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Ytk Cﬂ‘r +HIZZ I E A=

9l<s 1)tk ol olof T3k 1] 3 A1 A ] 4 7| = tutorial-index o] A} Xﬂ*
=79 A A7} 'I}E A5 LT extending-index = 3to] i 3 X5 A st ol T 2 1=
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CHAPTER 1

e
ol AHAE ol 2T W A& AP FULh AAFAE FRE 3 YA FFU )
7hsst st el = E Skl QAT EH I o] 3] B4 o]9 o BE A= P4 FHAEUE AU E
AHERYTE o] AE o] HFAJ FAE] FAHE F O & ot s HEA T, FA Bed 4 74
Al U 2 F o2, wkek o R o] Ao A 2kl o] BATOZ Jlo] W& A £ 8 E 2 3HH,
olulx o 7HXE A oF & Aol A= ol thE Ao E e o E Ed Yyt Hkdd,
o Ho] Fo]l W& AFRsL Y Aojo] EA Ao sk A &Sl 2 of tfs] FF3lstr A A9
A3 o] oA FE S F AF UL F o FA5E HOE Ry AU, ojntk oy E ] A THS
7|88l ol FH5UY— 1287 o F2Y 7 AE EY I ALY ).

Tz FAC YT T %w_’-??i AR AFE Ye A2 A8V 72 HAdE Aoju 22 Ao &
:r“ﬂ‘: = EPE WAl o2 S 4 syt whd e (kA o] HAF A A= E o7 7] += dHA vh
CPython & 7} Eﬁiﬂ /\F‘L’“ﬂ—t— o]l FHola, 1A 5 A 2 uE AFT A7 sy th
FAo] F7HY Al ks xS Qe A& 53 2¥5Uth 284, H2E NSNS “TH =E”
ZFR oYL= ﬂiiﬂ] g Adyrh

& vfolx ?54 o= W2 Wd x2E RESol WEkFyth o] 2152 library-index o] 7]&5H o] gl5Uth
0*01 Ao FET v A o2 AAE ¢ EE WA RESS WE AU

11 e 78S

Foll gA d2] AHgE & stold & o] EAeH7] = sHA W, 5 AAALE 7 ti sl 348 E
743 o 8 it A E o] EAF k.

o}

CPython 91%°]7]% 831 7b4 & Bl = 3 Qe C2 A48 sl 4 FAYU Aol A2 e 752
BE 7)ol A AS S

Jython Tho] 2 AP}, o] 7
epolHele & Beole ¢
HAEE BEs o A4

2T YPE A2 AL AL, 2pup FEf
g 5 JdFUth F At ghol B g 9
7]-\:— Ut o 2pA st @EtJ}’thOH YA E oﬂ/ﬂ 22 5+ dsyth
Python for NET ©] 7232 A A| Z = CPython 73 & AF&3} % U #] = (managed) NET £ Z 271
2 o] 31 \NET &}o] B8] 2] 2 A2 3 t}. Bryan Lloyd 7} ?}% 5yttt B 2 g A 2= Python for
NET &3] o] #] o A A& Ut

olro



http://www.jython.org/
https://pythonnet.github.io/
https://pythonnet.github.io/
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IronPython .NET-2 9] 3} tj o 5}o] #. Python.NET #}= & 2] o] 22 ILS A A 313, 9po] W T =& NET
AdE2 2 AH Aadste &3 gho]d 7@ YUtk Jim Hugunin ©] BHS 1=, Jython 2] 1 4]
2}o] 71 = Frth AFA| 8 A B = TronPython 9] AFo] E o Al A& 4= 94U th

PyPy &3] 3}o] 4 OE 23 E shol FH. 28 2] (stackless) A ¥ o] W IIT ZHutd 2] & Zo] o2
FAANA = Ze 5 jle LT 75 Zﬂ*ﬁ“%v} o] LR AE O] B F stbe (Fholrl g 29]7]
ufZofl) omza] A4S GA dsolA do] AAl i A& B AYUTE AA T HE =
PyPy 2 Al E o 53] o] 2] o A kg = Q15U Th

23 AE ol AYAoIA A = dofsl 234 27 hE WY 2 Holuh AL, EE sfel ) Aol A
=0

=

FE U W U AR ES 2P, oclol 15 3 7ol e o8 A2 o ol
oA BRE AN FA U2 ARH L EAE B2T 2o A%t

1.2 7)Y

o3 £ A3 WY 71$S 48 BNF 2 £/ S A8 FUTh oA the 2
AHg gt

rlo
o,
lo
[>
k)
me
o

name
lc_letter

lc_letter (lc_letter | "_")*

"a"' . ."Z"

A £ name ©] lc_letter & AlZ31aL, gLAL 3 0] 4] 1c_letter Y REo] FtE2 & FEHR
TAE T EYTh 38 1c_letter & 'a' 2 'z Abo] Y] A} s U Th (A o]
oA o) B e} R A A FYE = olgEol tgk A YUt

A8 722 0l (91 FH0l BFBE nane) ;1= 2 A AT AR ()& HAES ESE o
A E U th o] EPEeIA S A€ 7L b e AU th ME () & ol et FE o] ek
Ak 9 0|4 W £ Slohe vl QLU T W Sel, e () @ W o) 4 W 4 gl v ek

E Stk ol BB ()2 EAe AL o) @ A 12 5 A Ak hesiee sy, -
9+ QAL 29 A A AZRUTh SAEA7 Y EeUTh BoE Hojel® R o A48T
Utk £49 AR 9L 4 e SAAGUT, 298 E22 Boh Bren AT 74
HEGEE ERYUh o B FAL ole 22 £9E 4= g, A2t sEo Azdd=

Al 2] Al v U o

o3 Zo (AAlA £ oo} Zo]) ol A=, F 7HA 7 Fel 7F AR E U th: T 9 ElEE E271 A A
@zz%aﬂﬂmoeéﬂﬂeaw%%}a$gﬁd>ma4As1%4%ﬁ:duﬂL“°
Utk E3PAES (<. . .>) ¢l S0 752, AoH = 7S g v P A Ay S AU S
D29 49 Ao £A 2 AWad 482 5 A5

A8 E71% 0] 9] 2T SE ek, o} 39k B Ao tholl & At 2ol 7k YUtk o3 Ao e
do) AE EApol] A8E £ b, B o€ o3 £47)7 ol E250 A8 R YT g
7 (“o] 3] B A (Lexical Analysis)”) ol A A}-85 = 2E BNFE= o]3] Fodut}; I o] 58] ZoA= W
Aol gt

4 Chapter 1. 7| &


http://ironpython.net/
http://pypy.org/

CHAPTER 2

sho] W =2 19 5HA (parser) o o3 QF Utk 9pA el QL o)) B4 7] (lexical analyzer) 7} WE
o E2 (1oken) S0 22D AT o] ZolA L o}F B4 7 o8 A HAL B2 R Folale
gk,

Shol 1S 2 1Y HAES FUTE TEFOE ATk 44 30 AL AT 4E F
A7E % 93, 71 UTFS Atk AA S W8S PEP 3120 o 5T 22 9 € 002 &
RS ul = syntaxError 7F HA Y T}

2.1 & 7~ X (Line structure)

gho) AW =2 72 o /| =8 A9 = (logical lines) S & L}g U T}

g Aol £o] ZL NEWLINE EE20 7 ZHFH Uttt EHo] §&3d1x &&= o)A (&
FE Alo]) BFL =2 & kel AAE 7HEAE 4 sy th iﬂﬂ ol 22 A
= A 3 (line joining) 7+ 2 o] whe} st o] o] E 2] A 9 & (physical lines) 2 739 U

949 52 U e L e R
EAFES| S2 E SR NAxTe] BEALD F AEUT - ASCULE (VA E N33 §
1 A8 CRLEGN 214 2] © £15ol @ & A% £ 8 A5 A% 8, ASCILCR(A 21 7] 2 =)

S AEE L ool M AEA Y, o] e Z79k D50l £ 537 AL 5 AT
s

2
‘O,
m?)l
i)Y
1o,
N g
fifo
T
o
é‘.:
rlr
)
[>
Fu
My
T
rr
32 r{n

o

M)
lid
1o
ON

rr

= =

WA e, 422 FE FALE MEA Z F5 FAR £F C Y (ASCHLFE £ 3= \n
=]
H



https://www.python.org/dev/peps/pep-3120
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i, =

FAL TAG Bl E ol ZAH A de A A E A e 22 A9 9] EolA Syt SA14
A& AT A Fol FasHA b2 ol FAL =28 d &2 FEAAUTE 42 B FAZY

A Zol = T4 A coding[=:1\s* ([-\w.]+) I} o] X5
Lol Ao AWK IFS AAFE HYe] dFY o5
vretof Ul whoF = WA Solehd, A HA & G A A0
_T[E

Agu ek s

shol W 23y 0] 3 W A E
W, o] 4L dng Helom x
ARG A2 AAL % A
Slofof gt 12T Aeie] A

’# —-*— coding: <encoding-name> —*-

o1d] GNU Emacs | Al = 214 Yt} t}2 dlif=

’# vim:fileencoding=<encoding-name>

¢l &) Bram Moolenaar & VIM o] A] ¢1 415 Ut}

AT Aol A A ¢Fod 7]H A7 JL UTE-8d U th o 7)ol B3l 5Y ] #]-go] UTF-§ BOM
(o' \xef\xbb\xbf') o] ¥ 9t Qo] UTF-8 2.2 41AH o2 Furth (o] Y42 mlo|a24=E
°] notepad | A A FH Yt})

olFgo]l NAF W, 917 o] 2L mlo] Mol Q1A &= glojok gt} AT B g >, FA,
AR 23T B E 03] EA A BF AREH Y

215 AL & ZE

= ol EYAA & F A FAN)E AMESA =2 AA 22 A% 5 sy E8AEA
Zo) B4 elE ol 249 AR} obd o oA EAE B, o SehA 9 Amt AW 2
AAD Az, BA BEA AL Y = A o] FAPU o E Sol:
if 1900 < year < 2100 and 1 <= month <= 12 \

and 1 <= day <= 31 and 0 <= hour < 24 \

and 0 <= minute < 60 and 0 <= second < 60: # Looks 1like a valid date

return 1

A ESYAZ B 52 T4 28E T lsUth g S FAS AT A ZTFUTH J S A=
AL HEE S At old EEZE AFeA] ZPUTH(SE, EAE 2EHE o9 o olH EER o &
A& ARSI A I Eoll Uro] 7152 4 glsuth). 222 28 Hhell I 9 S AI7F ol A Ag3t
s o]9) 9] o T AL ol o =X Eyth

ZT(0)),WZE([1),FTZIUNIALH =TI F A glolz o8 7o Bl A 22 YEs 5
[} Y .
1=]

month_names = ['Januari', 'Februari', 'Maart', # These are the
'April', 'Mei', 'Juni', # Dutch names
'Juli', 'Augustus', 'September', # for the months
'Oktober', 'November', 'December'] # of the year

E3 5 QEUTh oo At BE9 SdaYt 328 dHY
A3t & 5 1ol NEWLINE E 0] BF5 0] A A
2 4F TS E H EALENNE 54T 4 e ol E Reh,

6 Chapter 2. o]3 24
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21.7 W1 &

2i5o) 2, /], & 3= (formfeed) 9 FA 9o 2 TAE 2] 4 2 FAF U (5 NEWLINE £ 20]
w0177 Shg I Th) 549 2.2 2ol 9 & EF ol ¥l 3o A2/FREPL 780w} e 4
Utk BE 5 ABz e Eol A, $A W 2(F P} RAZA g D)L ThE A AL
F2AUTh

21.8 SoJxnv]

)29 20 A ol £k FH (23029 W)L B Folny] £ES ANSE H AEH L, o)
Al EAEC] B2 A5 v A8H A Byt

9o (%ol L EH R 15l 25 0)22 B Lo, AU F2) § Lol s §4 57 82
ﬂ?ﬂﬂiéﬂ%ﬂﬂ.%ﬁ_ﬂﬂ4&ﬂ TR0 BF A ASEh) A 0A B B A o
LEFNY T EY 927 E AR T 04”‘71%"3. SHAIE AHSBHA o 2] 7o) £ A <
EE2 WEA F olsuth A A o SejA o] Fo] 92 7E AR P TH

o2 TpLo] Wk 23 0| 28 Ho] 2 A5, Wl B A 2ol o] 2ol BTk ol whe} kA 3142
4 QO ¥ TabError & € o 3t}h

AZA-ZRE TTA 72 A UNIX o] 9] o] S Z oA AR 7] 5] 52 ate w4 w2, 3hite] 3t
oA S AN S A3 W3} o] A B Aol Al AL AP Ao obd it ThE BAB TN
o) Sof27] 5 2ol Astol 48+ YTk A% 2ol sok ik

A A= FAE Y T 3l 0] A]

3z = A=

= = =

97 £ ool Fuol} Hol 9t A9 R ghe BHE F 4 AFUTHOHY, 2510) 2 £740
o

Z

ALH £ Fol27] £3 2, 292 A A, ThE 3} 2L ¥ © 2 INDENT DEDENT E2& hE
Q=]
o H

} 2B ol A Y= St u) 9 273 o) L%Wiﬂ%/] 2 LM £ S99
e o] 717 ofl Q= g vl g Yl ﬂv}fﬂ ol ¥ A% doj}A °}AQDP o Ztd
1 g}o ﬁ‘éﬂoﬂ Q7 311}9] INDENT E22 w5yt o X‘D}‘ﬂ o] g2 AE“Oﬂ A= g F shbo]ofnt
Ut o] RGO E RE 2H9 ZEE AW (pop), AW ST 4 EDENTE%% ‘3&?‘45}- 1 9
Zo A, 280 Folol= 0 2 Zhe UPiDEDENTE%% Ut

of 7)o (EdaH o EARtE) SutaA o227 @ shold Z = 27be] 5y th:

U
é%‘ﬂﬂﬂOﬂq%*ﬂIﬁ*ﬂﬂwm)ﬂﬁ%ﬂﬂﬂﬁ%@@%ﬂ%%ﬂ%éﬂﬂ
]OO

def perm(l):
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r = []
for i in range(len(l)):
s = 1[:1] + 1[i+1:]
p = perm(s)
for x in p:
r.append(l[i:1i+1] + x)
return r

= ol o3 7HA S 27] o E Byt

def perm(l): # error: first line indented
for i in range(len(l)): # error: not indented
s = 1[:1] + 1[1+1:]
p = perm(1l[:1] + 1[i+1:]) # error: unexpected indent

for x in p:
r.append(l[i:i+1] + x)
return r # error: inconsistent dedent

2.1. & F%(Line structure) 7
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(A, 22 A 12 ol &= 3hA 7 A G ek, B4 uhA et o 2 5 o} 7] #4717 A FU Tk — return
r 9 Sojzz)zt 2del Gt g A A B

£2 49 £ AL EAL A DL AL, T £ Asl0) s, Y, H L E2E B3]
A9 ol £ 2 slUTh FERS Ao A HEERO2 AT $ AL A 22 Alel T
B2k (1 Bol,ab = 5] E2o)Athab & Aol E2Uth)

NEWLINE, INDENT, DEDENT $}= ¥ % 2 t}-83} 22 939 E 25 o] 28 th: A ¥ 2} (identifier),
7191 = (keyword), &1 ¥1 & (literal), A2} A} (operator), -5 A} (delimiter). (ko) Al “J% HZ 25 ol9e) o
EAEL EZo] olYA T EES BEdte JT S dFHUL B3 Ff, dEJA 22X R %1%

IIH‘G]-L]—_,]EE_O SulE T 715 3 Y Zojo EAE g TAHE AL AE L) =

2.3 2 Ezte} 7191 =

A2} (0] 5 (name) ©)BHALE U T 2t 22 o) 9] Ao 2 7|leg vtk

shol Aol 4 AEAe] BW e fUTE BE 54 UAX31 o ke &
85 ohalolA] Aol Tl S & A S U5 PEP A3 A 3 4 A

ASCII ¥ (U+0001..U+007F) Woll A, &n}2 A2} B2t Fo] Al 2.
EAtet AL EE A A ﬂl&ﬂﬁ}i Z2F0 o A 9.

g}o] A 3.0-& ASCII 9 ¥he] ExE52 = ¢ gt th (PEP 3131 &X). o] EAE59 A9, unicodedata
Bo] £3E uAe] fU 35 4 v o] W] o] o] we} B T

2@ 2= Aol of] Aol Qa1 Al o] 2 (case) = T+EFH UTH

>

o
m
fy
A

th A oA z W99

identifier = xid _start xid_continue*

id_start = <all characters in general categories Lu, L1, Lt, Lm, Lo,
id_continue = <all characters in id_start, plus characters in the categories Mn,
xid_start = <all characters in id_start whose NFKC normalization is in "id_start
xid_continue = <all characters in id_continue whose NFKC normalization is in

HAelA A FUZE e e Z=E2] onE o] F5Uth
e Lu - uppercase letters
» LI - lowercase letters
e Lt - titlecase letters
¢ Lm - modifier letters
* Lo - other letters
e NI - letter numbers
* Mn - nonspacing marks
¢ Mc - spacing combining marks
* Nd - decimal numbers
* Pc - connector punctuations

 Other_ID_Start - 319 T34 A Y9S ¢35 PropList.ixt o] A WA H o2 UYdH EAE

8 Chapter 2. o]3 24


https://www.python.org/dev/peps/pep-3131
https://www.python.org/dev/peps/pep-3131
http://www.unicode.org/Public/11.0.0/ucd/PropList.txt
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e Other_ID_Continue - W} 27}
2E AP shA o] 95 NEKC 47758 4] 0 2 w85 31, 4 xpe] u] = NFKC of 719k Utk

A non-normative HTML file listing all valid identifier characters for Unicode 4.1 can be found at https://www.unicode.
org/Public/13.0.0/ucd/DerivedCoreProperties. txt

2.3.1 7|99 =

g AMAEL o o], i doje] A E, = AHEH 1, ANAQ B AHEE 5 GHUTh o7
20l Q= A3 AES) 2A A ol of itk

False await else import pass
None break except in raise
True class finally is return
and continue for lambda try

as def from nonlocal while
assert del global not with
async elif if or yield

232 487}e] o oF

fy

(AT BAR) o 570 AL S8 0] 7k YU Th o] RR AEAS S AT} 2

Rz eAdEor TEY
_* from module import * o] 93 X EFHX gHUth EdstAEA_ =038 gz el A
upx upol] A3k Ao g A st 852 AR H U builtins & AZH Utk th3Hd
RE7}obd A% | & 5WE AW} 2, ASH AL Rtk 9L E (mpor) £ AHE HAL,

FHa: olF _ & FF <A S (internationalization) &} # & = o] AFEH UTh o] Fd ol FSAE=
gettext REY EAE AR A L.

*__ System-defined names, informally known as “dunder” names. These names are defined by the interpreter
and its implementation (including the standard library). Current system names are discussed in the =<~ 7| 4]
= o] &% section and elsewhere. More will likely be defined in future versions of Python. Anyuse of __*___
names, in any context, that does not follow explicitly documented use, is subject to breakage without warning.

* SN F A o] 5. o] 7O o] ES FlA B YA AFESHE A4 FefE AP Tk
B Zef Aot 2pA Fef 20 “H]F 7N (private)” o] EE] HE 7o) o] 2 5L 3387 A FY UL
AL (o] ) AR E HAS.

24 =Y

)
R
o
ok
il
lo
o
H
A
fifo
S
<

F7E AU

2] 5 & (literal) 2 &

24. €Y 9



https://www.unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt
https://www.unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt
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241 Exd}ulel=d 2HY

R R o E DR [8]o¥

stringliteral = [stringprefix] (shortstring | longstring)
stringprefix poc "™ | "y" | "R" | "U"™ | "f" | "EF"

| "fr"™ | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RE"
shortstring n= "'" shortstringitem* "'"™ | '"!' shortstringitem* '"'
longstring = "rr " Jongstringitem* "'''™ | '"""' Jongstringitem* '"""!'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq i= "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix = "b" | "B" | "br" | "Br" | "bR" | "BR" | "rb" | "rB" |
shortbytes = "'" shortbytesitem* "'"™ | '"' shortbytesitem* '"!'
longbytes = "rrv'n Jongbytesitem* "'''"™ | '"""' Jongbytesitem* '"""!'
shortbytesitem = shortbyteschar | bytesescapeseq
longbytesitem = longbyteschar | bytesescapeseqg
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar = <any ASCII character except "\">
bytesescapeseqg = "\" <any ASCII character>

ﬂ%“%ﬂﬂiﬂﬁﬂ}\Hflﬂﬂgﬁaﬂﬁosmm%mﬁMQbﬂﬂmmﬁxﬂﬂHaJ
Lol 2] 23 afolo] B o] 525 A rh AL A2 BA §FLe Ang Aoz Aok
22 vtdo) a7 g o] glod UTF-8 YUtk 13 A AR AR,

F& T2 AW, F /A gEHE L ;Mbl 2h2 w2 ( YU (M=E 8N Y
£ o} sk A 4 “z 2w 2SR EYAY S5 dFUT (1A E
AL O]EPJ-E‘%]‘JD]’ A SHAI(\) A= EE le& 5383 9n 7t e
) AFEE =, MPEA G SEA 2, 23 —3%}7}1&4 & HD}

Hlo] E < (bytes) 12L& &4 'b' U 'B' & Lol AU str Fo] dAEA A bytes F] A
Hag vhEych OaASCIITx}ELE?Jz}% FUth ZEZo] 128R T I ALY 22 FE2 T A
olAaFAlo]F o g FHE o]of Tt

p

AL Hto| =G HE BF ADHOR 1rr ol Lh 'Ry BAE o] £ 5 AU oA BALS D
EA aw aringy) o e, o SANE HYD AL AFI . ARA0 2, £AY AR L
A, BRG] gl U Sk o] Aol mt SWA A A sbuh sel W 2x9) & U nE
2e go] shol H 3.x} the A BT the aéz e, rur 3 A5 A e ek

¥ A 3.39] i7}‘ gtol M 2x 2} 3x oA FAO AP ZEES FAETE B33 7] Hs) A A
ALEE SUTE FEHE (u'value') o] ThA =9
)

"YU 'R E HFoR 2= BEXY glEEe =W d g g UMMMngMMRﬂW}Eﬂ%
Aol eEd 2 BAIR. £ e 9 AR S ASU T, AW, b 1 ur e AR AU
et A R EALS 1ok A W, o vho £ 2 E e B b gt

4F 53 8 e E ol A, A AL ol A0 £ ke AW A 0 1A 5 ek U T (221 54
%‘4@)- ool & g ol Al 7He o] aA o] H A A& Wit e+ 2, HE S FEA P YL
CahgEE E e Ao AR BAY U 5,

e bR RFOI A 9 o4, BAUT w2 ¢ 2l e Yol T o] AA o= A
o Al AH&-H A H]%}T_’r"‘ Sz g YTh A4 E = o] AA o= A AL o] HF U T

ye Lk

E
EN

C

[

A=
—
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oAl AlF A | o] S o] A
\newline o S A& EAE FAIE YT

\\ o <dA (V)

\ A2 (1)

\" & (")

\a ASCII ¥ (BEL)

\b ASCII ¥ A~ 5 o] 2~ (BS)

\f ASCII & 3] = (FF)

\n ASCI 2}l 3] = (LF)

\r ASCII 7] 2] A] 2] € (CR)

\t ASCII 7} 2 =] (TAB)

\v ASCII A 2 = (VT)

\ooo 8715 000 2 A d =4 (1,3)
\xhh 16315 hh 2 A H F A} 2.3)

2 P ol A Q45 & o] 2 o] = Al AL E:

olaAlolz Al | 9 1] 9 AHat
\N{name} FUIE ol el H o] 20l A name °2Hal o] 5 B 4 | B
\UxXxXXX 16-bit 16 75> xxxx 2 A A= E 4} 4)
\UXXXXXKKX 32-bit 16 4 xxxxxxxx B A A = EA} 6)
T A+
(1) EZCEupR7A =, Hof Al 9] 8147 518 F Yth.
(2) 2= Cee= 2, A3 F MY 163471 AlF5 of oF Ut}
(3) vt EE gE oA, 16752 875 o) AaA o]z = A FH 3o vio]EE T YT w2 ¢E
e oA, o] o]aAlolZE= AAH g FUIE FAE I FYTH
4) WA330 HAG: FA! R Po] 27HE IdH YT
(5) BE3 4709 167+ B8 2 Yt
6) ol HOoRE RERFUIAEE JAIAL T 5 dFUTE B3] 8709 163571 E 8 3T
EZFCoE 2, dAHA e BE oA Z Al A AL WA A o2 2 dA gt
%, 9 S A7 Aol GA FUT (o] F82 U AT o LR 7} JFUTH o] aA ) Z Al F AT AR
A8 S, HF AFNA ZEE BES A dAT 5 Ads5Uth) SAE SEHEANA T A4 H =
olaA o]z AlF AT vle| EE e oA A4 A ¢k RF Ao FEIFHAIL
WA 36004 M7 AAE A ¢F= o] A A o] = A] A 2= DeprecationWarning & T Ut A7l
7F stol ko w2 ¥ A of| Al = SyntaxError £ F 2 24U th
g ElH oA 2aL mE e F SR ojaAl o= FUth shA v g S A 7F Aol A Ut
A& 5o, r"\"" & 0 X gEHE A, F A A7 EAAFUTH A SEAeF 20 E;
r"\" = 22 X gE o] ol dUth (& BAL R A ENY F SHAIR B s s Uth). &
o HEaHA oAy, E Y HE 2 e g SHAIE 2 ¢ flsUthi(E SHiA 7SO L= RS
ojaFA o] A7 7] WiE P Th. & LA IR FHoll L= NF A= & Aol ofvet gEE el

3£ % A9 FAw Q4o ol s ok g,

1 http://www.unicode.org/Public/11.0.0/ucd/NameAliases. txt
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24.2 #2149 2l o] o] & 0] 7]

oAY MY FAEo U el EG HHE S (FHOE R4 oA 7] AR A UEet= Ao] d e,
2 9jul e oo} 29 AT 2L YT 2 2 H Yo A% TE G EE ALs)E FUTh 1A, "hello”
'world' i "helloworld" ¢ 5 YTt ©] lLS NE2ALE A G E2 e o 223 9
A E FAF U 2 B4 DStk 248 ot A% b5 th o g Bol:
re.compile (" [A-Za—-z_]" # letter or underscore

"[A-Za-z0-9_]*" # letter, digit or underscore

)

o
o
[l
mi
r4N
=2
>
o oX
L
jﬂ
r[r
rﬂ

Holl o oHOk Utk A At
th 2Bl o] 2] 7|7 R AU E ThE
ol AxA} 7}%?2;“4 oh, =9 =444
U

£

rl

W Eeo o
I do 24
tlo et E
>
offt ofo o
ok
4>
30,
K
e
Ao
Y
e
i)
o
ofN
ar
tlo
Er M d
el
_|>i
ue 2L
filo
&
2

==

I

N
P
w
Hel
>
Md
N
e
i)
nj
iy

=
2
w
(@)
2
A
N
N

M
R

Oﬂ_oll'liﬁ,
ACh

M
N
i)

_,_,
1 M
flo

(formatted string literal) == f-E AL G (f-string) < ' £'
A= TS %%tﬂ,wai{}i?L—E‘r
tﬂﬂuﬂﬂﬂk

2+ 2 H

o b
L0 S8

ol W gt ©

<
Ea

lex]
=

=

oy
o
2o
o R p
M o

o

JES)

)

ﬂ
rr
i lil:l
r 4
>
rl
d L
Iv)

we > M
Lo Mo
ofo [T
F]O r;]n

forr

il
o)
UIO m&

&
i

o o
Uy
2 [K
Mo >
N

)
FIO i
M
rE o

f_string (literal_char | "{{" | "}}" | replacement_field)™*
replacement_field "{" f_expression ["!" conversion] [":" format_spec]
f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [",
| yield expression

conversion = "s" | "r" | "a"
format_spec = (literal_char | NULL | replacement_field)™*
literal_char u= <any code point except "{", "}" or NULL>

%%iﬁ]’@H%QO]HPE]EiEJﬂEH:LQLH] olF FTZT "{{"U "1 S FL T
i]:‘?}%ﬂ"‘ ‘?} 1] Ut st o &= FTBZ (' v X F=F5 A A7), stolH &
= ¥ 3} (conversion) D=7 & g}\‘;rﬂ LZ® 2 AR 2
(format spemﬁer)J_ QEd g Jded, E&8 ' 22 &Y i]?l' dreseeSEI "' 2

U,

)
o 18
Au)
i)
> e
1o
Ekl

>

lo

50 i)

J M'
ﬂi{

v

_|‘3_:‘

(o,

IUQ

T

I,

F
‘
>
rlo
ol X2 ol

> T
41 rlo 2
g, I
>
2
Q,

i K

mlm

2]
% ,%‘%E}iﬁ

]_
o] Bulo] 4 Zoj X e 2o 2 AsE T},

N
i
it

>

12

T H
X,

r‘LjﬂJ

Hel L 30 b

S2 o Iy M2
mmLm
r

o, o
e 1%
o ¥
o [0 reh

]

3.7 A ¥ 7 : Prior to Python 3.7, an await expression and comprehensions containing an async for
clause were illegal in the expressions in formatted string literals due to a problem with the implementation.

1 2} (conversion) 01 AQEE, 284 A7 Zofg do gtk M 'is' = dHol str () =
SES, " r' Lrepr() S 3EFT, '1a' Lascii() E & CH

AFE format () ZEEZE T FYTh =W A F A= FH A oG HE ] format_ () ¥
AE 2 ARk 29 A A7k A E 0 BApd el A U oA 2RE A3t HE EALe

uéi

x
rN

0.

gy
A4 2R ARAE FHH AP WESS THT 5 J4UTE o] FPH =S 15 24l AR
Aol Ul AAAE T3S 5 AT, Do) FHY AF F=EL =TT S stk T A3}
7ol Qloj = EAFE format() A E ol A ALEH = A} 25U TH

12 Chapter 2. o3 24
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Y 24D BE S ool R £k YA, AB Es ol PR 2D S YUk

>>> name = "Fred"

>>> f"He said his name is {name L

"He said his name is 'Fred'."

>>> f"He said his name is {repr (name) }." # repr() is equivalent to !r
"He said his name is 'Fred'."

>>> width = 10

>>> precision = 4

>>> value = decimal.Decimal ("12.34567")

>>> f'"result: {value:{width/. {precision} /" # nested fields

'result: 12.35"

>>> today = datetime (year=2017, month=1, day=27)

>>> f"{today:%B %d, $Y}" # using date format specifier

'January 27, 2017'

>>> number = 1024

>>> f" {number:#0x}" # using integer format specifier

'0x400"

AutA QA F2E HEEH 22 EHE TR Ao E A A= AT/ = o AMSE = EAEC] 2
29 P ES A R 55 shotof Arhe A YUt

f'abc {fa["x"]} def" # error: outer string literal ended prematurely
f"abc {a['x']} def" # workaround: use different quoting

E9 BANE o SAAE ST S 9L, AHS S ole e gy ok

f"newline: ord('\n'") }" # raises SyntaxError

o S Al olaAol 7t R3PS TFEH Y, YA W E wEd U
>>> newline = ord('\n")

>>> f'"newline: {newline /"

'newline: 10'

ZH Bz e gL 52 E 3 (docstring) & 2 AFEE ¢ gy Uth 284 o] AF

%Q

ebs v

>>> def fool():
f"Not a docstring”

>>> foo._ doc__ is None
True

2 F2E 2HE 710l o gk A ¢H-2 PEP 498 & =2 3tal, 3 29 AL AU Z S AMS-3h+=
str.format () & AH K& Zo] ETHYTh

244 == 8€eg

S e ol A A4 R ASUTH: A5, A5, A5 Bas dHE 22 AL gEUT (Bass
A% 9} 5152 Ha A wE ol U o)

S el Po] REE ZPHA e Aol TN FUTH -1 H 2L FES A G AN T 25D
L2248 2349,

24. €Y 13
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245 A4 2 EHY

S e de e e o8 ez BARYTh:

integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"] digit)* | "O0"+ (["_"] "O"™)*
bininteger = "o" ("b"™ | "B") (["_"] bindigit)+

octinteger = "o"™ ("o"™ | "O") (["_"] octdigit)+

hexinteger = "o o ("x"™ | "X") (["_"] hexdigit)+

nonzerodigit = marL.LLu"on

digit = "or..."on

bindigit = "om | omiv

octdigit = "or...""

hexdigit = digit | "a"..."f£" | "A"..."F"

7HgE v ol AgE ¢ deA e HANE A 2lE e Aol Alge glsuth

A gHUth 7S4S o7 8 £AES R AS
2} 22 R4 A A A (base specifier) ol W& 4= =], §F

E=

g0l 213 of Tt 3.0 M ol A shol A A AL§ T C 28}
i 3] .

T HE S Y
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

)

WA 36N W elE BN 45 152 BAT BH o WSS FAPun,

246 A2 ey

A P TeH 2L o3 Aojr maPUTh

floatnumber = pointfloat | exponentfloat
pointfloat = [digitpart] fraction | digitpart "."
exponentfloat = (digitpart | pointfloat) exponent
digitpart = digit (["_"] digit)~*

fraction = "." digitpart

exponent = ("e" | "E") ["+" | "-"] digitpart

) A |
Edola, 77e10 4
2] B ol A &} v} 2717

Az g do @ 717 ]%%141:}:

Ao MR Ths 2o Tl of Futh o & 50],077e010 & 242
£ FHEY FFa HY = 13 /\1]_‘,1}\}61-?;1,]1;} 2

3.14 10. .001 1el100 3.14e-10 0e0 3.14_15_93

M 36004 MA: 2lE RN A 25S 2d

ok
Bl
Jzi

O
Hﬂ

N
tlo
b
iie)
<
I
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2.4.7 32 2™

A4 e E e T 2L ol Fol= B
imagnumber = (floatnumber | digitpart) ("j" | "J")

A4 DL A5FE71002) RS E BEUTL Bafs 259 2L 09 Aloko] A4 & 8 o) 4
+2 ZUFUD 00] obd A5 E ZE BE5E WEAW, ASE T oHE LT A8 Fol, (3+49)
34 elg gl @ 7hA o1& Sh
’3.14;‘ 10.5 104 .0013  1e1003  3.14e-103  3.14_15_937

2.5 & Xz}

gewge 525 AU

+ - * * o / // 5 @

<< >> & | ~ ~

< > <= >= == -

19

2.6 Ak

O EZ252 T ol A 2 A (delimiter) 2 7] 53U Th:

( ) [ ] { 3

’ : . 7 @ = —->

+= -= *= = //= %= e=

&= |= ~= >>= <= *ok—

A= AT gy EdAE T4 F Adsuth d5E AR A 7= AR S 2l E (ellipsis
literal) o] 2}= S8 st o v 7} 5 U ThH 55 TRk 52 th 9 A 4FA} (augmented assignment operator) 5 -2
AN oz L AR 5 HA W, Ao A4+ AT

29 45 £ ASCH EASL TE B2 QR2A 588 9 u)7} A7, 194 o olf) B4
7)ol F&n g}

L} n # \

T}2-9] Q145 = ASCH A5 -2 shol Mol A ALSE A rs Ut B4 2lE Pt 24 o] 2] 9] Fo) A
AR AL 27 e el U
’ $ ?

2.5. AA=A} 15
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CHAPTER 3

tlol 2dd

3.1 AA, 3%, 3

Objects are Python’s abstraction for data. All data in a Python program is represented by objects or by relations
between objects. (In a sense, and in conformance to Von Neumann’s model of a “stored program computer”, code
is also represented by objects.)

25 AR ohol WE] ) (identity), ¥ (type). 7k (value) & 245Utk A1) ofeldIE B = & W W50 7
Fol e WA A Gk MR FAA A FAZ AAHE FH UL s AAAE T AR Y
oboldE g WaFUTH id() 4t ololWEE| 8 J 52 FAE 2 BF U

CPython implementation detail: CPython 2] -9, id (x) © x 7} AZE WE2 g A Y Yt}

o
27 Qo) 2 o] AA S o] 742

A7 9] 32 7 mﬂﬂ%a%@&%a44&ﬂwee dolg
4 9E A58 RES AT type O T4 AR B0l 2 A AAH S S F L) ool dl
HEl o nh A 2, 2

Zﬂﬂﬁé(type)"%‘/\l‘ﬂ 35 A 5t
H

A A ¢ = AA S-S 7HA (mutable) ©) 2Fa1 Ut €
%tﬁ(lmmutable) oleba ST (74 Aol that Fx
Ao} grel W MAA Y B £ = gyt A

o AR S gk -2
BEolzl Fo e

o_>:,_>|i N ne
rlo rlo o3t mfu i

Ak gl BW e ol e) ke 74 A
3 e AA Sl Aol vl 5 gom® Ar o]y £ o A8] Brloleki o] AU HehA 2w
A5 A = WA

27p5a 2 2 AT GEUTE £ 6 vl g oh) 2219 748 A (mutability)
lﬂAaﬂAwé =) o] %2}, A4, 7 (tuple)-2 £ ¥ o] 2| ¢}, 9 A 1] 2] (dictionary) £}

E (lisy £ 7P U T,

AR A3 WA A 0 2 543157 e o 25 2 948wl nreachable) 7h) A 47 (garbage collect)
Utk 78] A £ AR AAN A ALt ofell A= Ae] ST — ob A FxE & RS
SABA S o4 7 A £ AT o Ao 2R A T FA LAY

CPython implementation detail: CPython 2 & 2] 2% §1 4= A Ak (reference-counting) #}+41 -2 AL-&-31=1),
AHAGeZ)3d o7 24 7HH R 9 Zlﬂlﬂ ]7}-7—7}9‘4‘3} ] HhHo 2 g BE AR E =2
7t A A= Apupap A 5 5 U T A v =3 fé}i Ae 7 A EE A= A2 s Ut

}_
T8 7Ha A AL Alofol] AT HHE ge ZE FAE Fxet U b PASS e Aoz
&2Fskal, CPython = W7 d 4 Q5 Uth Fx27F Al A d v S242 o = shold 2| A M‘l(ﬁnahzatlon)ﬂ =
Aol e 2 a7 Hokol Tk (Leh A B HHUL HA 02 olzo]of gl h.

ol dx70% ofd 450 AA 9§ AAE Aol APtk AW B TAAW o}F 7 4 A o]o] A
obz dwdow F& A7l ohdurh

A

A
2

|02

¥ -
e r

2~
-
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gol Alzsts FAHlUY WA FA AFE2 25X Fod 79 ¢ 9l AA S FoRIES
WS g el Fo s oF U th o ‘tryexcept’ £ O R o9& e AR AAE oA e
AUt
ofd AAEL dd Lot F T “ﬂf(external)” AHd el i Fxs 2FFUh o AdSL2
AA7F 74 2] 5 A E vl Wb TRl ©] HEW A A E RS E ol ob R, Od AR S
93 A1Q S Wb WA A ol B Eok AR Th BE close ) MASTh 22l FAT o
2ok AR 55 G BAAH 2= dofok(close) U ‘tryfinally’ £33 ‘with’ £ o] A dh=

Ytk

oW AAEL thE AA o] e F2E TR AFUTE ol 452 A o] (conainer) T F-F
Yok §5, elaE, giv el 5ol Arlel ] o gtk of F2ES Arol v gho ARt ¥
e, 227} Arol e e = o, SolE AASY ofoluE E Brje 7S gL 57T,
A o] ie] el tal =3 w44 7Hd AR S ool WE B9 WU Th ZelA, (RE L)
2 A o]zl 7h Az o] B2 E sl lrhe, 77w A7 A AE W A o]y o] gt WA E U,
He A9 BE SR A AR SasE ol AT FUTh AR ololdE T 2 FRAZA
£ of | Mol At RS WHUTh Bua] 49, Al e REL Qe AR s ofu] EA]5hE A7
Folq 2e W ghe 2L A2 5eE 4 A5k vheo] 7w Aol A old o] 5434 ek
Uk el& Sol,a = 1; b = 130, a% bt g1 2L 2L AAY FE 911, obd £ % 5ok
SA%e = [1; d = [ Fol,c9ds A AR b2, S P2 o), AL BEol7 ¥l e A= o]
B (c = d = [1 &AL AAZ cshdol HIATh

ofefoll sfol el ZH 52 F=o] A5Uth (FAol Wt C v Aupy ohE doj 2 A4 d) &%
EEs2 571 s AT o sUth stoj e nig) A A P ASol B HE + At (&
o], FElo, AEA R ARE Ae wld 55), £F gtelBe e T8 F7HE 7t Aol B 27+
ot

olgfoll 2= 2H o st AL ‘5 o] E 8] H E (special attribute)” & Y4 dh= FohS 35Ut}
o5 T 2L WS Al Fotetl, REA A AFES AT Aol ob Utk B = dor WAE

None o] & shbel Gubg AUk o G 2t el AL EAG U o] ARl f P
o% None € B3 AL iz /A APl kel RAIE el B A3F L ol g S,
BAA R ArhE EAFA g Foe N gAYk wARe ARAIG

NotImplemented ©] 3-& 3}1be] Zwhg ZE5Uth o] gt zbe sty AA7F AU o] A A o
= &= o] Not Implemented S =3 A=Ytk A v A E (numeric method) £} ¥] I (rich
comparison) M| A == A FH 3] A4EA}e] thsl AAbo] LR A ko o] FhE S5 oF FUth
(2™ ‘33121’431 A4z whet H A3 AAbol ), o o E S Al EF Y Th) =8 g2
Aok

] Z}A| g+ Y82 implementing-the-arithmetic-operations 2 2313} A] 2.

Blipsis ©] % =) 4TH& 25Tl o) 48 2 S AU AT ) A DAL
.oy U AE o] Ellipsis = B3 ALY _l-:ﬂ Fo #olU T},

numbers.Number ©| ZAEL 52} e o o3 WS A 2, 4t A Y

A= BRI 8 W gho] BEol AW A

°]
EeF U 24 AA S WM 5HA] gk ok she] Ao 5
£ 993 2349 £AER DA BAs o dguch AT AFH S TAF A o2
W gl
Shol Ae A4, A%, B

AN

ES
numbers.Integral o|AEL
T 7HA F7Y A7t

44 (int)
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[¢]

o) AL (PP M= 7k B et & Aok gl WY £AE wART A=
(shift) 9} W} 2 (mask) 4ko] =2 o W= o] 21 o] AAH 1L, S5 A5 2
B (2’ complemen) = E @S £, £5 W=7t A% 0w Bos HgE A% 2L

w32 FU.

