIERMR, RE

ZA R

>>> map(lambda x: x+10, [1, 2, 3, 4])
<map object at 0x1115d1b00o>
>>>

>>> list(map(lambda x: x+10, [1, 2, 3, 4]))

[11, 12, 13, 14]

>>>

>>> list(map(lambda x, y: x**y, [1, 2, 31, [2, 3, 4]))
[1, 8, 81]

>>>

>>> list(map(str.upper, ['hello’, "python']))
['HELLO', "PYTHON']

41



KX\ GmiE T Rfilter

e filter(func, iterable) : TE o[£ 3T Riterableh BB 1 7TE
EFRBA&Efunc, FATAR

AR, B

0

ZH R

>>> list(range(-5, 5))
[_5, _4’ _39 _2, _1, 0: 1, 2, 3, 4]

>>>

>>> List(filter(lambda

[-43 -23 Oa 2, 4]

>>>

>>> list(filter(lambda

[1, 2, 3, 4]

(m]

BATrueBN7TEIAN—1 0]

X: X% 2 == 0, range(-5, 5)))

x: X > @, range(-5, 5)))

42



K £X T\ Ymt2 T Rreduce

e reduce(func, iterable) : EF YRR S Ea, Eo[EKX
Riterableh B F 7t & x L R E func(x, a)Epk— 1%
NEeE RRRAHNEEE

\

>>> 1mport functools

>>> functools.reduce(lambda x, y: x+y, [1, 2, 3, 4])
10

>>>

>>> 1mport operator

>>> functools.reduce(operator.add, [1, 2, 3, 4])
10
>>>
>>> functools.reduce(operator.mul, [1, 2, 3, 4])
24

@ https://docs.python.org/3/library/operator.html
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>>>
[0,
>>>
>>>
[0,
>>>
>>>
[1,
>>>
>>>
[1,
>>>
>>>
[1,
>>>
>>>

[1,

A= FElimapAfilter

list(map(lambda x: x**2, range(6)))
1, 4, 9, 16, 25]

[x *¥* 2 for x in range(6)]
1, 4, 9, 16, 25]

list(filter(lambda x: x%2==1, range(6)))

3, 5]

[x for x in range(6) 1if x % 2 == 1]
3, 5]

list(map(lambda x: x**2, filter(lambda x: x%2==1,

9, 25]

[x ¥* 2 for x in range(6) 1f x % 2 ==

9, 25]

1]

range(6))))

44



RS B 2 Rrange® %4

e [N : rangeF LR Bl — LN 5|
>>> for 1 in range(@, 5):
print(i, end = ', ")

)

0, 1, 2, 3, 4,
e rangeF (BN —FPS2IN

>>> def my_range(start, stop, step = 1):
humbers = []
while start < stop:
numbers.append(start)
start += step
return numbers

>>> for 1 in my_range(@, 5):
print(i, end = ', ")

)



my_rangel7~ &

e rangef{—FpsCif

>>> - my_range(start, stop, step = 1):
numbers = []
start < stop:
numbers.append(start)
start += step
- humbers

o BEHFIMAFRIE—THIED, WRZFIERLK (LLa
TIZTEH) . BARENNFrIRETTERAR !

o Ttforfgifh, EXLFRB—RUEARTETRI, MEER
BIREFRINN—T7TER

46



e rangef A —FSCIN : for{BIF o] (L3S UE FE{my_range v1Hd
SLERRT — 1T EBEHFY, BREZAHCKAERreturnBBl—
ToE, MaE@ERyeld™£MBERIPR—T77TE

o yieldFE RPN —1 7RG, RIBOMTERER, =
INBRERERIPET—T7EN, RNFTHE L /\:l::l:
TRV ASH 4 ST

>>> def my_range_vl(start, stop, step = 1):
while start < stop:
yield start # not return here!
start += step

>>> for 1 in my_range_v1(0@, 5):

print(i, end = ', ")

0, 1’ 2’ 3’ 4,

47



AyieldREIGREHEARLHT (RFEHRK
LB ERERFRIRSE)