29 (bool) o121 £ =23k 25 B¢ Bt False 9 True 5 AA % 22 B A9
£ int 9] 744 (ubtype) o) 3, B2 A 2710341 A Y BT e
A9, 27 2449 "False” % "True” 7} e U Tk

numbers .Real (float) ©| A5 7|4 =% 2] vl A % (double precision) F-5 A5 +5 e
A
IS

ek SeE & kel Wels) 2 M o] AP0 &34 S A A9 BA (9] C i A
)l 2= Fubel] Sls Ut ko] A2 T & (single precision) F-5 Jai,‘—%j 2 2957
AUk ol dEs /\}36}“ o7t He ZEAAY v AL ol A E
A& ok V183 4420 ool ek Dol 2ol ] FRel 42
S2 o1 E Bal BEwE HA 7 g

numbers .Complex (complex) | ASL VA £+E WMAE 25 A4 o o g BEALE U
ST B 254 9 DA% BADE BRI H otz ) AR} A, YY)
AgJEZHE z.real & z.imag 2 A4 = AF5Yth

AREE £l ohd 342 A rdexing 3+ A= F99 o1l A e AT E e, 4

T len () S A AL M FEE eE SHFUTh Al@29] Dol7kn 4w, $1E] 2 (index)

%J?JS x}o,l, 12 ERUITE AR ma o BB it ali) 2 Adg0

At gehol 4 AQTUTh alin)] £icmk<j§ WIS BE IR E AU,

FHAIA AR 0, Seol At 22 B A B2 A H T 00 A AR 5 2 ohA

B oA A

of @ Al ALE A HA “28] (step)” i A A +E ARG SHE “2F Stol A (e tended slicing)” = 2] 9

FYUthalizj:k] ©x = 1 + n*k,n>:0,1< x<jE EE RE G2 2 A3

Aldas B met FEE Ut
EHAIE i AE2 o A dDd e Fels i 2 5 flsuth (B v AA =
o Fxg 2Fetd, 2 AXE 7Y 4 03, UAE 5 dsuUth AW, E W AA 2 5
Bz AAe) AT AR 24D 5 geUoh)
o023 2e PdE2 A AEAd UL
F 2+ (Strings) ALY 2 FUI = I = Z 9 E (Unicode code point) 2 £ 3t= 52 Al
ALY U+0000 - U+L0FFFF W92 RE FE ZAES2 FAYE 2dE 5 9
FH ok st el char geo] Y5y ek Al ZA el Q= 2 5= EAE= Fo) 1
A BAg ANZ FARULG UF §5 ord() & AT TAEE 24D FAA 0 -
10FFFF {9 A2 Wyt chr () 2 ‘:M 0 - 10FFFF & A& o Fate 2ol
19 #244d AA 2 A& Th str.encode () TN H2E TGS AR A] str
<= bytes 2 'ﬂ%‘r%}i, bytes.decode () & L ¥td] &g 3t
T2 (Tuples) 722 F52 499 ol AAYUth 7 A o] e FEoz FAHHE 7
£2 Fuz Tﬂ% FAAY BE0 2 UE £+ J5Urt Shte FBoz AW FE
(732 singleton) & A A ] FukE oA s F UAFUHZEE 2AAS FEF
Aoeng, AN N R RES UEA GFUTH. RIFS2 R 1 252 e
AFUTH
Hlo] £ (Bytes) HHo] E A (bytes) A= =¥ Ml A YUt 52 8-HE nlo] EQIH], 0 <=x
<256 W99 A5 2 AR vho] = AAE BE W npol 2 2D (b abc’ S}

22y 3 Y& bytes () XA A (constructor) & A& 4= 5 YT ESH Hlo| EE AR &=
decode () HIAEE E—‘O‘H B9z gagE 4 95U

7P Al A A 7HH Al A LA B0 3 Sofl WA E 5 5y Th Al B3 744 (subscription) 7} < 2}
o) hYZ T del (AHAD &) o= AH8E 5 AF YT

A 7 he] W 7 Al A o] s Ut

w
N
kKl
N
ofls
X
olw

19
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PAE (Lists) 2229 §5L oo shold AMYUTh elaEt Frie oY 2R4L
BB E ool Fol A BHE 5 B UTh (4ol 00l 19] e A=E B r EEe 3o

Hlo] E vl & (Byte Arrays) vl ©] E ull & (bytearray) 72} A & 7} Howd gl WA
bytearray ) AAA2 BSolFULh ZhWolets A (A HA st
2 xﬂﬂ?ﬂ'i Hlo] E v d-& £ vHio] EF (bytes) 71“1]% Z2 dEH o287 5S
Alg gyt
B BE array © F7F] 7 Al AL S AlF3k=tl, collections BE QA upz7hA|
Qe
W WS Settypes) O] A5 L FH 9 W AANEY ¢4 9T F3 ARL Gk Qg
S e UTh SAW oS ER 5 23, WA B len () < AT Dol e FEE AT
=HFUSH A3 A &5+ w2 W 4] 7 Ab(fast membership testing), Al A0 A FE-H
a5 Al A, 2% (intersection), 7 T (union), X}7 g} (difference), o & X} 5] & (symmetric difference)
22 g AE AdeE A9
Ao dasole 9V e 719 2 S = S} H)mo)

1o rlo
oft

28 A A7 o] 4§ HTh: Ho F

o

31.0), 2% shoher Aol S0l 4 A5
A4 F A B QG Hol A%

%‘J?J(Sets) ol AE2 7t JEs
NEZSS AHEA Yol 3

E¥ 33 (Frozensets) °| 21 &2 =W F 2 HebdUth WA frozenset () APARE WE
95Ut B9 A (frozenset) 2 EW o)1 A 715 sto g, thE Ao A4 919
Az AEE 5 g% h

)3 (Mappings) ©] 252 9] ‘dti‘é Aoz duds = AA S 78 A= iyt
g2 3% 7] (subscript notation) a [k] += " a |- k 2 OJ‘iié 5= al
B4 BT S D, Aol et £ 99 el B 94t WE B Len
el 38 FRES S EAFUh
A7) 2 o) W g Fol Yk
€411 2] (Dictionaries) ©] 2152 719 499 A2 Hgho B Qe Y= AX S fod A<
UEhi Ut 712 AR 5 Qe AE2 rﬂéﬂ, gAy ey 2 22 7 d FollA] ot JlE E
Zhotdzt e 2 njus = ASE AUtk g eEle] 284 A FH o], 7]19] s Al gho] =5l
A A @3 A% L Pgor FARES aekw Q7 R 72 A8 & 54
3 B RA DA AL B0l ARk BAT 27} Ik AN A
Sol,1%1.0), ETh 2L g
Dictionaries preserve insertion order, meaning that keys will be produced in the same order they were

added sequentially over the dictionary. Replacing an existing key does not change the order, however
removing a key and re-inserting it will add it to the end instead of keeping its old place.

gAYl 7HAdUTE (.. BYIHeE B F syt (g v e HaZe ol AdE

FnHA L),

=

2 25 dbm.ndbm ¥} dbm.gnu = F712] ] ¥ & A F3l=0d], collections & AA
u} 27k Q] ok
¥ A 3.7l 4] X 7 : Dictionaries did not preserve insertion order in versions of Python before 3.6. In

CPython 3.6, insertion order was preserved, but it was considered an implementation detail at that time
rather than a language guarantee.

2] 2 (Callable types) ] AL F4 55 K5 2 A4 F1)ol 488 4 9= A5
AR Ao W AR B AR B BT B Bl (IS 4 A4 B,
G50 4 o)} ¥4 (formal parameter) 2% 7} 22 49 F2& Z 5 914 (argument)

=%ow 555 ook gt

E = o] E 8] H E & (Special attributes):

l
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JEARE 5T

__doc__ F+E A E FAE T+ gl 4 None; A B » 7] 7V
FHAE FEH A FFUh

__name___ 9] o] & »7| 7hs

—qualname_ | @50 A7 oIE. B
WA 3300 F7}

_ module_ ST A H BEY o]5 B+ (9= 4-F) None »7] 7}5

__defaults__ AZFS] 71 B E= (Yl B-F) None &2 THEo] 7 271 7V
TE

—code_ Ao A H T2 T (hody) & TETNE T AA | 27 o5

__globals__ T A Hp =S 7H 9 ol tig 3Fx — 97 A&
7 A H BEO AY o] = F 7 (namespace)

—diet_ STo]e] 34 S EF HEE AAFE o[ E T7F, 5 s

__closure___ None = ¢4=9] X} ¥ 4= (free variable) = ©l] t] 3t IE:E
AALE 712 A(cel) 59 5=, cell_contents
ool HE AR ol E KU

__annotations__ | Wi7fHEE of = H| o] A& 71X dict. dict2] 7] = N
wf7f g9 o] &<, ‘}?_P%k ol o] A o] ttd
'return' 2 7| & A3t

__kwdefaults__ | 7|9 E JEHIZWE A 7hsst i =52 7| 23S | &27] 75
7FA dict.

“27] 715" Sk BAE O R o B HESS gol BE o L AT .
4 AL Aol o2 HEES 91

(metadata) & £ O]—H] L= ¢
(dot-notation) ©] AR-& o). A A
oo e 48 e o
Al AA| = cell_contents 9] E
AR HE AL S A%
e Aelo] B FA1H AR E TE AAZRE AL 5 gzt obehol vhes v Ao
7S A L.

AP S R AR B e
© 5 AL} A ] TR B o]
tvlee] 498 - A%

A g Ao e AL Wk ohet ghe

+ 4 ag

dr Qe zf>
(M rlo ©
d

Auh

fm

£

S Ealy Ea Uﬂ = (Instance methods) A ABA HAEE ZEgA, A dABEAL RE ZHE A
A

I (2% M8 3 B4 e AT FU T

E4 7 AR o EYRES: _self £ FU2 J2®XAA,  func £ 5 AA;
__doc__2HAxe Ay (_func .__doc__H}ZHUTH; __name__ 2 WA X9 o]
( func__.__name___ _,,]. module__ 2 WA ZE7} FoH BEQ ool ALY

= 4 None.

MAEE 78 B4o) BE B4 o EYHESS 92 ¢ YRS AARIUTHEAR 275

A QA s uh.

| E] E7P/\P9~X} o] = AA o) At S WA= AW, ARG AF A o] w4 = AA =
o9 O ELHES 98 0 B0 4 Y UTH(OPIhE 1 Zel g A2HAE FHA).
Aada v AR 7F el Qs s SN ASAF A9 A AA S gl e o
W sl o, _self  O]EREE dAa®2oll, vXE AR = 23 (bound) 33 ThaL
wack A WA= func oj=elREL e g4 AX AT

St At 2z RE 2 WA AA S A5 02 ARRAF A o] WA = A A 7} ehE o) -
o, A AL 29 func_ o EFHEZ A WM E AA| 7 ofyel, TS func_

=P RET: AU AL B AR 99 2L PA o= ST

ArEsAE A7 S 2 ALRARRE U2 A ANE 4SO 2H BEol
A, self olEWEL Fdas A4, func_ o= HEL Fds A=

e = g4 A4 o

P AZ 21
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ro
1
E

A= WA= AA 7 252 o, 7192 7
S dada (self_) 7 AT
EH/\O]_]_xﬂ-C./] o]/\e]/\o][q]’x

o

AN
k]
=

UMC AN 7L SN2 A= AR 2R E%SLEQJ self of| AFH “Ze 2 2
IAZ2E FHd2 AAGUY 23 A x. £(1) oY C.£(1) &€ 3E3+= A2 £(C, 1)
FZHEUY (£ = 711:‘?6“?4\44)

2

A Qegs AAeel Aee dodaniy B EE 08 Wt Ao
gtk @l A9l o= HEES A M5l s, 1A WS

A A7 U w8, o] Wakol 484} A9l Bool A
£ ZeE AA (183 FejBol obd BE AA) & W glol
P AAE AL O ERREY AEA Bo] Rt AUV AR WA A 2
2 S g sl REY ujw ook

A& o] €] 4> (Generator functions) yiecld(yield 7 & F%)& A= d- U AEE Ay
glol g g (genemtor function) 2131 F-EUth o] A T4E i%fﬂ'tﬂ @7 o Bl 8l ] H (iterator)
AAE 58T "rt o], sk4=2] vlt] (body) & A 3@ 5F= o] AFREH U TE: o]E g o] €] 2] iterator.
_next_ () YIANEE TE51d yield Fo| kS A F S u71A] &7 A U} 47}
return T’:';% Al AY T T3l StopIteration o8& %]__‘17]_1_, 0] B g O] Hx=

sk s 2ol =25k A gy th

2 ¥] 34> (Coroutine functions) async def = /\]-%_*H A AYdH =LY HAESE FEE T4
(coroutmefunctwn) g BEUth o]ld 4 &5 T5E AAE SHEULh await B
HAA S ¥ E3), async with& async for B& AFRE 4 QS5 Yt} I8 A A (Coroutine
Objects) M A& F 23 Al

rlr
m* |>

fol
HHT'

o
N
% toh

ot i ol
RS

Y

o,

<{

Y
=0, -
Ang

9

o
:O.I:'
o
)
<
&
=

N
kr

ofN U N | N et l> (S [l

k

)
<
3?
o
(g
rit
rlo
ﬂ?L'

T~

15 7] Al g o) E} 3}~ (Asynchronous generator functlons) async def & AMESA Ao & &
7t yield & A3 ¥ 5 7] Al Y El o) B §<= (asynchronous generator function) B3l £
Ut o]d & &3 34 v]5 7] o] B & ©] ¥ (asynchronous iterator) A A & =& F+=0d
2] vl (body) & A 3 0}7] -'4 & async for oA AHEH YT

H| 5 7] o]E] & o] E| 9] aiterator.__anext_ () WA E % IEotH odloJEHE 2 EHF
=, await @ ) yield Fo] g= A5 w714 g 51"\ ZF AU g7 A return i
AP AL Lo =3} StopAsyncIteration 01]94§ do 7]_1_, HE 7] olH e ol 8=

Hkgsl= Y Eol =EshA gyt
YA &4 (Built-in functions) W% '@—”F AA = C 2
Oﬂi—— len() ¥ math.sin() (math & E—i— U EJUh 7F g5t} 21219 7H—[—ﬂ—
- Neh-i 01]./]3]]%1%4%141:]- E4 97 AG oEHEE: __doc_ 2 5o AY £}
T+ & 3+ None ﬂﬂq,_name_% &40 o] 29 UtTh; _ self = None & &
7@% Utk BHA T oS 53 A Al 2); __module_ 2 37 AYgH ZEY o] Fol ALt
= 7% None Y Yt}.

)55 U th(wrapper). W7 22

)

=
o
_,\Lizé §9n1iru£t

A = (Built-in methods) ©] 21> AMA W& gh9] o2 B5 YUt ojHeol= A8 7

A2LZ C ol A= = AAE 2 JFUTh W A=Y 2= alist-append()

A=t alist = B 2E AAJUTE o] Ao, 5 87 A AESGHE __self  +alist
2xdH 711;1]; /\47(491/]1—,}

Z# 2 (Classes) Feae FHE °“/1DP o] AAEL HF A MELX JAAEAE TIEE A E
2] (factory) 2 3 Z5h=d], () MAEE A é.J (overrlde) = Z A HoA =g
Sz 95Ut 55 ?lx}%_new () 2 AGE A, ditg o2 A AA"HAE 27]35}38]7]
Y8l init () 2= AGHEYTH

Z A A AEI A (Class Instances) Z e 2oA] _ call () HIAEE Ao zH, 2 A~
HAsE ZgEs uE & g5 rh

25 Modules) 52 Flo] F=9] 7|EAQ 223} 9 oli, import = °lY, importlib.

import_module () 3t W& __import_ () TFE STEWA F5T = A+ d2E A 2H 9

o3 ‘?}%0178‘4‘4 25 A= gAY AAR FEHE ol F 5 7"\‘43}(01 g4 g

AA £ EgollX == d-E9 __globals_ EIFRERZ JFxHUH). oJERE ﬁi%
m m

ol gl tigt =32 g Ut o & S0,

22
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il
)

AA = BES 27138t AHE ZE AAE 2 YA dFUH(EH 2737t 2vd 48

glomz)

OEFHE Y2 BEEY ol ¥ dAYEE BAFULE dE o, mx =1 &n
dict__["x"] = 13} 25Ut

g FojH (7] 7Hedh) AERREE: _ name 2 EEY o]EFYYTH; _doc_ 2 EEY

An BAE B 9 A% None YUt ()& +% 9l&) __annotations_ & BEQ vt &

A SR ol wHoH B E2 AV YUTH__file 2 REC ZE=H 31U

ZEPYUT A Z e FHAOZ AAUCEER L2 AU THY REEANAM=__rile

o E g HEZ} A FE A 5tk &7 2ho] B2 2] (shared library) 2718 3207 2% = &3

BEY AT eelByeld Fagol Alggytt

EF A7 MG OEYREE: __dict__+ AR 3dSHE REY ol YU

CPython implementation detail: CPython ©] 2& = A ] g
Fz7hFolddets, REol 2325 Yoy 25 9
o

AU E BAAL GAUE S 47 o §3ke S

(o 4 A By AL DA e
E FzxE ol gMvg U 2= HEH ‘4‘“/} qE £, C.
FY U (AT ol 22l HEO 4ot ThE PSS 5g
th). 7471011/‘1 ANEZHE o]Fo] THH XA ‘3%2‘35, JEZRE
AUt} o] B _,__,_ ZEr AML C3 WA E BA A (method resolution order) S /\]-%3}%3], 1255
/ﬂ-/\ o] 7L_ _'__]_ EEH/\E =] 01‘— ‘r/]. ]o X © (diamond)’ 7:]] q_zﬂ, Z;(HOH H‘I.E 7-]] EZ]—
5“4@- sto] Kl o] A&l C3 MROO| &3t & T ZpAISE W§2 2.3 vz o] HFEH FA httpS
/ I'www.python.org/download/releases/2.3/mro/ o] A Zto}E 4= Q15 th

ZH2EYRE F27H(EHac et sixh) S mAME AAE AZE wf=, __self o
EfHEZICcAJ2EAYME AAZ2 A Ut 2eHE HAEE A 22 v, 2HE vA=
AN AT Y AN MBY U ZeA2RE QL o= REA_dice_ o] A%
o SelAEE vt ohe w0 U AT g e T ds] 440 tg o

R AEYHE QYIS ZH2Y GV E BAT B, oJd 4o 1 2o gAY E
A=A = F5Yth

Z2x AA = FHAJAAHAE SHFEF (O E AN S22 F AFUTE & EAA

a ).

0]

S5 OERRES:_name_ 2 F;W2Y o]FYUTE __module_ 2 FATAHH BEY
oAU __dict_ = 29 o]F TS AGsH= "/‘/ﬂﬂﬂ‘ﬁﬂr/} __bases__ —‘E—‘?E
FUYAEL Ao FEJUTH R Fel2 520 Uehte 42§43 oc__ &
e AW F2HE ol Ak B H A 942 W None YU TH (3= T Av) __ annotatlons =
Ze)29) v & AN SHE W5 o el o4 B S B gAY A

2 Q2" A (Class instances) S22 A A= Fe A AR E TEHA (& HAAL) =013
Uth 28 dadas gz 785 = olF 342 Z<ed, o ERREE F2T ul M3
A AAEE AUk I3 A B REZF A A ok, Adxdxe] S AT o] 59
JERHEES 2u glow, Fe|~ o EYRER AMo] ALH Yk Wb RAH Fe)2 o=
HE 7} AFL- A} A 9 '61/\15, __self_ oEgHEJAAEHAC AdAEHA WHAEZ HBE YT
2B WS o2 v AR £ AT LT 9] 4484 8] 222 (Custom Classes)”
FESEANL. S22 Y 2 EYFEZLZH2Y  dict o AFH g GeA =S
@E%q%%ﬁﬂﬂAﬂ%H%ﬁﬁﬂ”ﬁﬂL¥%ﬁ+ﬂ“’ﬂ*ﬁ aHEEwﬂﬂﬂw
A, ZFWHETE getattr () WINEE 7HAH, 23 & UEA7]7] Hl8] A WA =S =3
NEZIRE P A= dxd 2o gy S AT F, 23 S 9y e & dEe A
FsUth BeFFU ATt setattr () oY delattr () HIAEE ZFAHE, A2xEH A0
SAYEE AAEE Ao 2 HAEES TP ch

ol 53 o] BEL WM EEL AW, Feh 2 B AL AL A A2, A AT S ST
S5 A E o] B 5 AAL HAAL

STOESRES: _dict_ £OEIRE AU JUL;__class__ £ 2" 2] FHA
Ak,

3.2.

kKl
N
ofls
X
olw

23
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VO A7 (342 AALE el A Ygvich 59 7] £ 99 Fd2 bk 5 A7)

o

3] (Internal types) S1E]Z 2 E]7} YR Ao 2 A}1-&5}

=21

=
o 714 ‘:}é o] &5 Yth: open() WA &4, os.popen (), os.fdopen () I &7 7_’,4?{]9]
makefile () WA= (283, olut= 2}75} BESO AT UE IrEolUHAEE

L

sys.stdin, sys.stdout, sys stderr & 2l
38 3 A EYULh RFE HAE R ER %‘Eﬂ/ﬂ io.TextIOBase A Ze o) o Ao H
JAE] 3l o] 22 BT,

Ir

29 Y5 AR A L EP UL AEx

=

2lE o] wlef MAdoA o] 52) A= tﬂﬁezil A ek, A f8l o 714 A5 Fu Tk

o)
AN
T A (Code objects) T = A A= vlol EZ AT H (byte-compiled) 2 3 7153t fo]H I =&
epl o, 13 el = SE SR E RO 2 AAs 34 A Bk A7t A%
o} 3 A= 4] A F 3 (globals) (-7 B H EE)S WA H O E F23A A
9 FE A= o™ -Er"—’“(context)‘: Z¥31 QA Ut S 7| ' QRS 9] D_/’\_ 2 7 o
Ags o dA W = AA o= Sl gl ¢ *quiﬁﬂﬂﬂﬂﬁﬂ%ﬁ < tpehy 7]
WL Th, B4 A AR 2, 72 AAE el w s AAl S Bhe o) B (44
Fe Ao RE) 20 YA 5T

lm

Special read-only attributes: co_name gives the function name; co_argcount is the number of po-
sitional arguments (including arguments with default values); co_nlocals is the number of local vari-
ables used by the function (including arguments); co_varnames is a tuple containing the names of the
local variables (starting with the argument names); co_cellvars is a tuple containing the names of
local variables that are referenced by nested functions; co_freevars is a tuple containing the names
of free variables; co_code is a string representing the sequence of bytecode instructions; co_consts
is a tuple containing the literals used by the bytecode; co_names is a tuple containing the names used by
the bytecode; co_filename is the filename from which the code was compiled; co_firstlineno
is the first line number of the function; co_1notab is a string encoding the mapping from bytecode off-
sets to line numbers (for details see the source code of the interpreter); co_stacksize is the required
stack size; co_flags is an integer encoding a number of flags for the interpreter.

o33 22 ghE o] co_flags & 93] A= Iyt g7t 7hA A9 914 ARE
Hkol5 0] 7] Y& AR5 = *arguments B S AFR3HE B E 0x04 7} 1o FUth; 929
719 & QA& HtolE o] 7] Y Al&3}= **keywords EHS AL 3 HE 0x08 ©] 19]
HAUYUth ¥ E 0x20 € 7 A Y dlol e v AUt

F4 715 A (from __future_ import division) T3t I = A A7}
33t el A AL A=A S U 7] A8l co_flags & HIESS ARS-
32 2] division ©] 841315 Al oA AU Qo™ HE 0x2000 o] AAH YT}
0x1000 & o 112 Skl o 481 25

co_flags o] T2 M= 52 W R AH8-& SAa) o ot of Qs Th

ok = AR EE YERATHE, co_consts o A WA FE2 AW FAL o] A H <
= A 950 None YU Th

=)< A A (Frame objects) Z & A A= A3 ) A (execution frame) S LFEFY U Th E& o]~
AR o] 5 5 T (o E HAN L), 55 F4 Frre Ae,
E29 7| AL O]EFHEE: f back & o)A A8 s A EEo 2) & 7He] 7] A, o]
A Aau Hheho] 2h None; £_code £ ©] Z#| ¢ o] A 7“211 f_locals €AY
Z 3] 3l=d) /\}—Q—ﬂ g4 8]; f_globals of AFEE YT} £f_builtins
75}% (intrinsic) o] &5l A& E UTH f_last ]E T X 93 (instruction) &
Ut (Z= 214 ¢ H}O]E A= FAE 1:]]8

7] 745 o]EZHEE: f_trace &, None ©] © a3 Fof o opilER
HE T4 YUt A AL FUTH. BE ol EE ZF A £ Zol| A g T
i

f_trace_lines& FalseZ AR5 o] AL v 4~ Jd5U T}
<2
1=

4 750
Ptk @47}
HE 0x10 %}

]:!
[e))]
u

[k
o)
=~

rlr

4

(1
OY
ﬂ&ﬂw
Lg-b

v

@ o
Im Ry
I I

>

o%L

oo =

;ﬁ> l
l‘-|~
o r
—|—' 19, o

L
[t 12

foh [
i

f_trace opcodesE TrueZ AAT= 20 Z R HH = JFF = (opcode) F o|HEE
H5 g AW4%ﬂ@ﬂﬂAﬂm@ﬂﬂﬂﬂzﬂﬂ%§¢imﬁwomﬂﬂﬂﬂ
2olE 5L %

3

5 Q1 oM X rfr R
rloojo g LS8y ol

r_q mq' [‘lO
_V.'L

a:—:‘l‘
A & WE AUt — EF o)A T4 (f_trace) o A o] ZFS

ags]
2 AZFUT(A 7PF ke 2 GNA R ST UTH. BHAE § lineno & 2
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=8 o AA = Sd7HA M =S 1 12t

frame.clear ()

o MAEE e o] e Ao WEol e BE FEE AAGUCH £, weF e
o] A o] 1o} 518, A A E171 5 88 L Thfinaliz). o1 2 & 279 A7} B2
B2 < BL AL Bl E2L FUL (18 Sol, 9198 FolA] B0 Mg 23 182
CERES E.))

l:r]-Ol: x gﬂ ol o] sﬂxﬂ Al ?{H o] l:ﬂ RuntimeError oﬂﬂ 7]. tﬂ-/\g 6‘1—1,] q_
W 3.40] F71

E o] Au 7 A (Traceback objects) E & o] AWl A= of 2] 9] A8 Edo]AE YEFH U T} EF
o]i\_@l'l AA = o Q] 7 HA S uf] BHE o] A 11, types.TracebackType 5 S E3| A WA Z S
UE TE sy
SAH o7 whEolz] Edojaule] A oo A7 E Fota] A 28 {3 o, 47
5]71’7] ‘474]“]"3]' A7) Ego]2ul o] glof] Egoj A A S /‘L?:H&Wr% of| £ A 2] 7]l S
7Hd, 28 Ego]A~E Jil"“"] AHEE = AUt (ry & A FX) sys.exc_info ()
HEeFE 5B A A4 FBo| L} 33 99 _traceback_ olEelRER ANAT
T As Uk
ZR W] AT A7 & AFoHA o= A5, 28 Efolas RF oY 2EYOR (B
A 2H o) SHg U Wk AHZH 7 i3 o] ¥, sys.last_traceback 2 &
A& 2l Al Al F T
BAAOZ BHE Ego]am _next 9| E
Efolag PN ok st=AE AR o 22 EF o]

E4 97 AL oEYHEE: th_frame 2 & WA A 9] A3 =z <
Lo HE £ TS FUTH th_lasti AE8ulo]E & WYL 7he] Py th whok
o15] 7 except 2ol F inally 9] 1ty F14 WA, & 9T = o) 2u ) vhA
™ 2] (last instruction) & Z #| ¢ AA| ] & HZ )t} 4 Q)

.
E/\”\7] 7}5 JJERHE: tb_next & 2~H Ego]A9 t}
Fo 2)ol Ay o2 A 7} ¢l 2™ None YU Th

AUrt}; tb_lineno

a\

A (el 7 2T =

30, F ol
o™, 001'

A 37004 WA EF o)Al AR o)A Tho]W FE oA HA|FOZ AABAE OIS &~
jom 7]& A" A0 th_next JEZHRHEE HAT = JdF UL
&elo| A 72 A (Slice objects) & 2Fo]x AA = getitem () MAEE 93t LElo]2E LEHY

Utk W& g slice () 2 WHs 5 5 Uth

E4 Q7] AR oJETHEE: start & 3F3F(lower bound) Y YT} st op 2 A3l (upper ound)

401tk step & 28 RATITh A 2 A 39 None Utk o] o] EelREEE Y2

Yol T % A5 Uch

Soholx Z‘iiﬂ% Shte] A =EE A AT

slice.indices (self, length)
o] A== stk A4 AR} length 5 ok kol AA 7} A o] length 91 Al A0
AEH A= w 2 setolxo et AR E ALFUTE Al MY B2 P4 /TES =
angr:}: O AEL Z,LZ}starti}stop ol el A 9}, step 5‘5% & g}o] 2~ 9] 2~ E #}o] & (stride)
Qo3 uich. Ao A WIS Hol d S AES ik el Sl 29t 2L Py
ohA A o

A€l v A & 7 A (Static method objects) ~EJ ] WA= AX| = QoA A3l st AR S WA=
AA 2 A= AL WA 5= BHH S A 23U th AHE fAE AA= o2 o9 AA|,
HE AR A vAEE %H””"J‘:} 2 E AT S Ay S A QAaH AR FLE
A o AA 7 AAR T+ A2 S Jd AA A, th2 ol¥ ¥ E A8 H A
O}o el dUth S8R AAl= 23 HEE, 28 E WA = AA AA= FH 5] obdyth
CEHQ HAE A= W staticmethod () AAAAE 95Ut

Z ) A W A = A A (Class method objects) ~EJEl A& AA A H, S wAE AR A o2
AANE EeRx =], SR SN2 A2V ARHE T AXE A= Ao A& FuUth

25
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I 23] oA 22 v = AR 7 F sk A ol s A= A “AR&AF A &) v A = (User-
defined methods)” oA AH P F Utk S~ = Aal= Ul classmethod () AAAZE

=
2
rl

None ° 8 AR AL T ik AFE A gethe A 7Y d & %01 Thek
() % None o AR, Sl ol B2l o] obvl LItk WebA of Al o]
%i%‘é‘]—tﬂ TypeError 7F 2HAUTH (_ getitem () 2 SO B A E31A] k<5 Tth)?
Wdd= s ‘41%%’- 25 TEE ], 22 2 Y3}t AA ol Zol H = AR L # S A o]

OB Eof, offl AUAE AE FEEL A AVORE T EA4Y 5 A5 57
Tt Sl A E ﬂ”]% 2L o] ¢k F £ QlHF Ut (o] A 8F7FA] o= W3C 2] Document Object Model 2
NodeList QE]#H o]~ g t})

v th

33 ST UM E o]lFE

Flae SETG |FY MAEES BAFoEHN SHT Y (ks ditolu g ol sgtold 2
2)°ll g3l AlZEH = oH ANES FAT F AFUh o] A o] A4A @ W 2H (operator overloading)
D ek shol ) A2 o, 2ot <lol ) A Al el A7) A SA4E A9 @ 9w % .
B Sof, FAAT geliton () olehe o] 2] WA EE ki1, x 7} o] S48 ol AE Aebul
x[1] = W type (x) .__getitem_ (x, i) & ETFULh dFH A& At 42T mA=
7} ALY EH A S uf] A4 9 & doeYt (B E AttributeError Y TypeError).

=
[>

N

|

[
8
H

o
o+
0]
=

3.3.1 7|22 9l AAE]ujo]A|o] A

object._ _new__ cls[ ])
SAlxcs o A Aad x2S 7 A ZE2HUS __new () & 2HEH AIA=EJUTH (2 A
AA3A ghobs =& 58S 4 e, 3 WA QA BEH T e A nR g Feavt
AEguch UymA AR AA AR A (2 22)d dL2d AUtk new () 9
whek 32 Al 7“741 AxE o]0 (HE s o] d2En).

;e Z
aiﬂé4 _new__ () EZEMA A ALHAE WHE o, 557 Al &
W new () 7hs o A & o
7} _inlt_(self[, L)) &
__new__ () 2 AEH AEF} ZHYTH
W new () 7tes Y A2AHAE EEHFA oW A AAEAS L init. () EISEHA
&EUth
__new__ () € F2 2 (int, str, tuple 7} Z-2) o] A H ST ASH X B S ALEHupo| 2
T JAEE 3= g AFEH U th 3 A2 F o] HEL S| 2o A s S A2Eupo] 23}
A8l A== AR Yt

object ._init_(self[ ]
(__new__() ol 9al) A2 27} g

d

SAlA 2277 Aol TEF U
| o

oA Fol, AW T
AAEL Z2 AP FH o2 ALdd AEYUth vk wola Fejart  inic () WA
TEZI YUY, MB FHAY  init () WA EE, %\D}Eﬂ, AxE 2o M w o] F |27}
X}Z]?F}t Fio]l SvtEA 27|31E g g4 5] ot7] f8l BAH R SEFojoF FUTE &
E9]:super () .__init_ ([args...]).
AAE BEsd __new () & __init_ () ZFFYSL JLBE (new_ () € TEIL,
it (& A% AsEDle 23 init_ () 7vone ol 9] ¢ BT 4
3 A]7+of] TypeError & 4o 7Yt}

object.__del__ (self)

QXA 7b 9 5 7] Ao £ F YT sl detel A wi (A DA S Aeka B o
. _

2 hash__ (), _iter 7() __reversed__ (), __contains__ () WX EEo] o]H AL
AdEUTH 2 AEE o A3 TypeError & Y27 A9k ©4] None o] F&]Eo] olum g I8 AWtk
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Rl o) AT del () WINEE ZEA bW, XA S 2] del () HINEE,
BoyE o lrhd, AL’ XA W o] S ATF AX| Sh= 25 A A SHA AA 317 f e, BATA
ool FHA HMES TS ok F
(ARA = FAH) _del () MIAEE AxE 2ol i 2L H2
29 335 A AN 5 AFUH o] A2 A £& o FF Y. # A

_del__() ol FWAIR ZEE A= 7w} thE U @A CPython 782 22 3 AT
=g

AR T} B2 0 o F Polgle AM SO AL del () WAES] FE0] B
ek,

ZF7: del x 34

AR x._del__ () E 3E3}X
(reference count) & 3}

o}
a =)
U g2z, Hel g 2L x %&9T7P0°1W%§%%‘4

llﬂzi'

X
L

=
=

CPython implementation detail: It is possible for a reference cycle to prevent the reference count of an object
from going to zero. In this case, the cycle will be later detected and deleted by the cyclic garbage collector.
A common cause of reference cycles is when an exception has been caught in a local variable. The frame’
s locals then reference the exception, which references its own traceback, which references the locals of all
frames caught in the traceback.

o 17

gc ZEo thek 2 A.

Ba: _del () o] ZEHE EIAET A ROl o] Aol Ad Foll LA & Q)=
FA = 2, Aol sys.stderr 2 A7 E2H P Utk £3
c_del ()2 (R 2HECM) A9 FET AP TR TEE 5 ATy
__del_ () °] H& fojof %}H\Jr e e ARES EEE, __del () 2 AT}
71 913) S A AU ol v AA WS 5 Yo B 52 elo] whd 5 gt
c_del () AHZIHESZEIS U APE ¢ AU 2HH g, QA 28] of 5h=
A WA (12 R E X7k o)) A5 i None 02 4491 3 Slgn ol
W2 o5l '}b‘ri’% dE2 A Aets A AA 7o A AASHT HA 4 l =53
Ttk ol A2, wef 2 A AA Sl e ok X‘Zﬂxxﬂﬁw deohd, del ()
WAEZ 55 E A, JEED BEES0] FolIEE B8 sl o £gol @ 4
eI
object.__repr_ _ (self)
repr () W3 @0l &) 525 o) AR Y4 F 9 (official)” 4D AL AL Th whef
TE St o) 28 20 (4 48 B 0] Fol 8 1) G e AAE AE BE 4 30 S ol
SRR REL Sk e ¢ Yopu, <. Em gt 4. ES B4R L oA o}
LTk W gre WE A BApdolofok gtk Wk I AA  str () §lol_repr () %
Aosttid,  repr. () 2 Z#H 2 Ad2E A0 “n g A A <l (informal)” EAE Td o] 2 7H

o A8 4 5T

o] AL YM Aol AHEH 7] wiFoll, £H o] THTF HEE HaL L 5HA] oA st ol T2

object.__str__ (self)

str (object) & W &4 format (), print () o] & =
T 17 EA A4 Mt 2AE 28-S ALY v g

ol A EE  str () o] &

= o] 2 A| ] “n] Y 4 A < (informal)”
= WFEA] EAE A A o oF gy ot

. 12t 71h =) A Fethe "FelA

object. _repr () TEhEVTh o Welshn AT B0l A8E 4 At

Wdd object ol AL H 7|2 FHL object.  _repr () & ZE=FUYtTh

ju sl
2=

It
k=)
©
X,
=
(e
1>
filo
il
v
N
pacy

[o]

+

object.__bytes__ (self)

bytes of] 2} 3} TE= o Ao} vfo]EA RAS AFUTE W 2 WEA] bytes 214 o of

3.3.
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object.__format___ (self, format_spec)
format () W& &4, & ']—‘?ﬂ, Z 9 B9 2 Y Y (formatted string literals) & A At} str.
format () HIAEC) & SE5 o], AA S “=HHA” FAE £H S W= HUTh format_spec
Ate 87w W FHES T8t EAE A YT format_spec AR} A& format_ ()
& FAsE Aol TN, orE 2 at 2P HFAEY Stz Al Aot A, vsd
9 g4 B AL
xF 2 Y 3ol thal A = formatspec S Farshd H Yot
WHE ghe WhE A] B b o] ol of g ok
WA 34004 HA: object o _format__ WA= ZAZ, W1 FAHo] obd AA7 AP
TypeError S WA A AU Th
WA 3704 HA: o)A object._ format__ (x, '') = format (str(self), '') 7} o}y
2} str(x) & FTFUTH

object.__1t__ (self, other)

object.__le__ (self, other)

object.__eq__ (self, other)

object.__ne__ (self, other)

object.__gt__ (self, other)

object.__ge__ (self, other)
o] AT o ro «Zr} u]jr_(rich comparison)” WA = Ut} A4EAL 715 o A = o] 5 7+ &

A= u} JJrﬂgqu}: x<y & x.__1t__(y) EZEFYhx<=y ©x._le__(yv) S 2%

qt},x—— Ex._eq (v Ei%?&qq, l=y £x._ne__(y) € EZEFYHh x>y £ x

_gt__(y EZEME},D: Ex._ge_ (y) EZEFUTH

Zx3 l:]]_u_ | e 2] 3 2o OJZFOH A AabZ FABHA] = 4§ @Y A (singleton)
p

[e}

NotImplemented & E3E 7+ FUth #eld, 4T A I v False Y True & 25U
AU o] A== o]H o] gol A EHE 5 M%H o}, 2 A vl A4FAL7E <= 2] &9 (Boolean
context) (] & S0] i f Fo] ZA) oA AL W, o] W& Ayto]l F AR L u}osl7] §38) gholl thsl
bool () = T &3}

JIBEHOR, ne  ()E_eq () EITEIIZN
FUth vl AR 7] E‘rE A A ¢l BA=
A x<=y 7} FL F 2= JdHUt shte

)

Y& ¥ functools. 1_ordering(

NotImplemented 7} o} e}l 1 2= HF
R t}h ol & 59, (x<y or x==y) 7} ol
1 o m R dadd 08 AFoE HEo
B .

oo D
L o
I

7
=
=

r

e
Foh
o

ota
A5 APt gy g 7
2ol __hash__ () o &3 Fto

9] A AN ADFHA FAT, LEH A7 A AT 0] AH§H
Sk A 1t () % 49 1)

]
_le;() & ge ()eARYAZIN AMAIUC; _eq ()8 ne ()= A Q%@
. E 6§

a__ il
Axrd Ut wef sl A4 M2 o2 Polar, 2 2H I A o] dHA FdxAte] g9
ADAAJNME Zejad, S 23 9 A4 F 3 Aol AT 7 sHUThH 138X god
AA ALY wHA =T LS 7 =5 7HE A B2 A (virtual subclassmg)% A
%5 Uth
1w A

object.__hash__ (self)
W& & hash () & set, frozenset,dict & 22 A& 2
%WD}-_hash_() = BT E v 2ot vuy
Bei 4 A% 27 HUTh AA S Wao] AL LASE FEE PAST,
Aoz A4S HAFS A= A dPYh d & 9

def _ hash__ (self):
return hash((self.name, self.nick, self.color))

Z3: hash() & AANZF B S __hash_ () “1]/‘157}%?4—7—% < Py_ssize_t 9 372
25 Y th (truncate). ©] 2L H 5 64-bit U = A= 81} o 1 31, 32-bit M=o A= 4u}o] E %ME}
e AA ] hash () 7ZFAZ TE RE 7] E 2 AT E Alo] oA EH ALEE of of st
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BE AN A= T A L FA ok T T ol 8A S A2 PHL python ¢ "import
sys; prlnt(sys.hash_1nfo.w1dth " Ayt

ek ZFHATL g () E ABYIA FOW _ hash () DA B FA| Dofof Foh whek
_eq () €AY WUP __hash__ () B ARY3A gvid, 1A AAEHAL SH}\] 71 A
A ol A A}%g & @itk vhef :apv} 7}&163 7ﬂxﬂa ) 0}1 QA __eqg () EFASTTY,

o

2731 9) ] -E“Q‘/]DP(U}“ 7“}*]4 S Al gk el ‘?*S_OHE, 25 s Al ¥ 2 (hash bucket) o] 17

AEAF AR Felat VB ACRE eq () 9 __hash () MINEE ZFULH BE AA=
(A}7) A1 S A28t 7) 2] th ¥ A E 3, x.__hash_ () = AA3 FS SeFo],x == y
du x is y 2hash(x) == hash(y) 7} &A *é%%#%l =

() EAARL B _hash_ () AR Y=FeE_ hash. () 7FNone &2 A A
5‘14\’% SN2 hash () I E7FNone o] |, S 20 AARHAE ZZIHO] A gS &
oY A= o TypeError & 42 7|1, isinstance (obj, collections.abc.Hashable)
= AR E A b5 s ghrh 2ukE A o

web oo () 8 AR Behas RE FUARRY _hasn () o FAS BV A
°o™ Oh‘j 7‘4‘3011 A HA o Z o] HA XA FoJoF FUTh: __hash__ = <ParentClass>.

__hash

wob e () 2 ARSA G Zelast oA ANE WD dow, Feha Helol_hash__

= None & E3soF &tk AHA Q] hash () & 8% Fo] A K TypeError & 427+

¢+ isinstance (obj, collections.abc.Hashable) Z&0] d|A] 7}ttt 25 Q14

FU

i 71EA 07 str, bytes, datetime A E2] _ hash () L AEST S gEIFFFog“EE
=] of (salted)” 1% U Th. 748 Shol A 2 A 2 tholl Al W 3kA] S gho 2 3715 A B, shol 1S
Moz Ageai o 23 5 glA 8o

o] dict 4+ ¢4 2] # 2] A-¢ Al %5 (worst case performance), O(n*2) 23 %, & &8317] § 3] 9

o 7]

A7 A3k o Fof 2] 3F A ]2 A (denial-of-service) & 2 o] T 3 o] & xﬂ+a]—7] 98 229y

t}. A SF Y82 http://www.ocert.org/advisories/ocert-2011-003.html ol <54 t}.
s

rol WAe Aol o Edlol A w Aol AFL FUTh shol WL o] % Aol thal o B
4] Gkl o (2] 31 5E 32-bit 9} 64-bit = Aol oA THE U Th.

PYTHONHASHSEED & 21134 Al &

I-

H A 33004 WA s A e s V2 A o' B Yo

object._ _bool__ (self)
=7k AARSF U A4k bool () FAL A8 T2 HUTH False U True & Eel 5 of gt} of
HAEZF B A b= B9, Ao vk __len () o] EEH o], gto]0 o] of A o=
AAFUTE W Ze|27h Ten () F__bool () BF AR FeriE, RE daHAL
Foz AFPUh

2 JETHE AN A AAE ulo]A| o] A

3
SAE 2GR A ERRE F2 (7], Y387, x.name & AHA|817]) 2] o) v] & A A 5H7] A6l o=

object.__getattr__ (self, name)
7|2 o]EZHE WA AV} AttributeError 2 A& o] T H Yt} (name ©] AEHA o
EFHE = self 9 S EF Y= AJEFHHEV ofYBA _ getattribute () 7}
AttributeError & ‘?:_127] AL}; name —'—iﬂ E]e] _ get_ () °]AttributeError & ¢oZ
o). o] HIAEE= (AAE) ] EZRHE S W35t AU attributeError o9& 4o Aokt

33. S HAEolFE 29
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AutH o M AYEES T3 AEBHEZILAHE _ getattr () o] TEH A 5ol F3) oF
FUTH (o] A2 __getattr () I __setattr_ () 7 JEF Bt A JUTh. o] FA 3=
o= B wlEol7| = i, AHA A oW getattr () 7FAXHR ThE O] EF R
Eo 2 WHol g7l WiEo] 7| Ut & A" W9 73‘% ol FIE A A
AEYFE gAY @X] gdFoa2H (Ao 2SS thE AAlod @5 Uth & Ao A
AAH 28T = d5UT o EHE AMAE AAE 23] 228t " ol tisiA = ofef ol
e+ _ getattribute_ () oA tHEYTh

object.__getattribute__ (self, name)
2oz dadag o= RE AN2E TR A8 22 Qo] EP ULk wok 24
27V getattr () = @A FHEH () 7} HA A7 &AL
AttributeError & 9274 e o4 _geamr_ = 52 A FgUch o WAHEE o=
g RES (A4H) %kél %E%TﬂﬂrAttrlbuteError AL E de Ak Furh o] WA=
A -2k A 7 (infinite recursion) 7} A k= 215 #7] S5, FA2 AAG B2 o] E{E|

A7 e 2& o] 5o wlolx Fe2o MAEE TEsoF dUth & &, object.
__getattribute_ (self, name).
3z Ao

23
o
=
o

o 1%
&
=2
1o
I
Ho
>
o
ro
M:
e
o
iy,
i)
u
At
iy
é
_>L

ﬂ
m
1
N
_?L
i
oY,
o
2,
rr

object.__setattr_ _ (self name, value)
JERE t o] A TEFUTH ubFRJA WAUZ (S A" g gol g2 A
et A) g Al 017401 TP Utk name & o) EgHE o] Zo| 11, value = LA o T Y3 =
2Tk

setattr () oA A2@s olEeHEd] YT T, 22 o 52 Mol 2 T2
HAEE TEd ok gl o] & Eo] object._ _setattr_ (self, name, value)

object.__delattr__ (self, name)
_setattr_ () FuSEA R o2 RES AT thAlo] AAFUTE o] AL del obj.
name o] 2|9 ©]v]7} 9l 7% ol vk A of of Pk,

object.__dir_ self)

AA ) dir () o] == ujf
FrER tﬁ@hﬂi FEY

d

o AlEAE SFF YL dir() & S8 F AIESE

%

M[
> o
iy

BE o EZFE YA & 7 2E Hlo]A o] A

559 o8 getattr B _dir & RE JEIRE W 2L A4 A o A
|2 2 JdFUth BE 5 _getattr St Bl QAR o] EFHES] o] 2L wlo}
A AAE S S8 F A Y AttributeError S WA

YA AF FUth durFQd 23] (5 Object
Aol A A A ?%’3"1 AttributeError &

=2
__geta ttrlbute_())E E3| JJEZGHE}RE Z
< AAFYTH BAH Y, JEYHE o] FoR 1

do7)7] Ao BE _ dict_ oA _ _getattr_
S E 5 &5 7&#% =eEYth

The __dir___ function should accept no arguments, and return a sequence of strings that represents the names
accessible on module. If present, this function overrides the standard dir () search on a module.

25 FAEIERE A, 22 A 5) & WO A YA AEA BT W, 2 E A _class
o) 2 B E & types . ModuleType &) AU Sl Az A5E 5+ NS T o & 50

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ repr_ (self):
return f'Verbose {self._ name !

def _ setattr_ (self, attr, value):

(Th& sl AT oll A%)
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(o1 sl o] A A A%)

print (f'Setting {attr}...")

super () .__setattr__ (attr, wvalue)
sys.modules|[_ name ]. class = VerboseModule
ZFi: BE_ getattr_ AL RE_ class_ AAHLAEFHE AN FES AFEI= 23] o7
FEFS U -EE Aol gt Z‘@” A AN (RE W Z=of st AN AU REY A Y
gAdge] tig FxE AXN A = FFRA s UTh

WA 35004 MA: o]A] __class__ EE oJEZFHEZ} 27| 7FeFUh
WA 370 7} _ _getattr_ I _ dir REEOEZHE.

o B

PEP 562 - 5 _ getattr__ 3} _ dir__ 2 & 3 __getattr_ I _ dir_ TFEAHFTYC
23 YHE 317

g2l L= vMAEES HMAEE 7 S (49 2T HH (descriptor) 2] 2) &) AXBE A7 AF A}
(owner) 2 e 20 SZT it AEFUth(H 2T HH= aFA 22y gyt I 72 Z’EH" <

Exl_
Spukel &4 2lo] Slofok B Th. ofal ] ool A, “o] = 2] HE" & o] Fo] 254 Fe|28] _dice_
o 712 AHeH 1 Yt o= RES s Pt

obje ct . _get_ (self, instance, owner)
2= EH"(’ﬂP‘ JEZHE °“/‘ﬂ’\)‘)rl—§‘ﬂ1i-/]

401 YREEFoH L o TESHUth owner & 3
A= HE B2 Yol Lbx Yt AT Lol ALY,
None JUth. o] A == (A4HE) A EERE g
oF gtk

object.__set___ (self, instance, value)
A2 SN2 A2R- X instance o] A E B R EE A 3L value 2 43T off S=&F th

Jo 1>
_|>i
iy [
é‘é
[>
Mzl
i
g
)
iz}
é
Q
§
19\

<
&

[}
OJEﬂ%EﬂownerE ‘H"”/‘ﬂ =
ZHFE AV AttributeError 92 & &

object.__delete__ (self, instance)

2FA 29 AXE X nstance 2] A EZHEE AT ] S&FH YT

object.__set_name__ (self, owner, name)

4§ 2 2] 2 owner 7} TS 01 A v 3 & F U Th o] T2 2R E 7} name o ) 95 5 o,

3. _ set_name__ () is only called implicitly as part of the type constructor, so it will need to be
called explicitly with the appropriate parameters when a descriptor is added to a class after initial creation:

class A:

pass
descr = custom_descriptor ()
A.attr = descr
descr.__set_name__ (A, 'attr')

See =&l 2~ A A W= 7] for more details.

B A 3.60] F7}.

o]EZ|HE _ objclass__ = inspect EE9) 93l o] A7 Ao H 2E A QG3t= Ao B
ﬁﬂqq«ﬂﬁ°ﬂﬂdag}m£ﬂﬂﬂmAﬂ ﬂHEAN%Mﬂ%—EAﬂﬁmmwwmma
A% 5 45LITh. 28] F9, 2 0 917 Q] o 2 Y (EE A Fa)25) 9] A2H 27

=AY e TES /e Ed 5 %%14 t}(o & Eo], CPython & CE2 73 H A A H A ¢k-2 v A = (unbound
method) ©f] ©] O] EZHEE A3},
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23 YE = “Z2E 3 52 (binding behavior)” & 7} A oJEHEY UL oJEgHF
23 YE i Z EF (descriptor protocol) ] M =5 & AAH YT} get_ (),
delete_ (). o] WAEE 5 3tUetE HoH o] o, gaageeta fF5UTh

g RHE AN 29 7|2 F232 AA o] gV A JEGHEE 11, 230, AA S AJUth
E9a.xEa._dict_ ['x'] oA AIZ3A type(a) .__dict_ ['x'] & AA type(a) 9
SZHAE AT oA FUAELS AR 7= 4o 232 FAFE YT
u

2, wheF 238 gro]l HaaHY WA ES FHT AAY, stold e 712 & Aol HaaHH
= o4

oo

HAEE TE2T 5 5T AT 55 o= A dA o]F do] doju=A& o 2T HE
A E7F Ao o] Qi o]H Al o 7 T EH =40 whel thE U o)

U223 ygE 29 A12E 2 2 g (binding) YU TH a.x. A AAEo] 2 =A== a o &t th5 Y
t}:

AR 52 M VDHUAE AL D AEHE TS L AEA) TEAUAAPH MANEE AP 2T
AT x.__get__(a)

AN2EAZAZ A Adadxo AW, a.x & od 322 A3 FUrth: type(a).
__dict__['x'].__get__(a, type(a)).

ZHA2ZAF Z N2l 2FEW Ax v o)d TEE AS¥P YT A.__dict_ ['x'].
__get__ (None, A).

Super 23 super 9] 2B 20| 2331 H, 23 super (B, obj).m() Lobj._ class__._ mro__
E AAA BHLE Tk ol o= Hojx ZHlA A E 2 Fo o]FA Y2AIHHE TESHYTH
A.__dict__ ['m'].__get_ (obj, obj.__class__).

A2 A3 49, 23 Yge $29 A+ oW 23 HE mA =7t A= o =X o upet
Utk g3 ges__get. (),__set_ (),__delete_ () EHZFo2T AT £ AFY
e get. () EAZYEA et A ERRE AN A, ARG A" A ] ghol 1A
&2 ol yaady A ALl S sHFUTE B YUATHE T set () oY __delete. () F
o] st E o B Y ahd, o o] ] Tl A3 Y E (data descriptor) U Th. & T A 9] 314 ¢F=T} | d] o] H
t] 2~ = 9 E] (non-data descriptor) Y U T} B5, tlo|8] YA2IHE 7} _get. () FH}__set_ () € BF
Aol st vk, vldlolH Y AT YE = __get_ () WIAETEAZFYTE __set_ () F__get_ ()
ol = dlolH Haa g = A gAY ol &= gholl $AT YT vbd o vld o B t AT HE =
Aedabth ded 7 S5yt

g}o] M WA E (staticmethod () £} classmethod () & =8

Yt o]l i o, A2xE A=A EE AHE ZYetAY Hol& 5 A5 UTE o] A2 /N8 A2 A7 22
Zo2 e AAHAERE G 54S QS 5 YE T B

O e dolH ygaayge 2 g ynh o] w7, A"t A
A2 HAT g gEUth

S e
o >

o

[kl

Z 3 ¥] (property) 8] 5

2 (ZE2HEAY) Hole AHE YA H R AASIL (_slors__ o]l BAH o2 A AT AL H
R2EY EHNA] e _dicr 9} weakref S ARL F IEFH

- B
_dict_ S AHEZ oo vus] BofE = F NS AFE T ST EYRE 23] S & A ALT

object.__slots__

o] ZEf & Mol AAE 20 o3 ARE = W59 o] 55 Al Fdte F ALY, ©] B 2] £ (iterable),
EALY A2t g 5 AFUTh _slots__ & AAdd A4 EE AT T8 oA Fsta, 4
s"antth dic 8} weakref 7} SO A= AL HEUTh
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o _dic AF7FReBg JA2"AE slos_ F oo YEH A 2 A WSS AT stk
Ugds A e Wegos tglste L 8k AttributeError S oYtk vk H 402 A
AEE i gohe Aol Bastthd, _slors. A FAE A2 '__dict_ ' & F7HEUTH

o AxRantth  weakref WS TFJOBRE,  slors_ E B vk FEHlaE AaE 20| g oS
2k Z (weak reference) & A A 3HA] b5y Tl whek kol F 2 x| Yol BRIITIA, _slots_ AL B
AL A|A 2o ' weakref_ ' & F7FE T

o _slots__ =74 o]E2uith fAaYHE gte s Ao g s 24 AP YT~
SHE FdE). dRHor, ZYPAEIYREE _slots_ 2 FoH JdAHA HFES T
NEFSATT EHoz AgE  JFUth FH2 JERELE H2IHH YYS FER

o _slots_ AR A3 GF= T 0] Aol SR AAHA T FEFHAS slots

& A4 e zol AFH ULk SHA R, A4 A8 ST A slots_ (A2 F7HE A5 E
sl ok Fuith & A5 Tk _dicr 9 _weakref S 72 WU Th

« Zejosblol s FALY sois_ o] B o] B L o8 WEE _slos_ o AT,
W02 Ze 27k AT Mt AA LT S Qs U A UTH0) A ZH 22 R E aadHE
A4 23 5He A9 A9 th. o AL =2 1AL Ao5 A 9 e HujA Pk vl s,
o1 A}/ A% AN F74E Ak,

B
[>
-3
>
rlr
to
N

e int,bytes, tupled} Z-& “7}1H Z o] (valiable-length)” ] WA H E2 Al$sl= =
9l slors_ W AL Yth

o _slots__ o= FAYE 0] 2] o]E
29k, wlgfell, Zk 7)o o) -&-3H= % =}
FH 2T L slots. S 2= A class_ ] 0)
S A g oy R <
AAEHREE 7 = 9

TypeError & 4234t}

—4

—

A% oA st ERg &Foz BE
T (CHE Wlo] 252 Wl 222 hA obgk T - o] & o] 7]

2 afy
ko
uly

ofy &

e If an iterator is used for __slots__ then a descriptor is created for each of the iterator’s values. However, the
__slots__ attribute will be an empty iterator.

3.3.3 Z&x A4 ALEulolAo] A

ZY2a7tE ZY S AL U, 2 FH 2 _ init subclass__ 7} TEZSFHUTH o] vHog ANH Z
A20) B2 WAL ZALE 2E Ao AT old BEL Fe2 daeolHehE U
3] #EAF O JF UL AT FH A dZHolH = TES AMESIE SA S F 2ol W Z-E8 A vl
__init_subclass_ ©WE02 I HANEE A= S22 v AH S

classmethod object.__init_subclass__ (cls)
ol A EE X FH Y AR FHaTt e dnttt SEF Ut ds = A A2 S
2quth whof AREARI JIAHA HAER R, o] IEE FAACE SYP2vAER
EEE-IRLCY

A Ed 2o FoA 7IYPE AAES BE ZH 29 _ init_subclass_ 2 ALEH YL
__init_subclass__ S AILI=TE ZHAEHY THAH LS P&, 283 ) YE AAES
Al Fol B ASS vlol~ 2o oz AdshoF Fuich. o] e Ak

class Philosopher:
def _ _init_subclass__(cls, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)

(Th& sl A ol A%)
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(o1 sl o] A A A%)

cls.default_name = default_name

class AustralianPhilosopher (Philosopher, default_name="Bruce"):
pass

712 38 object._ _init_subclass__ & o}F 4 X 31X A0 QA7 £ FH o] &Y

o) 9 & HAA G T,

F1: WE FU 2 JE metaclass = YHA & Ao )] 24|53, init_subclass__
2 AdH A dsUth AR we FH A (BAFQA JAE thAaldl) & type (cls) B AT 5

A=

B A 3.60] F7}.

e Fe &
7NREAC R, FHAE type () & ARSSIA Bl Uh Sl 29 vit] & Af o] § F el A AdE 1,
Z# 2 o]E 2 type (name, bases, namespace) o Ao A FA o7 AFAFH Yt}

ZYPrE R AL ZA HY Zofmetaclass )P E AAE A G AL, 18 AAE £33} o)1)
A FHaE AST RN ALFutol2d 5 Q5 UTH thE o olA], MyClass 9 MySubclass

rlr r
|
_[
=
[0]
e
Q
o
ro
[>
an
[>
A
A
v

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

Zeix A oA A H thE 7| E AAS L ot A A EH = REHE S AR g yrh
Sa A7t A9 of, kg7 2L DAV sy F Y th

* MRO &=o] 24g Ut

« A% e ZR27 AP U

. Ze)2 o8 F2ho] EHHYTh

WASE AU AR E, AN Wols FEZ 5EH UL o HASE of Wol s o) AEE
Zej29 2L B0k FUTE FES oIS 4 AxUD o 29 Ae Wol 2 FAR
o 1]

PEP 560 - typing 2 &7} Al & ol th s+ T o] X
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Zejs 4o AA e v el Ak e 2ol A4V
- Wlo] 29} A H 9l WEf Fe) 2T FA b A type () o ASBUTH
« WA et Ze) 27t A 31, 50 type () o] A2E2} ohIW, TRL vEk FH AR
g FU T

ctype) o AaUa NAL e a2 RelAA, Welast YR 0w, Y o

74 gho] HAIE vg 2ol Ak WAACR AN vE 2T AFE RE Wol A Zea
S Bet 22 (S, type (cls)) FoIA AP U 713 o] 34 vet S At o5 BF 9
X2 Ebe] Gubtype) A LI EF. TS ol = A o] A8 W5 RRchH, Zel2 A8l Typerrror £
A7 A g o

S o] F F3 Evlst]

Once the appropriate metaclass has been identified, then the class namespace is prepared. If the metaclass has
a __prepare__ attribute, it is called as namespace = metaclass.__prepare__(name, bases,
**kwds) (where the additional keyword arguments, if any, come from the class definition). The __prepare_
method should be implemented as a classmethod (). The namespace returned by __prepare___ is passed in
to __new__, but when the final class object is created the namespace is copied into a new dict.

ek vt S 2ol __prepare_ oERREZI YUY, FHL o5 FH2 Wl A 2+ )33 (ordered
mapping) 2 & % 7] 3} Yt}

o 17
PEP 3115 - 5}o] 2 3000 o 4] o] w|e} Fej~ __prepare_ o] & ¥ FL =YWL U

Zoh s i) A

Ze 2 v = (W) exec (body, globals (), namespace) FZo] AP Ut} GutA <l exec ()
TEH FE Aol HE Z AU Y7 g W R oA o] R ol A wf o] 3] 2 337 (lexical scoping) ©] 22
W (RE HAEEE TRAA) 2 ol AAG} AN Lol b o S5 AEHEE A ATt
Adyct

AR, Ze2 A B RN A ol Fol W WA, Za YRl A A ANEEL Foho
AT ZAA ZYH o] FES B F YFUTh FHaHEEAdad A} FE A wA =Y A HA s
52 B AA2AAL O AN AR EAACET o) ARAD _class_ AxE Foo}
ok

Zef2 AA e

A A 7} metaclass (name,

Qe Feh s o] Frro] Fehs Wi AYFORA ANAW, s
¥ AL 27149 A9 E AEL

bases, namespace, **kwds) S =3 %01@141‘/]—(017101]/\1 d
__prepare__ o A2H A3 ZH5Yh.

o] Fef 2 A= super () o JAAE FA = A 2 =
HAEE S o= 5]"/}31'—-— class__ Y super & 2T 7
Z 2 A (closure) T2 YUt o] AL 9} gl FEje (
A= FH2E %HPEH] S 4= I EE Tt vhd ol I A
T2 AgE A "A At 7]—-—"11/‘1 AE o
CPython implementation detail: CPython 3.6 o] A}oll A, _ class__ Al (cell) & %EHQ o] E F 7+
__classcell  NEZZE wE Fe2o| Zﬂ%"% Ut mkeF 22 Srh, o] A %a}&ﬂ SutE A
2718 = 7] Y3l type.__new_ TE7FA AL HA A3t o oF U th ]&‘7‘“ 0} S5t 3hol A 3.6

o| Al = DeprecationWarning o &, g}o]H 3.8 o] A= RuntimeErrorE o] & A Yt}

]
fol
i
=2
>
ofo
i
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712 vl ZW 2 type S AFE T w2 WE FH 27 2 type._new_ & 3, FHx
AAE TE o, 23 22 F719] AaEulolA o] A @A 7 A3 g Ut

__set_name__ () & A3 FHUrolF e REUAIHHE

rlr

e AME, type._ new
2 s xlghe

s ERAE, A FHE R
Fola o8 g Axtz A
C Ao R, WA S 27
g,

Ze 2 AA 7 e R Fof, ZP A Ao 2T
1,2 ARE ZHg a7 FoH =

type.__new__ 2 A FH}| A7t HENL uf, o] 5 F INHFE A FE = AA = NE HE A AE
vfg o2 BALE A1, Yo AR = WP Utk A ARHES ¢1 7] A -§ = 2A] (read-only proxy) £ & 2] K+o]
o] Aol Zeh~ A _ dict_ olEFHEZ FHYrh

o ®B7]:
PEP 3135 - A super A2l _ class S 24 ZZ2E A9yt

_set name__ 2 &35t oH 1 Q= FH 2 gaTHE

Ut
Aol whet 713 77k RO el init_subclass_ () FO] &

rln

wmn

A
2
o
u]ru
ok
N
ZL
r&
iy,
m?L
o |
:L

F

el Ze 2o &2
ml et Fe 20 A A Q1 S E o= AV )l Uk B A B 744 ofolt] o S ol = enum, 27, S1E{ | 0]

2 A L AH5-3HE 9 9 (automatic delegation), A5 38 = & 5 E] (properety) A A, 3Z 2HA] (proxy), Z 8] 949
(framework), 2}5-3} 9 214 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $1<5 1 Th

3.3.4 QAElA W A H ZA AA FHAE ulolAo] A

S
oo
it

A2l 3 ol A

o

O WA =52 isinstance () & issubclass () WH T+ 712 52

£3], W e} 282 abc.ABCMeta = 54+ H| o] 2 Z 8 2 (Abstract Base Class, ABC) & TF2 ABCE 233t
doe S22 FUNEFE S TFFUTh ol “7Hd Wl o] & Z 2] & (virtual base class)” 2 5718 4= U7
st AL o] M EES TG YTH
class.__instancecheck___ (self, instance)
instance 7+ (A A ) AU A0 2) class 2] 222 HAFE 5 o 3L EHFULh whof
A%, isinstance (instance, class) & F3d37] Y& & Yt}

class.__subclasscheck___ (self, subclass)

subclass 7 (A A o) A ZHH A O R) class & A B :'EH/\E A2 = dod FE =95 Ut
Hlok Jolx) W issubclass (subclass, class) & 3357 9 = Yl
Al

o MM EE L Felne] F(vet Fe)) ol A 2E Dk Aol TS ok Utk A S oA Fex
MAEE He)E 5 g o] A e AL A O8] £EF & B =S 239 4B YTk
o] A% AxRat Fe s AR

o B

PEP 3119 - A Ho] A Ze|Ae] £9] _ instancecheck () & _ subclasscheck__ () & =3
isinstance () & issubclass () & &S A2 Eulo]Ast= o] H Q3 F9FS £ 8351=H), 9]
ol o1 Qlofdl 24 Wel 2 A~ (abe BEE LA E 2AG2A T o] Dol B
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3.3.5 Ag 3 Fu W7

Uﬂ/ﬂc‘é ol o2 PEP 48404 A1 F A A= Sl 2H (IS S List [int])e 738E

I~

classmethod object._ class_getitem__ (cls, key)

key ol 1t B Apell ol @AM 2} Fel 29 553 E YehhE AAE BAE U
|HEr =

of MM = e AR Aol A 235 v, Zef ulrio] BolH AL, o] WAL AL
WAEUTE of WAUSL 72 44 8 99} 3 A-83)7] 98] ol k= o] duich o)
AR A FHUTh

o ®B7]:
PEP 560 - typing &3} AU & Yol v 3+ Fof A

3.3.6 F&1E AA Y 7]

object.__call__ self[ args... ]
Ardxrt ey a9 m 225y o A
x.__call__(argl, arg2, ) 9]

rr

=7t AHolH ™, x(argl, arg2, ...)

3.3.7 Aelolvly 4 ul7]

The following methods can be defined to implement container objects. Containers usually are sequences (such as
lists or tuples) or mappings (like dictionaries), but can represent other containers as well. The first set of meth-
ods is used either to emulate a sequence or to emulate a mapping; the difference is that for a sequence, the al-
lowable keys should be the integers k for which 0 <= k < N where N is the length of the sequence, or slice
objects, which define a range of items. It is also recommended that mappings provide the methods keys (),
values (),items (),get (),clear (), setdefault (),pop (),popitem (), copy (),andupdate ()
behaving similar to those for Python’s standard dictionary objects. The collections.abc module provides
a MutableMapping abstract base class to help create those methods from a base set of _ getitem (),
_ _setitem_ delitem__ (), and keys (). Mutable sequences should provide methods append (),
count (), index (), extend (), insert (), pop (), remove (), reverse () and sort (), like Python
standard list objects. Finally, sequence types should implement addition (meaning concatenation) and multiplica-
tion (meaning repetition) by defining the methods ___add__ (), radd__ (), iadd__ (), ul__ (),
__rmul__ () and __imul__ () described below; they should not define other numerical operators. It is recom-
mended that both mappings and sequences implement the ___contains__ () method to allow efficient use of the
in operator; for mappings, in should search the mapping’s keys; for sequences, it should search through the values.
It is further recommended that both mappings and sequences implementthe _ iter () method to allow efficient
iteration through the container; for mappings, ___iter__ () should iterate through the object’s keys; for sequences,
it should iterate through the values.

object.__len_ self
WS Len () & FA37) 919 T2FUTh Ax)9) ol & EefF o} Shewl, >-09 AL ATk
tcﬂibooli () MINESE AootA ¢ AA S __len () 0] 0& EHFTHE = Y olA
Ao AFA U
CPython implementation detail: CPython ]| A, é o]=Ft sys.maxsize & Ao] A FFH |t} gk
Z40o|7} sys.maxsize W} 3 W, oW 7|55 (len() J Z2)2> OverflowErrorE dozg 4 -
AsUTh F AR AAel A overflowError 7F Yol 212 7] &, AA=__bool () &
g el sfl oF Pt

object.__length_hint__ (self)
Called to implement operator.length_hint (). Should return an estimated length for the object (which
may be greater or less than the actual length). The length must be an integer >= 0. The return value may also

be Not Implemented, which is treated the same as if the __length_hint__ method didn’t exist at all.
This method is purely an optimization and is never required for correctness.

B A 3.40] =7}
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Fa: sold2 AA oz bgoll hes A vA=ESs) +FF Ut

2 s 7, T E % 0} QU Th w2 Sebol 2 $E 34 None 22 A A U T

object._ _getitem__ (self, key)
selflkey] o @& 37 913l ZEPUth AD2Fel 35, J59 Sepol
&gyt %f\r Qe A (WeF ATt A DA HS
__getitem__ () WA Z &8 Yo F 3 of qu/]q_
TypeError 7} & t”- AT 2= 9T} Hhek A]F A 0] old A
A Foll), IndexError & A7 ok Fuith T F2J 39, key 7H(AH o] Ulol) §.0.9, KeyError

£ 9o Ao itk

i for FZE=APD2L L 2uE Z4AE7] A6, ZFEE du 2o 3] IndexError 7}
Jojd Ao 7thaha Y5t

object.__setitem__ (self, key, value)
self[key 1 2 dddS 77 A =g UTh __getitem () 3} ‘% Fo7t %&iMD}.
g &) Aol AA7F 7]l thal ghe] WA ol A} 7]9] F74E S EE A, Al ALY BE

G20 WAD 5 9L Wu 7Aook Yuith FEE key %o AP geriten () oA
22 o9 g Qoo Futh

object.__delitem__ (self, key)

Self[key 1 9] AAE A A8 EEH Utk 7getltem () FZEFg7t2ed Ut
w3 & A --oll=, AA7F 719 ”Zﬂ%—d%‘f%‘%‘%/\] A2 A= FFo AA2ERH A AL
92 wwk TAE oo Fuich LEH key @12 ASE _getiten () AAH 2L 22
Ao 7ok gtk

object.__missing__ (self, key)
dict. _getitem () o] dict A B Fe2oA Z]7F Ao YO self[key] & FE3}7]
A =P

object._ _iter__ (self)
Aol el olgjdolE) 7t BT ) o] MM=7} sEFUch o] MIA=E ﬂﬂlolﬁ"ﬂ =3 =
AAE olH ol ED = Q& olH o8 AAE 2 oF Frh vig el 4%, AE ol e 7]
ol | g o] E 3l oF gt}
olE gl ol B AA A o] MIMEE FHEL E Q2
o[l Aol thEt F712] A K= typeiter o] A5
object.__reversed__ (self)

reversed () W& &7 A o] g g o] A (reverse iteration) 2 T3 517 Y& (YttHA) &3 th
Al olYol d= AASS I 22 A= A o|H ol AAE =87 oF Futh

7 AUtk A7) A4 & B 7 of Futk. o] H e
ek

__reversed__ () WA EZ} AlFgEA O W, reversed() WHTFTE AldL2 22 EF
(__len_ () &% _getitem ())<= EHOPOE/\}*Q*%“%D} Adx Z2EEZS AAste 44
S2reversed() 7t AIFE= ARG B EEHA LIS AFT 5 S W __reversed ()
£ Al oF Futh

The membership test operators (in and not 1in) are normally implemented as an iteration through a container.
However, container objects can supply the following special method with a more efficient implementation, which also
does not require the object be iterable.

object.__contains__ (self, item)
AHA A AAAE FASH] s TEF Ut item o] self ol Ao e, TF A o AR S

38 Chapter 3. tlojg] nd



The Python Language Reference, & 4] 8] A 3.7.16

EeF R AU mis ARG B, 71-3k Aol okt v g o) 71 7F A o of Itk

__contains__ () & RAYA &= A AF, AHA AA=HA __iter () & FSHolH
gl o] A S /\]‘:?}% __getitem () S TG H2 A A2 oJHYoH 22 EZ S AIEFTYTH

membership-test-details A A& T3 Al L.

3.3.8 =23 U W7l

57 92 FU U] N9 S 2L AAEES A S gtk TALE K IR E72) 540

o sl AQH A g A4S (2 o), 457k obd 2AE 0] B3 M= A4S0l B el MAEESS

o5 A 942 7 2 FAFolof g,

object.__add__ (self, other)

object.__sub___ (self, other)

object.__mul__ (self, other)

object.__matmul__ (self, other)

object.__truediv__ (self, other)

object.__floordiv___ (self, other)

object.__mod___ (self, other)

object.__divmod___ (self, other)

object.__pow__ (self, other[, modulo])

object.__lshift__ (self, other)

object.__rshift__ (self, other)

object.__and___ (self, other)

object.__xor___ (self, other)

object.__oxr__ (self, other)
o] MIMEEL o]& At AAE(+, -, *, @, /, //, %, divmod (), pow (), **, <<, >>, &, *, )=
2de7] 95 ZERUTH G Sol,x 7t add () WAEE AR Fea0 dAEA 0,
A x + y o g2 77 A, x.__add__(y) ZFEEH YUk divmod () MINEE

_ floordiv__ () & __mod__ () & AH&3te A TS5 oF gl truedivg,()54<5%%
9] kotok FUTh W pow() B9 4 & Mol AW ANAE, __pow_ () WMIAZT}
AR 4 91 A WA A S S 3ol olof ol el oF T
ulok o] i EE = Sttt AlFH QAo thEf A4S X QDFHA oW, NotImplemented &
Eel7of g,
object.__radd__ (self, other)
object.__rsub__ (self, other)

object.__rmul__ (self, other)
object.__rmatmul___ (self, other)
object.__rtruediv___ (self, other)
object.__rfloordiv___ (self, other)

object.__rmod___ (self, other)

object.__rdivmod__ (self, other)

object.__rpow___ (self, other[, modulo])

object.__rlshift__ (self, other)

object.__rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor___ (self, other)

object.__ror__ (self, other)
o] MIAEE2 AR 3] AxAE ol th 5l 1% b ALt -, *,@,/,//,%,divmod (), pow (),
< >> 8,0, ) e TS A & HE‘r- o] g AEo] 3 AAT el G ALkS Ad
3 g3’ S AR S o) A2 ohe Y fEH PSSPtk ol & o, 284 x - vy o e 73}
Hdugu,y7t_ rsub () & %%‘t %EH/\A QAlA~El 20|, x._ sub__ (y) 7} Notlmplemented
EE8Fdy._rsub__ (%) 7}§% Ytk

I
n

(

et 1
rlo

3ol 7] “RQEA TP = FANLT AR A EE 20X FA, WA E 7 Not Implemented & B8 &S &%
7 A 44A2] 78 o A E T Aol i <hol Al w £% Sjel W WA =8 None 2% A 81A Wojok T - 12 A 5
A YIS YA o2 FAGE v 295 FU

49 AxRE) 2 Fold, HAS A G WANE(_add_ () Z2)7FAsEE 2 At AR A Fe Ao w EFT
o] Z ol HRE WM} TEH A = o] Th
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& pow() £ __rpow_ () B EEHET AEFA Eol Fel ok Futh(aPA FelE 2
SEEE EREEIEEE FS(cH

B3: vhor @ 2% wdixje] Wo) A% 3 9labAle] o) A1 Zesolw, 1A H Ze A7} el 4k
A AN EE AT, o] WA=} A% AR ] Q5] A G WA =R RIA 52,
o] BAte An ZEAT ZAEY A4S AR R 4 YES FTh

object.__iadd__ (self, other)
object.__isub__ (self, other)

object.__imul___ (self, other)
object.__imatmul__ (self, other)
object.__itruediv___ (self, other)

object.__ifloordiv__ (self, other)
object.__imod__ (self, other)
object.__ipow__ (self, other[, modulo] )
object.__ilshift__ (self, other)
object.__irshift__ (self, other)
object.__iand___ (self, other)

object.__ixor__ (self, other)
object.__ior__ (self, other)
Ol MAEEL Z8 A& T (+=, —=, *=, @=, /=, //=, 5=, **=, <<=, >>=, &=, *=, | =)L LA}

A TEA LIk o] AL e AL A elf & S A A) e 8 A sfob sk, dshosrs
A Zefo sl AL oA whself A 4 A5 UThE Sl F of it} ok E4 w4 =7} AejH
o, FE AL A HHEES 1@%§qwﬂ Sol,x7t__iadd () HNE=E

II:ﬂd

e Ao JAatAad, x += yEx = x.__iadd__(y) & E5FUE 2 A oW, x +
y O e T AR, x.__add__(y) y.__radd__(x) 7}J-34%‘41:‘r o] ™ ”35‘“011/‘% s
L2 oA F3 o 2] 2 o] o] - 4 95 Yt} (fag-augmented-assignment-tuple-error S X 4] A] 2).
A Tk o] F &2 AL dlo]H RElo] Rt

object._ _neg__ (self
object.__pos__ (self
object.__abs__ (self
object.__invert__ (self)

A F Ak A4, +, abs (), ~) S T3] I3 =EFH Uth

object._ _complex__ (self)
object.__int__ (self)
object.__float__ (self)
WA 4 complex (), int (), float ) & T@37] 98] 2P Uch A2 Jo| ghe Sef7of

gk

object.__index__ (self)
operator.index () & F+3d3}7
heiehon 2 o (o1l 4 o1 4
WA S £ 52 AR Ao

—~ <

8 &= 3, shol o] A AAE AF AAR &4 Qo]
bin(),hex(),oct () gzttt T EF YTt o]
FAS 7HE B Yk BPE/\]’@—’F‘EE ] oF Fy .

'r‘_/

AP S E 7ML, index () ZFARYE W= __int__ () |4
= =44
=

Eei7 o Fuich

object.__round__ (self[, ndigits] )

object.__trunc__ (self)

object._ floor__ (self)

object.__ceil___ (self)
LH;‘L 4 round () @math & trunc (), floor (),ceil () = F3A3}7] Y3 ==H YTt ndigits
7} _round__ () 2 AEHA ¢ 3 o] A EEL BF Integral (5 int) 2 &d 249

e EHAFIYUh

_int__ () 7} AR YA FowW, Y g int () & trunc_ () EAHEFYTH
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3.3.9 with & A€ 2~ E #2]z}

p

AE 2~ E & A} (context manager) = with B2 AP ] 28] 3= A8 ﬂ@ﬁE(context) £ Aosl=
7ﬂx1]011,]1:}_ e HEJ /gsﬂosﬂoﬂ 7—]&11/\15 era;(} 16}%@@)} /\EEA o]_,,]_El—%_%
A GUL. AdRE el BF wich B (wih 2 AA0IA] 2PFUTH O 2 A2 A B, 159
MAEE BEA A8 AR 2 s oh
A9 2E Fefae] AP A o= thFst T 79 A AE (global state) E B 3} & F3k= 2
2+ 2 & 7] (locking) OPE’_ O*Ej‘ (unlocking) 3t= A, €9 3td S E+= 2 o] A5 UTH

E

A~ E FaE 2o g3 o] 2FA| S A B = typecontextmanager ©f] U314 T}

object.__enter__ (self)

P

o
AW
_\1&

BN

o] AR ARE AYAZ A2 Eo] AYFUTh with B as 2 AFE 4ol 9ot o]
A=) whel ghe A Ash Tk

object.__exit__ (self, exc_type, exc_value, traceback)
o AA\S A dd AYAL ANLEE SR oAU E L A a4 WMol e
AL E 7led Ut W AYRETL o9 glo] SR, Al A EF None ©] FU T
kA2 7} A 2, MAZ 7} oS B4 N2 0 (3 S AL B eh ) H(rue) 2
SHF R U 23 A o oo o] MM =T TR Fol AL IAFH U

_exit_ () MIAEZFALGH 9 E A O 7] A (reraise) YT = F o g} o] AL T &
A} (caller) ©] 2 A Ytk

o B
PEP 343 - “with” & Slo]# witch 2o U3t 74, w4, 4.

3.3.10 EF YA R3]
AR Ao Zejao] AR, BAAHA ESHMEY TE

o
Ro)5] o) 92 Wt 2ok A F Aol AT ULk ol £

J‘ﬂ?:MD}.