BRI EXET,

iﬁ_’ﬁfo #lﬁ

R EIEREERA LT

BRIENET, ABREXT

FAHAT

B
1N

S

MEE
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& pk2S &K BNIR [EIAE

o £ RkE HEBVREIEEPR EZ— T ERKE

o £pkEE—FR[ERIR, o[LBIIERAnextF LKA
PRITE
>>> g = my_range_v1(0@, 5)
>>> ¢

<generator object my_range_vl at 0x10416bf10>
>>> next(g) # g 1s 1iterable

0

>>> next(g)

1

49



& Rk ES RN T 32

>>> def seq_3():
print('Start’)
for 1 1in range(3):

>>> test_seq_3(0)
Before loop

' ' ' A B Start
5:;?§(iBeFore yield: 1 =%, 1) Before yield: 1 = 0
/)

print('After yield: 1 =", 1)

print('End") After yield: 1 = 0

Before yield: 1 =1
1
After yield: 1 =1

>>> def test_seq_3(): Before yield: i = 2

a = seq_30

: : ' 5
?;;ngciie:?re toop’) After yield: i = 2
print(i) End
After loop

print('After loop')



\Y 4

2

AT X RABE

o @ 10002 NHNERMBLHPES VT E 7

>>> def fib_naive():
1, J =1, 1 # first two elements
cht = @ # num of odd
1 < 1000:
1 % 2: # new odd
cnt += 1
1, J =73, 1+ J # new fib elem
- cnt

e fib_naiveKENBTERK T 208 (ZESRABRFENA) , XAETEX
B (T EETEN)

o UNRFABENTE, BEEINAEBNN:FMA
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>>> def fibonacci():
1, J =1, 1 # first two elements
while True:
yield 1
1, J =3, 1+ J # new fib elem

>>> for 1 in fibonacci():
1f 1 >= 1000:
break
print(i, end = ', ")

i1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987,
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>>> - odd_in_seq():
cnt = 0
- X 1n fibonacci():
X >= 1000:

X % 2:
cnt += 1
. cnt

>>> odd_in_seq()
11

o UNe[GEIT ARSI R RIS ENTEL 7

e tttlan) = (11 xn?—11xn+2)/2
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>>> def seq_11_g(Q):
n =1
while True:
yield (11*n**2-11*n+2)//2
n += 1

>>> for 1 in seq_11_gQ):
1f 1 >= 1000:
break
print(i, end = ', ")

1, 12, 34, 67, 111, 166, 232, 309, 397, 496, 606, 727, 859,
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>>> ~odd_in_seq():
cnt = 0
r X in seq_11_g(Q):
X >= 1000:

F X% 2:
cnt += 1
- cht

>>> odd_in_seq()
7

>>> ~odd_in_seq():
cnt = 0

r x 1n fibonacci():

X >= 1000:
X% 2:

cnt += 1
- cht

>>> odd_in_seq()
11
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>>> L = [x for x in range(1000) if not x % 2 or not x % 3]
>>> Llen(L)

667

e i UMELERK, RERENTG, EZTTERARE !
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>>> g = (x for x in range(1000) 1if not x % 2 or not x % 3)
>>> g # g 1S a generator
<generator object <genexpr> at 0x10416bd58>
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>>> g = (X for x in range(1000) 1if not x % 2 or not x % 3)
>>> g # g 1s a generator
<generator object <genexpr> at 0x10416bd58>
>>>
>>> len(g)
Traceback (most recent call last):
File "<pyshell#162>", line 1, in <module>

len(g)
TypeError: object of type 'generator' has no len()

o WfelskgP7TEBITEE 7
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e £F1trange(1000)p GEMR 28k A 3EEPRAN7TE 12X

>> g = (1 for x in range(1000)
if not x % 2 or not x % 3) # SN FESFRENXER—M
>>>
>>> sum(g) # NgFFABETECQINL)RI, ERMETEMNITE
067
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>>> g = (X - X 1n range(3))
>>> sum(g)

3

>>> sum(g)

0

>> g = (X - X 1n range(3))
>>> sum(g)

3