AR 2] A" A G 2] 7} ohd A7) 2] o
S oEG 22 IET S dedle

>>> class C:
pass
>>> ¢ = C()
>>> ¢c._ _len_ = lambda: 5
>>> len(c)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: object of type 'C' has no len()

old Tz iAol Z2Y =8l BE
_repr_ () }FLE2 S5 AAE

. . ol
LN 28 oA Ak AR R A A e E ] 1% A B e

>>> 1 ._ _hash__ () == hash(1l)
True
>>> int.___hash_ () == hash (int)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: descriptor '__hash_ ' of 'int' object needs an argument

S 2 AAHA G2 WMMEE TS old A AR NEE FF v
confusion)’ o] 2tal £, EF MM ES 23| T o JIAHAE 3 st=YH o =

>>> type(l).__hash__ (1) == hash(1)
True

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

>>> type(int).__hash__ (int) == hash(int)
True

£9ES 73007 9 A28 o zapE
AR wet FHW A9 getattribute () W

2 o

>>> class Meta (type):
def _ _getattribute__ (*args):
print ("Metaclass getattribute invoked")
return type.__ _getattribute__ (*args)

>>> class C(object, metaclass=Meta):
def _ len_ (self):
return 10
def __getattribute__ (*args):
print ("Class getattribute invoked")

return object.__getattribute__ (*args)
>>> ¢ = C()
>>> c._ _len_ () # Explicit lookup via instance
Class getattribute invoked
10
>>> type(c).__len__ (c) # Explicit lookup via type
Metaclass getattribute invoked
10
>>> len(c) # Implicit lookup
10

o] & ﬂﬁi_getattribute_ () BAE -"rﬂ%}—t— AL EFT UAME A9 FATS 45 273t
AL(ES WA =7 ez el of 95 B4 IA EEF 7] Al A= =] S AAof A= o oF
g h, °1Ei e R A &= HA3tE 93t Jdel 73] & AT

3.4 75 €l (Coroutines)

3.4.1 o]gjo]E]E 7} )| (Awaitable Objects)

offlolBl & A= GRtA R await_ () MINEE FAFUTH async def F7t 8T 75
8 A2 019 o] f E Qv o}
Z+31: types.coroutine () ©]t} asyncio.coroutine () 2 HlZdo]AH AYdolg 7 28 F+=

Al el ol B o B el o] B AA| 3 ol o] Bl E O]?‘l”}_awalt_ ()& TASA dsuth

object.__await__ (self)
olH el olH & EHFF FUh o olHE AXE F@8t7] Al AHEH o of Ut o & S0,
asyncio.Future £ await 2847 535 7] 935 o] HIA=E F AT}

WA 3500 F7}
o B
PEP 492 7} o] o] B2 Aol th & &} ApA & B 0.8 L 9]

)

U,
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T2 €l 74| (Coroutine Objects)

o olHE AAIUL ZREJ AYL await_ () ETE3ID L ATAE oJHI ol E
= o 2 Aojd = syt IFHo) AP S A7y BT v, o] # o] = Stoplteration
S 4o, o299 value EZFEZF 913 ZHE 240 JF Utk Wk IFE o] o2& o7,

olelell ol o o3} 3Gtk mFelo] 44 5|4 & stopIteration 992 4074+ Fobo
Fuch
8o tho] sk MAEE

= = w3 2t ol =], Al El ol B (A v #l| o Bl-o Bl #| o B] MM = &
HAAN )9 ASH @5t shAIwh Ay olBete 22, 2792 olH ol dS AH AdstA=

R
2
(98]
n
S}
K-S
>
rE
oY,
Ry
B
rm
o
Bl
rE

await 3}'H RuntimeError & 4o 7Yt}

coroutine.send (value)
2289 A2 A=A AN G value 7} None o1 @, _await () 7} EeF o E el o]
HE AXAA 7= A 25U value 7} None ©] of U™, o] MM E= FFH o] A FAHES
stole g o8 send() WA EE 9 dch A3 (W2 gL, StopIteration oy ThE &) &=
AN dgst_ await_ () 9 W3 GE olE @ o] EE ufj o} Z5Th

coroutine.throw (type[, value[, traceback] ])
FZFEAA ARG A7 DA =R FUT o] fiAEE ZFHC] AN FAHES T olH
golg el throw() WAEEZ AAFUH(H WM =S 7= F7). T3 A F2oH, LA T4
Aol A ol 7F AUtk A (I g, stopIteration o]U THE ol €)) & Aol AW
_await_ () o] RFE S olH e o] ET uf &} F5uth whef ol o 7F IR ol A 8] A] ek
S EA A 5 & ot dskE Utk

coroutine.close ()
FFdo] AHde APetl FHEF WYtk B AR o] A TA FolH, o] MM EE
7Ol A FAHES T olHHCIH ) close () AINEEZ JAFUTHI D WMHEE 7

3.4.3 1] 7] o]g]d o] €| (Asynchronous lterators)

Hl5 7] olH el o8 & A __anext_ WA EA H]E7] ZES T F AF U

H]5 7] o|B el ol Bl async for #olA AHEE 5 sy th

object.__aiter__ (self)
u)57] ol Elelol B 24 & B2 7] of gk,
object.__anext__ (self)

olH ol H o T #e = ddoHE = Ak FUth olH# ol 2t
StopAsyncIteration o|8]& 4o Aof T}

H15 7] ol H 2l & AA 9] o

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

async def __ _anext__ (self):
val = await self.readline()
if val == b'"':

raise StopAsynclIteration
return val

3.4. 7 F €l (Coroutines) 43
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WA 3.50] 7}
WA 37004 WA ol M 3.7 o] Holl, __aiter_ =H|E7] o] o]E 2 AAE oJ9lo] g E & w3
5 Ads YTk

Tpol W 375 Y, __aiter_ £ RIEA HF7] ol olH AAE Sk FUh & A2 EHF
TypeError o 2] 7} &8 g oh

1)

3.4.4 n)|E7]) A2 E A2}

v 5 7] AE A~ E A2 X} (asynchronous context manager) = __aenter_ 9} aexit_ WA ZA AgS
A SAE = = AH2E F A Jych

H| %5 7] AUAE FE| A= asynce with 2o AFLE 4 &5 Th

object.__aenter__ (self)

o) HMMEE_ enter () WIAEYuFo R FASHH, LSt Aol H L2 ool HE 2 =8
oF grh= AU,

object.__aexit___ (self, exc_type, exc_value, traceback)
olMNEL_ exit_ () FIANELL UG OE FASHH], L3t APl H 2 oYl ol HE & EHF o
stoh= A Y h

W57 AYAE Belx 2ol a0 o

S I==

class AsyncContextManager:
async def _ _aenter_ (self):
await log('entering context')

async def __ _aexit__ (self, exc_type, exc, tb):
await log('exiting context')

WA 3.50) =7}
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cHAPTER 4

SEBE0T BB AUTH B2 (block) & 3 TS 2 A & g 27 vol W m2
2o 5o BEQUth BE, 34 i), 2e2 4ot g oz gy

7 9o BEQUL 239E FY(EE YIS B Az 2 AT & o]} Az el eof
Kk EiSe) 28 B A 49

ot =

O] & (Names) = A& 7te] A Uth o] 52 o5 A2 A4t Fol Tl FH Yt
A NS, import &, Zef A9 T A9
AFUTH, 221 b 22 ASo] SR
= W xcept A9 as H. from ... import * FE]j9
He B AYH EE ol52 AZ¥UH REE A &St o] 52 Al dUTh
S

A AA o] HH N ddd ALz FFUTH(EA 2n 7t o] 52 A4 shAlst=

ZHgol G dxzE F2 FaUt 5 Fo ujol Y& EF Uoll 588 5 YL, BE FTTFH SN
A= BN SFE 5 sy

ke o] So] BE YoA A A, nonlocal 9|y global & AAE XA k= oA, T EF2 A9 A
FYUTh Bk olFo] BE oA AAH W, A HEdUTH (RE 25 E5Y W45 A ojHA
A PUtt) T e T BF A AFEH A T, A 7] oA 7o) = 2] ¢k O A A WS (free variable)
duch

Z2 O gAEo 535 47 o] FEL2 v U2+ o] & A4 (name resolution) 1 & o] w}2} &4
H & ol 52 A2 (binding) = 7+el AUt

45
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L
N
N
L
ul i

o] 7 M (resolution)

Y

=

=
Ir el >
o mok

—

—

o] o] 7}A 4 (visibility) & o Fth Ao WS} 8
Pt ol ghek Ao 7} ot BEE oA o] o] X W, £3E EE o] 11 o] E 9
A ~FzE AHOldta Qe 7 otol| 23

scope)

iy

SN R
v) 10 (u
>
N,
e, tlo

o
p=)

O R 1L R T

I
o [kl
filo (e o
H iz
it e Jh

o

h=4

o, 7} 7P A EE A Y ATz e o E A
ol A= 85 &7 (environmenr) o] 2kl F5 1 th.

| 92 oW NameError o2 7} AUt ek A AF 27 AT =
|80 o} & AZAH A k2 X W41 UnboundLocalError o 2] 7} WA gy
. UnboundLocalError + NameError & A B S 29Ut}

O

Me o &[>
2 Ry

o T

fu
g &
M=
=
Ml ==
koo T

lo nitt

%
rr 4

[*]

o,
S
l
3% L)
>
o0 L
jﬂlim

3
ey
)
T N

o

>,

5

4

K

o

o
o
lll
re
i,
re
2
o
K
[t
e
B
=
Lo
2
A
=2
X
R
e
2
=
v
[EL
[
[
fu
=
=2
>
>

277l A2 AFEUL ol A2 Ad2H 7] Hofl 2FA A&

t}. o] F AL n] B3 Th Fho] i of = A o (declaration) ©] 111, 0] S A Z

| AL Dol 5 JE2 et T B2 9 wigs B2 HAE AA 9
5

O fjz |
ol Ift @, >~
2 £ oo
w0 ) rlo

(e .30 rohre, L L
= Ooofy 3
o
e
-
xS
I,
ox,

)
12
Q
~
O
o
Q
b~
o oX,
o,
e
lll
lo

[
o
N
N,
=2

¢

Sl
N
>

2 ol

>

o flo
%
s
kv
Ir

s, d

=
o
=
(¢]
3
f=~)
3
=2
2 o
m o,
4
pa)
tjo
N
r
N
X
biail}
<
o 2
i o L
do
it o ofo

-
=
O}LU

ok
=~

ofd X, of
(NN
o rok
o g
o T
)
12
o
[t
d
L
o
=)
2
o
t
NI it
o=
=
o
1o N gy
[
S
oo =
o
ol
o
e
Y
M
N
e/
[o
E_EL
=
o @
o
o

N3 I"Ir

Ry
[kl
i

1) rE [>’
-
rr
o

rlo

[kl My oz

global &+

Qe
J
o
o
lll
re
.
re

w~ d
>,
:g,

N

N,
rlo

180

(o =l

Utk A W4e] A 743 Aol A
= .

il
*®
=
rf

[>
HU
Q

=
Sl
o
Hl
o
r
k)
=X
[
_|>i ul

£ Mo & i
Q
2
@]
o
V)
— =
L i Ao
rlo
N
o
It
o
>
ofo
o
- N,
5
fr >
ok =
4
[>
M
[k
=
>
-
A
re
i)
i)
-
i
[0
N
AU
N
Ht

[ 1 o

R
[
2
o
o

| = giotd AuY A Ao SyntaxError

el Ao EEFexec() teval () 2 ALEHE AA= S o] 5 AN EHS ZHUTh o
At o] B2 AEHT AT S e A A5 B LGP o] FXEL AAH A F AG W52
A9 o) 2 BN Rtk A AR o2 A9 A FHL upgUh Zelx g
o] g B7He Felao =T HE gAY AUTh Zel s BEoA A A o] B ATE: Feha
EFog AU MIAEEY ZE 8508 FuH A dFuUt- o] A& A=A A & o E
Z2HdZ 2ot o)AE0] TF 2FZE AMGHA FRE 7] WlEJYch o] AL o 22 A o]
A v Syt
class A:

a = 42

b = list(a + i for i in range(10))

4.2.3 builtins ¢} |35 A3

CPython implementation detail: AF-2 A}+= _ builtins_ & A= 2] X Wolof g T}; o] AL 38 A

EAFAUE Y ol 2709 2 MAST A AFEAE builtins RES import 31 1A

o2l REE A A 545 of T,

C 2o Ay ABE Y o T F7, AL A o] & 329 o] E  puiltins T 2HF

A EAg U o] A2 9 ey BEolofof U th(E ALY A EES 9M 7t AREFH U Th.
Ao®, main EEY YL = builtins. ZF WA EE builtins o], ThE R E o

w=_ builtins_ Sbuiltins ZE2 g g o] that @& quch

oY, Ao
ok
[o

o

o

=
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A Aol thal] o] & AL A3k Al o] of 2t A Al of] o] Foj Yt o] A R 22 IE

7H2E etk 2AS S3h

i =10

def f():

print (1)

i 42

£0

eval () Ftexec() &E olF AAS AT AT At 2 Aol JFUTh o5 T=4H9

ﬂdﬂﬂ@ﬂaZﬂﬂﬂ§ﬁ9$%%W4ﬂ%%#%ﬂ%ﬂ%ﬂ%ﬂﬁﬂ%%ﬂﬂ%wﬂﬁﬁ
) Freval () Folle AgHR A ol5 S AFAT + A= A=

FojAd

4.3 <<

Aol edE A 2AE A7 Y3 T EE dubA A Ao 35S e sEdUTh dH 7t
#A R Aol A 9 & Do Y Th(raised); S| T = B0l AP A £ b Ao = o2 7p R
FEEBEL 5EoH IE EEqAA dl9+= A2E = Hd

golA AHZEHEe AP A dHO2Z Ures A 22)E AT u o9& oy gols
ZR2IWL raise TS AMEINA PAIH 22 o9& P 5= QFUth o9 A8l 7]+ try - except
Bog ARGYth 28 BAZo|A finally = A (cleanup) T EE A A s o] AFREH =1, o2 =
A2 dt= Aol ofyet FM FTEoA o9 7 S A 1A oA AsE T

glo] M- of & 2 & el “ZZ (termination)” 2@ -S AFR- U T} ol 9 A 8] 7] 7} H 7 EA
AL, vhE A o A A2 71] & YA A 9 TJ°1 = Al AT ol Asfdt ArkE A A
YFUGEA Y ZE 2742 7'4% Ei THAl Al ZRA 7= 22 el el Y Eb).

o917 YA E Aeie A g o), Qe el el Zeae) AP TR, OSY W 2oz

Eorgvth & A BT, °ﬂﬂ 7} SystemExit ¢l A& A& s, 28 Ed o]
ol

HJE

m

)9t Zehs QAR AR TREUTH except AL Axgne) Fej o] whel A8 H YTk g2l
o)t 270 Wl x ZeAE el Ack gtk dAHAL WSS 5 9T )9 Aol 20
Be #7449 AR E 3 5 dEUTh

FaL: o] WA A= gt APL 457} obd U Tt :’-LH < ghold o] Wz o] uhd ) F a1 glo] M7
T AL, ZEE o WA dHzeEe A 5 Qs Z=E o A o E5HA] TotoF it

O

A ry & A try &, raise i oA raise 2o gk A o] AlFH Uth

Lol @Al o] s ulgoll s FET RE] AHdH e A le SAA 37 etk

4.3. 4|9 47
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CHAPTER D

o] xx
)T E A A
T o g ol ZEE Jud olghs ZRAAE 5o O BEO e =S dF (2
AL ALY} import 2L AZE A2 o= 7bF £ o)A uh § A3 WL obd YT
importlib.import_module () 2 a4} U import_ () & YT E AXE Jdo =g AL
2 5 dwdn
A 2329 oo AT import 54 AW AR AAF AANER _ import_ () T4
5231 702 BRIt _inport__() o W& L inport £ o] E A A4 £AS L o
AHEF YT o] o] A7 Axte] FET A }@ﬂﬂﬂﬁ%ﬂmwt%%img_

import_ () 9 AHITEL RES Y, HAITE, RES e AAHS 3P Y RE
712 E AZES AL o8] 7| A (sys.modules & LTI THE PBAlst= A 2L B4R FHE 0]
ol d £ A7)+ AR, £F inport Fuho] o] A7 AN S ATk
import wo]l A ], = U __import_ () ZFEEF Ut X E A 2H S T &3 T2 1 7
YF (importlib.import_module () Z&)& __import () & AH&3HA &l YXE AEE 737
at7) 913 APl ) hE e A8 S Qg o
BEo| Ay dEE D uf, ol 4L BES N5, BN, BE AN E v, 2713 g ok
Ukok 7 o] 29 R EL W AT 4 9 tHH, ModuleNotFoundError ?:_125{;141:} Jlo]W 2 AxE A
A7t 520 o) o] & BolQ RES 2 Uy Aeke FATIG. o] AHEL 0E AHelA Qe
ofe 717 52§ £45 3 B3D = Junt
W 33004 WA JEE A 2Ge PEP 3029 A T 283 FRIAES A AH g5t oA

FAAQAUEE ;‘(—;‘-7‘]'% SlsUth- AA 2 E A 2H o] Sys meta_path 2 S8 =& Yt} o] 79
ﬂf’ﬂ; L‘ﬂ OIE]E(native) SIE=3 %’—Z_]‘zﬂ]?]l]_/] 2] QYo FLHH g HD]-(PEP 420 & _‘i]_ ‘“.8.)

I types.ModuleType & HA£.
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5.1 importlib

ol

importlib REL QEE NAUR 4T 5547 AT ELU APIE ARFUDG. AE Sol
importlib.import_module () + YXE A5 5=t o] WF __import__ () o H]3] A%
=3, o 73 APIE Al 32Utk o AN 8L importlib Bto] B8 8] AWAE IFRAAA L.

5.2 3} 7] x] (package)

Sho| e 9 7bA ERO BE AT 2T 9T, RE BES W] ho] o]t CLb 1 el thE ofw
oz 2AN YA ATl of AU REE 24580 o8 ASFEE Al A,
Shol A2 7] 4 ehe a2 2w gy,

AAAE L A B I DE ek 7T 5 AAT, A7 A% R0l HAA AR 2R &
D= YOBE of v f-E T £ o) 4514 Woof STk o £A412) B4, T2l 9} 5
Clehc W58 AL AL S A28 AR e AR, 71 ASE 02 2480, A7 &
HE TEER ol 2t AN A A LT 5 AT

RE 7| A7 REolgte A 7G5t Aol FoFUTE AT EE BEo| 9 7] A ¢ 22 obdyTh
g2 Ado=g g3, A7 A= SES FFY BEYULL FAFe= __oEYREE XY
e RERESH ]Z]E-HT}%‘%D]'-

BE BEE o gel GUITh A8 51717 052 ol We) BE O ERE AL BYE ), HE
) 7] A] o] 5 A (dot) & & FEFHUth 2 A sys 2t B8l EEH email o2t Bl 7| A 7t
AL g YL UL email & THA] A H 3 7] A] email .mime & 23, o] A H 3| 7] A Yol 2E email.
mime.text 7} Y& 4 Y5 ch

5.21 A4t =) 7]#]

sho] 2 3 712 5572 37128 ATk, A7 5714 2 ol & §2 714, A7 A7) A £ sol A
3zﬂzﬂﬂﬂzwdﬂa%aﬂmﬂ1ﬂuw»@&mﬂ1 BE_inic_py 32 7l o
Helz raRYT A7 47147 dzE | HAH o2 AYS 3, 1A 9]

If‘

AN
"
3
-
o+
e
‘~<
9
o

= uj A
ASj s A7 S A9 1% 50 B EE AARUT, _inic_py FAL OE BEE
5 e AT 2L ol W TEE FAT 4 Y, ol ML YEED 1 2 Eol F A o= RES
Z719eh
oA E 5o, b 22 LA’ vl X = 2 4] parent |7 A 2} Al 7] ] A B 3 7] A& Ao Tt
parent/
__init__ .py
one/
__init__.py
two/
__init__ .py
three/
__init__ .py
parent.one < YZESH parent/__init_ .py ¥ parent/one/_ _init__ .py & BA|ZF o =R

APt FolL parent.two & parent.three & YZXEE Z}Z parent/two/__init_ .py
9} parent/three/__init__ .py & A3}
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& B A AL o @ 7HA) E4 S BEA A, 4 EAEL L2 o7 2] A 7] A2 o] upA 3
Utk 2AEL St LY e 0] £ 5 A5 U th EAEL zip 3ol 1} V=9 Lt 5ol A o]
QEE T uf A4S o @ ThE Fho A DAY 5 QST o8 7 A A& shdA 2w A}
QA FRRA D2 FE A1 1A B 4= QEUTh AL FH Y A RED FE
9T

0|8 797 _path__ olERER AurA 2| AEE LA 5L Th thAle] S o)y
92 B2 Ao, 2574 Wl T A ARolA A9 R o) 7] A (F 249 714
A% sys.pach) & A=} MW 9717 EAol BB A AAE AE L S eA F Tk

%

2+ 971 A1 Q] B $, parent/__init__.py g0l YlFUth AR, A2 E HA Fok od e
parent‘ gag ezt ddE 5+ 3, 7] AL v 2 A S o3 AleE Ytk 2@ A Cparent/
one < E2] A2 & parent/two Gl X5} ‘3%% F dFUth o] A%, Fo| ML Al e AHH
=2 =7

3} 7] 2] F ol st A X E 3 ufjuith H A4S parent 37| A 7] A & U]—‘:L]r/}
ol & &t I 7| A 2 FF-2 PEP 420 & 23 8.

53 AN

A2 AT A3, o AL JEED BE(EE H71A), A o] =910 A Rol B2 525 g
o 845 4545 oI5 & D22 . o] ol &L dnport L2 ATH o1ef A, smportlin.

import_module () Y}__import_ () T2 ALH wj7jHs FH Sy
o] o] J:TL—E A2 o g ‘?_]'74101]/‘1 /\]'&54%3‘“, ANH BE=E 7]'L Aoeg 739 424 5+
FUth ol & S°] foo.bar.baz. o] Ffol, 3ol M WA foo &, 3-‘:]'1301] foo.bar &, u}x] 2}t

©ZF foo.bar.baz & YEZEIHL /\]EEQ}IJD]—_ Tok F JAZETL o] stvtet e At
ModuleNotFoundError 7} 2AI Y o}

sys.modules
A7 A .
JEEGE £ BE o F8 sys.modules o A 21, whek Yrkd A ol YEEE BEFE 2
olx, ZZ A 2= A4xmHYth A2 ZEo] None o] ¥, ModuleNotFoundError & 92 7t} whoF
2 ol Fo] YUY, ol A e R E A4S A% AR

2=
sys.modules 2 2 7|7} SEH UL} 7| & AAG T sl G R ELS 3 5FA = LA WH(THE R EE o] ofF
I REA e FRE FASHL S T U2BE), T o] 59 EE 1’413} NAE F23e) A, th
ALED o] MO 5ol F 1 L EL ThA] ZES WE UL 7)ol & vone & AT £ P, BhE
ol Z E uf] ModuleNotFoundError 7} o] =& w5t}

2 f

l

r
[ or

2E A7)0 o) A28 §ADIY, sys.modules o] AN FRE P2 FF A JEEFUF R
£ A7 22 Aol o7 Fol Fola|of gtk wHel importlib.reload() £ 2& BE AME
AAG AL, S BE S HEE thA ABHA RES] g2 thA] 278 g ek,
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5.3.2 u}elt](finder) 2} 2t (loader)

E’_‘fai'ol sys.modules oA QAT R oy RES ZofA 2 &
Hyrtt o EEEQE F A NEAE AAER TS AFY

7(]"‘] °] G Qe DS AR, FoAR o5 RES FE 5 3

BEFEE Y J AANES JdxHPSL EFEUGY- 84T RES

o}, sholt] o} = 0. ghelne] AL
AAs= AU, = Qg o)~
2 gohn dehd g AAS B

gtol A2 of 2] 7kA] 7| 2 QI E A2 EES 23 YlFUth A WA A2 W REEY AAE
e 9, F A AL 222 25 (frozen module) & 1A 22 5 3, A WA A2 RES YEE
Az oA AAdUTH dxE A2 £ I A" AR uyzip 3td S Ve 7l AAEY HE5YYTh
IS URLE A¥E A= ASAH, AA7AAE = de Adse A== 232 + dsyth
YEZE Zate B 7Fsol A, 28 A2 1S sty A A skddE F71ed + A5y
SRIHE AAE RES 255 A= dFUth T o] 59 EES Fod YXEG A AR ES
8 o3 B 23 (module spec) & EH T, QXE A RES 29T 0 o] A& AHESHA Ut
O AAd2 A H e 290 =2 EF thal & T A8 Asted, dxE EAE 2sH7] 96
oBA MEL ASS WS THGFE=AE TFFYTH

WA 3404 A o] W] ste] oA, RIE 7 26 & A S FAA olAl= 2HE X3eta
Av BE 29SS EHFUN §2E &5 2H7F o AHEH 7= oA R 2 J &2 S4H AU
5.3.3 9 *E Z(import hooks)

Y2E A= 4L =S AASEUSU dAA A v AUS2 dEE F(import hook) YUt F
QX E Zo| Q5T W El Z (meta hook) & Y EZE 7 2 = (import path hook).

HE 52 AXE A9 AFol|, sys.modules A 23] & A2 3t thE X E A gl 50] A ZE 7] Aol
T Yth o] A2 1 °] sys.path 28], 222 25, YA BEES AAYE 4+ A FUch
thZoll et ol, MEF F-2 sys.meta_path o A} 3}l AA|E F718t= WHOE 55T 5 U5F
e,

AXLE FAZ T2 sys.path(ZTLpackage._ _path_ ) A2 dEZ, FHH FAZ 5 b= A A9
TEHUS 2ol Ak e], dEE A& %2 sys.path_hooks 9| A Z2]ES F7Hote P2
TEE T AFYLH

5.3.4 e} 7 2 (meta path)

ZFo]R o]E9 EEE sys.modules oA & 2 sys.meta_path & AAs=4),
HE A& 3y AA =9 552 233 d5UT o] Iy Eo] FoX o] 52 BES A=
S 9 A SAFES A g & find_spec() 2k °1 59 Uﬂ/ﬂEé
T oFgt k=, Ml Y AAE wo} A=Z, (A ek 7153 EFA (target) &
HEe F2 3o & TR o] 59 52 AT 5 J=A A7) sl o deFol A }‘]"Q“ﬂ/\
AF T

,,
° o
4>
0
o
q
)
X

wor e} A 2 HIE /h Fol 4 o B2 REL A2 She HE Arhy, A7 AAE SAF UG, 28 4 9
T} None & 8 FUth ek sys.meta_path A7} 23& 2 F2 K3tal 559 o =234,
ModuleNotFoundError & 4o Uth WASE=E o2 &5 1 F4A] 7] 1, 01:1“”5 =g ﬂ =

gy

HEF AE 3} 69 find_spec () HINEE F YA e AR & 145} ““‘H 12k
GR35 A3 o] E (fully qualified name) ]\/]D}, o & E9] foo.bar.baz. F ‘ﬂﬂﬂ A= 25
AT AR “]E"J?J‘J")r HAH BEol 4% F A AR = None o] A ¥h A B BFo|Lp A H off 7
o) 3% % WA A R A% _path_ o= RE galve A ALY _parn_ol=2
HEE %23 4 92 ModuleNotFoundError = 4o U th A A QA= o]n] 2Asl= 2 &
A le), HAA 2D o] FUTh AEE A2 WS hAl 2. (reload) & W VA S A2 LI

He F2= 3 HY Jd2E Ao tisl o2 W B E 5 s Uth oE =0, W%F_%%O] ofF
AZ A = A O},\):D]- st ufl, foo.bar.baz & YXE 318 ¥, WA ZF el A2 A H (mpf) &

i rlr

Y b
12

N2 1o

o

4
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o 8] mpf.find_spec ("foo" None, None) & Z&3A A YdZEE 3 FYth foo 7}t
AXE ¥ Zof, et A2 E HMH G A foo.bar & YEE 6P—Hl, mpf find_spec("foo.
bar", foo.__path__, None) & E%@'H th 4t foo.bar 7} YEXE HH, whA 2k T2 mpf.
find_spec("foo.bar.baz", foo.bar._ _path_ , None) & Z&34 Tl

oE WEl A2 AN ES 24 B4 QES W A AT o] d YTEELS T WA AAE vone o
old Ao] 2 A None & Eﬁ Yt

spo] 29 7] 2 sys.meta_path+= Al 71 W EF 2 5}l H & 211
S ¢, Y222 RES YZESE= NS &, 3t
0 QHIhE 2% /]2 sel o)

WA 34004 WA vle A& 3469 find_spec () WA E7} o)Al FAH £ind_module () < WA
Utk ¥ 7 glol® 5247 = a4 uh d 2 E A= 59t 7} find_spec () & T 3A 9FokS wfj vt
find_module () & AHE-EHTh

5.4 =4 (loading)

2§ 290 HAR Y, JEE AAe nEE 2P L 2AGA) AD 2EE) & AU o171
Qe 29 34 Fo Yo b Jol B hFAA 1ol AHU T
module = None
if spec.loader is not None and hasattr (spec.loader, 'create_module'):
# It i1s assumed 'exec_module' will also be defined on the loader.
module = spec.loader.create_module (spec)

if module is None:

module = ModuleType (spec.name)
# The import-related module attributes get set here:
_init_module_attrs (spec, module)

if spec.loader is None:
if spec.submodule_search_locations is not None:
# namespace package
sys.modules[spec.name] = module
else:
# unsupported
raise ImportError

elif not hasattr (spec.loader, 'exec_module'):
module = spec.loader.load_module (spec.name)
# Set __loader___ and __package__ 1if missing.
else:
sys.modules[spec.name] = module
try:

spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules([spec.name]
except KeyError:
pass
raise
return sys.modules[spec.name]

ChE3} 22 A% AVl 9l of i
o T Fofl o] 59 BEO| sys.modules o YT, AXEL oju] 24 E8E AUt
e RN REL AFYE Y] Ao EEL sys.modules ol A+
AHA E%@Z,MOE)ZW" YZE S U7 =Y ul
23 F o A A3 9= XH-'H (recurs1on) uk2] )1, ﬂﬁﬂ Ao o W 2HE =
gy
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e 2 o] A3, A3t RE(LF A ZRET S sys.modules A A FH YL} sys.

=
modules 7jAlel] o]n] Ql= REFH R4 AR 4FAor 29 RES2 Al Holilol
ofgk gt o= A3 e REX A} sys.modules of FolQlA H = 2l 29 ] Ut
o BEO| TS AT, of A A 7] Hof|, 7] o] A4 oA ok Ko, X E A= YXE A-
EEJEIHEESS AATYUT SIS oA Z= o of| A “_init_module_attrs”).
s BE AP oA 59 o5 Fo]l APAE 2RA YUt AP AH o= 2H I
A=, 2671 od Zo] oA A A oF sh=A 24 th
¢« 29 ¢ W0l A Al exec_module() B A EH = RE-S YZES 2o vtdH = A o] obd = U5
Rl= o
WA 34004 HA: JdEE A 2" O] 7] X :"}‘]"’ﬂ gt 298] Ade =3 zt5Uh o] AE2 Holl=
importlib.abc.Loader.load_module () HAZ oA =35 <51 th

541 2¢

25 2ov 2499 24AY 7S AFF UL EE A3, 9XE FX= st JZ]'E
importlib.abc.Loader.exec_module () HIAEE S &35t A3 2 F AA 7 A2E Yo
exec_module () o] EHF= 7L /‘1%‘4‘—/]’

2r=gen 2o 27 2 AES ulEG of gt}

[e]
=
ol tol W REMF BEo|Y THo2 2YH = o] olyzhold, 2+ REY

s U REF
FEEREY AY o] F FZHmodule.__dict_ )i Aga) oF Fhjch
e MRV RES AYSA £3H, ImportError & o Aok Ut} 31X T exec_module ()
For A EE T2 o9 Aug Yt
B2 Ao, shdg et 2 e 22 AAJUTh 18 A find_spec () MM EE 267 self 2 47
9 29de E85 YT
2 E 22U E create_module () HAE o gHN 2Y5tE F o AE BH=E 4o A

LA RE ANE B
4T+ A5k Y °]7<} 2 E i’" 2 WolEol1 29 F AMEE BE AAE EHFUTh
create_module () 2 BE& 44| Oﬁ ﬂ‘:’EE AAT Fa+ stk ek wA =7} None &
Zg3Y, A3 E zJ;(]._—;\H BES A~xg syt

WA 340 7} 289 create_module () HAIE.

WA 3404 HA: load_module () MAEXE exec_module () 2 QAEIT, AXE Fx7F 299
3 3 (boilerplate) o] th3F A S Ut}

ojul EAsts 2 EH TS A, YEE FAE load_module () WA =T EA3taL
exec_module () & T8 A] ¥} 2™ load module () & AHEFU T A ¥ load module ()
H A= A5 Ut 2 4l exec_module () & FE3 oF It}
load_module () WA EE RES A= A 9o oA AdF3 nE
TE oy FUTH T2 A kS0l BE AL E] ‘;1:1], Z7lA 0] AES Roln

-ﬂﬂszmmmsﬂ$ﬂﬂﬂ%ﬂE%ﬁﬂﬂwWHéw} ,2EE A 1 AR S AL
25

flo!

oL
o

oft

(boilerplate) 29 7%

tlo

rE

o Ut (¥R o, importlib reload () ©] 2vlE 53 s1A] &A HUth) Wk sys.
modules ©f] Fo]Z o]E2] REo] oW, EHE= /‘H EEAAE WS sys.modules o F7}3)
oF g .

o Ak gle AAd A8 W 2HEH = A2 WAEH] S8, EE7FEE ZEE A7) Holl ZEo

sys .modules o] fXH??H of gk}
o Ttk g lo] A3}, 2= sys.modules o A4 YT EE
AAN} S, 22 R EE AR AT 228 7

? importib 78 & W4 {18 4 418514 Qe ALl sys modules o 4 2 °1%% x5
o A g3 E dXEFE BEO| sys.modules o Y= AAIS vE = Q) A
sho) aq T A E2stty BAE A kLT

7%511 ofstetl, A RE v
°F 3%
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WA 350 A HA: exec_module() ©] AYH YA create_module() ©] A A o
DeprecationWarning o] @A}
HA 3604 HA: exec_module() ©] AT YA create_module() ©o] Ao R oy

ImportError 5 4o 7Yt}

542 XH B &

oJH HAYZCEZE (JE £, importlib APIE, import Y import-from &, W%
) =R =

=
__import__ () NEREo Z=d uj, JE RE AHZ) AFL RE BE o] & F7bel o] Fof
AUt} o & 59, 9] 7] A spam ©] A/ H EF foo & 7}A 9, spam.foo & YXEE 3l T o= spam 9]
AH EEo] AAH EYRE fooE 24 FUTh TS 22 el e 722 5 o] Yok Ak
spam/
init j)Y%
foo.py
bar.py

J8 3l spam/__init__.py 7} b3 22 €S 2SO AT

from .foo import Foo
from .bar import Bar

a2 o5t 2] A s spam 2| foo 2bar o thE o] F A4 o] dojdytt

>>> import spam

>>> spam. foo

<module 'spam.foo' from '/tmp/imports/spam/foo.py'>
>>> spam.bar

<module 'spam.bar' from '/tmp/imports/spam/bar.py'>

ol M &) =3t o] 5 A A B of 99 ZAE B & FUh AT AANZE YXE
Axde] Z2AQ 7ledunh ¥ 32 o]g5 Yt v sys.modules['spam'] I sys.
modules['spam.foo'] 7} YTHA (18] Y X E o|F 9 A7} 22 dUth, FAoll Sl A2 RE=EA|
ol Q& 219 foo o] EE|HE 7} o] of g th

= 5
543 2§ ~9
JETE A= IRTE T A4 25 g St AR ES AL ULH 53] 29 Aol g 7FE AEE
HEREY FEOIH EE 2 A2 0| IXE AA JHE EREHEE Q%= AYUth
PEZE A2 S AL H JEi7F AZE A 2HY T S A2 AGE  dFUTLAE S EE
289G we= 9o e} AL APE= 20 Zho). MF F83 AL, A2 E At EYY FE AL
(boilerplate operation) & & ~ Y= F ot= A YUtk BE 23] Qirtd 2H 7 2 A IS XA

.

BEo) A9E BE AN opec  o|EHREZ wEPUTh E AR U)ol o AR AL
ModuleSpec 2 H A 8.

B A 3.40] 7}
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544 JZE HY RE o =HE
QEE AR 2P 59 2} BES AW Aol BES) A%o] 7 23AH 24 2E AR o
AEHESE AT Yoy

__loader__
__loader_ oEglHELRES ECULEH UEZE HAX7F A EH AA 2 A= o] oF Frt.
o] AL F 2 AEZ A3 A (introspection) & ¢ 3+ Z o] A W, F71A <l Z ¢ Oﬂ =3%E 7 sES S
o|E

Aol = guich ol g Sol 2riot Aga o

__package___

259 _ package_ EPRE& W= Al AAFHojof Yt & FAFE o] o] of st=H,
name__ ¥ 22 3 d & A5tk BEEo] A7 AY EH, __package__ ¥ __name_ 22
dAE oo Tt EEol 7] A 7t obd wf, H /A4S RECIHE W EAEE AAE I, A H ZE]

W RY )7 X)) o] g o2 A ojof Pt o A Ul-§-2 PEP 366 & 2314 8.

PEP 366 o] 825 o] %ol WA ZENA A A AN AZEE AT ], __name__ th4l, ]

AEREZL A HUTE __spec_ .parent 22 gd o= 7|ttt

WA 36004 WA : __package__ 9] Fto|l _spec__.parent ¥ 25 2102 7t Uth
__spec__

_spec_ AEPRE-REES IYZE T AEStEE ~F

= AA3s] AR AL ez H 7+ A=

o} SH7EA] o2& _ _main_ U], of

__package__ 7} AL FH A o, dlA

B & 3409 &7}

WA 3604 HA: __package_ 7} FH A kow, A EE _ spec_ .parent 7} AFEH

Ytk
—path__

REo| M7 AE (B = ol5 31, BE AAY _path_ AEZHREZFHIEA DA H ook

ok 32 °1E12i%°l°1°1t?'5}%tﬂ,_path_ ZhgEouzlgloddl oHHEY 5= AF YT

ek path_ 7FH]O) Y A] opd, A uff XL S AlFsoF Utk __path_ 9] &Jud

3t ApA g 82 ofef of] YU T

7|27} obd RES __path_ o] ERFE7} glojok It

>

A= oo T} __spec_
o= up7HA 2 J8H Y
| None &2 4 A= Ut}

__file_
cached

_file e AeFE £ gtk wek AR W, o o EelHES ke BALololof FULh YEE
A 2L 7 §lg o (& £ HlOlEMl ojxoAX EEH BE)_ file & *”46PX1 %2
s gl
whef file o] AW, cached_ A AAstE Zo] AWE % e, mEe) AnIH
HA(AE 50, vtolE Ao ddE 5td) S 7Hel 7= BE YU o] JEZFEE A 517 980
stedo] Z Aol & Dot gk F2E 93] A5t D 5ol golof 3 2L el d 4
5 U THPEP 3147 € EAR)
__file o] AAHA A4S W%, __cached_ & AAd= Aol 42T F JdF YTt sHATH 19
Aeles opx o AdUch g3 802, 2t7k__file_ oltb__cached_ 52 E RFE
AT DA 2 A ALY REE 2Ed SE YA, R E A8 22T 5 drh,
A2l H el Aukel 2 7 B A 4 AUt
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5.4.5 module.___path__

Aolo] G2, mEo_path_ o EelRES 9O, o] mEL 7%
7)1 2 9] __path_ oJEZRE= AR A 7|A& 2T uf A-SFH T

SO REE 44T AAES] H2E AT A LA sys . path L5 Se e mai s
__path. = HE sys.path Bt} Ao 2 A o] W=t}

__path__ &= AL o]gZHE | A1, Hloi;yla T d5Uth sys.path & 22 3 o] 3] 7] A ¢
_path__ o= A&, 7|22 __path__ & B3 &< sys.path_hooks (oFefoll A At
thol Al 9 A& 25Ut

7] A __init_ .py Y2 WA _path_ AEYUFHEE AAFAUYHEAT 5 AL, o] A 9
PEP 420 o] A of| o] & F2 7| A& FHA3t= PP 22 AL H S YT PEP 420 & =Y 2 2 <3l o] &
T ININA 7L _path_ ZFA FE=WE 23l= _ init_ .py FLE AT T2t o FF U
UZE A7} A5 o] F 57t 7] A & $13__path 473t

E
2

=
=

5.4.6 5 & repr

NEAoR, BE RES AL TR repr & 27 gLk HAT A2 = HESH 0 E 23]
S ASol Wk, £E AR repr 2 F WA ALE Ao & 5 LI ch

BEo] 23 (__spec_ )2 /AW, ATE A= TAOZHE repr 2 ST A EFYTH 170
Ass AL 2o 0] oW, JEE ALdL R EAA AR ASE 7| R repr & 74 ATk module.
_ name__,module.__ file_ ,module._ loader__ Srepr? YHO 7 AL&38] 1 A|=35F=d], u

ARHE 7 Ego= Agyrh
AEE T Qe A F AL o FguTh

e XEO]_ spec_ SEIZHEE 7IAH,
“origin”, “has_location” o] E 2] R E & o] AL&F U Th
s XE0]_ file OlEZRHEEZ 7AW, ZE repr o] K2 AH2HUTH

e BEO]_ file OlEFRHEE 7tA AW None ©] obd __loader_ & 7FA W, 2 9] repr ©]
259 repr o] 4R Z ASFH YT

o 2% ko, repr o]l EES __name__ & AHEFUTH

230 Q= AR Z repr = A AT TE “name”, “loader”,

Z

WA 34004 M7 : loader.module_repr () & AFo] HAH YL o)A EE repr S W4 YZE
Gajo] oo & 27 o] AL Yo,

gho] M 3.33749] A S35 913, fl oA AR ES A5 Ao, wheF J o o] 9low, 2T 9
module_repr () A EE TEA] & repr & W5 U A 2, 2 Bl =& A5 g5

54.7 A€ wlolE 3= £ 53}

Before Python loads cached bytecode from . pyc file, it checks whether the cache is up-to-date with the source . py
file. By default, Python does this by storing the source’s last-modified timestamp and size in the cache file when
writing it. At runtime, the import system then validates the cache file by checking the stored metadata in the cache
file against the source’s metadata.

gpol 2 RS A] 7R AR Al B2 APkt A 9D

HAIE AZFU Al 718 cpyc 3Ll
(unchecked). AAF | A] 7]9} .pyc 3L A

o vjeh go)e] v Aol 4 el Ul g
= 7 7HA AE o] s5UTh: A A (checked) 7} H] H A
T, Fol M & Aax std S Al St AL A Al E THA] 9HE 9
Al 2F vt} A L] RS AAR AALE Al 719E AR A Bk o] FRBHA] b2 2o
A=, sto]x -2 A A] 3FL S ThA] A EHar A AHe B Al 7]‘?}711/\1 g “}C‘J‘jr H A A
Al 719 pyc TP L] AP, gho] ML T A st 2T B FEE T 7 U T A
719 .pyc Y FEA AAF SZL ——check-hash-based-pycs EF/HZE AMALE 4 5T

W7 37904 WA: 314 7% . pyc HAe FHLEUTh o] Mo, sho] M& vl RE A A9 B
SNEREE L TN

| Of

E.ﬁw

Mo
V)
=
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5.5 72 7|4t shl]

ol A AFFxol, shol A2 oy 7] v g 4 :
919l (PathFinder) 2 Bel&d, 42 JEe £9 E2L F Q& 92E 7
AR AEZE RES e XS 7HEHUS

B= 7k vkl Y Al 2
HASAA, Z2bg A4
AR JAEE RIF Y 72
= 3} ©

% on M
KU oo,
e,
wo, [m I
> oS
fu rl
mm ok
2 i
e 2
%
>
nolo =L
b [Orlr
o
rlr
A
o
2%
ofy
v
T
njgie)

A

W
S
Jm K
B
=
3
s
rx rlo
o, tlo

e,
[

~

<> [
=)
e

— ol

N
rlo |

. L B5 eolHef el (o] & S0 .s0 39
zipimport REC A g wow, 7B A=
A5) S 7ip HAS 2 HE 2T

U

t}. URL O | o] H W o] & 23| ZAE =
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N
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%

upo] 2% = B F s F7H9
A gt Ao, Yol A RES
ol A Hdgets 22 EZ S
A= d AHEFYch

Ao Z: o] AT} ke L2 o, et 42 9koly 9 A=
AE QY 2 £ & ARSI A TR | ) AR A Bt 22 B2
A Qe QEE Ao A B3 A 0 g2 7]5 3 Th 89 o] A S o] W B EHA thE Ttk AL 7]
e Aol o ULh 53], e A2 st d2E Aae Ao /N Y3tetl, sys.meta_path
g 535 Soj3UTh

Hidol, 4=z dEg 3oy l;
meta_path & FE A AT Y, A2 dE

oo, N oM 2oy
i 4
o
<l
o
v
rlr
o
Ho
oflt
filo

2
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17
o,
i)
ro
o), o
o
2, =
[

=
&=
f
[
b o

o L c
A
fr 1o o o g
ot
m
v
@I
rlo

SOOI

|t

rlo

2

M 30 Ho {0
o ¥ do o

ﬁqu‘ 2 |y

o

kv

X0,
e s
Y
[o
do
ol
fru
o,
M

ofo
o
mlm
>
fr Oﬁ?

55.1 72 ez 93t

A% N SHIE £ AR EAD A AEe] 2 ARE sl 4 BER A AE R ZEHE YL
AUtk iR A2 A=t 3 Axde] 42 elrl A, ol fow 4E det st

wEk A SHIE R A, 4% /U sholt] & el A 4B find_spec () ZEEZS PRI AW
B0 YEE A% o] A o WA WA 1 2 EH AL AsE ol 2ekiw] A8 E 5 gl F1) 52

A% gk

Az 7l 3oy = M MY W4 E AFS T Y, sys.path, sys.path_hooks, sys
path_importer_cache. 71X A9 _ path_ oJETHE EI AL AL oAEL IdZTE

AAE AxEHuto] 28 £ &= F71e S ATt

sys.path & B3 7| X9 AW A& AFst= ALY 552 23t} PYTHONPATH 27
Heot o]y 742 AX e} 8 5 7 B2 R 278 Uth sys.path ol & JdEZHELS FY
A 2de] t A e g 9 zip 3 -S 71E] 7] a1, 2ube AR oz BE A AFLE 4 Y «“FAE(site
252 HehE 7tel 2 4 &, URLo| Y dlolEH| o]~ 23] 22 AEYUT) sys.path ol& AL
FutolEG Rt Qlojorunh thE B E F-2 FAF UL o] EGY A2 /N H & =] 3l
=l o3 2H g Yt

Az 71k uhol ] & v el 42 vkl o] 7l W Eof], ol A A Kol dxE FAE= F=E 7N 9l 9
find_spec() WANEE &&= o2 2 E A= AAS AZF YL find_spec () o Al =
path A= AT FAE 259 g 2EYUTE- B3 3 7] 2 Yol A X E &4 s} 7] X 2] __path__
oJEg]RE. path Q1A}7} None o] W, A9 YZEE 53l sys.path 7F A FH Yt

=4
Az A e A4 420 BE AEE T4
Asd

<l
A0
N

il

= = stal, 7 e wit A P34 = dEe] ghely
(PathEntryFinder)E FFUTh o] A2 H&o] Wo] = AL = Joenz (& £, ol A<
Aol star() TE2 AT 37 & 5 AFUTH, = 7R IR

5o
o,
fru
2
|m
L)

s
oY,
fru
9,
[t
i)

N
Y

o i
R
)
s
<
_Q‘ 2,
— il
_O‘
al}
oL
i
|o
u

HE w3 st= AASE B2 TYt) o] 7JA] &= sys.path_importe
E31a, o] A= L2E AAZ A S A G AAZE vply A
4 7% dee 949 Az el ooy o B AAL 04 B WE SRR U A8 TE s
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sys.path_importer_cache & 7JA] QE B E A A A=E 7|HF 57 1 A2 dEZE thA
7—1}41 o],t:E O]"C‘ 740] zs]a]—sjqqﬁ

BE A= 7E A §lo™, BE 7R 3Rl sys.path_hooks o 1= EE F8eS5< BT
oo 55 74 = Oi ? 52 AT AR AER] AR T AE /\F%HH TEHYUL ol e
BEAERS E‘rE - % A QlEe] vhelt] & ¥ F A, InportError £ WA Z 5 AF YT
ImportError = 2 7|N selt] 7 of il o] o] W F= clEe] S AT J= dlee] sholr] S dAR
T ee dEle Eﬂ AHE YT o] 9= FAH I Y E Fr G ASH Ut 2 2Ad oy
Bho] = Q1€ A ealof Ttk Mol 2] AR Y Fol AR (T Fol, 3 Al2w AR ol
UTF:8 o)1} 2 3ko] o1& A2 % ey oh, ok o] A2 U9 e 4 gloW ImportError & 4o

7 of g k.

o sys.path_ hooks gAo] o}y HE AEF 3l & qu_,_ A Zotd, A= 7)9k 5kl 9
find_spec () WA E+& sys.path_importer_cache o None € A Zsta (0] AR JdEZE Y3 5}
‘ﬂl”:]ﬂ—oq%i 7]—&7]7] 213l), None & & FH A o] WE} 42 J]'O]‘ﬂ ZFEES FHe T S €H U
WFeF sys.path_hooks o] Y= o=l A2 dER = Z8Eo] 2 e gl & =851,
JJrO]Eﬂ"ﬂ RE2HS g 7(4-5].7] Al 2ol e Z2EFo S UL RE 2F2 RES 2YT

ol A8 B v .

A 2+ ] = ¥ 2] (current working directory) — TAEE FHHT} - = sys.path o Y= THE
i o o) H RO A, B A9 DAt S S S el A B vy,
path_importer_cache o+ o}F & I A FEH A A5yt EAZ, A 24 e g= 24 2
Z3] wjupct thA] o FH Yk AR E, sys.path_importer_cache o /\]-*‘154 = 7§E9»]- importli
machinery.PathFinder.find_spec() 7} 28 F+ 2 W TAE o] ofy gt A A A 2hy o] &)

EEPEN Y

7 e

annln

552 HZ JdEZ 3R =2 EF

v g7} 2759 97149 QEEES A Q51 o) & B2k A7) A o] A o= olulA|8t7] 8], A= A=
S}elH find_spec () WA S8 @3 o Gk,

find_spec () takes two arguments: the fully qualified name of the module being imported, and the (optional)
target module. £ind_spec () returns a fully populated spec for the module. This spec will always have “loader”
set (with one exception).

To indicate to the import machinery that the spec represents a namespace portion, the path entry finder sets “loader”
on the spec to None and “submodule_search_locations” to a list containing the portion.

WA 34004 WA find_spec () ©] find_loader () € find_module () £ thAst=d], & t} o] A
HAF QA5 UTh find_spec () °] YH A oW o] AES AHEFUTH
oA A= AEe TR+ find_spec() talol] o] 7 719 HAH HANESS TEE F 5 YT
o] N EEL A T34 wj Fof o} A% AFRFH YUt} A% find_spec () ©

TEEHY, A WA=EES FAFE YT

find_loader () &+ 849 QAAE WolsdUrth dXER = EE9Y A3 AF34E o] &.
find_loader () € 2-F&< e <, A A4 §52 2rola F A F52 olF g0 =4 9
Ytk A AR 5 (S £])©] None o] ¥, &2 dE 37} Fo 7 o] FY EE) st 2T & AlF
A= B3 AT A2 AEE 7 FoR o] 5o B Tt o] 5 &t A of oJupA &S ohrh= =yt
o] A2 AL G, spol o] I Y A|adlo B H o2 EA LA G ol 5 N HINAE AXEFJEE
SIHE ALYt A2 dEF FHAE 7} 2EZ None S EHE uf], 2- 529 T WA J22 @A~
ojof st=t] vl QS 5 dHYTh

=
find_loader () 7}None ©] obd 2H ga EeFH, I =42 FAIH L = 79 94 H 7t =2HE
EHn 42 AE

g
ﬁ%EEEE%AW

THASHY A TS A8, B2 A2 JQEY FAHE2 vE F & 349 Y
7F A sk A2 d%&* 9l find_module () WA= tt-csL 243t} 3R u A= A EE Tl
3 01] A FEo|A], sys.path_importer_cache ol A] imp NullImporter & A2EAE k= o] 753yt T =7 g4l

None & AFS3lE S W4T AS AUt o AA e W82 portingpythoncode & 2 3HA £

5.5. Z & 7|4l 5}l 59
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CEE

o

z3

e

It

= Z2Fpath AAZE TEFHA GFUT(AAES HFZ F9
Aoz 71 g Yh.

ind_module () WA E+ F 2 dEF 3G 7} o

find_module () HIAE
3 AR AHE 7 EE
£

AE AEF IAH

nlm

I 7 Ao Ao

o] H} A E}= AL 5 2HElA] 9F7] wEof 3 A H 04%141:} ok A7 QlE g kel find_loader () £
find _module () ©] 25 £A8lH, YZE A 2" L A find module () A find loader () =

TEdYnh

BHOF QEE AlLE S A AFHe THE APIS O] G2 74 9, B JEE Fo] $HUS W=
Fohe, g _inport_ () 48 AATE 202 FRT S gEULh o] /WS 54 LE ol

Ao Qe B EARS WAREE BE F20A 488 +E dFUh

To selectively prevent the import of some modules from a hook early on the meta path (rather than disabling the
standard import system entirely), it is sufficient to raise ModuleNotFoundError directly from £ind_spec ()
instead of returning None. The latter indicates that the meta path search should continue, while raising an exception
terminates it immediately.

package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/modulex pyYt subpackagel/__init_ .py EFoA, 2L G2 AU dZE Y
from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY

from ..subpackage2.moduleZ import eggs

from ..moduleA import foo

A X E+ import <>EE from <> import <> EHEAET ¢ AATH AU JXEE F HA

FAUALE 4 DI 2 o f s

import XXX.YYY.ZZZ

TFXXX.YYY. 2225 AFEE 5 Qe R4 02 &3 ¢ moduleY = & 3 F 9 4] o] o] 7] wl <]

Yo,
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5.8 _ main__ o] tjjst 533 1 ¥

main__ BEEL JojA o] dxE AAHA S I Uh o2 oA AFPxo], __main_
REL sys builtins A ¥ A Z g A& of 2H -%7]§‘r%141’/} “5le gk, o] & 7hek= thEA,
)AL AHFA WZ EEZ HAFHA EFUTE o] A2 _main__ o] 27|35 &= Ao JAE|ZEHE
9P ) 7L ENI9ThE AT JFE 0 BEIU
5.8.1 _ _main__. spec__
_main__ o] oj@A 27| FH =X wal,_ _main_ ._ spec_ 2 A A3 HAAE 7% 5}1 None & &2
AR 7= FYh
gto]H o] —mFH O R A|ZEH,  spec_ 2 FIE REOIVHINAY RE Aoz AP YT
TS spec_ 2 __main_ BEEo] faAHzip Yo} ThE sys.path AEE Ay st= 47
= =CE 1 gel gAYk
UM A Aol _main_ . spec_ 2None 22 HAAF U, __main_ & AU ASH I
7t X E 75 BEo A4 US54 °L7] o & 4 o

EEE T

* —cwA

w2 Ao __main__.__spec__ ©] &4 None Yol FolFoF gttt AL o] VjeH o=z

EERJdxEd o 2g5Uth __main_ o SHFE RE WEHH o|H 7 2 85T -n A A E

Ap&-3oF g,

TS main_ o] YXE 753 ‘:’Eoﬂ NSE T, main_ ._ spec__°] AAE3] AAFHJY 5
5,0l E2 AT E EEE FHFHA FY o FYtt o] AL if _ name_ == "_ _main_ ":

Are A £ %Ol_main_"]%%ﬁ Ae ot AP, A d dxEwe Y

2ol m
B A et AR wl Ed Yok

XXX E27F oW Au =)

XXX * (1mport machinery.rst) 253 3] 7] X 2] o] E 2]
2 s A o) Ao g F FEEL el

XXX o] 22] 2] 4% A 2] runpy, pkgutil 552 A YEE A28 44
£ ojopg gk,

XXX __main__ o] 27]3FH = e WS T A2 9 2o of shp?
XXX __main__ o] 7ttt E g/o 2ol i3k A H S F7FekAF (5 PEP 395 o] AR

5.8. __main__ o] tjgt 53t ¥ 61


https://www.python.org/dev/peps/pep-0395

The Python Language Reference, = X] #] A 3.7.16

QEE AAH shol o] 2BV RH 4G5 WA REUTh EAE AT o] Fol krhe] A F Aol
WA /e SAW, H 20 974 74 £ o} d 9L & =B FelBUTh

sys.meta_path & H & FZ2L2PEP3020]11, Flo] 2 3

PEP 420 2 5}o] ¥ 33 o] o] & F7H 971 4] & =A%
find_loader () Z2EF Oﬂ/\] =S YT

PEP 366 & ™ 9] ZE A WA A e dEEZ 93 _ package_ o] EZRHEL 7o &
Avstal 5yt

PEP 328 & Ate} YA A At dZEE =353 PEP 366 o] 2= __package__ & A AFA H+
MIe 5_7] o] _ _name__ © 2 A PS5 1:},

t}. PEP 4202 find_module () & tj¢to g

PEP338 & REL A3 ER AFYPste AL A3}
PEP 451 2 223} 217] ] ‘ﬂﬁléﬂﬂecm%k—~%$ﬂ§4ﬂ«iﬂ of ol 78 th -
3E A= AYES YEE AHE $7171% BEUh o WAL JEE X289 o o API 5L 973}
£% B, HAE e 2ol A MAEEE 27871 E AT
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CHAPTER O

kK
(ol
1>

o A2 ol Mol g = BAA 24T oJuE AR

4 §9) A4 o] 719} o] o] ,o13] £ 410] oh) e} £ AW} 919 8% BNF 7]
ALg LT £ 75 o) o)

i)
filo

name .= othername

L= (semantics) 2 FA] ¥ o W, o] HEN 2] name 9 =& othername I 25 Yt}

6.1 2t W3

When a description of an arithmetic operator below uses the phrase “the numeric arguments are converted to a
common type”, this means that the operator implementation for built-in types works as follows:

» ol B X BaE ThE Sube Bad s WekE U
- 297 23, oln B AN AS T, T2 S A4 e WEE U
- 337 hoR, F ARbe BT g4ofo sa, MEe Be g5yt

o AAE ()& Eol, % AL A% A2 Foj A= EAD) ol Ths M= B 7hA] F749] ]
289U 24 (extension) & 15 1419 M & 7722 A o] o of L Th.

6.2 o} (Atoms)

oHEL AN Y I RA 2 x YUtk /Y 2R kB AEAe P AV TE, BB,
252 A FHE UG 0R ofEoR RRF L obE B o dsn

atom = identifier | literal | enclosure

enclosure = parenth_form | 1list_display | dict_display | set_display

| generator_expression | yield _atom

63
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6.2.1 2E 7} (o] F)

ot A A o5 Y Uth o3 Ao tisi A= A Ao} 7] 9= A, o] 53 AZ o
o] 23} A A (binding) A4S HA L.

1ol AAlel A2 2 o, o}F9] g2 F3Hd AA 7 Syt o] 5ol AAH A %= o, = 73t
5} NameError |2 7} o gy th

0] 7 o] ¥ 41 7] (private name mangling): Z &2 A 2] o 533 A AL F AU T o)At HER
A &AL, F AU 2 ol g WER ZUR] ko, 7 FEj 29 vFI o] & (private name) ©. 2 T EU T
HF N o]l 52 2 S A T =7 X 7] Aol ¥ 71 Fef2 WP ) o] fgh2 1 o] 59 ¢
2 o] 5 AYsted, Fela o5 A L= EEUES A AT T, 3t UES S o
o & £0, Ham o] 2k o] 52 S0l ABA __spam ©] S5, _Ham__spam &2 WH Uk
o] M3t A EATL AFEE = A EWe FAFUTH HEE o] Fo] FHH o F A (2552 R T
4w), o] FYst Zep 7| 72T 5= AFUTE S 2 o] Fol REEZ T FAH] o, HES
doj A o5 Th

= O

6.2.2 2] (Literals)

gpo] W2 A vio]| ED B H E 3 o 7HA] kAL Bl RS A d Yt

literal ::= stringliteral | bytesliteral
| integer | floatnumber | imagnumber

JHEY g 7Y Fold YRAD, vhol =@, A5, A%, BAS)F T A g e AM I U
Utk A5et Base F9E 247D & dguth A4 HEL elE D MG BAS.

BE e e 20 ol e gl B8ty wiEel, AA o) chol e e gk Hrh € F P Th 2L g
ee ol ] WE A 02 ghe TohH (2P HAE 22 Fao] QAL THE Foo S uf) 2L
AAE QL FE YA, 2L g THE AR E AL S E JE T}

parenth_form = "(" [starred_expression] ")"
ZF o] YL BHY BFL, £o0]A L RPA B0 ek Aol Uk BFo] Holx shie)
HAEE XS, Tl FUth 28X o RHA FEE AT EY d 4ol HUTh

B 2 g N BE ARE BEUL 52 By wj o] ey R 2 FH o] A8
& TR FE2ZE2AAL o5 J0 A &S T 5 YdFUTh.
F2o) 23] 95 WEoI A= Aol ohizh, 4 E AAL) A wlE ol ke Aol Fel s of gtk o9
LNl 52, 237t B FgUT — AN BF & “9lS (nothing)” & et AL RS TS
et A4 DA sk QEFE O] Ao A 2 A= A T A YTk
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6.24 A E, J3L, Al tyAaEH o] (display)

g 2E, A, 9y e & #4457 S8, hol M2 “t] A& o] (displays)”2}il F 2
TR 284 2 AT th

o ZH YUY W& A H SR YdeAL,

Ao 2xol e Y AA S-S B3 AE =0, A= 34 (comprehension) ©] 23 Ut}

Azaie] 35 FY 45 olgHh

rr
Jlm
F%
r{m
m{o
K
N

comprehension = expression comp_for

comp_for = ["async"] "for" target_list "in" or_test [comp_iter]
comp_iter = comp_for | comp_1if

comp_if = "if" expression_nocond [comp_iter]

© o) HUAH IS s A48 shiel for B3 G ole A9 for i i
ok o] 3%, A AH o9 R 252 2t for EL i o] ABo|A] L EZ o7 FHH
2 £ EZe N B@4 0 e TA BHEO W a—;—wu}.

SA W, 71 A% for Aol gl o HeE BHAS AL sns, dreAd e BAA
Uth o €A S targer List oAl G195 & ol 2o] S L

R=ige)
=

59) £or 09 SIEIEIE HALL, TelE 2ol A7 A e, SNF 08
EAAE AEPULE AWEE for A3 7ME A% for A9 RE IH 202, 73 9
HENA A2 ol et et = o ng EeRe /\:’—“’ﬂ/ﬂ BV sy th A& &9, [xry
for x in range(10) for y in range(x, x+10)].
Az dao] 4 483§l AL o]1i7h 57 $hel 31, A4
from E A2 ﬂxlﬂqn}(Python 37004, o) B et EA AL
A Yt gko] A 3.8+ o A& SyntaxError & 422 AJYth.
jJr 17 3.6 58, async def gell A= 157] olej#] o] H & @A t7] A3l async for EAREE 5
J5UTh asyne def &9 Y= 5‘]—’-ﬂ 1L A Sof Lo += E?ﬂ’i. H ol for Y}async for do] &
4 A3, 719 for Yasync for Hol &4 9}1 await A T3 AFR S Syt A=A
o] async for o]} await 3 J:% 23514 85 7] A= A A (asynchronous comprehension) ©] 2}l
EHUTH v57] AZAHE 270 AT ITFEH T AP S A FAAZ 5 A5 YT PEP
530 £ ZAx5HA 8.
WA 360 71 vl5 7] Az =dE A5 U Th

WA 375 E A yield $yield from 2 HFAHCE FHA 2F oA FAH F YT

2FZo|A yield 2}yield
DeprecationWarning &

6.2.5 2|2 E t]AZ g o]

2|2 E H A& ol & 2% (square brackets) 2 2 A @A 2] Y vl e 5 s Th

list_display = "[" [starred_list comprehension] "1"

ZAE UAaZgol= g 2E AAE vy, 1
og=Urth 9% B 4l

I AR gGAE AA o 4
OACE:,LAJQqq

rﬂ
=3
et
o
fo
e
f
©
™
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6.2.6 H3 tjAEH o
A gaZd o]+ F23 (curly braces) 2 EA|H 11, 7] &} k2 & 2] 5t T2 (colon) o] gl 202 YA
del tazdols T2E 5 gy
set_display :i= "{" (starred_list | comprehension) "}"
A daZdole A 7t A AAE vteed], 2 W8S 534 AAx Y Al e s A
Yok 9EE P9 RAA BE0| 43P W, 1 2ASL AR LEXOE gho] LA, AF
AR A F Uk Az Aol B W, AT Ar MO BEof At eATE PP
9 YRS () 02 wEold £ glwrdth ol dEge W gMdelE BEY
6.2.7 YA AT o]
gMv e gaZd ol FE 3 (curly braces) 2 A2 7]/H o] 2] g ] vlo] & = A5 U T
dict_display = "{" [key_datum_list | dict_comprehension] "}"
key_datum_list = key_datum ("," key_datum)* [","]
key_datum = expression ":" expression | "**" or_expr
dict_comprehension = expression ":" expression comp_for

gxde gagdels Al 9Md e A€ vsyth

QEe 28 Aol g e Ndart Fold o), TASL A% L 2R Fro] Tal AL YAY
2o =2 5L Ao Th: 2 7] AR G ol TS5 ol ol B & A Ae vl 7= g8 YT
AL AL BB L A8 ol W AAT S drh Eold, 279 S ST L npx ol

Fol Aol Bt
F M9 ol 2 8]~ F (asterisk) ** = G 2] A I A (dictionary unpacking) & YEFJ U T) 3 A AR=
i sg o] of ok eyt 7wl g ?’Z}%S A g ele] 7 Uth Foll &&= ksl &9 71/t o] B #elt
kol g e A A Wi Rl AFE RES wAFYTh

W 3.50]] 74 PEP 448 o A A2 Ak g AU 2] tjaE&d o] 29 o 9 7.

SAve Aze WA, B assk A5 Az e Aol ojul A, LikA el for 2}eir A Sho] EEo 2
$elE T he @AE Bz Utk dueAde] A9 o, HEo] A& 7% gk 24 F 0] WEoIA
C cTie 9 e A E U

[r

Azke] ol thak Aok o) MM B A oA UdH AUth (LoFSAT, 7] WL o)A s
AL e, T s Aol AT Itk 45 7] 15l S8 A5 A DL el 2ol A
sl A4 npA e (RO 2 T 2 Ed ol9] 71 2 BFel 9l Hl o] ¥ 7L 4 g o)

6.2.8 A # o]E] £33 2! (Generator expressions)

Addols 2842 25 A B2 AF e o8 Z7H YUt

rl

generator_expression = "(" expression comp_for ")"

Adgole THAL A Ad olE AAE WS ULE EHL ZI U ESE5 4 252 AT
ARk AL et Hzeddn Z5yth

Avelole £ A3 ASEL AUdolE AAY _next () WA EED W L35
(azily) ] 3 LI EH (20 A A el st v e, 3814 A%e) cor Aol sl ol
B EANL 2 gho] FAAAN, 1TACE A8l BB o2t R WA ghol A== AH o] ohueh
1 340 J9 8 A HolA MG $% for 234 7P A% for 29 LE FH 2L,

oA 7HA & gkl meh Bebd 4 Yo B R FHAE 2Rzl A FE 5 gy
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o & E0o]: (x*y for x in range(10) for y in range (x, x+10)).

GA] ] A b= S E BT EASEFT T UsUTE At RS2 T AdE BAS
Avdol A4 AR s A4S FesA %7 A, BAGoz gel Aue o]
o A yield 9} yield from B3AL 23 3 B3
DeprecationWarning & /Al 3 ‘43]' ol 3.8+ o A= SyntaxError £ 4
A d ele A o] async for Aol await FAAL £33t 6|5 7] AV H o] E %3
chronous generator expression) ©]2F1 & YT 8] 5 7] AV g olg A AL A 85 7] AV ol g AAE
=HF=d o] AL ¥]F 7] olgd el¥ J YTt (¥ 5 7] ol E & o] Bl (Asynchronous Iterators) S 2 3FAH ).
WA 3.60] F74: vl 574 AlFdolE] 34 o] =5 AUt

WA 3704 "A: gho]# 3.7 o] Aol =, vlE 7] Alvd o8 8 A o] async der AFHA T YERS 5=
ST 3T R B, B E a7k 157 A Al o8] ERAA S AT 5 Ak

WA 3T7RE HA: yield 9 yield from& FAIH R ZHH ~FZ A # A= AFYth
6.2.9 Jd= 32 (Yield expressions)

yield_atom = "(" yield _expression ")"

yield_expression = "yield" [expression_list | "from" expression]

dE FAA2 AV e ol E du vlE 7] AlvE ol E S A w) AR AL, Tl g o]l
SUTh o niholA 4= 4?&@‘% ARG StE A2 s AlddolHE

o]

vho ol A RE ARE-E 5 Q5
“P—au_, async def 9] uir] o A Abg- k= 2 ° FH 5 v AV elH 2 e yth
s
def gen(): # defines a generator function

yield 123
async def agen(): # defines an asynchronous generator function

yield 123

e 2nzo) g RA§OE 9 42 Az A AU olH E84
U Mg s BARoE Ao Aum 2 Python 3761 A1, o] & 3 & & 4]

o} DeprecationWarning & WA Y Th 3o SyntaxError & 427 ZYUrh.

HA3ZTEE HA]: de 23 A=z gl AT AU ol EFAL LA g AFLHE BEX PO
gold 23 zolA FH A H 5

A olg Bas oo AdaU. W v Avd o o uE ] Aol da
Aol B e AEg.

AU el 7t E22 o, Al olHE & X olHEolHE 85yttt 28d 1 Al o] 7}
Ayd ol &9 AdS AUtk Adolg Y HAEE 5 st EE52 uf Asgo] AlZg Uth
O Ao, A2 A HA 4= JA 7R JYS 7, 747101]/‘1 Al DAl A (suspend) 332 A1 2]
olE19] T E Ao Al expression_list & & EHFULE YA A= 22, B€ A AH 7T
BEHrE oy, 1Y HeEe] dA] A4 E, B3 Z <9 H (instruction pointer), W5 ¢ 4F 2 ¥ (internal
evaluation stack), =5 | 2] A g] A} 7} 23 Ytk Al o] "391 HAEE T 3hE TE3HA Aol
AL o, F5=vhx] 4= @A o] A St 7 & AAH IAFT 5 A5 Uth AAE Fo
A= FHAY 2 AP S AN EE THE vA =0 2 O]A‘%r)r (% for Ynext () WS F3H)
__next__() 7]' AH8E It A= None YUty 12 A] @31, send () 7F ’\]'“g—ﬂ‘ﬂr/]'\_, A= 1
HAEs Agdd Fduch

< A ely g8 L7 ob vl s wha Ut of 2 W 438 w0, Sk 0] 4
%%1 qom, Aol A TAE £ Utk FLdT Aol A ol B T+ yield
g ol oA ol A AlLE ofof t=AE Al T ¢ lvk= A AU Alol= F4 Al o5 9
A= Zd%"%‘/lﬂ}

2
JE BAAL try 2B TN A Febg Ut Avd ol e (2 047} 00] 5 A 7u] A
718 o = #) 5o 9 2ho] = (finalize) ¥ 7] Aol AN A ekew, A @ o B-o B el o]l ©] close ()
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l-ﬂ

HAEZ7FSEFH, 7] 5 finally Zo] 43
A

H =2 segyo,
yield from <expr> o] A& uf], Al 3H & 4ES A H o] d o] (subiterator) 2 FF T} AE
olEl#l ol EI 7} BtE & R E & A Al o] 1 Uﬂ*ﬂ o] T2 A w2 g Uth send() 2 A

P RE g chrow() B ARE BE o9t Wol gt (underlying) o] Bl €| o] B 7} 3| B A =& 2k
O]T/]-Vﬂ 1—‘— o7 AP 2E A 2 D]-Eﬂ, send () =AttributeError U TypeError & 427X
T throw() £ A2E A& A 4ot

Do = o) o7 &5 E v, HA St StopIteration AAEAY value JEZHEE &
2329 gko]l Yt} stoplteration & doZ uf] HA|FH 72 HAE 7, A B o] & o g7} Al
gdolEd A= A5 °l$°1%§‘44(/‘1ﬁ A & o) 8l 7} 3h< & (return) 5 O 2 H).

A 3304 HA: AH oJE]o]E & A|lo] EEL Y AF}= yield from <expr> = F7}

Psuth

_LA

Q= EW4 o ALY $ulo] T2 LT BEE AT 5 dHoh
CER]
PEP 255 - 7bchat

Aveld o]l Al o e e} yield F& F 74k A<k

3t
PEP 342 - 7|18 A el o]El & 53 58 AUl ol 9] APIg}
NETF UEE B A,

PEP 380 - JE A o] 2 $YP3l= 2 yield fromwHS ZYMA, A B A o HE 9
L g A vtz = A ok

PEP 525 - v]57] Al dlole] T FHE <o) Al d ol E 7|52 =7}5to] PEP 4922 #7331 A oF.

A o) -0 Bl gl o] ¥] ] A =

o] AEAHL A olH ol ol H Y MASES ABFUTh A dolE F5e] ABS Aof s
A8 % &

Aalelg 7t ol A3 L off ofefioll L= MANESE T &8I ValueError o9& €27+ A9

o] 5 of k.

generator.__next__ ()
Aol g B9 AP S A FS A apA e 2 dE A& A Ao A A7 F T Al v E ol E
Tt next. () MINEZ ANE o, A = FH A2 A None 2 ZeTh AW
1—/}0 A= AR o]0 A =d], 3L A A 0] HE oA QA A5 11, expression_list
9 %k% _next__ () g ZEANA 2HFUTE AW & o5 7t thE k2 yield 8HA] &1 T 5= W
StopIteration 9|97} &ALt

ol MAEE HE FAIACR TP U olE 50, for F2U WA next () ol o 4.

generator.send (value)
AP A7Rst A oIy ' S “H ¥ U th(send)”. value A= A = HH A9 FLol
U send () WA EE AU 0 B 7} yield ke TS k2 B F A, AU el o E| 7} O 3te
yield 3}A] 9311 £ 83} Stoplteration & €o P Urch send() 7} Zﬂ U o E & A ZA 7| =&
STE22 0, L RS dr g3 Ao gong, O]Z]—E“ Y= A] None & A&s) of 3t}

generator.throw (type[, value[, traceback] ] )
A ol B 7F DA A §E A ol A type B ol 9] & d o 7)1, Al &l o] ¥ &7} yield Sh= T
e =HF Uk Aol 7 thE < yield 5HA] 93l S8 8 stopIteration & 4oy
th Aol B 7 A2 d o9 S A GA e s orH, 2= TEAE EVS‘JD}-

generator.close ()
A ol B 7 DA B A3 &) H ol A GeneratorExit B Yo Ut 28 o A o] &7}
-0} 817 (gracefully) 28k 71 o] v] @R AL (7L OEM £ A 4522 M) GeneratorExit &
21 0 7 H close t B8 A2 E oLtk AV 0|8 7} g2 yield 3 Runt imeError 7h U4 g
th A o B e A S dord, ZEAE AUk AV olH 7 Ay BF FRE <6
ol FEH AT, close () & oFF 8 4= a4 g5t

3 Al
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A1 ol

of 7)ol A el ol el ek Al el ol B 2] F 2= Ald sk e o 7 Qs Ut

>>> def echo (value=None) :

print ("Execution starts when 'next ()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:
print ("Don't forget to clean up when 'close()' is called.")
>>> generator = echo (1)
>>> print (next (generator))
Execution starts when 'next()' is called for the first time.
1
>>> print (next (generator))
None
>>> print (generator.send(2))
2
>>> generator.throw (TypeError, "spam")

TypeError ('spam',)
>>> generator.close()
Don't forget to clean up when 'close()' is called.

yield from = AFR3l= ol &, “What’s New in Python.” of] 91+ pep-380 = H A 2.

H]5 7] Ay el olgl g4

async def B A4SH FHU WA Q= BAA Y EAE 1 F4E W57 AvdH B4E
3o g eh

a7 Al d ol 8 7t 32 8, v% /) AU el 8 AA 2 delzl W57 o Hel ol HE BelF
2R Tk 7 AR S Al o] B o) A3 Alo] gtk w5 7] Aol H ARl: L 5 d g4
async for Bol A ALGE =, AU a0l B A7} for Eol M AHEE = WA T A o,

H 57l AV g o8y HAEE F 3tUE T3t ofdlolHE AAE 851, o] A& await T uf
Aol AlZE YT I A, Ag2 A HA = 2712 AP T, AT A thA] LA FH
(suspend) 3} await Q1 T FE )| A| expression_list o] g2 B S Yt Al g oo A A H, A
SAEGE AL, BE A A7 EEdth= 559, A9 W2 A AZ4E, ¥ 5 2 < E (instruction
pointer), U 1 4F 2~ ) (internal evaluation stack), B ol €] ] 2] e} 7} =g Y th b5 7] Al g o] 8 9
HAE7L EHE o3 AAIE await 3| A A o] A7 wff, T4+ vhx] Q= A o] &7 & St o 7
T2 AAE AP = JdFULh AAE Fo] d= A9 2 APS ANMNIFEF THE H A=
2 AFUTE __anext_ () 7FAREEH QA THE A3 = None YUt I8 XA] 9431, asend () 7FAHEE 9
o, 2= 2 AAEE A gy

vl 5 7] AV ole oA, e R AL try £2EL] ot A A 2 YTl 3A T, B 5 7] Ay 3l
OJE 7H(F 2 471 00] H A 7R A = AH 2 2 H) o] d 2l o] 2 (finalize) =] 7] ol A /W] X] ko,
try 7RE WY 4= d42 7] 52 finally 25 APt d AW 5 A5 Utk o] A%,
vl 5 7] Al gl ol E]-olEl g o] El 9] aclose () & T&3ta, 1 22 2= ZFE AAE AP A, o 7]
%% finally o] AYPHEF st A A2, v]57] AW o6& A3l o]l E F = (event loop) Lt

2 A2 & (scheduler) o) Al 95U T}

spolde| Al o] A& A2l st7] AAel, o] M E T2 sfo] deto| A (finalizer) TS 73 2] 3f oF Sh=H 1] 7]
Al ol gl-ol g & o] B & Wb ofut aclose ( %1% 3 %‘3 ;‘r] o] stold e}

o] 4 = sys.set_asyncgen_hooks () & TZANA 52T 5 A5tk AL A D u), ¥57] AV
# ol -0l el o] B &= Sho] el Al o] i) 55 55 sho] detol A B AT AQU ). sl dzholA

6.2. o}% (Atoms) 69




The Python Language Reference, = X] #] A 3.7.16

H A =9 =z EvE3l of &= Lib/asyncio/base_events.py o] 91+ asyncio.Loop.shutdown_asyncgens
TdE BHA L.
X34 yield from <expr> & H|E7] AlYd oy oA AHL3t= A2 &1 o)

H]E 7] Ay e ol El-ol el 2l o] ¥ WA =

o] B AL v]5 7] Al olE olHd oE e mAEE A=t Ay olH &9 A3 Alofst
= o A YT
coroutine agen __anext___ ()

ojglolH B e, AR5 vl 57 Aldd ol T49 AL A2 A Y v gtez A
FE = FHA A ZWH‘&‘%“/}. H]5 7] Al d el ™ f&*ﬂianexti () Uﬂ/ﬂ‘zi A 742 o,
“&%% ojolE EollA A Y= HH A2 P4 None ghs ZHaL RESHE oo HES Ayt
o2 4= TH@A7HA] oloj Ut dE %3 4 expression_list & 2 FHd= ZFHO
do 7 stoplteration & ZJUTH v|57] AV d ol 7 thE 7H2 yield 314 ¥ £ 855,
H5 7] g0 F2E 47 A5l ol olE & ol 1‘41*1 StopAsyncIteration 9] € 4oyt

ol MM EE HEF async for Fxo| o3 BEAH R TEH YT

coroutine agen.asend (value)
oAl lHES EelF e, Adstd vE 7] Alvdolele A3S AT Aa ey
send () WMINE A ¥, o] A2 k& v]5 7] Al & o] ﬂ"i “EH](send)”_Tl value 9 A= 3 A
d= 824 2A7L FUth asend () MINETZL 8 & ol olH &2 AlY @ o] Bl 7} yield 3t
CFS @2 A 7] StopTteration o 2o 2 B A}, v% 7] AVl o B 7} T2 gH2 yield
3R] ka1 ?E?S}Ui StopAsyncIteration & doUth vHl&7] AU HE AIFAZ =S
csend() 4 EED W, 2 WE A= 40| OB 2 A4S None 02 T2 o T h

coroutine agen athrow type[ value[ tmceback]])
olflolH &< gl T, vE 7] Alda o8 7t A A Aol type B A& Do
A E o] B 47} yield 3t ThS 3ES WA 3H= StopIteration 989 FHo 2 Eaj&Ut) ¥ 57
A E ol 8 7} th& 3k yield O}Z] 1 273, oY o] Eof 9 &) StopAsyncIteration 92
7hdojduUth Ald el ol g7t AEE o 9 & A A T A9 E do7d, oldlelEES
A u) 2 9] 7} o] 9 1Ei £ L&Al A AR Y

coroutine agen.aclose ()
o9 elHES aﬁ-ﬁ‘— b, 4335w, vs7] Avaols &7k dA BA} AHow
GeneratorExit & @@ Yt} vk 1 o] of v % 7] A ]Fﬂ k= 7} -0} 8 A (gracefully)
Z83AL, o)u] @ AL (2 A9 S AR $S0 E M) GeneratorExit & 4O 7]@, an—'—
o] o]E] £ stopIteration A& ot o] A= HlF 7] AlYdolE & = F
Z719] oY o]HEEL StopAsyncIteration & oAUt ek v]|E 7] Alvd ol 7]'
%}—% yield 3} o] g o] Bl B9 &3] RuntimeError 7} HL/\E@'L}D} ok u) =7 Ay g ole 7 2
kel thE A9 & o7, ool HEY SEAE H Yt vhek ulF 7] Al gl o] 7} of 9
Zé*c} FTERE OV FEIOH, H o]ojA = aclose () TEL oFF AR oA = ofdllolHES

sHEY.

6.3 zz}o]mz]

mebol W2l & Qojol A 71 FotA B A4S

g5yt

o
rlo

Yerd . £

rlr

primary = atom | attributeref | subscription | slicing | call
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¥ (period) 2} o] £0] o] 2.2 wabo] vl 2lch:

d
=]

attributeref = primary "." identifier
zefolme)t ke TR Wl O EYHE FEE A USHE B AA 7} thefof b, Ul E A7 7}
o] 4ol AFFUTH o] AA L 1 o] B AEAE it o= HES YAFEE 20
A2 __getattr () MIAEE BN AxHupol= & 5 JF U ©] olEFF R
AttributeError & o Uth 12 X4 ?%’3@ YA AA ] 3} g 2 AA ol s AFE Yk
2o oEeRE Aol 22 old W o 247 OE AN Aol A 5 Az,

6.3.2 A Y A 37X (Subscriptions)

NBAIRAL AALEAD, FE, D2} g (GAU) A 22 ATt

subscription = primary "[" expression_list "]"

zZgolH & S FAS W AEATHA S A Y3te AA 7 velof Ut (& E9, gl2aEU YA
Ya)). AFe A Aol AANEL  getitem () BIAEE ZTANA AEATHAL QS 4 Q5L
W AAES] B, ABE2THHAE A Dot 7 7HA 79 Aol dsuth:

mefolwe) 7 o)W, B4 ZEL e TS Wl )] 7] 5 7k H ol of 5, AuaA YA
v o] A 12 7o) sk gre AEFUTh (ER4 B2 43 she] 4EL AN 4
Aol stae FEAuTh)

zefolmel NA AW, BEA BFL e 7L W) B} Zehol 2 slice) (T A Mol A =9 Fith
7} Lhshok g o

B4 e AL g5 delno) o) 53 FAAA FeUth AW W NALEL B
el no] A A2 Aol S Hohe AR 20 AYAB AT geriten () MA=E AFTYT
(A x1-1] 2 % 9] hA e =g Ao, 2SS WEA AA2o] Y FEE A40r)
S5 8ol oby 4] 5 oo o1, A2 A At ghol sl & BEE AT 001
3 E AlTh. 9] elag) Sefol o] B Aol AAS _getiten_ () WAZAA o]0 R]7]
o ol, o] A EE AR S AR Feat 2 WS WA AR 718 BTt dEyTh

2ALY 2L BAYU B M2 dlolH P o] oh 1, shke] BAEH 1 BAG ek

6.3.3 &2}o] Al (Slicings)

seol e AR AR (IF o), BAY FF 2 2E) oA ofwl el FRES deThch Letol
AL mAA o o BH Al ol v del woll AHEE g A5 Ut S2hol Y EHE ol ¥ FUTh:
slicing = primary "[" slice_list "1"

slice_1list = slice_item ("," slice_item)* [","]

slice_item = expression | proper_slice

proper_slice = [lower_bound] ":" [upper_bound] [ ":" [stride] ]
lower_bound = expression

upper_bound = expression

stride = expression

o] Y4 Bt mEFo] YUtk BAA BEHY Mol AT L BEF Lo BEOR Hol|E
M, BEAEAIYA0] Setol 402 HAE S5 Uk 2YS o Bashl Bet g, o) %
oA Az dow d sk ol Sehol o2 545 2

& of ¢ A%t Hoste AL ® oS
A AZFUTEH (o] ALE &etolA BEEo] 1183 & gho] A (properslice) & 3% Z3H61A] 92 off U Th.
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£ etolAd 9 94”]% =3 Z5Uth Zetol | 7H(YRE A BATHATR 22 getitem () HAE
2 A8 A) 23 2ol Setol 2 BB O bl 2 B o] Aol
Spel GEE 2L, At Geel 4 PRES MES LYt FEYUD 194 9o H Sejel
2 318 ol GG 5 UL S0l PEe UL T HR AU DT Seol propr
slice) o] W&-2 &gfol~ AR (AA 259 75 p, step ] EEREZ} 27t
lower_bound, upper_bound, stride & Fo]X 3 2 AELS None 2 & A& th

call = primary " (" [argument_1list [","] | comprehension]
argument_list = positional_arguments ["," starred_and_keywords]
["," keywords_arguments]
| starred_and_keywords ["," keywords_arguments]
| keywords_arguments
positional_arguments = ["*"] expression ("," ["*"] expression)*
starred_and_keywords = ("*" expression | keyword_item)
("," "*" expression | "," keyword_item)*
keywords_arguments = (keyword_item | "**" expression)
("," keyword_item | "," "**" expression)*
keyword_item = 1dentifier "=" expression

BT 5 gl vk AR A AG AN E A7 F ol ek 5 QAR o v S wA) Sy,

2 AA L8 A A T, U B, U AA S A E, Fel s A,
il () MA=E 2 RE AR 2R A kel guT)
22 N=at7] Aol grol FAPUTH G4 vl G 259 2L g5 4

K
)
)
=2
Ach
1o
2y
filo

=2

o

]nﬁE

~
g |
>
[l

< rlo
S

)

Agkg Uk WA A w750 YA A 2
Jtid, 2SN &3 oﬂ gk ok, 7
£5& 2As= 1 *}&%ﬂv}(*‘ﬁx}ﬂ A A w7 o
Ao g2 ALY, 3ol o] PR 29, TypeError
t}. W 2 AR g2 s 5ol A9 L“HE}(JJM °] None ©] 2} X 3]’-1—,
A HYh. BE °1X}7}X1ﬂﬂ9i o, obA] AP A A k& ERES TT BYEHRH &
7NRUEE A= Hi‘r N2FES 7 B2 o) S AT S FFUH 2 A, FA/\EUr
1?4 22 7AAAAEo 7| R o2 AHEHTE s G S50l AARES AR HA & BE TEA
Utk 2F o]d A2 vsof & dJuth) whef 7= gho] AR E A] AL, obH & vl o] Qle % 0]
1)fObADh,TypeError AL 7P LA UTE 2HA o, AN &R BFo]TE AR FEFoR

X,
N
N
X0,
(2o oy
EE
i) r_i
<
o
+ o
z 4y
L
o
do
.
Y
M Hu

o
o
M~
o
do
R
rO
2
|
_O,

X g
5y
N

lo > °

o

E ofo

)

ro, K

o

re

Z{ m

(4
&3 flo &

&
ot
N

»

CPython implementation detail: -3 -2 ] ] uj] 7} 7} 7L 2] oFol A, AAF EAEle BEAH o7
o) ol ol ATt ek, ANER FRE 4 g U BLES AFD + A%t CPython ol 4,
ARFE-& 5H57] 98] Pyarg ParseTuple () & AHE3HE C2 78 7

W
L
-

FA A SEERT B2 $ A ARE0] glo E"‘;, *identifier ®H & AMS3SlE &4 w7l ¥ 47}
AA| k2 3 TypeError 9] & o uth; o] A9, 1 F4 w7t g A A AAES 283H=
FEES AGESULG (B e ﬂ47<1 AzFEo] o vl 7 &

719 = A7 A s 7 A S o] Fof] T-8-31HA] %‘2?‘:, **ldentlfler—r‘% S ARSI A w47}
AA 94L& 3 TypeError A& S 4o Ut o] 49, 2 A Wi EE 719 = AAE= 343}
= gAY Y, dE AR 7 ARE] glod vl (*H) E.‘/\ﬂﬁil g Agdsych

¥4 *expression o] ¥ &0 T4 PI] expression 9 g2 o|H & o] oo gt} o] o]
e 2452, 1750 "7}-4 ﬁ?q 1ZHE 2 AAE HFE UL 35 £ (x1, x2, *y, x3, x4)
o A,y %}\% T AlA2 I, 0, yM 0] UTHE, o] 212 M+4 7] 9] 9] A ARV x1, %2, yl, -, yM,
x3, x4 2 3&3= A JJrEE'%LWD}-

3 Al

ki
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o] ¢13l A} M A} *expression B o] HAAQ 7] E 2z} Ho| U 4= o]E, 7|9 2zt
(28]3 BE **expression AXE - ol & R} Ao AelHri= AUk 2 A4:

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

>>> f(b=1, *(2,))
2 1
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> f£(1, *(2,))

e
é
_I_/
N
i)
[
ro
50, 2
kg
*
I
Y
!
S
0
)]
)]
-
o
=]
Mo
i
mlo

BT ARG S A AuA ol A 7] W], AA| =

= **expreSSlOI’l o] zﬂ-_,_ S E0) 533, expression & Fh2 1 o] Hojo
F719 719 E AR AAE AFHULE A= (FAIF A 7= © A
ZA3thd TypeError o 9] 7} A g o}

B xidentifier oY **identifier & AFR3t= FA 7/l H4-EL 93] AR S F o} 7|Y =
oz} ol EEE M E 5 gFUTh

FuTh 2 8ol
70

WA 35N M B EFS Q9] A5 *and ++ 9 DL WoFE o] 3, 9K AAEo] o] B
Q317 () Aol & 4 93, AAE A7 HAUE A A7 () Fol & 4+ A& UTh HEE PEP 448
ol A A ¢¥5] 155 U ok

5L 98 QoA g o, B4 oW e BeFUTh None D 4 A5 UTh o kol OB A A4
HEAE 2 AR G 2 gtk

geF 170l —

SEREEEREEC R

e

A FAFUT 08 179 G5 o A AT 5 YgUTh

await_expr = "await" primary

B A 3.59] E7F
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M
rr
l'Ug

QA g Aok v e AT 179 2 2%
o .

power = (await_expr | primary) ["**" u_expr]
IHA, B3 e AFAFET 4 3 AR AlA 2o A, AR L B F oA AF O F Fho] Faf A
Uk el Aol 5l Axate] g F3he <M A kst A2 obduth: ~1x+2 2 -1 o] Itk

AFAE QA W pow () 77 1Y AR 259 wf o} 22 u7t st 4F RS
LEEJAANF AFAFT e FUTh A AA = HA & Fo g2 fAH N, A= 2 FYYth
int 3] AR} B9, F WHA QA7 ST obd o]} AR HAMAES 22 FS st T A
AAZE S5, BE AA = float 2 W E 1, float 277 AZHUth o & 0], 10%*2 & 100 & &7
FA " 10**-2+0.01 & EHYFYTH

0.0 8 S+=2 AFAF3H zerobDivisionError & o Yth S48 B4 AGAFEIE B4
(complex) 7} U= Uth. (]| d WA o A= valueError 5 €2 AFUTH)

u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr

Qg (vhe] ] 2) AAAE T 57 A9 Lo ghe FU T
AuHE 157 Q7o) kg 87 glol BUTh

2 )
AWE) diake 2 A5 AA v E vbd A g2 FUTh x 2 HIE -2 - (x+1) 2 H o §

¢

2]
Al 74A] A% 257, AR 2HkE 3= 2 A =T, TypeError o€ 7F AU o

m_expr i= u_expr | m expr "*" u_expr | m_expr "Q@" m_expr |
m expr "//" u_expr | m_expr "/" u_expr |
m_expr "%" u_expr

a_expr = m_expr | a_expr "+" m_expr | a_expr "-" m_expr

*(FA) A= AAELY HE FUH AAES BEF AA Y, §F A= A4 T E AA= Al
oJof Fhuth 49 Ao, RAES F Fo2 AEAE & F A Y T2 A, AlE 29 vkE
TP YUTH 9 BHE F2 A EAE YT

@ (at) A4 = FE FAl ol A&t = AGUTh sto] e AP E o= A% o] AAAE A BHA
FEyth

B A 3.59] 7}
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/ (=3} /7 (AS U=, floor division) A S-S
WA BEFoE UBAULG A5 UxAL A5E B
= FsUth 2 A%+ 34 ‘/]rT*‘*:‘J 2 ol “floor”
ZeroDivisionError 99 & do A Yt

(B2, modulo) @ 624 3 WA QLA WA QA2 e oA Bt £ 5
Hoz HIFH UL LEZ 2 2}7}00]H zZeroDivisionError 99 & %_] SR AR= S O]Z = =
T;l 14%‘#]3%%3.14%0 7=0. 343}7“14&}(3 14 7}4*0.7 + 0. 343}7L£ 2)EREZ
QAL G T WA T A A B REE AT ATE BT (EE 09U th; A5l ARG T
A 3] AakAte] AHAZRE T ZE U T

S o, 2L
Flo My

FM

ArUsAd B AR 22 F5Aer AZF ] A5t x = (x//y)*y + (x%y).
A4 UxAd RE2E UF 4 divmod () % A 259 5 YTt divmod (%, y) == (x//y,

A s EEE AMs -’Fﬁlﬂ‘a}% 2ol g, s AitAb= oA 2epd o] £21E 2" (A E Z2 0]
Adelgtis g2l A dFUthS T3 5H7] o 2L AAol o3l thAl Fegych 2ad g <]
2 slolH 2ol B g ¥ = %éiﬂ Al A old-string-formatting o] A A & g c}.

B Al Az BE 2 A4 divmod () @ Hagol thsiA = Aol H o glA] ks th 4,
A3ttt abs () FFE AFSSIA A2 MBSt Al L

+(BA) A4 2 AAEY 2 FUHh AAEL E O AAW, E o 22 g Aldao oyttt
A A AL WA FEFoE S 3, A FAHAA UL T2 A9 AJAL = olo] & o] A
A4tk

= (7)) A= I JAAEY AE FUTE A QAL WA TP o2 Asg Y

pds

hva o
ZE QAL A% ANHT e S M E 2

i
xfy

U,

shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o] AMEL A4 ELS AR WS YUTh A WA AAE T A AR2 Fol W= SHF AFolu}

L E& o 7 Y]t} (shift).
LEHOZ pHE AIZE 8= A2 pow (2,n) E S UxAlste Aoz FoguUth. 9% 02 nHE
A|ZE s= A2 pow (2,n) & Fote A2z Fo|gUnt

6.9 |3 = A4

Al 7o) HE e 77 thE S A9 g 25U

and_expr = shift_expr | and _expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

& QA= 1 A2 I E™ ANDE FH|, AASE dofof Fth
_/'\_

"abs (x%y) < abs(y) ol FEH O 2= Fo| A, floate] B0l & £ A (roundoff) v o]l 4] H 0 = o] ofd £ 9
SUth A& £, ol ﬂoat7]—IEEE754HH A= 52191 Egﬂ%% }ng‘fa w,-1e-100 % 1e100 7}1e100 & 2L RFE 7177
A3l AlLkA éﬁr— —1e 100 + 1e100 01tﬂ,_rx]z4 02110100 I AE3] 2L UL} 32 math. fmod () = B 7 A
WA H°1ZH Fo B H X AAE F7) wel, o] Ff -le-10 %%E%HHEP old "4’””01 Eﬂ HAEIAE & Z2
2 dFuch

2x7byo] A Ao} ok 5 ke d E}ﬁu‘(roundmg)fﬂh AN x//y & (x-x3y)//y Rtk 1 & £ dF5Uth 28 A9,
divmod(x,y) [0] * y + x % y7}x 9}0};37}7@ 18171 9130, stoln 2 H o] A5 s FUth

6.9. o|gH|E AXt 75
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» AAAHE T AAHES] W= XOR (e OR) & ], 4+ & g 4o] of Ptk

| A= I A2 v EE (2E4, inclusive) ORE S+, AAFE2 A of oF Tt

6.10 v| 2

Cole= g, golHo BRE Y A T2 SHAFHE 2=, 4ls, A|ZH, B E AR T ¥
o). 8, Cobe ©el,a < b < o9 ge FA Lol ool A% ge Aoz BT T
comparison u= or_expr (comp_operator or_expr)*
comp_operator - P S e S L

- | "is" ["not"] I ["not"] "in"
Hl2E =87 EYth: True & False
HEs AR EA ARE 5 dGUth B Sl x <y <= zEx <y and y <= z 9 BEH,
o)Ay o 2 A AT ettt AYUT BHAIREF A 25 x < y 7F AR ol z 9 2
oA kU Th.
HAAOZ a,b,c, v,y z 7t BT, opl, 0p2, -, opN 7} Bl AAAH, 2 opl b op2 ¢ ... ¥y
opl 2z & 2 EAA ] G2 Hh B e P AR AL A HTE a opl b and b op2 ¢ and ...
y opN z ¢} &5 gYth

a opl b op2 c7ta$tc ke oAH FFY HAE GABA 7l W&o, dE 9], x <y > z 9]
911317 (o} o] m 7] &= 9hT] o} 2o Aol 23 of g o,

6.10.1 ZI |

AL} <, >, ==, >=, <=, 1= &= F AA 9 g2 Ptk AR50l 22 F L 28+ gFUth

AA, 7k & F2 AA Sl (B otoldlE Eoll Baf) k2 Zrethar Wotal Qs th 3ho] oA A A9
T2 F FAAJAMEAUTE: oAl & S0, A gholl &t 73 A 2 (canonical) H A 2~ -2 §l5 U Th
Esh AR 9 ghol SEF YA (A& 5], EEHoH o ERRER FAH = 2) 2 & FAH ook St
ST AEE gl Utk vl A4kR= AA 9 o] FaldA] o st E% TR AdE FEFYT
AA S = unE S8l P H o2 sty F 4 E 5T

REF2EFRFA & HHALRE) object 9 A B Fol]7] wfjFof], 152 object & 7 7] v
FHASASTULE J52 1t () & 22 FHS ¥ WA = (rich comparison methods) S -3 3| Al
ZH4l 9] vl ol F2E ALEupo] 2% 4= Ql=d], 7|2 A Q1 A A E ulo]A| o] A o A A YT

F%6 UL (==&} 1 =) 9 7| & &2 A9 oto|dlE Elof] 7IRbE FuUTh A, 22 ool E El & Z=
A2EXA 7] B35 HlaE e T3, ThE olo|dEHEE 2= A28l A Y 5 I e &
th o] 712 &9 F71& BE AA 7 AL (reflexive) (F, x is yEx == y & GAFYDH o] =%
=3 A o= Ytk

0N
o
NEY
r}mz
XH

order comparison) (<, >, <=, >=) & A|F 5 A gFUth A= TypeError & 423y
o] F71& 5T A 35 FA 7 gtk Ayt

E e Radase] FA AR dEHE, 72 F5 MY 5542, A

gt e FYE /M 50l AR e 2AdE A OE F AFUth 28 FE
= Ax 7F a1, At B2 g o] 18 A st §l

v
rlu
1)
)
=

ol
o

o

N
=
lolo

of

)
<
kv

fo Kl ol 2,
oft
_'N_,

MRS
>

o

R}

oo
o
R
N
o
ofy ™

=
o
M

} 52 & ((typesnumeric)) ¥} 5 2}o] B8] § fractions.Fraction ¥ decimal.Decimal
| S5 2452, Bagr ol v e A 054 erethe A% AR el s, 20 O A
e WA} At BER W5 oA oA, AREe] 4 flol F Ao (TTelE
H02) gt A Ha g

2

3 Al
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The not-a-number values float ('NaN') and decimal.Decimal ('NaN') are special. Any ordered
comparison of a number to a not-a-number value is false. A counter-intuitive implication is that not-a-number
values are not equal to themselves. For example, if x = float ('NaN'),3 < x,x < 3and x == x
are all false, while x != x is true. This behavior is compliant with IEEE 754.

e vlolu 2] A|BAE (bytes Ubytearray & AI2EAE5)2 F& AY A5 vzE 5 JdF5yTh
O AEL R4 T A %2 AHBH A ALEA S 2 (lexicographically) ¥l 3 ek

e Al A2 E (tuple, list, range o] S~ 272 =t &
WE AYSHA FSUTE AR OE FE Y TSRl HES FLAZOE IS 1Y ta
H| 1= TypeError & 4o 7Yt}

AR2E e 24 29 M E AN A0 2 Hw st 2 A5

U—

o] ZAE Yt
SA2E WAAE ATt A2, 2 vzt BEd 24 x o tisf, x == x
ghal 7hd dvke AUtk 2 7P ol 7)Whe F M, 2459 ofo| e B 7} WA W d
Rh 84 2] TS Mk P UL Hlas = 84S0 v Al ofF A

AFE FUTh v WAPE QA 840 9, AT JUE
A5yt oS S0, H] WAFH ¢l NaNo] 2] AE oA ALg-d

2

A (reflexivity)

o
2 ot
oo

ry
¥

M 10 rlo
I o

flo gt go.
Bl ot 0 o

Hi

>>> nan = float ('NaN'")
>>> nan is nan

>>> nan == nan
False <-— the defined non-reflexive behavior of NaN

True <-— list enforces reflexivity and tests identity first

=k 49l W i T} o] o S0l F U Th:

= e o) 2rha M2 7] AalA L, 2L ol 1, Aol 7 2L, B S el R 459 74l
2rha v aE olof T (B S0l [1,2] == (1,2) £ AAAH, Fo] =27 2
o}
o

i
o &~

L]
=2

B Rl of

z o
L Q.
o
Q
a
1o
‘0,
N
T,
[»
B
rlo
.
lo

ol
g
=1
rr
]
>~
-~
Y
o
N
N
2
i)
A
v}

th. 719} 3e &
, <=, >=) = TypeError & 4o 7Yt}
7

(set o]y frozenset & AAA2EHAE) 2 Z2 FEHAANZE UE FE 7o v E 5 A

I
RS
~
A
Y%
i

il

A <= A (total ordering) S A 2] 52 FHFUTH(AE Eof, F AT {1,224 {2,3y =4=d
, SFU7E o2 Shue] R E A Slol A &, 3t o2 Shue] A A ol Al = ks U th). webA,

S T A 3 (subset) 7 - A ¥ (superset) & S5t vl w AAAES A dUTh o

xfeo oy &
fo2dsy ook

38 UsE 522 IE X E (code points) (]S S0, U+0041) 9} 34+ B X} (abstract characters) (9] & S o], “LATIN CAPITAL
LETTER A”) € 72Utk FUZ =] I+ EES 24 EAEC] 22 st Z= XRJAETO 2 RHE AT, F712 3t
o449 F= TAE A A2E RHE £ &= F4 TAE] Wl dFUth A& S0, 4 £ “LATIN CAPITAL LETTER
C WITH CEDILLA” & Z.= £] %] U+00C7 °f 9= 3t 71 2] &3 & 2} (precomposed character) W} T.= $] %] U+0043 (LATIN CAPITAL
LETTER C) ol Q)& 7] E 2} (base character) 2+ F U} 2= T = 9] %] U+0327 (COMBINING CEDILLA) ©f )= 2 3t 2 X} (combining
character) &) N A2 23 E = A5

EAEe) N R AAAE FUTE FE 2AE SEoA vz ) o] A
w00C7" == "\u0043\u0327" = ARYYTH AA F Ex1Go]

2 bl M A BA Y & ATk ol Sol, "\
o A FAF “LATIN CAPITAL LETTER C WITH CEDILLA”

Mo
Y
e
flo
i

g B A SEAA M LI W (5, Aol A 2B

ro,
oL
2
o

Z),unicodedata.normalize () & AFE3AHAI 2.

6.10. ¥] 77
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A Ao g Edts 49 AXEE HFstA] 0}/\1413]-(01] =S S50, min (), max (), sorted () °
Aoz e doEE ABod 494 e AE UL,
A9 W 1 A5 WS ZA T
C R Re e UAREL Wm NS ES FANA 9] Wgel, 2 Hw B4 AS
W EAE AL 2ok ALg A} 4O SUAAES S ITHE B X A8 FHE 243 of
ok
o 55 ¥ = WhALA (reflexive) o] o oF FHU T} o} 2 W 3351, olo] Bl EE] 7} e A A= Zrhy

=u
(o)
H| 3= o of gt
x is yW¥Hx == y T}
€ 3 A (symmetric) o] o] oF Ut} thE T & WS, tha 22 242 22 23S

al
—T—OJOFE“%V/P
x == y %y == x
x !l=y&y = x
<y%y > x

X

x <= yy >= x

¥ 324 301 A (ransitive) o] o] of T Th. Thg (LA 8] 94L) ol B o] o] AL ol F T Th:
x >yandy > z¥x > ztr}
x<yandy<=z“® x < z T}

e o Mk =T A R Holok YUtk TE D HAY, T2 RAAT0] 2L % Fojop
Fuch:

x == y&not x !=y
x < y@not x >= y(A LA )
x>y Shnot x <= y (R 2A H9)

mhA e B @A 2 A A FEde] 48P Ut (]E Eol, Aol A8 AT, A gL
a8 x] 5 Uth. total_ordering () HEFHoJHE BAAA L.

» hash() AT 5T ARAL RANE FUE 2 AT L 2L HAGES 2AG HA
27b5 0.2 A 4= of of Pl o,

shol e o] A4 FHES FATA HUTh A4 NaN GES o] 70 w2 o o Gt

A

6.10.2 5w 4 HAF A4t

A AL} inﬂ'HOt in&WHAS AAFYT x in sex7ls S WHY w] True E, 22X 42 v
False € $UTh x not in s2x in s HEAE FUTh 9A Vg ER ot RE WZ AIEAE
J"’Jr;gﬂdgo] o] AL APt gAY 9 H¢+&in 9] ‘j/qﬂa]"ﬂ Fo13 717k A=A AA Yo
list, tuple, set, frozenset, dict, collections.deque &} Z2 AH oJUH 5] A%, A x in yEany(x is
e or x == e for e in y) &5 Yrh

TFAEH vl EE PO B9, x in vy x 7ty o F& FAE (substring) Q1 -9, 18] 22 11 F 9wt
True YUth F5 & A=y, find(x) != -1 YYTh W 2ALL2 FF & 2AL S| #2224
2 HFH7| W&, "" in "abc" L True & EFFU T}

contains__ () (A EE Zosl= AHEA A F; 2] H$,x in y+y._ _contains__ (x) 7+
S Eu True &, 2894 oW ralse & E8FYTH

__contains__ () B BYEA FAN__iter () & RZY3}E AR Y FHAY HE, v E olH
HolETd ) £HA x is z or x == z & FO| HA = oW Gz 7t HEA A x in y & True
Juth FAEE et A7 BASE ino] L E dol Aoz HAFHULh

3 Al
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Al et o 2, Z = AEY (old-style) o|EH o] ZREZZ AIEFUTEH: FEATL getitem () B
Ao, x in y%x is y[i] or x == y[i] & WFH3stE o] ofd A5 A&~ 7} S48,
Rz RE A AU ASo] el IndexError o5 427 A] = 7;;‘—‘?—, A LRI AR
True 7} g Uth (2 5te] o &7 A SHH ino] 2 o2& dol 2oz HFFUrh

AR} not in& ind EelH RAH o= FojH )

6.10.3 olo]=E €] u]
AR} 159} is not & AR ol HEEE AAIUTHx is yExy7tololdEE e AR

wl, 22l 22 I3 Aew Ut AR otolME EEid() F4E AR 2P Utk x is not
y <=4 2 ge syt

6.11 =32 <d4H(Boolean operations)

or_test = and_test | or_test "or" and_test

and_test = not_test | and_test "and" not_test

not_test = comparison | "not" not_test
=g A EWo A, 181l EF A0 Zﬂ‘ﬂ 5 ¥ (control flow statements) o] A A}-§- O #E2
AR e = S| 4F Ut False, None, 2 @9 20, ¥1 2L 3} A H oY (—rXP"é, %é, g2E, 9
AvE, A5, 89 A (frozensen) & & U, 1 9] BE g Bo2 A gtk A8 A9

],
AAE2 __bool () MIAEE Al A A4S =2] Zh(truth value) & A2 Ewho] = & 5= Sl U T
AAR}F not & I QA7 AR O True &, 18 A oW False & FUYTH

FHdA x and y = HAxY S TFEYUhx 7t AR olH I S EHFUTH 28X oWy Y e

T3 5o 2 AAE EHE YT

Ed4 x or yEHAXxY S FHUThx 7 Fold 1 s s FUth 282 goedy o & 3t

SO 1 A3 EEF4yTh

and.‘l]ror o= ZI= ¥k3l grolu I I & False & True & A 8314 %’—T’—, oAl wpR]gtef Zhe] T3 3
AAE EeFoll Y& oF Yt ]ﬁ%WE%UﬂJ Uth & €0 s 7FExFgelal vlo] 9lod
7127k 2 gAFHojofsitd, 28 4 s or 'foo' & J?ﬂ'“ s xﬂ—'—?g}qq not 2 Al <& =9

ob 3B 2, 1 Q2] 33} A ¢l o] =2] Zk(boolean value) & S EZUTH(9E E9),not 'foo' ="' 7}

olyzetFalse & U TH)

6.12 27 =3 Al (Conditional expressions)

conditional_expression = or_test ["if" or _test "else" expression]
expression = conditional_expression | lambda_expr
expression_nocond = or_test | lambda_expr_nocond

A& (m) 2 “4F 3 A 4R} (ternary operator)” 2131 B H U th) BE Tho] i Aitol A 7hg e oA

if C else y 2 WA xtiAlol 23 C 9 ghs F#Futh C7F Folwd, x 9 gho] el #3111

i A X
e =HFYUSH 218X o,y 3E 73 Foll 2 2HE EHF U
Z7A Z3d A9 g3k ¢ 2A S HEL2 PEP 308 S X314 8.

4 2% 7} 2]-4> A (automatic garbage-collection) &} A}-& & = (free lists) I} T] 2 = ¥ E] (descriptor) & 52 ¢l A A w) &of], is A4k
At Q2”2 A ES U ATES UL A0 22 54T P2 AT w, 2oz 37101] oldet &S AT 5
91%‘/] LT AAISE AR 250 BAE EABMNAIL
6.12. =7 %3 2] (Conditional expressions) 79
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6.13 gt} (Lambdas)

lambda_expr = "lambda" [parameter_1list] ":" expression
lambda_expr_nocond = "lambda" [parameter_list] ":" expression_nocond
For @4 (2 P} P 4] (lambda forms) o) 21 2P UTh o] & gl ¥4 s 6 AgF YT

=4 LA
HE 34 lambda parameters: expression = 84 AAE ZYth o] o] E Q= Z| A= 01‘37‘" A9
A g AAAE 2T

def <lambda> (parameters) :
return expression

e E50 EH L o
3L

o] AdE HA L. " R4 02 k5 o]Xl T 7 (statements) ©]
o] %= €]] ©] A (annotations) & 3 g+ A

BEESSES

2,
N

6.14 3 2] 55 (Expression lists)

expression_list = expression ("," expression)* [","]
starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item = expression | "*" or_expr
PAEL A PLE )Y YR AWE AL, AT St AEE TP BUA BE2 FES
FUth 5§29 2ot B2 Q= BAAY ASYUch BIAEL AZo| A LEFHOR gho] T

U,

o) 2~ €] 8] 2 I (asterisk) * = o] €] 2] & A 9 7 (iterable unpacking) = }EFH U T}, ¥ A AFAFE= ¥ A] o] B
B & olojok Ut I olEHEo] FEE AALE FHFHIA, A
Aol =2¥g Yk

WA 350 270 BHA) B2 A9 o] el o 77, PEP 448 o] A 2 2 2 A 2]

2 Sl
& 75 (single tuple) (4291, 4 FE (singleton)) & ¥HE wjwk Dok b RE 3
pas 2

L

SOl AR e Bl Be AT W 0 EHA S REE D EA G, 1 £
FUt Rl FES Hedd, 1 22 S ARSI 0))

6.15 & 73t= ¢4

sho] A& A%e| A L EX 02 BHA ) ghe THUCE thYY g F3e Bk, S0 go] Aunct
WA ol ol F 55 2

U E50A, 2842 259 2o 22 A= <A E gl iyt

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, expr4)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *exprd4, **exprb))
expr3, exprd4 = exprl, expr2

3 Al
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6.16 A1tz -+H<4

0}S T glo] A o A9 oAbz} T4j€° £ 7H& W& 2 (least binding) o A 7178 - 2 (most binding)
To2 gyt 22 Ao solfle dAE 2 22 FAEAE Ae Utk v BAH R
Z FoH ee2Hor

FojA A ¢ °}L o4, AARE2 o] T?}(blnary)o Uth 22 g2 9l AxxtEL ¢
1—31101@143}(7%axﬂi° o 2] A, LEZ

H o, WA AAL ofo|HlEE] AAE L B 5 22 A E 23 vju AXA Ayt AAH AZ o
A L E2& 0 2 o]o]& o] 7] (chaining) 3= 752 ZH Y

R EE

lambda 2o g A

if—else Z4 £33 A

or =2] OR

and =32 AND

not x =2 NOT

in,not 1in,1s,1s not,<,<=,> >= l= == B, WA AALS} olo|HIE| E] AAE E
et}

| H]E OR

~ H] E XOR

& H]E AND

<<, >> AlZE

+, - ol Al ) el A

*Q,/,//,% A 8 :'_/q] CUA A A U
215

+X, =X, ~X %k 2, H|E NOT

** AEAF

await x oY ol E T FH A

x[index], x[index:index], x (arguments...), | A B2 YA, &o|A, 5&, o] EH

x.attribute 2z

(expressions...), Binding or parenthesized expression, list display,

[expressions...], {key: value...}, | dictionary display, set display

{expressions...}

Sy Qababe £AE ool E A E UTh 2 S92 A 89 %
S AFAF QAR+ £ L BEO| 2.k S 2

6.16. A2z} A+ .
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3 Al
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CHAPTER /

k<= (Simple statements)

ol e deERol AlvEEL R FEH o] shite] £

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

FHA B2 g AL YA (BF) ZE A A (procedure) (2] V] i A5 B8 FE & 9
oo A ZEAIA = None = =HFUHE 2517 A (NFE H}F o z) AHgH U 284
2o DE AR St L w2 287k A&

expression_stmt = starred_expression
ERA B Y BAAY 5 ) BFA B2 g THYT

N3}y E=of A, gko] None ©] ofU®, W& repr () &4E AHR 2AE 2 S , T8A U2
EAEdE HEY S ZF =802 HYYUTH (2P 7 None ¥ uljl+= 28X ¢FolA, ZZA A TEL2

83
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2
r&
i
1%
bt
rl:l
i
N
o]

Shueh),

BAE ol 52 gol (M) AAFT A AR 9 o =L HEVY FEES ST

assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target RES identifier

| "(" [target_1list] ")"
| "[" [target_1list] "1"
| attributeref

| subscription
|

|

slicing
"x" target
(attributeref, subscription, slicing 2] &% A 2o)& Zzlo|njg] AHE HAA L)
GYEL EAY 55 (020 S YA SE GEE BAD HTY $% AL, £ FTE
FEo] wEojdts s 718t Al L) & #t= FotaL, dFoA LEE SR, 5] 23 AAE B
5.2 0] 2710] o Q) o,
Y1e B (229 Frhel met AT H o2 FeH Utk B0 AE AN AR (EGHE BE
BB s dol ) Sekol 4) B, /bE A AFHE A0 S A obl 31, LA o] LHEA
obdAE AR, tdo] Wolso] A = gled Ao s o stk bdgFd F o] FAS=
FAER AL AT 1 A7) Fo| B AN Fol AT} (F 5D A5 AL HAA D)
AANE B2 B, B BEE FAAL 5 o] Ak 5 5uch o BB AL ke 2ol
A7 A 02 4o ek
A B2l (M AR BEo] Bolt) Amet A% G kel Beld A1 e
gt
Ca9A od: AL B BFo| 2t BAY £94 0L 52 FHEL AT o] el Holo
OB, FEEL, ABAN BT, S BAS A AT
- BH2 5 o] of 2F| 2] 2 = (asterisk) S ol 2 Q1 B4, “2BFE (starred)” EFZl o] 2hal & H U T,
SR ZUSE: AN Aol 2 BEol Yok Ao SaT sy e s 3R
AFoE oS Bololof Yt IHH B AE YREL, AN S EROR, Arj=
B} ol Lho = BRSOl TSI Uk ol e 2e] AT g5 e Aehe eyl Slol e

A Sl BT Ut o H e 2ol ul A R E % 2AE 8 ~E A Ache Be] P9 Ut

- 39X 0w AAE B BFo) et BAY £:9 2 50 FRES AT o HY
Sojojo} st FHEL, AR N S EX R, g3t BAE B Uk

- Jolg9] U:]ZH I EE0 Y= global Ynonlocal ol S3SHA ko 1 o]EL2 Fx|
19 o] & F 7oA Ao AZ2FE Ut}
ZvZy A o] 5 F7rely nonlocal o s ZAHEHE & ol&

Zegcl e dgsel g th o] R 71 Ee] AB o] YW AR 2 0570

U
2] 7} 9= 31 943 A (destructor) (ZE3L I THY) 7 S &5

o)
Aul

q m
i
3:
™)
)
Ny
—|—4_4
o o

255
deelpe F2w: Fre) zopol e HAA ) e T o AL B A5 o
EE £ Fojof s, 228 A %o TypeError 7} doj gyt 1o 1 A
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Aol FAN AEHRER AAE RSt SFFUTH tidS 3T + glokd o9 (B3
AttributeError o] X|%h & 78 A= gth & do 7 rh
2] A ARt S 2 AnEsol B o EYRE F2oh )Y AAbate] FEol A B S,
RHS 84, a.x EAAHAEREYRIAEHA EYREZ QT FH 2 EHEE
DA 2 4 Y% LHS B a.x & 34 B2 340 B ol ets 4 Al ids o= RES
ARFUTE 2A, Fa.x 7t 2 o EGREE 7HE] 7= A2 o270l obdUT}H: RHS 134
o] Ze) 2 o= HEE A2l ThE, LHS £ Qo) o m A AaEA o 22 RES BE T
class Cls:

x = 3 # class variable
inst = Cls ()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

A o] property () 2 W50 Z 23 ¥ (property) 2 22 HAAHE o] EHE 484

ZetolH 7t (B aE 22) 7HH Al B A AR, B 23 HEE 7 yelor dych 244,
A Ao dol7t el JUth A2 Ald29] do|B} ZHe Zo] ofd Aol of 31a1, A A
I JEAE 74 5o AAE tidstet 8 AU AP A7 HSE BloJ U, IndexError
S dofyUtg(HE 23 HE A A E2o bl gL g 2B A FE5S 271 5 gl U h.
zetolHE 7t (B Z2) WP AW, NE 23 HEE w39 7] Y3} S3E = Folojof
Sl vl 2 B ATHES AA o v F sk Zl/dolH S HEES 2 F U o T2
AR= 2w 712 71382 WA = A3, (B2 3% 717 A A e A A 2178 <
A4 = sy

g A A ) Aer, A

oL
[

VAR setitem () WAEZFEZEH YL
e

rlo

N

N

( [‘E
>
o[>
ol 1

N
iv
1o
o
%
A
=
)
iAs
i
rlr
=
i—“;
r
i
rlo
ofh
o,
>
)
[>
&
)
)
3
A
-
[
o)
v
o
I
)
o,
v
=)

<
Ir b
rel
1>
o
2y
filo
-
i)
<
T
N,
e
2y
rlor|
(e}
o
>
)
[>
1o
Ny
©
=
o,
~
2y
rlo
o
¥
N
o Q.

& >
(o Y

[> 4[>~

e

el Lﬂ

<

kv
Lol lo 2

i [y

]

>

mV

SERER RS =

CPython implementation detail: 3] 3ol A], B} -2 843 2A
F= AR GANA AREH 7] w2l ol ] mIA A 7+ E A8l A= b

L
b
)
M
g
rlo

i
>
>
=
oo
1o
o
1o
N
)
Y
&
)
o
2
)
1o
ol
Z.]_:
o
of
>
2
@
=)
=
g
o
o
2
©
tjo
2

M52 ZHFPUH AN E, == AFE] A4 oY FHe 9
A2 £58 4 9t ARE FEUT A8 S, the

i
)3

i] =1, 2 # 1 1s updated, then x[i] is updated
(

t] B.7]:
PEP 3132 - 87} o]el 2] & ¢l 5f%] *target 7|5l &t +4
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7.21 =12 ¢ ¥ (Augmented assignment statements)

SEAAES T EFNA olF AT A= FA= AUtk

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)

augtarget = identifier | attributeref | subscription | slicing

augop :: "+:" ‘ nwn__m | mik_n | "@:" ‘ "/:" | "//:" | n %:" ‘ LIS O e |
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

FE YL B (A Y E 94 & 79, B
5 42 Abo} i 919) ol B o] % A4re £, Ao BHdle] 1 AnE Y P ch AL
24 3wk gro] PRk

= 1R IEUYET2x = x + LAY A & 5 A=, B3] 22 a3h= opA vl
x 9 g2 A At U 3L 7@, A A A2 Al A
P e, A AAE e 2AS B A7 Ens, dd AAE + A=

Rt a= 2o, T g2 FHY 7S 757 ol Aol A s FEYTE A& £, ali] +=
f(x) = AT ali] &R, £ (x) o S 731, GBS =Pk, vtA e E 7 S ali]

H
St EolN F 2 ThE AR U ehe AL ol 92 ShH, S v Bl B v Auk Tl
e o A gurh B 2, ARte] $49 b o9 2 s, F 8 o el s =
o4 ake A o] A A 4ka) ATk

annotated_assignment_stmt = augtarget ":" expression ["=" expression]

A shte) 99 ek sl o AU,

[e]
% 2y RE 2F 2o o, o H o2 Fo] 73X

ol 7o) T3l o] 52 2= s
et ZHP A} RELY oJERHE _ annotations_ o AR =], o] o EYHEE (W H]F/HE
Ao W o5 S o H oA FoE USA7IE gAY MF Yt o] oJEFHREE 277}
gE 3, FHgay 25 APS A2 o] Hlo] o] AH oz A wEoFUTh

A Bz 234 S &, ojH o] AL AU EE AT = Qe AXY ghol FeA A2 A%
A= S5yt

o] gt AF o X o lnH| O] EFHH, o] o] 5 T AF 2ol A9 H (local) YU th. T 2T 2ol A
g o] M- gho] 3l A At A 7d= A k5 th

of 2A)tH, o H o] EH t J2 (H AT ol A) ol =H o] A k= F5t7] Aol AA =
Ut B4 A A o] SA5HA god, JAHZ e H = HAY g 7ot upA g
__setitem__ () °|Y__setattr () &L A=Yt}

o B

PEP 526

]

o 20 M b
o
r

¥ g o

LHold &Y =
E =

o]
g ©]

o

kil
o]
;
t

2

T
.
a£
0

)

PEP 484 - 3 3 !
#3l typing &
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7.3 assert ¥

assert -2 = 2 73 of] tj1] 7] o] A} A (debugging assertion) & 4 ¢ 3= H ] & vy J U o}

assert_stmt = "assert" expression ["," expression]

sl FEl, assert expression & Oh23 S5 Th

if debug__:
if not expression: raise AssertionError

339 e, assert expressionl, expression2 = 23 53

if _ _debug__:
if not expressionl: raise AssertionError (expression?2)

’d €< __debug__ ¥ AssertionError 7} 22 ol 5o WA M-S 7He Atk ZHE o
; .

— ofn
e
X
=
o)
22
b
[0
[0)]
o
c
I
rlo
ne
=
o~
ro
ox
ol
=2
>
=
=
c
(0]
)
H
B
J
ot
N
N
O
o
i}
32
o
2
of
o
o2

O)False JUrth A Z= A 7= AL Al F H A7 &
2 kFUh o] HA Ao Aol st 4 ax FEE 2T Q7S FYFAHAL; 1
g Egojae dRE SHFH YT

__debug__ ol e i J2 S AH A FFUTh ol W W g2 AH | E AR o] 2 E Y]

it 2z 2L of
|

rlo r2 oo rgh O
S,

[>

o

7.4 pass &+

pass_stmt = "pass"
passt 3 (nul) AU — D 1), obFA A= Dojubx] gtk BU AR £go] R
AT T AL e ), A2 E A eE FER LRI AT AE Eol
def f(arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)
7.5 del =+

del_stmt = "del" target_list
Al il o] Aol A A ofF vk A AT Aoz Fog Ut DA AR ARES dEshe A,
o]7] B 74 AE7} gLk
B 552 Al 4 B 95N L2502 AAH oz AT Y

o] 59 MAlE 2 ZE EF Yl global Tl I o] Fo] TFst=A o et Al ol A o] F
FolA o] 58 Ad 2 A AU o] Fo] A o] YA 2™, NameError o 2] 7} Doyt
JEFRE FE, HHAIFHAM, 2ot 4 AAL BAH meto|v]e AME ADHUh Lkl 4]
ARl ARt o ¢ PO vl SefolAE tislste Ad T U (AR ol Az AL SEtel A H =
27 7} Sk g h.
WA 32004 WA o Aol= o] Fol FHA EFolA A g E FHse BF A o] F FolA
ARl ok Zlo] 3 s A] ek sk Utk

7.5. del + 87
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7.6 return ¥

return_stmt = "return" [expression_list]
return & EHA R Feh2 oo FHE F7kokeh B elol v F 0 of e £ itk

T3, 28X o None &2 X3 Utk
L None) 2 uk3l gro 2 A, A9 T4 TS )
cotuzn ol Cinaily A& Coy A A UAES DES 49, TH2HE AL A7)
A

rlr

xﬂ yd ol 6]’/\"1]/‘1, return &2 AV g o) g7} B2 718l 7] 11, Stoplteration o2& d oy
t}. return o) Al &5 = 2 (Y thH) Stoplteration -4 A Ao Q1A= AP T o] Stoplteration.
value SJEgHEZI FHUth

H 5 7] AYaElely oA, 9 return -2 Hl5 7] AYEH} EHSS °LE]—L,
StopAsyncIteration ‘#]ﬂ E oyt vlE7] Ay dE olg oA, vlof A k2 return 2

=9 olE gk

7.7 yield ¥

yield_stmt :i= yield expression

vield B2 yield %94 7 22 o)) 7k A5 U T S5 yield R D2 2 5k 252 Aeka)]

23 yield & A& Ut} o & S0, yield &

yield <expr>
yield from <expr>

= U 22 yield 284 27

ulls
i)
ol
o[
]
v
v

(yield <expr>)
(yield from <expr>)

yield 3143} B A Vel o 8 §48 A G wer 485 3, A a0l 8 Tl whel o)A AL
HUTh B 407 A g o4l A el o] B8 HEES S tlE yield & ALESE ATe R

I

vield o] ol that AR AR AGES S Q= T H A (Yield expressions) A& ZshE BT,

7.8 raise ¥

raise_stmt = "raise" [expression ["from" expression]]

FAA O] Fo] XX GoW, raise = AR 2Tz A BABE vlx w92 ThA] Lo UTh A
330 FA 3 o] 9] 7} Y ThE, o) o] ol 2] el AL k2] 7] 18] Runt imeError o2) £ 9 0 LT,

O8] o, raise= e AAZE, A WA 22 S £ 3T BaseException & A H ZEA
S A2 2ofof ek ZALT, oY ALAAE B2 A flol T2 ALTAE BEoIA

A& Ut
o 91 9] & (type) 2 ol 9] AAEN AL Ze| AT, Fh(value)-S A B A A QU T

Efola] A= BHEF o7t dojd uf A5 o2 5o A3 7] 7}5 8 traceback_ o] E g
HEe=Z FEIUY. oS3 2o, with_traceback () 99 HAEE AL&31H, 92 & W& E o]
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sulg g AATE S B Aol B 5 drUnH (R oY A2EAS BT, 2 AAgoR
Edo] 2w AAHF T
raise Exception("foo occurred") .with_traceback (tracebackobij)

from A2 o] 2] 4 (exception chaining) o] A} Ut} Fol X thd, F HA| £ A] (expression) & & 3}
9] olo] Sl A" Aok E =], WS 2] o (227] 753 __cause_ OJEFFHER JEHUTH
WA Sl o 9] 7 A 2] E A] ko, F o 9] 7 B AP Yt

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

Q] A7k finally BolA o 7b g st vl vl A UF o] FAIH S Z H-GH T oAl o &) 7}
A ol 2]e] _ context_  oJEFRER JFHUTH

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o] A= from Aol None & AN A PA Ao 2 SAA LD 5 FUTH

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened") £from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o9 ol Tha T TS A HE o 9] A Mo A BT 5 97, o 95 A 2] Sh= Aol T3k A M= iy B A o]
DESelat

WA 3304 HA: o]A| raise X from Y oA Y & None ©] &3 Ut}

WA 3.30] F7}: o] 9 & (exception context) 2] A5 & H S Ak 4~ = suppress_context__

JEPRE

7.8. raise ¥ 89
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7.9 break ¥

break_stmt = "break"

break € WA LR for Ywhile Fxo| FHH AR YERE = QG Ut shA vk 11 F2 <ko o
U Z2dx ool FHE A= F5Uth

7V kol EENI Y FELE FHIA, T FEL 7 else B 2H QI thE A H Y th(skip).
for #Z7} break 2 $REHW, FZ Ao B2 AAZE FAT UL

break 7} finally Bg 7k try BolA Alol7h ol UE S BEL ¢, 2222 AR Holr}r]
Ao 71 finally Ho] A3}

7.10 continue ¥

continue_stmt = "continue"
continue+ EWHALZ for Ywhile Fzo THFAAT UEPS = 5T A T I F = k9
Fru 2B Ee 2RI Y9 finally ol S A= AUtk 7 77kl S AL 9le
227k ohg Apo] 22 Yol hE 2 Btk
continue 7} finally A& 7} try oA Aloj7F o= = e 4%, ths FE Ao 2
3}7) Aol 1 finally @o] APt}

filo
>
X

7.11 Y Z E (import) ¥

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])’
| "from" relative_module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative _module "import" " (" identifier ["as" identifie:
("," identifier ["as" identifier])* [","] "™)"
| "from" module "import" "*"
module = (identifier ".")* identifier
relative_module = "."* module | "."+
(fromde] §lv) 712 Id2E & F HAZ AggYrh:
. 52 33, 2esta, dastd 27|33 Yth
2. EE (import) #o] 53T 27 2] Ao o] F Fo| o] FolL} o] FEL He 3T}
Tl (HRE Z2E) A MY B2 =FeHH, vhx] ZF o] HEo IXE Fof Yo FEH AAH
F A A EE g Sgg Yt
A AA A, BES F3 ZEshe A AR AFGE A2 E A AF o gl Ao A of A BHA A
Pohiul, JEED 5t of ) FF 7149 RESH YLE N2 S AzxEubo| 25t AHEF
T e BE o #AE At dsUTth
LA REAFTHLE glo] SAAY, A 7HA] F S WH o E A o] F F kel 27iH Ut
- BE o] Al as 7t 28, as Fo] 2+ o] Fo] dxEW RE A7 A@FUch
s TE o5 O] ARHA FiL, JEEH = EEO AN EECH, EEY ol5° dXEH = EEI
W 222 Ao o] g Bk ABPUck
- JEENE BEo] A4o] BEo| oh Bhil, 7 RES EFFH= H A 97149 ol Zo] A
7] Aol thek IR 2 A A o]F F7e AP UL X EH BEL2 AP A o7 Kk 2]
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74 ++214 ©l & (full qualified name) & 53l H A = of of Pt

from @& 4 B34 AAE AR Tth
I from Aol AR E BES 23, 2E5w, Aeshd 2759
2. import Aol ARH AWAES 22of vhal
L gEed 2Eol 1 o8 e REE AREA AAH T
2. oW, Ao FYHME RES YEET= AS AR TS JEXEH EEA T oETRE
= ohal AArg T
3. JEZREZIHAE X oW ImportError & 4o 7Uth
4. 2R Fod, I ghol th 3k FxTF A A o] F Fholl AH =, o] st A 7] A
AR o) B2 AT, 18] O o E o) HE o] 5L AL T}

ARG

foo imported and bound locally
foo.bar.baz imported, foo bound locally
.bar.baz imported and bound as fbb
foo.bar.baz imported and bound as baz
foo imported and foo.attr bound as attr

import foo

import foo.bar.baz
import foo.bar.baz as fbb
from foo.bar import baz
from foo import attr

HH W R H K
)
O
¢)

AEAEY BES 28 () 2 U, B Aod BE T olF 50l import £ T AT
o] 219 01%—3—7 o AZ2g Ytk

BE B A 27 o) 2 (public names) & REL] o] 2 F7F A __all_ ot o] 29 MLE AABHA]
ARFH U ool Jttd, BAE 9 Ald oo st 2 BEol Y AY dEXES= ol EUY
th__all_ oA ARl EES BT IR AFTHILREA EAFFUTE __all o] FH A
o, RE9 o5 FA AT = olF T BE ZA(C_)EAFSA FE BE olEol FNE
AFFUTh _all_ &= 3N APILIAAE 233 oF Futh o] 219 F2A -2 o = 4] ¢HA API °“:'7P obd
FEESS wEole A BASE AYUT (18 1 RE0] JEEFT AL}E ol Heje B

OJxEQ JUr7E HE] — from module import * — = BE F£&EA T & Yk %ﬂ]il%
T ool A ARt & A=+ SyntaxError 5 423 YTh

YXEL 5SS AT o) L52 Ztf o] 5 (absolute name) & A| 4 & 2 += 5 th &l 37|27}t
o2 3 7] A Sroll 23 off, & Iy

£ 49 A3 WA £ 23717 o2& AR e A slel dul dxe
From el ARE & 37121} WE ol ol HOE

¥

of =9
(relative import) & & 4= JH Y

QA s AX A7 A ASS Gkt AEH QF/V}O]: St ] AR 5 Adsrh '}L]'-J e ° °]
AEEE A= 2Eol AL A A4 ETI e A G2 B354 £3E Azel e
AL SdUth Al 71 B2 F Y +ES, %%‘QW‘? ZehA pkg A7) Aol = BEOA from
import mod & A3}, pkg.mod & YEZETHA H Ut} pkg.subpkgl QA from ..subpkg?2
import mod & AM A pkg. subpkg2.mod & YLE A BTk Al AL E] tek 742 57| 4
Ao 1= Aol So] g

ErId REES AT AAS=S R 22 IRES X WU5}7] Y3l importlib. import_module ()

T & & (future statement) < AL #H 7 EAHT RES
T = A Al o] (directive) 18], 1 7152 vl o] A=
FA Y FA L dojo 33 2] F= WA ol =dH v
Adyct 17]“01 EFolHe=mE oldo B G =R

future_stmt = "from" "__ future_ " "import" feature ["as" identifier]

("," feature ["as" identifier])*

| "from" "__ future__ " "import" " (" feature ["as" identifier]
7.11. JEE (import) &+ 91
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("," feature ["as" identifier])* [","] ™M)"
feature = identifier
FA4 F2 BEY AY Aol vt Utk 74 & ol U2 5 e E52:
e 25 =2 E F (docstring) (1 THH),
- 24
e Nl E, 81
. t}ji

FH 25
glo] W 3.7 A T2 BE AL oF sl S U8 7] 5L annotations YYtTth

FA FAH v &3 EA43HA 7sES A3 o)A 3o o AAFH YT o] &
Z o &= absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes ¥ with_statement 7} ZTH Ut} o] AEL dojEdY
A8, 28 A SEAFE A AL Q7 EdYTh

FA4 2 FARCREE AT Al A QA I GFHUTH: @Y FAESS vl tist
e ZE S s FEFYUTE A 75 o] 3 A = (*HE% oA FAAH) MZL X
%‘—‘%ZX} 7 g, o] A= ALY EES DPEﬂl g syt 218 2F =2 A AA

2 w9 5 gk,

W Euic) A dee o | 7% o EEo] AejEo] QA L, wok FA o] XA FoE 5L
zgetn god Antd AA ol g Loyt

AHAA A A Y AL e JEE FEF} ST EF RE _ future, ol A9
o3, F A Fol AF & AHA AR P o R JEEH T

SR AP ARY MEELS FA4 ol g8l 435 = FAAA 7155 25Ut

ol & Bl = ol A E 583 o] glgol T3 ok gt

import future [as name]

Aoz, ) 2ol A e A 2
e 71918 el AAD B 6 tme EAE B A A6

sy dEzely gmEeA JeE FA 2L AH 7
ST 1, AR g o] ol AL ek, 45 A A, 4 aat e A
ahel, 2P EF AR o) Fo AlAH & 5y Al A% BFE FA T

o 17
PEP 236 - ¥ 2 ©] _ future__ _ future__ W] #H U Z o] ol 2 %X 2] A<k

[l

Ach
o
Y
r
L
_;

O

N,
N

fol
kY
it
(3

M o2,
>,

N,

o <,
e

7.12 global +

global_stmt = "global" identifier ("," identifier)*
global T2 A 2= E5 DA AEEH = AAddUTE YEH AdA S0 Ao 5H"*ﬂ°1°]t Ciges

global #o] UEH o] FEL F 4] A5 for F2Z A
YEE (import) &, M ol H o] o ® A oH A °}°P°¥ <

rel
B
-
rel
o
o
)
i
1o

0
-lrt
fr
oY
R
oh
B
)
Kl
Fu
I
i)
rlo
_,>i
Ho
frt
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Jgoh Wolok shw, wele) 7R 2AES AANAL 2] ofulE o)1 glo] WHT 4
917 W& e,

2w el Fo] &g global 2 A o] = A Al AF(directive) Y Y T} global £33} 22 Al A o
A= Z= T ALYt 53], ‘/HﬂexeC() FrE FaH s TR ZE AAo 2H

global ¥+ 1 g 232 A= FE EFollv 4TS 74 3, 28 AL £FE I = G4
T TS XPohE ZE0 = global woll &= ‘?%Z] 25Utk eval () I compile () 51;‘;5,\—%1.:_

7.13 nonlocal &+

nonlocal_stmt = "nonlocal" identifier ("," identifier)™*

nonlocal T2 udd A0l S ALt 7HF kel A 28N 222 =
TE 7= BE U oA t?o—dh:ﬂ A Ao 7|2 ST 7to] 2] o] E 7+ WA AAFE= Aol

W2 uUth o] 2L AEdE A A (RE) AFE 9o A AF = vke] |

A== FU

nonlocal &ol JgH o] &

AAES 7l AR dUtk (A ddo] ojH AF =

oh.
nonlocal ol UAHE o] FEL A Y ATz ojn] EA)3= AZBEF XA golok gt
o ®B7):

PEP 3104 - n}Z 27 o] Q1= o] FEof Ut A X nonlocal w9 +4.

7.13. nonlocal ¥ 93
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CHAPTER 8

£ %2 (Compound statements)

BRSO E EZE(Y IF5S)S =TT Uth ol oz I o2 5] Ao 42 FAY
AolguUrch 7t A 2 o, QA BFES I 2 &5 7= A v gulg o g IR oy
Zo Z2HYh

if, while, for #3L AFHA Alo] 35 72 E TP UG EFEL 25 Ud)] try &= dlg A
271 H el (cleanup) TE F+= 1 5 B5FE AAQSE= W, with B2 I BEE5 FHOE 27|39}
sloldg|Alo]d ZEE AYPT = JA=E FUTh Tt Fela Fo w3 FHAH o2 BEYUTH
BER2 s 2 o) A2 FAH AL A TS} A E (suite) & FAAP U §A 532
AIHEL EF 22 527 £ Z25Uth Z At SHEA s & 7|92 A&t
FE20o7 ZYUth AYEE Ho g5 AlojH = EAEY IF5JYULE A2 EEFHY Z2 FHolA
2o o MuZRor Bald sl 2 ol TR Y = s Uth B O3 Eo ST H
Sty 2 ol EHEY = dsUth 24 S22 e FHE BEFdES 28 5 IdFUnh
23 22 AL gntEx o, A2 AuEs= clse Zol Jthd oW i r Hoj| 3l=%] Y &35HA

’if testl: if test2: print (x)

£ o] EH oA AlplEE ol ZEE Y et Ael A, k3 22 ool A, print () TEEL EF

A A} o] = ShhE A 4] b ths 2o Fo)8 o gt

’if x <y < z: print(x); print(y); print(z)

8 oFsh:

compound_stmt = i1f stmt
| while_stmt

| for_stmt

| try_stmt

| with_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite n= stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1list NEWLINE | compound_stmt
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stmt_list = simple_stmt (";" simple_stmt)* [";"]
40| T NEWLINE © 2 £131 DEDENT 7} 1§ & W& 5 lgol 56 oF ot =3t A=k
7hedt A AEol A EF= l’“]%‘ T e 7IHERE A FS] wFol, EE o] gltke ﬁE 5
SHA L (Fol Mol e FHE i Fol B2y HE AL 27 oz N ‘v (dangling) else’ #A|E
s dddrh
B A 2ol L= B e Y A2 A4 A5 EEY ol #=25 =gy

irRe AR Age] AHgPUTH
if_stmt = "if" expression ":" suite
("elif" expression ":" suite)*

["else" ":" suite]

Bol S& AL AL AN EAAE AL S AA = THA A8 el 24 =S AE Y
Lﬁﬂﬁﬂﬂﬁgﬁo%%ﬂLQMWMmWwMMQGQEﬁL)ZHW~1Aﬁ = Aggshc
(APt ir 2o ThE oj® R E AgH AL} gho] AN REUTH. B BB Se] Aol
cise A9 A9 (Srku) AW Uk,

while Be EBA 0 % AW S VI o ALYk

while_stmt = "while" expression ":" suite
["else" ":" suite]

oA FHA S HE A o 7 HALIL, FolH, A HA A EE APTUTH FHA o] AR H (A&
B AL SE dauth else Ao AEA (ThE) AAH 1L F2E FEFUD
R WA 29 Ee N AW £ break L else A2 WA G 222 FRPUTH R AA A9E
oA AHH & continue & A EY LA RES AYA T EA4 ] A Sohzhch

h=
83 for LN
for ‘{':‘19: (BAYE, 7, g 2E Z22) A2 Y o2 o HYE A9 2452 olHH o] Este=t] A

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

A 552 g Ank gto] F A UL ol Bl el 8 AR 7F Uhebok U T expression_list o AFE
olH#lolE 7} tEo AUtk 18 tha olH & o] § 7} Al F Sk A uit), ol HE ol H 7 EH T <A
U=, AR E7 G A AP, SRk 2 gEol tgel 2 42 (19 F & WAL 02 B
EE HAdE the, 2 EVFAGE UL FESO] 235 S o (o]E # °]H 7} StopIteration
olelE Ao uli} §l AUzsel Aei A AT, the else A8 29 =7} (AckH) AR 7
22gFagduUch

A AR 2 EONA AP = break B2 else B2 APoHA F1 F2E FEIUTH 3 A 29 E
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N A= cont inue B A ES U] HRES AYs 1 o}e = Yol 7t AL}, thS &= o)
o else 2 T}
for-2 32 = B %59 WSl ) I Th. for-F 0] A9 Ee 4 o] 201 AEE L35 A, L W]
oHA TSl ZEES BE Pol &y
for i in range(10):
print (1)
i=25 # this will not affect the for-loop
# because i will be overwritten with the next
# index in the range
B B5e) o SEL 237t 5RY W A4S A AW, A D27} vlol Qe 2ol o5 15 e o
dojuA] gde = d5Uth AE: WA & range () £ 3229 for 1 := a to b dod &3E
FUl Wed Hes A °] iﬂﬂolEﬂ =HEUTH @l%%‘ﬂ,list(range(?ﬂ) = gl&E [0, 1,

B3 A7 52 5] £ A vl w2 o) AGHTh )AL 2 e A0l g Dol )

o), 718 Bl 2 E), hgol o @ FE o] AEHA T A s R AL E 7} ALEE 3L, 2} ol el el o] Ay

Z7hgch, Hhﬂﬂﬂ%é°@ﬂﬂE%T%$Eﬂ%E%W%ﬂﬁ%%%é%EﬂM%éﬂH

34 9551 AT A 57 AUAA AU 2905 (1% 32 o A
7

Q) F5] AUAF 27 57 WEAUTh. SRR, AN ES A B Lo g Ao Y5 S
A, A G5 Fmol g e dolA B G50l 9 W B oA P ol 2 aeke v
olo]d % ghiul, AR AR 2e) Hetol 2% QA ARG BE O 2A 3T 5 glH U o & Sof

for x in a[:]:
if x < 0: a.remove (X)

84 try +

try 22 2% 2woll tha ole] A2 71v A 2 (cleanup) T = = 11 5 EFE At o AHEE U

try_stmt = tryl _stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

except A(E)2 }Url)rl o] &2 o8] A2 71E AR T try BollA ol &) 7} Ly skA] of o o

ol 2] 2] 7| = AR A BFUTh try 2 EoA] A2 7pEA S af), o] €] A 2] 7] }““01 Al Utk
ol A 1 @lﬂ"ﬂ WAEH = A ‘ﬂéﬂﬁ”qw}?‘l except 22 A2 SAFUTh 234 gl
except 2 o] QIpw 74 vpz| etof] gfof ghun); = @ﬂﬂ@ruﬁﬂﬂqi} FH 4 o] = except 22| -7,
EAAS) g 7547, A3 ARt oS 9T 8 H W 1 Dol 131 of i X g Ytk AA= 2] A e
Sdauols Zdad W), EE A 5o FES EFT FEL W A} s HF YTt
A

emmﬁ%ﬂ:ﬁiﬂﬂﬂﬂﬂﬂﬂ%z%ﬂﬂﬂﬂﬂ@@%%HJ 29 52 A4 A%
Yk

_‘_4

WHoF except A 9] o] Qi EAAS G 7wl o) 7 BAFY, Aeje] Aelv] AAL Haww
S AE9k 55 2904 A ol 9le] tsl A AR UG oy B @A A E Do Ao
AFH .

' T2 o8 dorlt finally o] YA G o9 5F 2802 HYUch 2 A o9+ A RS ol
R
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) 2] =] = except F o] WAF W, o] 2] = T except Al Yl as 719 = (7F Jobd) 7 ol 2142 e 2ol tf
¥ 31, except o] 2 EZFAFH U Th B except B2 AY 7Hs 3 EFS A of gtk £59] £
EEEtE, wy & AAS] HolA drbAQl Aol AlLH Uth (0] A2 22 o tis) F Ao FHE
ﬂﬂ%ﬁ%‘}l o €] 7} & X 2] 7] 9] wry Fofl A LA HTHA, vk A 2] 7] o9 & A2l eHA] oA Arhs
o _)

€7t as target & A&l A th 42 wf, except & Eoll A AAIFH YT o] 22 WEA]

except E as N:
foo

ZholgA Wgte = A% 2

>

U

except E as N:
try:
foo
finally:
del N

oI except 2 Fol 225k W 91§ THE o) B T 9o} Pee EUI T o2l 8 A Ak o)
se) 2o Q3 Bx S FL FANA TS FHA £ A7 Dof ]
A7 1 2] 7 E A M52 b o .
8

except o] A ETFAYE 7] Ao, of| 2] & AAM &0l sys BE AFE =0, sys.exc_info ()
ol AM 2T 4 AFUTE sys.exc_info () & ¢ Eﬂi, o] | A o] 7 =2 T30 ot

°ﬂ"‘] DAY EAE EeIFe Eolad] AA (253 A5 & HAR) 2 o] R 3-FEL S8 UTH

sys.exc_info () #EL2 9 E A3 T £ :ﬂﬂtm ol o g B th

ek 7153t else -2 Ao EE o] try &% % LIIERS 4 TR Oﬂﬂ 7} WA A QF k1, return,

continue = break o] A3 E 2] koW HUTt} else ZoA HATE o= o Yo

£ except Ao A A= A ?%’Ql/]"/]'-

finally 7} 929, ‘A 2] (cleanup)’ X 8] 7] & A AT Yt} except 9} else & XS A, ‘:H?ﬂ try
Aol A g rch o] A5 oftjellA A A&7 Doy, &= YAl AFFHYth finally do] A8
Huch vhek A4E 2] 7t oW, finally 2o oA thA] A A ZIT finally Ho] Th2 42 &
do7H, AAH o= A o2 o] AEAE (context) 2 AAFH YT finally o] return oY break
= A, AgE o= WYy

JFI

r

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally @& A¥ste ¢S AR E 22 a0l ATHA G5

try--finally &9 try 29 E|X return, break, continuew°] AP wf, finally ZE ‘L}7}
= 2o AABFH YT} finally oA = continue & A ¢+ g5 UH. (2 o] F= X F+3
9= BAl BT — o] AL v ol AAD + A< yoh.

o] wuiE 7k upR T Ay H return T2 &2 AZAF YL finally Zo] FAF AT 7] u &9,
finally % Oﬂfﬂ A3 = return F | 5&“‘“} Al etol] AdgE = 2ol gUth:

>>> def fool():
try:
return 'try'
finally:
return 'finally'

(F= soTAT ol AS)
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(o1 sl o] A A A%)

>>> foo ()

'finally'

o 9lof] A3t F ko] BH = of 2] AMA FHS UL, A E o7 A raise F& AHE St 2ol
A8t BE = raise = AANA FHE 5 JFYTH

E &2 A (with & AE A E e A A4S HA2) 7t A =S
b try-except-finally AH8 S| Eg Ae|SHA AT = I =

Ny
flo
ot >

[

with_stmt = "with" with_item ("," with_item)* ":" suite
with_item = expression ["as" target]

shte] “item” & AR&Shs with &2 =7 2ol AYH Ut
1. AY2E A2 27 s A AE 284 (with_item ol 0] X expression) o] Fh= U th
2. Yol AHgst7] Sl A FE Ao exit () ZhREHUCL
3. AYAE FEAY] __enter. () MAHEE ZEFUTL
ithol B0l ZAH J o™, T __enter. () & W& e A FUth

>
o
flo
v

BN

m

=
g

Fa: with®& enter () WAEZFOY Qo] Bk, exit () M3 T=H=
HAgUoh 2a A, B 2o ti sk F < oll2 7E A sk, 29 E Qboll A of 2 7F kA8 3 A3t o]
FAFH ok obele] 607 & HAl L.

5. 291 E7L A UL

6. AYLE BelAe] _exit () MAEE SEFUTE 97t 29
329 9, gh Edlelame] _exit () %
A%z 3Pk
297} o9 mho] F 2 9, ]
o7tk Wk gho] FolW, o] 98 2, with B A Lt EFOR 4GS ALk
s EFL o) ol9le] ol fE FRHW, _exit () o W gL TAH L, NG SR FFol
e 9 Aol A AL ASF T

S HTHES $52 FH, AYAE AL vith Fol 2HE AN AR P

with A() as a, B() as Db:
suite

=oed EsgUn

with A() as a:
with B() as b:
suite

A3 1A WA v dEaE A4 9] A9
o B
PEP 343 - “with” & n}o| N with 29 74, w7, 9.

8.5. with ¥ 99
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8.6 g A2

B4 Ao SR A0 By AA (22 AS AN BAR) B AT

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators = decorator+t

decorator = "@" dotted_name ["(" [argument_Ilist [","]] ")"] NEWLINE

dotted_name = identifier ("." identifier)*

parameter_list = defparameter ("," defparameter)* ["," [parameter_list_stc
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" parameter
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname = identifier

T A AWT 9t BFAUH AYFHE AA A o & 2] T4 ol B T4 AR (F4Y

A& b5 T =8 el 4 o) H (wappen). o T AR AA ol F3bol h3t F2E TS,

F5h52E 0] 49 o] F BV AR

B4 gols B4 v e AYSA G5tk F47t 252 i AFHU

S Aol sty 2 o] Aol E @A o AN = gt HRd oy 28 A 2 T

7bB9E u, T BYE 2ot 2T oA ghe FEYULE 2 AAE FelEolojof sk,

AA TS JAAFZ AFR A & F U th ®ESE gho] 3 A Al 9 o] Foll AZ gt o8 749

Qfl (arqg)
Qf2
def func(): pass

£ ok S5 E

def func(): pass
func = fl(arg) (£2 (func))

Aef o] 7 JAIZ o] F func ol AZH A ethe A b th

Sty 22 o] 48] w7l ¥ = 5 o] parameter = expression B S 7+ wf, Tt <) 2 w3 S 2
o ZEch 712 gke] A= AN S A, 2T o o3 A & A=k 4 91, 1 uf uf )
W] 7|2 gho] A& Uth vk mi ARSI 7 R3S A W, 7 7 A] 2 HE W2 REWHSE
71232 PR R U T — o] A2 W A oA REF A o= EHA Al U

5 g2k AR w, 7|2 A ke AFel A 0 2F 0.2 gho] T o A2 EA o] I
b8 ) o W gho] A1, EEILE 2L u)e] AAE” gho] AHSF TR A FPUL o] AL
ot AL 53] AEgke] A= gAY 2L A ANY W FLFUth wef G527t
AAE 2 A (13, &) 220 G2 FAGUTh, T A3 71 Egke] 2AF UL o] AL Ak
=53 g Aol ohTh o] £AE 55 WS 7] H O E None & AHE LI, §4 I of A
WAA R A AQUTh g 5

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

5% o)A o A3 48

i)
>
§:)
o
o
peu)
rL
)
Sl
ol
1<
fu
ofrt
oX
o
rr
Ao
B
e
ACh
il
i)
rlo
s
>
1o
|
Q.
o
|O
9,
[t
Ach
Ehd
lut
fu
(i
=
i)
9
d
4>
o
4/
[>
(mt
o
o,
b}
v
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ofy

Tt} “ridentifier” FE| 7} 2A3HH, & 9 X 0j 7H SES Ul E=Za 273}
EZUrth “s*identifier” 7} 2A5 Y, Y= 7| YT AAES W= =4
EPQHEP. 7) Bz wl ufsg Ut “*” b “ridentifier” Ho] L= AMSEL Y

4%011, ZIFE AAEREAEE 5 st

o 74 O]E Foll +&=“: expression” HEfQ o] -H o] A 7}A
o] L 714 4 9=, *identifier W} **identifier & Ej & X
Fof L= “—> expression” FEfS WIE(“return”) o] = EH| o] A S 7],
e R LE: PEEREP R E R N I Py B
UFUTE ol H o] d FE2 o AA Y _annotatlons_oi_ﬂ-n- ]
12 3= gAY gy ez ;q]:r_g Uth _ future_ oA annotation
7 24515 of oo 88 Ao A o) EAd 2 BEF T 194 9

bRt o] A ol Elo] e An FEO UYL= sA T mgﬁ

A A A, 018 fe Bol Bl A5 A e B @
A8 AVL-5h=dl, 2Tk (Lambdas) A A A Ayt ot
s—i A of] AupA] ¢k 0}1‘ = Aol Fo A & “der” FAAA %
-’F A8 AdH 7%‘%‘3}5 ol P + AFUth o2l e
A w g, "ot Fel 7 A B e o

T HAE FH & (first-class) AR Th T4 F o] Stol| A A= = “def”
o §E A UL, AT Brol N AT £ g BEES 214
S AN 2T S AUk o A e 82 o] 53 A4 (binding) A

2 ol N, )y

o [o rfr H
£ yo
i rlo

2% i rgg

2
=

i
mﬁ W)
ol mfy

22
::4’:\1:4‘

=
N
o rE R
2P
omrr mln
[y 2 4> _Q"
4
0,
of, T[>
< ‘g‘ ].,1-_1
oo

i)
ol

(% o>
RUE

Ao
I

o
-

of ™

N

nz_té
=2
o

£ o o
ok
2

1

L
N

> 1o o o 4y
i (g rulo
¥ oo

(i,
My
Sl Gofr 3oy I

;1
I
£

EE
rel [
>

x o&u-,\L

L0503 o2 o
_IlN
;
N

rr St oo oy oy I
AW
IS

o Lo

o, 4o ot é‘
L oL,
o
it
L i)

b o > et
o

@ > X O kK

i lo
o,

fu
L do Mo
loafl o i
RIS
ot
ek

He mpn [kt

o

M &
o+ 2 .
i S Ao

tlo it rlo

3

ot
Fo ok N 4

=k
=
N

PEP 3107 - 34 o] =
PEP 484- % D& o} el Mol the £ o)n] 4o): § A=,
Fd

S AYe 2R AA (22 AS AdS BAL)E B dth:

classdef n= [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" l[argument_1list] ")"
classname = identifier

SN2 A= A 7t =YY ﬂ]%(inheritance) =2
St (B8 27 AFSoll tiafi A= vl e 23~ & BAIS), 5 =
gl 2l AA 7FH ook Utk AlS Eio1 A= ZHdas, 71ER o2 WolA Ze A obj
£ AUk 1A

class Foo:
pass

£ e S5

class Foo(object) :
pass

Sz 2 EE *HE o)A 2 o o] =
(o] =} A4 (binding) & BA Q)| A AP
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~REZ WS Y, Ay 29 P A RAT, 1A A9 o] FRe HEFUL
o] 7+ ol =P HE T A

Ul
def o] A o] F FIbol| A o] Fef AA 2}

1 T
[>
4
2
of»
I
Jt
o
=,
)
[>
iy
o)
[>
[ L
rlo l-ru
&
i
)
)
e

gl

&l

o AAE b UTH FH29 o A€ Ytk
Zej2 ol A o) ERlHETL B 5= 24, Al Fe 2 _dice__ o REF U o] 12 Ze) A}
s Ao, Ao FHE A A BYH = FHASAATAFH T 5 Atk Aol o3l oF Fch
Fola AL e 2o 8 ARSI A A AxE vt 28 4 5T
S A A FrE R ol A Bl ] ET 5 st
Qfl (arg)

Qf2
class Foo: pass

oo 5Hn

class Foo: pass
Foo = fl(arg) (£2 (Foo))

2 olg @49 gre ot 22 Rl olE et 25Utk 18 ths 2 A7 282 o] 5

>
illy
O

¢

[>
)

2o F2 A FEa A= HFES ZHxAEHFEY YL} ©
LOAEA WA EA self.name = value 2 A A
NEFHE BF “self.name” E7|HOZ A2 4 911, o] A
REL e ol Be FUA o= RES AR 2os olEelR
F JA T, 7HH FHE AR SEE AL ol ek A 2 AHE

g 2t alda Mg nEs AT 5 92U

it

4>
I o g 32l

fy
oy [y £
0y e 5

rlr

(m (o
¥ [ X

-

N

PEP 3115 - 5}0] 2 30002 WlE} S A vet Z A AAS I BHo s WA, v e 2
FHAE TSI HHY v E AA = Al

PEP 3129 - Z¥| & gl ZH o|e] Ze)~ vl ZH olel & 718l Al F9) vl = o e o] H = PEP
31894 == dFYth

[>

7+

rr

s

8.8 I F¥
WA 3.50) 27}

8.8.1 Z7d 3 A9

async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

stol M TEEe] AL of ) A AN LA FAH AU AL 5 ASUTHEFH S BAL). TEEe)

vit] Qtof| A, await 2Fasync A A= o <k 719 =7 F Utk oSl o] E(await) 2H 4], async for,

async withe ZFE v oAt AR S 5 5T

async def ¥ O & JH T+ F4 ZFH T

A9 2%y

olt], await Y async 7|9 EE Z351A o

rlr

FRE 40 vy ¢roll A yield from &E A& AHE 8= 21 syntaxError YU T
259 g9 o

P e nit Y A WA 208 S BAY AHBLE 2 olF TN __doc_ FHOE WBH Fejag 5AEE o]
U
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async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

8.8.2 async for &

async_for_stmt = "async" for_ stmt

H]5 7] ol E el E Ziter FRAANA HIF7] ZEE T2 5 AL, v F 7] o H e o Bl & next WA =0l A

async for &2 H|F7] o|H o]l tf 3 A 2|3 o] H o] dE s gyt

async for TARGET in ITER:
BLOCK

else:
BLOCK2

oul o ohe T S5k

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True
while running:
try:
TARGET = await type(iter).__anext__ (iter)

except StopAsyncIteration:
running = False
else:
BLOCK
else:
BLOCK2

] AR S W82 aiter ()& anext_ () EW gt}

FZE g9 vl Yol A asyne for & AFE3+= A2 SyntaxError Y YT

8.8.3 async with &

async_with_stmt = "async" with_stmt
815 7] 218 A E T b enter 9 exit A S0l A AW S DA FAL 5 9

e

A A= B4 ek

rlr

async with EXPR as VAR:
BLOCK

ongoz the 3 55 gtk

mgr = (EXPR)
aexit = type(mgr).__aexit___
aenter = type(mgr).__aenter__ (mgr)

VAR = await aenter
try:

(F= soTAT ol AS)
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(o1 sl o] A A A%)

BLOCK
except:
if not await aexit (mgr, *sys.exc_info()):
raise
else:
await aexit (mgr, None, None, None)

o AP St W82 aenter () & _aexit () E R
FZE g9 vl ol A async with & AR St= 2
o B

PEP 492 - async &} await 2 & A} £351= T2l TZE S Ffo] Mo AAL =PA fIoz is
a1, 2 Ade F7HEAlek

ntaxError"ﬂ14C%
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BEEEEDEREOLE
file_input = (NEWLINE | statement)*
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9.3 sty dH

B3P o)A Qe b 2 B 78S AT

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

FH39) EFES U3 R W 25 2 F ok Foll fdsf o Fuich shA7F 98 o] & A 8=
o] 23t

32 95 eval () o] AHEFEUTH o] 2= TS ZAFUT eval () o 2L A=
7} -2 42 A3 of g ok

eval_input = expression_list NEWLINE*

106 Chapter9. 249 245



cHAPTER 10

ol Zo] 3pA) A el o Bl 7} 93, Shol W 42 QL kA BT ALE = QA shold £ 72 9T

# Grammar for Python

# NOTE WELL: You should also follow all the steps listed at
https://devguide.python.org/grammar/

He

# Start symbols for the grammar:

# single_input is a single interactive statement;

# file_input 1s a module or sequence of commands read from an input file;
# eval_input is the input for the eval () functions.

# NB: compound_stmt in single_ input is followed by extra NEWLINE!

single_input: NEWLINE | simple_stmt | compound_stmt NEWLINE

file_input: (NEWLINE | stmt)* ENDMARKER

eval_input: testlist NEWLINE* ENDMARKER

decorator: '@' dotted_name [ '(' [arglist] ')' ] NEWLINE
decorators: decorator+
decorated: decorators (classdef | funcdef | async_funcdef)

async_funcdef: 'async' funcdef

funcdef: 'def' NAME parameters ['—->' test] ':' suite
parameters: ' (' [typedargslist] ')'
typedargslist: (tfpdef ['=' test] (',' tfpdef ['=' test])* [',' [
'x*v [tfpdef] (','" tfpdef ['='" test])* ['," ['**' tfpdef [',']]]
| "**' tfpdef [',']]]
[ '"*" [tfpdef] (',' tfpdef ['=" test])* ['," ['"**' tfpdef [',']11]
[ 'x*" tfpdef [','])
tfpdef: NAME [':' test]
varargslist: (vfpdef ['=' test] (',' vfpdef ['="' test])* [',' [
txv [vipdef] ('," vfpdef ['='" test])* ['," ['**'" vipdef [',']]]
| "**' vipdef [',']]]
[ '"*" [vfpdef] (',' vfpdef ['="' test])* ['," ['"**' vifpdef [',']11]1]

[ '"**' vipdef [',']
)
vipdef: NAME

stmt: simple_stmt | compound_stmt

(B sl ol Aol A1)
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(o1 sl o] A A A%)

simple_stmt: small_stmt (';' small_stmt)* [';'] NEWLINE
small_stmt: (expr_stmt | del_stmt | pass_stmt | flow_stmt |
import_stmt | global_stmt | nonlocal_stmt | assert_stmt)
expr_stmt: testlist_star_expr (annassign | augassign (yield_expr|testlist) |
("=" (yield_expr|testlist_star_expr))*)

annassign: ':' test ['=' test]

testlist_star_expr: (test|star_expr) (',' (test|star_expr))* [',"]

augassign: (|+:v ‘ "1 ‘ Tkt | l@:| | l/:l | ro—1 ‘ rg=" ‘ vl:l ‘ A ‘
V=" ‘ Ts>=1 | Thkk=1 ‘ l//:l)

# For normal and annotated assignments, additional restrictions enforced by the.
—linterpreter

del_stmt: 'del' exprlist

pass_stmt: 'pass'

flow_stmt: break_stmt | continue_stmt | return_stmt | raise_stmt | yield_stmt
break_stmt: 'break'
continue_stmt: 'continue'
return_stmt: 'return' [testlist]
yield_stmt: yield_expr
raise_stmt: 'raise' [test ['from' test]]
import_stmt: import_name | import_from
import_name: 'import' dotted_as_names
# note below: the ('.' | '...'") is necessary because '...' is tokenized as ELLIPSIS
import_from: ('from' (('.' | '...")* dotted_name | ('.' | "...")+)
"import' ('*' | '"(' import_as_names ')' | import_as_names))

import_as_name: NAME ['as' NAME]
dotted_as_name: dotted_name ['as' NAME]

import_as_names: import_as_name (',' import_as_name)* [',"]
dotted_as_names: dotted_as_name (',' dotted_as_name)*
dotted_name: NAME ('.' NAME) *

global_stmt: 'global' NAME (',' NAME)*
nonlocal_stmt: 'nonlocal' NAME (',' NAME) *
assert_stmt: 'assert' test [',' test]

compound_stmt: if_stmt | while_stmt | for_stmt | try_stmt | with_stmt | funcdef |_
—classdef | decorated | async_stmt

async_stmt: 'async' (funcdef | with_stmt | for_stmt)
if stmt: '"if' test ':' suite ('elif' test ':' suite)* ['else' ':' suite]
while_stmt: 'while' test ':' suite ['else' ':' suite]
for_stmt: 'for' exprlist 'in' testlist ':' suite ['else' ':' suite]
try_stmt: ('try' ':' suite
( (except_clause ':' suite)+
[Telse' '":' suite]
["finally"' '":' suite] |
'finally" ':' suite))
with_stmt: 'with' with_item (',' with_item) * ":' suite
with_item: test ['as' expr]

# NB compile.c makes sure that the default except clause is last
except_clause: 'except' [test ['as' NAME]]
suite: simple_stmt | NEWLINE INDENT stmt+ DEDENT

test: or_test ['1if' or_test 'else' test] | lambdef

test_nocond: or_test | lambdef_nocond

lambdef: 'lambda' [varargslist] ':' test

lambdef_nocond: 'lambda' [varargslist] ':' test_nocond

or_test: and_test ('or' and_test)*

and_test: not_test ('and' not_test)*

not_test: 'not' not_test | comparison

comparison: expr (comp_op expr)*

# <> isn't actually a valid comparison operator in Python. It's here for the
# sake of a __future__ import described in PEP 401 (which really works :-)
comp_op: '<'['>'['=="|'">="|"<="|'<>"["!="]['in'|'not' 'in'|'is'|'is' 'not'

(Th& sl AT ol AS)
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(o] A o] A el A Al)

star_expr: '*' expr
expr: xor_expr ('|' xor_expr)*
xor_expr: and_expr ('”' and_expr)*
and_expr: shift_expr ('&' shift_expr)*
shift_expr: arith_expr (('<<'|['>>'") arith_expr)*
arith_expr: term (('+'|'-") term)*
term: factor (('*"|'@"["/'"['S'"["//") factor)*
factor: ('+'|'-"|'~") factor | power
power: atom_expr ['**' factor]
atom_expr: ['await'] atom trailer*
atom: (' (' [yield_ expr|testlist_comp] ')' |
"[' [testlist_comp] ']' |
'{'" [dictorsetmaker] '}' |
NAME | NUMBER | STRING+ | '..." | 'None' | 'True' | 'False')
testlist_comp: (test|star_expr) ( comp_for | (',' (test|star_expr))* [','] )
trailer: ' (' [arglist] ')' | '[' subscriptlist ']' | '.' NAME
subscriptlist: subscript (', ' subscript)* [', ']
subscript: test | [test] ':' [test] [sliceop]
sliceop: ':' [test]
exprlist: (expr|star_expr) (',' (expr|star_expr))* [',"]
testlist: test (',' test)* [',']
dictorsetmaker: ( ((test ':' test | '"**' expr)
comp_for | (',' (test '":' test | "**' expr))* [','])) |
test | star_expr)
comp_for | (',' (test | star_expr))* [','])) )

(
(
((
(

classdef: 'class' NAME [' (' [arglist] ')'] ':' suite
arglist: argument (',' argument) * [, "l

The reason that keywords are test nodes instead of NAME is that using NAME
results in an ambiguity. ast.c makes sure it's a NAME.

"test '=' test" is really "keyword '=' test'", but we have no such token.
These need to be in a single rule to avoid grammar that is ambiguous

to our LL(1) parser. Even though 'test' includes '*expr' in star_expr,
we explicitly match '*' here, too, to give it proper precedence.

Illegal combinations and orderings are blocked in ast.c:

multiple (test comp_for) arguments are blocked; keyword unpackings

that precede iterable unpackings are blocked; etc.

argument: ( test [comp_for] |

test '=' test |

'rAET test |

"1 test )

S oW H R W R R R

comp_iter: comp_for | comp_if

sync_comp_for: 'for' exprlist 'in' or_test [comp_iter]
comp_for: ['async'] sync_comp_for
comp_if: 'if' test_nocond [comp_iter]

# not used in grammar, but may appear in "node" passed from Parser to Compiler
encoding_decl: NAME

yield_expr: 'yield' [yield_arg]
yield_arg: 'from' test | testlist
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APPENDIX A

ofo
2
)

>>> T3 9] 7|2 shold mEmE. AE xS Y oz ABY 5 dt T oo 4 A5 B

2t03 Tlo]HM 2x T T E Tlo|M3x T &

2t03 £ EF hol B oA 1ib2to3 2 A o%WE‘r;%%E‘EE AT e 2TYES

Tools/scripts/2to3 & A& Ut} 2to3-reference2 X Al &
abstract base class (34} ¥ o] &~ S'EH/\) ZA o)A ZeAEhasattr () L TE HIadEo] EHs})
AY v B5HA Z2EH (9 & , A H A=) AR, AE S o] A HY st W A& o =M

e
9 Bo] 3 & WD ABCE: 14 A8 2AAE TS, 2U2E ASHA geus
% isinstance () @ issubclass () o Y3 ZAE F A= FH2EY YT} abe

£ HA 8. stojHo= B2 W ABC ¢ et =1 th& -Jr 22 AE0l
(collections.abc BE|A]), rx}(numbers BEINA), 2EH (io EE )
29 (importlib.abc ZEA]). abc EES AL A 4IRS ABCE WS % 95U th

annotation (o] E|o]A) FHo| Wl 3 I E Z AIREH = HS S22 o EZHE =& T4 wj/jHs
Rk g A28 Eﬂolt"ﬂ‘%‘l}-
A o] o) iE o] d2 A3 A Zbol] AN AT 5 QAR A Mg, el S W o]
7t g, 2, '51 9] __annotations__ &4 oJEEHE AFE Yk

Elo] A& 77
o] 7]%5& Ayt v o%leﬂ ol A, 3 o] = E| o] A, PEP 484, PEP 5262 Z 234 &
argument (12h) ¢S T2 0 ¢ tUAE) 2 AgE s gk F SR AR AU Th
o 7Y <l }(keywordargument) St T2 w) A AL el 82 A (o & £01, name=) £+
x5 ool 22 AU E R AEEE AR & £, b33 22 complex () T&°A 33

5ERF 71%5 AAA Y -

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A A QA A} (positional argument): 71 = QA X7} opd Q1 A} ol
He AU olE 2L o ool * & 2o AT = UFUTh A& S, e} 22 EE01A4 3
5= EF A AR Y
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complex (3, D5)
complex (* (3, 5))

Qb 4 HHT o] ol F B2 A9 W] IRk o tel A8 & F A S s A s 5 E
e mAG. BUA SR o8 BT AR BB 4 el ot o8 ol 4 Al

o g Yok
So13 e v vl @5 FAQ A Akl v 4=2] Zpo] &} PEP 3625 H A 8.

asynchronous context manager (W] % 7] AYAE #A2|2}) _ aenter () & aexit_ () HIAEE A
o vM async withEolA Kol &< Alojst= AA. PEP 4928 =95 9}%141:]—
asynchronous generator (3157] A ole]) vl 7] AvdolE ol elE & 4—7—%
def & Aol = ZFH st ¥ ol async for FZ7} /\}Qﬂﬂ IR
BEricidRAAE TRACE do B

HE ¥ 7] Al ol H

F5E he) 71 A, o d 2ol A& vE 7] A olg olg e ol H &
Rl e £ ol o] 0) 7k BEHA e A9 L, AT SIS AN RETS AT

HE 7 Ald ol &4+ awvait BAAI asyne for 3} asynce with & T 4+ J5

Ytk
asynchronous generator iterator (8] 37| A &) o] €] o]e]# o]|€]) H] %5 7] Al o ¥ &47) wrE

Hl 5 7] o]Ef & o8 QAHl _ anext_ () & TE3H oJdlolHE AAE SHF, ol AL &

yield @A 74X b5 7] Al d o8 &9 vt & APt

Zryielde YAIH S 2 AelE Tt LAY (X Q sS4t 7] 5 < try-

A AHE 71 dFUth b5 7] Aly#Eole olEdolE 7} __anext_ () 7t &

olsl o] B &2 A= |, W 3£ 0 2 87 3h T}, PEP 4929} PEP 5255 R A 2.
asynchronous iterable (W] 57| o]8]2] &) async for EoA] A" ¢ J= AA. _ aiter () WA

s dls7] olH e o8 & & F oF U th PEP 492 2 =1F 5t

asynchronous iterator (B]5 7] oJE]&||o|E]) _ aiter () & _ anext_ () WA EE Z£d3= AA.
__anext_ =g olHE AAE S FHoF Yt} async forE StopAsyncIteration o9
7} A w742 b5 7] ol dl o] Bl 9] __anext_ () HIAETZF EHFE oSlolHES FUTH
PEP 4922 %= 95 g5 Yth

attribute (= HE) AEAAL AL ol Fow Fxw = AR AT gk o & Sol, 24 07}
AEeHE T AN E, 00X F2H T

awaitable (o] | o|E] ) await ZA A AGT = Q= AA. I FH oY __await_ () HIAEE 713
AA7FE 4 A5 Ytk PEP 4925 H A 8.

BDFL Z#}H] 22 £Al =] %} (Benevolent Dictator For Life), = Guido van Rossum, 3} 0] %1 2] A A},

binary file (8Fo]v12] 5hQ) 10| = 215 717 58 911 % 4 9= 719 2], whol v 2] 58] of 2= vho]
HEl = ('rb', 'wb' =¥ 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO & gzip.GzipFile & Q1A
str AAE A1 2 5 Qe 5k AAol] el AL B4 519 E Bz AL,

bytes-like object (R} o] E Q7 2} A]) bufferobjects & A Y31 C-A5 HHE QA2 E S 5
5% memoryview 7“ AANEL ER0]T bytes, bytearray, array.array AA =

HholE@ R AASE HolUal ol HE thl ole] /4 AaSel ASE & A&
Hhol g st & XV‘ 271S 28 A% 2L ASo] 9T

ol Q4SS vl e HolE s} ApAAY Bk A5t old A9o] AWAE FF <ol 7.
7] vho| EQF AR 2L 3

gl

AUt 7FH H 3 AA 9 ¥l 2& bytearray 9 bytearray 9

memoryview 7 & Th CHE QAHE S uhol 2] HlolE 7t B9l AA| (“9)7] A& o= A

AR AFZEHEE QYT o]H AE9 o2+ bytes® bytes 2 A2 memoryview 7}
1%k

bytecode (H}o] E F.&) Fo]H £ FEEvlo]E FEZ A9 AE =4, CPython 91 E] Z 2] €] of| A T}o] #

s e A RA T IO E TEE oy o] AA H o, 22 1AE F WA 4G )

O ek A B LT (420 A Hhol = BT 20 AL 318 5 95U Th. o] “F 7 slo]
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2 shol = =] 9§31 714 € AL 14717 A ARHLkR W) vhol= IEL

MEZTE vhol i 7P 71 Al A AE A o2 JIH A =, whol i W Zhol] b A o] A = gtk

2ol Fo 8 oF Pt

Hho]E T §ol o] B2 dis R E Aol LT
class (2| 2) A2 A2 A

A4kt WA= 4o 5L EIITh

class variable (Z2| &~ HE) Z oA Y1 Fea =5 (F, FHaY 2 of| A 7} ok 2} o]
AE s = W

coercion (Zo]A) 22 PO F AAE Fubsh= dAte] dojus B¢ S P A2 AE 2 PO 7
SAH g HEsh= A ol & 59, int (3.15) £ AFE A 382 WAL ARk 344.5
oA, ZF AAF= THE & o] 1L (Bhih int, THE Shub= float), & Tl 8H7] Aol 22 P o2 whs| of
g"/]ﬂ' 27 ¢F oW TypeErrorE oYUt FojHd glole, a8 = A4 22 T8
H7E 22 P o7 Hsts]Fol ok FUTh o & 5o, 13 3+4.5 3= Al float (3) +4.5

complex number (¥-45%) 9] 53 A A2 0] B, RE AL Ap R s for Y
Huth s 5RE A 54 9l (-19) Zﬂ%ﬂ— )E F3 A, FF #‘Wl*ﬂfli,%;“ﬂlﬁ%
IE B7IFUCE FolHe £ BY|HE 2 BEAFE VR (AP AR 5 JuAE
oA Z71F YL A E =91, 3+13 math REY EAaswdo]l 83, cmathE AR th
EA5] &8 o8 52 584 7|5 YUth 283ttt w7 A XSThE, A B3] A

=]

t}
context manager(%’i‘é‘.éE #2)2) __enter () 2} __exit_ () MNEE HAFORZN with Fo
WA PEP 3432 2 5 54t

context variable (A€ A E daE0 e o S 71 F e Hg. o= 4 A ~F =T}
ol o sf D}E FHL A 5 e 2HE-2E AF a9 STtk 28U, AUAE WS E
E3), slue A AF T o8 A 1/\1;7]_010/\01qu A E H4o £ 25 = T AA

H] 5 7] Eﬁiﬂoﬂf\i He S

contiguous (%) ¥ 3= A &3] C-A S5 (C-contiguous) ©] 71 U 32 E & A 2 (Fortran contiguous) Y 1] 455 9]
St AR A WA C Aol T EE e Akl e QA A, 7
A Z2 A3k, 001 A Al &ehs LEAE AP 29 A TR W& 2o v X5 of of 3hu o} thA}-d
C-a% Mo A, 2] 40 EATE FHEL PR 0} 0hA o} el 20} 7wl Mo
SHAI R ZEd A% w Goll A=, 3 HA Ad A7 7 ke B T

A3lE A Y YTl contextvars

coroutine (7% ¥l) Coroutines are a more generalized form of subroutines. Subroutines are entered at one point
and exited at another point. Coroutines can be entered, exited, and resumed at many different points. They
can be implemented with the async def statement. See also PEP 492.

coroutine function (Z €l &%) T FE AAE FE4 FARE T4 = asyne def FOFE A2

,)\_T_’_, await @ async forﬁ]— async w1th 7]—,4 T & 238 4 95Ut o] ASL2 PEP 492

Oﬂ 4 3 == A5y

CPython o] 2z Aojo] 374 2 o1 3 Qd, python.orgo| A ¥l ZH Yt}. o] 73S Jython o] 1}
g7} 9,1% “H o] “CPython” ©] A& Ut}
decorator (d] & o]¥]) t}= = g4 9d|, 25 Quwrapper EH S /\]'g ot g wW3lo g
ALFAUth dZg °)g e &3 9= classmethod () T»]—staticmethod olut}.
H

ol e B BA A BPY LYYk TS F I A E v o= FEFIh

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

Lé‘°1§ﬂ1¢°ﬂ£%ﬂ StARE & Ak 2y d Z o] H ol g o ARA T W82 ok
S~ Ao g AEAME Efﬂ%ME‘r
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descriptor (CJ A3 HE]) WAE _ get_ () oY _ _set_ () O]b]-_delete_ ()& Ao3t= A A.
:”EH"Oi HHEHAIHE Y o, o] ERE 23+ 582 482 4otk BE
bE AAY, 2 AU, AT AFE S ], a2 Z & lﬂ/:]LﬂaoﬂAi ba} o2 2oz 7”;<1]E
Syt S}Z]f&bﬂﬂ"i‘%lﬂfd, AFst= AT HE WA EZFSEH YT AT HEHE
°]5H3P 2 gto] ol thsk -2 o]afj o] E4 |, T, A S, ZEIE], FEA HAE, 2B E
) % C,%J% e Fx 5o B2 759 712 E o7 7] wlEYuTh

o] %
HaaHH Y WA =S ek AA g &2t 5 E 787 ol YUt

dictionary (5 A g]) 9|9 7] & gholl th-3 A1 7]+ A& 9 @ (associative array). 7]= __hash__ () £}
eq () HIAEE 2=2E A7 E 4 QS Uch Do A A gk ST

d1ct10naryv1ew (“"K%L-]ﬂ H) dict.keys (),dict.values(),dict.items () HAE7}I E&F= A
A< gxYeE Fetal FE5UTh o] A2 918 FEE EH?S}%—; A HE AlEst=d, /‘:1
Y7t A4 E o, 571 o] HEE vt }D}h“%]‘/]r/} 9449z H %%@}E}CEEHP?F}]‘Q

e

°
_E,OR
o

e
<r

list (dictview) & AFR-3IHE H iewsS HA S
docsting (S AET) o2, 5 BEAA A 90 EAL 02 e £AY EY. A ET A
2= FAEHA G Aopd ol o AR EHRZFNL, T, BES __doc_ OJEFRE=R
AUFUT dERsRAS Fo) e 5 Yone, AAe AUAE AR A Fodvc

ﬂﬁ% A Bst=d AAS & HA G2 Ty
75N AGASFUL 2o AT Ho| 1 22
Nof| AE]H o] AE Az o g, ZAAE FE= Y
o 9}%1414. 9 Efo] 2 type () Y isinstance ()
S B AR ATk (5, B chel o] 541 Aol ol B s ehm 4 98] 91510}
st t}) bl Alol|, hasattr () AAFY EAFP =2 189S 2t}

EAFP 3= R ttE= 84 & 1317] 71 4 v} (Easier to ask for forgiveness than permission). ©] &3] &2 4= Q&=
spold B AT S, SULE A ol EelWES 2AE /Ao, 1 /L Ho] BelE o9l & e
Utk o] ZE o e ~EQ L B ¢y} cxcept 28] £ 2 EHA AT o] HAYL C

9} Z+e g2 gL oo A 2}FE ALH = LBYL 2~ 3} i g U )

expression (£32]) ojd ztog T A 4 J= &
Z

H
H ™ v
o, ol E e HE WAL, QA BHET TL FS EHFE KT 3
GEedda dzdos e dd TEEd add AL itk viicA g, Had
8 &4 0] ob vl

f-string (f-224Q) '£' U ' Skell 29 #A42 HHESE &3] f-2AL o) REe, 2
A 2lEdE o] YUt PEP 498 2 B A Q.

file object (3} A A) 315 Aol th3) 5+ A F APl(read () Ywrite () 22 WAEE)E S2ju)
= AA. ol W o e o A= A 1‘4/\3 ”4 3 Olb‘rDPE Xﬂx‘% A EA FA
(&ﬂ B2 Q=d o ze v, 44, ooz, S5)of th3 AN AS ZAF 5 QST

i XS} 7“ xﬂ% g dF A ] (file-like objects)\} 2~E (streams) olgt1E B3 E]—.

AA 2= A B57o 5td AA =] A5 UL & (raw) vlol ] 2] 312, W 3] = (buffered) vfo] 1] 2] 312,
BlAE 919, ) Qe Hio]latio BEANA AAEUth 3ld AA & vt A e
open() ¥+E

ol &
file-like object (J]-° FAA) 3t A 9 njss g

finder (3}¢1t]) YZEE RES AT 20 & o a1 A= AA.
ol % 33. o] F &, F FF A7t JF YT sys.meta_path 2} T AFE3hE B A =2
Q1T & sys.path_hooks I} @A AbEh= 4 = A E 2] 3}QlH.

] ZA] 3 W82 PEP 302, PEP 420, PEP 451 o] V-3 Ut}

floor division (35 p3e4) 43 7 7He 442 141%‘6}% S U 35 Al dabaks /o
& Eol, 2411 // 49 gL 27k HAAL Ay A2 2,758 B UTh (-11) // 4
7} -2.752 W 8 -30] Holl G2 of Tt PEP 238S B A 2.
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function (84) 52407 o @ 3t S FE A BAS. QA Lol 214 7} A2 4 Qe

=]

function annotation (= o] - H| o] H) 4= v 7 o) vES 3Eo] of i H| o] A
S o] H o] A2 dHbH o 43
dol=d 210 2 7t a1, F Al in

def sum_two_numbers(a: int, b: int) -> int:
return a + b

T4 ofeHlo] 4 B S G

o] Aol A 4 W g,
o %2 AR EHE W4 ol

H o] A 3} PEP 484 & 2314 2.

_future__ =z Ifm 7t A AE zefE o T8 A e M dol 71sES BEIE 5 IS e
7V RE.
__future_ EES JEEFT I NFEY FES A, Al 715 0] AA Lo dojo] 27}
H AL, AARE 23 o] 7] Rl H=A E 5 dsuth:
>>> import __future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (719] 7] 5:71) B AH§5) 4] obt v W 2] 2 WhgShe A% sho)
Fz 2B ZANLZL S Ut £ 8 HA £AYZ B3 A S
AN go BES AN AT 5 Y&t

generator (A&l o]e)) 7| L] eo]E] o] el o] 6] & FHFE G5 A FHA Y Mol
S WL yicld BAAL TPPTHE ol thEUTh o) FELS forFLE AHE AL next ()
2 g Wl Sk A 5 AUk

it 1%

25 AV o E F4E 71 A A, ol W F ol A AL dl o] ol HalolE & el WUtk o=
s o7} Betaln) ehe AL, AT 8ol WA BETE gAY

Zryielde A HLE A& SHEsa, T A (XF HLER U7 FAuy-EE5S
A3 A E 71U ch Alvd el g olg ol ZF AN, it oz Bt (EE vt
A2 A2 gt oiul g Y o).

generator expression (AU g o]E] £ 2]) o o|HE 8T+ 284, FZ A5 HY
for A k7153 if ol Ho| E= vl T3 A Ay HYUth 23 1A
3 gEL FEoj Yyt

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AU g &4) 22 A4S A2 T2 FEo| tisf 7+t oA 42 4D T+ 52

o
o o] ® FH o] AFEE A= v A gl s A8 g Uth
AZ ] A5 %] o] A FE 3} functools.singledispatch () U Zd o] E] &} PEP 4435 H A Q.

GIL A9 9 =ZH 5 & HA L.

global interpreter lock (1%} Q1€ Z2]e] %) 3 Wo] 2.2 3}1}9] a7} vhol 4l o] = 5= & A3}
£2 0457 93 CPyihon AB Z el 87 4§ 3 AU S, (dict 9 2L F2 B YFIEL =
Fohs) AA Blo| FAH 0 2 5 A] 94 20 o] A BHE S §HE 0] 4 CPython S T3]
WS Az el A2 At AL AEzeHE teadsEE] 44 BEs g, tE

ZEAA ZIAZF ATt B8 B FES I TEUTH

A g o H G BEE2, RFO|U A A BT, dFoly s 2 AL F FH QA IS 3
= GILS et A A 5 Y th =3 T/0E & ulj&= /4 GIL&

ek

HE wEast
e A wde AFAo|A FYT), T T ZeAA 299 A AL A5 W E Y
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Uth o] 45 o8 SHste A2 782 22 B8 w0l fA vl gl B S0l 2 Aer
A AAL AU

hash-based pyc (3] X] 714t pye) FE4S T
AL 5= HlolE ZE A 3tY. 7 A E vlolE T &

hashable (3] A] 7}5) A A 7} A 2 Zkol ‘(5]—?(] ol FAIZFS 7+
th, thE AA et vad 4 glod (. () MAE=E7EER79
o H s £ $1A) 718 AR ES] A G olo itk

AN Hs e ANE AU A A AHE AT 5 QA S, o] AR TRE
W$azzﬂﬂa%4%aﬂﬂ%ﬁuw

£ stol el 29 W AR EL A ZFs T Th (FAEY 94U 22) 7h A o U S-S
D Bl o (5 el rosemset ) 1 AE] 11 E £ 1 2] 4B o] S e
AN 5T AEA Ao 2ea0) AAEA ARNEL ARAOR A A5 T (7]
A2 g A2 BT BF 2o v 2H T, AR 1d () 2 FE ol gyt

__hash__ () WIAE7F 283
), WAl 78tk gk 2

"
AW

IDLE 3}o]dZ 91353 H‘ﬂ 217 (Integrated Development Environment). IDLE-2 5}-0] A 0] 3 5= uj| 3 2hoj]
ke = L%ﬂd 719 ez 2 g 4 YUk
immutable (B¥) 238 %< 2te AA. 29 AA = A4, A4E, 72 TZPUS ol AA S
HAE 5 stk A g2 A sk Al 7"7<ﬂE WS ofof duth. WaHA] o= sl Al ghel JlofoF
ste StollA 523 4TS Futh A& =], dM e 7.
import path (Y2 E F2) A= 7|Wt ot 7l T E & 2EL 27] 3 A F2E (EE A=
e G BHF. AZE =5 ) FAEY HF2 HE sys.path ZHE FUYTL A T A B
7)1 A9 _ path_ o]EFHERHE L $5 9o

=
7)1 A9 A FE s
importing (U X% €) 3 =2

i
1o
3;-_1,
)
)
M
§
N
o |
|ru
2l
Y
1o
3;-_1,
)
rx

AT A A F AL S B,

importer (Y £ E]) REL 275 81 2 E 817 % st AA; FA o 9holH ojar =1 A YU Th
interactive (c§3} %) sho] 2 th3ld A 22l S 2ta Sl AEze|E 2F2Eo A 233} 2 ¥
As ?JE“‘# AL, 574 A% 2AE B QAEP% Sk AA glo] 4] pythons A3

*ﬂﬁ( H/] =] 7ol A ’EE—“. St AL 7Fs 2 4 AsUth. A O}Olﬂoﬁe HAAPIAY 52
A7) A& EthEE v A e J‘%?Mv}(help (x) 2 7] 5HA &

1nterpreted(°lE-] ZlElx) vlolE = AHAupd o EA) wfFoll I =] Ea*ﬂﬂﬂ 3R] gk, gho] A
2 At Adoj7t ot Az g E dojdUth o] A YA H o2 Ad 51dS THEA 9%-7—-\:—
Ai LS AP AR A= YUt T 220l F o 3] A7 &= A T QU H
Z g 0101:&?0_ At dojEg g2 /oW A F71& 25Ut tshd = Al

interpreter shutdown (QJE]Z2Je] £8) £ 53let= RS S of, sloj A e =Z g EH =
A3, BEolU oY 7HA] S8 YR 2R T2 B
Stk =3 7hj A =AY &
FESY AYE AZAZE 5= U5 . 5 = hg
Aed, 270 &3t AP EC H 75 A EE 5 AV WHEGUTH(ES o= BelEy

2 E ol A3 A E P Th),

o2l
lo
i
)
Y
N
Id
=
g
oy
o
M
_]n‘.
2 o
yo fl
M2

| ZElH £582 8 92 AP = main_ BEOJU2ITHEZFAIP S ZYE= AP YTH
iterable (0] E]2]E) AW ES 3 W A = = J+= AA. o HHEY 2 BE (list, str,
tuple Z2) A G2 FE, dict T2 EE U AAAFE, otd AA 5, iter () Y AAA
NS FHd=_ getitem () MINEE XA Fost BE S22 AAEo] dFUTH
O HEL for FZo AFEE 9&1, ANE2E 222 dl=t2 We X (zip(), map (), =)
o AgE = AF Utk oJHHE AAZ WA &5 iter () of AXE A=, I AA 9 olEi
dolHE S8 F Ut} 9 1E1fﬂlolE1L ZE AL W AXE T FaTYL olHEE
Ao, HES iter () € &3 AL olHE oY AAE AP thE T8+ s th forff
OJAEE Y ES A HH A5 oz FF tﬂ,T:é TE 5o olHE olHE FolE o) & e
HE whEyth ol B dlolE, Al Al o] B = B A Q.
iterator (0] E]#|o]E]) tlolEle] AEHDL FH3t= AA|. o|ElFo)EY __next_ () HIAEEHMIEHO
EQEO}E'%(EE“W e next () 2 AGsH) AEH = T5 %%i}alrﬁiiﬁ Ytk o

o] 9] "ol B 7} 912 wl+= th4l StopIteration o9& o th o] X Hof| A, o]E & o] ¥ 7
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A= A2RET,0lFTY BE_ next_ () HIAE §&L2 stopIteration 9 E thA] 4o 7] 7] qt
@HD} °]E13ﬂ°]‘51“ ol &l gl o] & A A ZV\‘_%% Fe__iter  ()HIANEE 7]'7] Aol 85 7]
o =oll, o] Ej#| o] Bl &= o] Bl ¢ £ o] 7| = 3}l thE o HH EE S Wols o= FE 9 oA A8
T UdF UL S83kd Q= oy HY O]E%ffﬂo]"q% A 2ot Z=EYUTh (llSt Z2) ZH oY
7“7<ﬂL iter () 2 AL AY for FZ o] AHE3 ufjuitt A o] B & ]HE b yth o™
A g olE # o] E] ol thafj A ~F &} 1L &1 ] olE] g o] Mol AHE-H o]u] AXH O]Eieﬂ °olH &
=85 A, ¥l Aol A Y HolA ‘4':‘/]“/}
typeiter ol T ZpA|SF W -§-o] lF Ut}

key function (7] $+5>) 7] 3= == F & o] A (collation) $F4+= A & (sorting) ©] U ¥l & (ordering) o] AH-&-%

=S EEFE ZHEYYL dE 9], locale.strxfrm() 2 2AY EF YA S =&
Ad 712 = o A E YT

ojR Y W =T QA4 F 0| ofBA A oA AL Fol=AFE Alolstr] f&f 7] F4E ot
=94t} oA A5 E=min (), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ¢ AFYtc}

i)

7| FEHEE tﬂ”@lfﬂ““ﬁ ol F Utk A& 5], str.lower () MIAEE Ao]x F& e
AEE Y3 7] F42 AHEE 5 JdH5 ULk gtz oz, 7] sk lambda ﬁ_??j/ﬂ,ii s S
O]I‘Eﬂ o] & Al t}: lambda r: (r[0], r[2]). =3} operator REZ A /9] 7] &
A AE AlwgdUtt: attrgetter (), itemgetter (), methodcaller (). 7] &+& ?}%T_

AL-&-3l= ol o gk o]  Sorting HOW TO & E A &
keyword argument (7] 9] E 21z} <1xF & B AM 2.

lambda (FTh) £52 w) ko] oA kel HAA 0= 24 ol B gt Qekel W4, P
U= E2HL lambda [parameters]: expression YUYt}

| = 2} (Look before you leap). ©] & 2 E}Y-& T Z oL} 23] & 317] Aojl A Ao g2 ALA
AU of AEHAL FARP A2 o3 11, B - o £ 5 A o] Gt
| = &7 Oﬂfﬂ LBYL AL «“R 7179} «H 7]” 7k AR 2 AL WS4 @ 93 o] Y5y
%01, E if key in mapping: return mapplng[key] HAAFZ o, SFR T 23]
B 28 =7} keyE mappingo| Al Al AstA Asfd 4 Q5 Th O]E* o]t % ©| 1} EAFP
tozd 828 5 AU

list(B]2E) WA stol A A~ T o]Foll= E5tal, dae) st AA27E00) o] 7] wiell, A2

2~ E (linked hSt)E“/} o2 Aol w E} -FA Y o

%
]

2~
T

Y
rl
2
o
S
>,
o &
n°1‘ =

list comprehension (2] A& AZ |3 H) A/ DAY QAE AR E= YR E sty 1 A4S gAER
=3+ Zl‘@"?_]’t‘o"‘ﬁ. result = ['{:#04x}'.format (x) for x in range (256) if x
$ 2 == £ 00 A] 255 Atole Q= BA4EY 16754 (0x.) 5= EF= ALY Bg2EE
la=g=h=3 lf ;q ST 5 OV\‘/]D} *“Ek?ﬂ’ ,range (256) ol J&= EE 847 AP YT

loader (2t]) 2E2 ZE3F= Al load_module () °]2he= o] 59 WA EE FodfofF Ut 20+
RE 519t 7} S 2t} A48 8-S PEP 302 2, %4 w] o]~ 27~ = import1ib.abc.

Loader & HA| 8.
magic method (W] & WA =) 5= v A = o u]FA Al vk T
mapping (W]3) ¥4 9] 7] 23 & A A f‘?}I'- Mapping ©] 4 MutableMapping 7 Wlo]x Fef &

o AAFH HAHNEEE F+33= A o]y AA. 9 Z+= dict, collections.defaultdict,
collections.OrderedDict,collections.Counter & & 4 55U TH

meta path finder (W€} 7 2 9}QIH]) sys.meta_path o HAo] FefFE vpelr]. vg F2 st =
A Q=g whelt o Bas of 971k S e chE T
el A2 3t g7t FHet= A EE A= importlib.abc.MetaPathFinder & X3
F o

metaclass (W€} Ze =) Fefne] Sefa. SdA A= Fedls o) F U2 9M e wolx S s
o E5g R Yth HE F 2 o Al AAE wopA SHAE TEE A e FYth Y2
AA AT Z2 e 0*0%‘: 71 FES ﬂl*?:MDP gto] W& S BEE AL AxH
met FR2E W ke AQUth HEE AR APAE o] =77 A B8 AL Bt
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A7 ), et Zej 2t FEstm Lobat s e AF U A ELHE AN 22 27 (logging).
A= ARG F7H AA AR 4, AFE TG B2 U Ao A RS U
w e 22 A o ZAA S YRS 2 5 syt

method (WA =) S viy] o A HoH = &4, 1 FHAY AAHAY AJEFHEZA TEH W,
I A== A A AR (T self 2l BT 2 AadHA AR E AU & 2 5419
AFZ EHASL.

method resolution order (M| A= A £4]) WA= 2H ¢A+= 23] 5t= <
Zejasel EASITE 23 Bel22E sol 4 g zelejo] AHRE duelE A

module spec (L5 £%) RES 2edler A8 E J2E #d AREL B 9t o8 B2k
importlib.machinery.ModuleSpec & QIAH A,

MRO "4 = 274 <A & BA L.

mutable (7}¥) 7HH A= grol & 4 QAT id () & €ASA FAGUTE £ & HA L.

named tuple (U] Y & &) The term “named tuple” applies to any type or class that inherits from tuple and whose
indexable elements are also accessible using named attributes. The type or class may have other features as
well.

Several built-in types are named tuples, including the values returned by time.localtime () and os.
stat (). Another example is sys.float_info:

>>> gsys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand or it can be created with the factory function collections.namedtuple (). The latter
technique also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (|5 57h) W7t AZE = Fa ol F2 dAY R AP U AAl S HE o) &
T (A E oA Eek oty A, A, WA o] 5 Tl dsUTh o5 TN o5 FES
WA A REAAS AU o & 591, 9 builtins.open & os.open() < 159 o] &
0] 25 FRFUL E8, o8 08 o REO| B4 FHIEAE E oA BEIA
71543 § A B4 =S YT ol & £9, random. seed () £+ itertools.islice ()
gtal 2 1 35 0] Zh 2t random 3 itertools EEO &3 +HE QSo] W HUTh.

namespace package (0] % 27t 171 2)) 2.2 A B 317) 4 S 2] AE| o] 2 v 753 PEP 420 5] 7] 4],
o) AL B A AAT QL $E A, 53 _init__.py Hdo] glomw A7
57] %) sh= tHEU )

HEEZHEAS.
nested scope (5 HE A272Z) SR FYoA H4E T2t 9.
7Fed #, 2 H A Fethe Aol F2 8] oF

#UTL v AA 2, Aol M5 Ao o] 2 F2lA AL FUth nonloca
e AL BT

new-style class G+ 2B} Ze]2) A2 RE Za|x AA o) AALHIL Y= Zea WAL oA o
B 2719 dold HAAE, 24 waud 2d A slots_, U2AHE, eI H,
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__getattribute_ (), 2 WA E, 2 E WA= 22 go| M AFIL THFT 7T E

o }£L51‘k 3&04"L1E+

object (AA) A E (A= HEY g T 2H E 4 (MAL) o] JoJH BE o]H. w3, BE 261
So) o HE A4 w0l 22,
package (3)7)A]) AE 25 S]] 21714 02 48574 EGFE S ol d wE NG Ao,

PR A N e
A5 1717 o o) & B0 AAA = BAL

parameter (W] 7]¥5) $H (E= WA E) Ao A S7F ke 4= %1% A (= ojH FF QAR &
%‘?lE]E] OA 7Y i Es7 AF

PE B Y
= ositional—or—keyword) o1z AU 7Y E ol a2 AYE 4 Q= oAE A AT
k2ol

=

o A A-719 |
yrth o] Z o] 712 FEef ] wj7i ‘Q‘%D}, o & 59 %@Hfooﬂ}bar
def func(foo, bar=None):

o 1 A-A & (positional-only): | A 2T Al52 4= A= AAE AZ T Fo] S 9 A-A&
AT E Bt e 23 YA syt sHA R o @ uf i T2 9 A]-A 8w

EN
Zr&U T (A S 59, abs ().

SE
» A=A (keyword-only): 7| =2 T AFE 5 9t AAE ARG Th 719 =28 w7
W% g4 4 o) w5 5 50 4 ol Sk} -9 X s s < o) 2 E e A

Aoad 4+ AdF Ytk dE =9, b2l A kw_onlyl 2} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7P8-91 3 (var-positional): (CFE )W 4E o] 23] A o] m] oS ol 92 A Ta)
AED 5 Y= AR AAS ] deojo] AAAS A F T o A v A MS= v A5 o] 2o
« 2 oo HolA 48 4 LU, ol 2 Sof ULl A args:

’def func (*args, **kwargs):

» 71871912 (var-keyword): (FHE vl 55 o] 2131 4 o] o] WobE 62 71912 Ak 3l

Asd 5 e Y M 719 = AAES A FYULE o) & v 7= w74 o] Eol
x5 Qo BojA FoE 4= AF UL dlE S0 A ool A kwargs.
ARSE AYE ARES A 7 EFEG o g A Ho| AU ¢ AAES AZ S = U5
Sh=3
o2} &0 7] &5, QAALe} v M 4= 2] Zpo]of 139 = FAQ A7, inspect .Parameter &, T
Aol A, PEP 362% H A 8.
pathentry (B2 dEZ]) Z=Z 7|0 oy 7 Y2E S REES 27] A8 Fasle d2E =2 A9

EREEPN

path entry finder (7 2 QI E F/]»},]I:-]) sys.path_hooks ZE
=Y A, FolA A2 dEE 2 RES ZFE=UHEE €Y JdsYTh

AZAEZ Q5o +AI}E=HAEEL importlib.abe.PathEntryFinder o] U3 Th

path entry hook (2 QIEE] F) sys.path_hook BJAE Q= Fe]EQIH], 54 4= E oA &
_15:__9_ 7(1—‘— I:H g ?:_]’_l_’_ 9}[’4_@ 75]; OlﬂEE] Eﬂ’(ﬂﬁ %%E:]%qq

path based finder (3 2 7|4t 5}elt]) 713 v]e} 2 2 51oltl = & shibele, Y¥E A= o RELS 3
Z

path-like object (FE 7 AA) 52 A28 A2 2 e AR, A2F AAE A2 S ey str

Ubytes AA o] A}t os.PathLike T2 EZS T HSE= AA YY) os.PathLike Z2EF

= APst= AA = os. fspath () T 5 TEMA str thbytes Y A/2E Frr HE 5

J5 Ut} Al os. fsdecode () £ os.fsencode () & ZZt str Y bytes 2345 H 3 3+=1
}%% T A5 YTH PEPS19E = Y= Y5 th

119


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0519

The Python Language Reference, = X] #] A 3.7.16

PEP 5ol 7)1 7% PEP= 3ol & A5 1] 19 A0 8 A% 51 ol e 2w s 2
o he 22 75 A ahe A EAAUTH PEPE AIE 71500 S e 1A% 714 A E
2AS AT ek
PEPE 78 A% 7158 A oksha Aol B @ AR 4 shol el Eof 7k 47

o
SERE RS

A e ] e el
N ERCEVE R BE RIS

PEP 1 &=z 34 8.

portion (£ ) PEP 420 o A] % 2] & 214 &, o] F 37k 3 7] A of] e]upA] 3h= shrte] v e ol £o] =
SIS0 A @ip Lol AZEE AT 75T

positional argument ($] 2] ?12}) QI#} £ H A Q.

provisional API (Z+d API) 7 APl= %= gto| B89 I A T84 B4

A, Cleislel a0 2 W o g5 S 9 el 3 AN
ST RO A TR o] FAH A b Mol Yol Qv ad WL B
Ao doj At ke AT — APIE E3et7] Mol 51 o5t 2RA Aol

g Afolrt dojd AJy

APLO| X 22 %, 77 T34 of
H A=l Hel A s s

G BF vhol nef el oW A B AR
Yok § A 82 PEP 411€ 28 F 1)

provisional package (2 2| 7] x]) &7 API & B A L.
Python 3000 (3}o] % 3000) z}o] % 3.x v & g}ele] ¥ (M A 39 vjz7} W vjge] ojokr]d Al ZH o vt
Eo]% o] Eolt}h) o] AL “Py3k” & o] 27| &

Pythonic (Z}o]Hth) T2 do] 504 dukA <l 7id
oo A 7h A AFE-E = oY og—g—g 7}77}0] u}

2

R o]

o
T
O

_n_

2O Y il ko i
ol gy A% o Mok fo

A A 2= ot YL for B2 AR A] o]
Aojoll= o] T /7Y FAE ol floeBg, gol
AHEEH7) = Th:

for i in range(len(food)):
print (food[i])

o 25 e spol ok 2 ol FF Y th:

for piece in food:
print (piece)

qualified name (g 77349 0] 8) LES| Ao ~mz oA BEo| Aol H Feh2, T4, WA Eo] o] 27
278 Hol3k o THE o E. PEP 3155 o A A Bt HAHS] Be} Zejao] A5l
R7EE o) 2L AR o o 27 2HU T

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

ICI

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

252 7t 7] AHSE ul, &3] BF3E ol 5 (fully qualified name)& 5 F 5 I 7| A ==
ZPAA 2R 7te Aor 2eld olF2 g ol & S°], email .mime. text:
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>>> import email.mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count (% 315 A Aol B8 29) A4 AR ] F2 A4 002 Hoj A H, vl 22 7}
‘”‘9‘44 s A A oR ol AE kg A FA, CPythzm T3] N4
= |o] Iz 345 E8F = getrefcount () = AT h

regular package (JF #| 7] A)) __init_ .py FLL 3= vjdE g g Z‘i%@ el g} 7] #].
ol wH7IA = EAL
_slots__ S Y Fo AAddd], A2HAERRESS Yot 57
)

o
EEAATe A MR LS @ dhe Sk S o) ]
A3 7 & APk & WMol A, v Zelo] W7He S8 Z2 190l BE 4o AT AT Qe
59d 98 B Ao $E
sequence (A 82) _getiten_ () S5 MAEE Fa 45 AUAE NGB ML 28 A 2E A4
S o) E e 2. B g AAAES

StaL, Al AAY ol S5 __len. () MINEE =

UL EH, 1ist, str, tuple,bytes 7} d5YT dict =S getitem () T __ _len_ ()
2 AAsA T, 280 A% oA Aol o] Hl T AEE el ADLT ohiet R o A
FATHE 20 Z2 5 oF ik

collections.abc.Sequence FA HlolA EdH2E _ getitem () I __len ()<
dol A EX FHESE A H ol }%Eﬂ, count (), index (), _ contains__ (),
_ reversed_ ()& 7]-51"/]1_4-. o] G5 AdEHo]AgE FHI P& register () E AHES

single dispatch (4 2 t] 2 3) % fﬂ" | stutel 1ate] Fofl 7|z A A = Al 9 o g A<

slice (Eelo]n) HE AT~ 9 RS Ef&'}% AR Eetol A MEATHE H7|HS AHSHA T
Ut variable_name[1:3:5] A&, [] ¢ollAl A 7MY A& F22& U 2%

(A5 Aoy TANE o AS 2 o1ice A2 E BT ch

special method (54~

] - =
AE. oA HANEE F /i BEE AZeA EUE o] 52 2 s Ut & T
| A= o] 25 o] EAE BEo A 5T
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from typing import List, Tuple
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def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:

pass

e el 8 97 47 s 5 95U

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

o] 7]1%5& AW 3= typingd} PEP 4842 Fz 314 8.

o =2
type hint (3 F1E) W%, Zeh2x o= HE D 4 AN S U ukek gro) o & 92 A g sk of =

o] 7] 5< A3t typingd PEP 484

wiversal nevlines (U4 & 9 83} & A5 E 27 39 Bos AL das g
A B=: §Us Y B e \n, A== el \r\n', A9 HAEA B !

F71A 0l AR o] FE A= bytes.splltllnes( ) ¥l ol g} PEP 278 2} PEP 3116 = EH]&.
variable annotation (H* o] o] A) Hy = FHP 2 o EGHEL] o] - H o] Al
HeEe ZdaoEREY ojHolAS G uf Y2 A8 AL yt):

class C:
field: 'annotation'

He ol Hold2 dutd o2 S ER ASHUYTh: o & 9, ol e int S /M A=
JejE o

count: int = 0

W o] nE| o] B HL AlA o] | o] EH U] A (Annotated assignment statements) | A /4 7 g ¢}

| o] A, PEP 484 ¥ PEP 5262 2 3AM| 2

) Thol W A}gAle} S8 T o], e Al AH oA A E = [} s}o]
Zrof| oS =] ko tﬂ/ﬂ o] A W Z 77| A S A x5 A L 28 o
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W g meIRE
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virtual environment (7} 47
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venv & HA| Q.

virtual machine (7}4} 7| A]) 2= Egjojwto g
Y7t 28 dt= vio| E I =8 AU

Zen of Python (3}o] Al) sho]H T2}l Ao} a9 EE5Ad|, Qo] & o]s) st ARS8t == ©]
HUth o] 552 U3y ZEZE oA “import this” & Y ¥stH HYich
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ 21+ Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ FF2) o A s}o] A =+ 74] 7, o] oA ozl AL 2z EY oS ZA S YT

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen Python-
Labs team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/pst/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

ZE Jol vz F7) /\/\?JHD]-(—'—7H A2 Ao sl A= https://opensource.org/ S 22 &4

O
= 5 =
AlL). AAA oz, tf 72 (3HAIRE A F = obd U th) Jhol W vz a2 GPL S2hg Ut ofef o] 2+
e M ERe 2 ke AUt
vl 32 324 e 3| 3l a2 GPL = 3?
09.0~12 | n/a 1991-1995 | CWI yes
13~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
212 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.7.16

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.7.16 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF.
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.7.16 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All._
—Rights

Reserved" are retained in Python 3.7.16 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.7.16 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.7.16.

4. PSF is making Python 3.7.16 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.7.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.7.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.7.16, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.
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6.

This License Agreement will automatically terminate upon a material..

—breach of

7.

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any.

—relationship

of agency, partnership, or joint venture between PSF and Licensee. .

—This License

Agreement does not grant permission to use PSF trademarks or trade name.

—in a

trademark sense to endorse or promote products or services of Licensee,.

—O0or any

8.

third party.

By copying, installing or otherwise using Python 3.7.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C2. stolHo] A 23t AN} ALR-57] 913 o] & okt 127




The Python Language Reference, = X] #] A 3.7.16

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.
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C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

o] AL sho]m Wl ETo] EEE AR £ZES o] T BAAAA T Fol T 3
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C.3.1 w24 E9AH

_random B & http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of| A]
delwe Sed 70 e 8 g FLch e A wEe] F4S IhE $7 AU h

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

(Th& sl AT ol AS)
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A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS

SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 427

socket BREL getaddrinfo () £} getnameinfo () T+ 5 ALYt} o] 52 WIDE Project, http:
[Iwww.wide.ad.jp/, A Al & HBE A2 5 Z TP F o] 5T

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "~ "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

[>

C.3.3 ¥]Z7] 27 A

asynchat3 asyncore BE2 U3 -2 39 AMghS 233t

Copyright 1996 by Sam Rushing
All Rights Reserved
Permission to use, copy, modify, and distribute this software and

its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all

(Th& sl AT ol A%
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copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7] &<

http.cookies REL T} 28 7o) A3 E g ch:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 37

trace REL Th3 0 22 £ AHS @Y h

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

(F= sMoTAT ol AS)
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Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &+5~

o B ES e 2 7o) S E P

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA =2 AA T2

xmlrpe.client RES 0T 28 5o AgHe wdach

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is

(F= sMoTAT ol AS)
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hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll REL b3t 28 79| AL 2FFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select 252 kqueue Q1 E 3] o] 2ol thal The 3} 22 Fo] AGHe ERE UL

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(F= sMoTAT ol AS)
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3} Python/pyhash. c o] += Dan Bernstein 2] SipHash24 211 2] & 2] Marek Majkowski 2] =& o] 3£ 3}5] o]
AU o 7)ol = o 22 W&ol 2 o] JlsUth:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

C double 7} F21Yd 71o] H3HE 93 C T4 dtoa &} strtod S A|-Z3t= 3 <Y Python/dtoa.c = X
http://www.netlib.org/fp/ o] A Q& 4= 9= David M. Gay 9] 22 o] £9] 3} Yol A A 95 U Tt} 2009
d3d 16g0] 2 A& pdoll= thad 22 A2 2 gro] Al F 27 23 o] gyt

/*********************~k****k*******~k******************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

*

*

(Th& sl A oll A%)
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* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

E hashlib, posix, ssl, crypt & & Alﬂ]*PﬂJZ7}4 A 52 93 OpenSSL
olBy g & AUt 3 9= W OS X 3} d 4] L2 W2 OpenSSL 2ho] B 2j ] AHE S
e 4 9lom g, o] 7] o] OpenSSL gho] Al A AFE-S 233 )

RO

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"
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THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

LG S SR I N N S N S S N S S S S T I R S N S S N I S .

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Th& sl AT ol AS)
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

b T R S S S N S N S

C.3.13 expat

pyexpat &2 WU E & ——yith-system-expat & FA3}A| b= 3t E3H expat A AHES ALE

stof Wl =g

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes &AL It & ——with-system—-1libffi & FA 3R &= 3l ESHH libfli &2 AFE-S AL

shof =g Ytk

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,

(TF& sl A ol A%)
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distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib e A2 Fol A WA dib WA o] YT es ol A e AT & glow,

AR g Stel e U Th

]

3}
=4

)
N
o
B>
>

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o] 9J3l AFR T = A H o] &9 F+8 & cfuhash ZZAEE 7|ulo 7 ghr}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:
Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions
are met:

(Th& sl AT ol A%
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* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal R E2 WUEE —-—with-system-libmpdec & F+A3}1A] ¢+ 3, 2 3HE libmpdec A2~ AR

& AHgstel ek

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

%

C3. = Lz e oo thF o]l A g 52l 139




The Python Language Reference, = X] #] A 3.7.16

140 Appendix C. S x}¢} glo]Al A



APPENDIX D

sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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unary operator, 74
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augmented assignment, 86
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in dictionary expressions, 66
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A4, 76
<<
A A2}, 75
<<=
augmented assignment, 86
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function annotations, 101
> (greater)

A2}, 76
>=

A2, 76
>>

A2}, 75
>>=

augmented assignment, 86
>>> 111
@ (at)
class definition, 102
function definition, 100
A4kt 74
[1 (square brackets)

in assignment target list, 84

list expression, 65
subscription, 71

\ (backslash)

\t
\U
\u
\v
\x
~(

AN—

_(

pu—
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escape sequence, 10
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__and__ () (object | A=), 39
anext__ () (agen Wl A =), 70
anext__ () (object M| A =), 43

annotations__ (class attribute), 23
annotations__ (function attribute), 20
annotations___ (module attribute), 23

await__ () (object M| A &), 42
bases__ (class attribute), 23
bool__ () (object method), 37
bool__ () (object M| A=), 29
bytes__ () (object M| =), 27
cached_ , 56

call__ () (object method), 73
call__ () (object WA &), 37
cause___ (exception attribute), 89
ceil_ () (object WA =), 40

class___ (instance attribute), 23
class__ (method cell), 35
class__ (module attribute), 30

escape sequence, 10 __class_getitem__ () (object®] S W),
AN\ 37
escape sequence, 10 __classcell__ (class namespace entry), 35
\a __closure__ (function attribute), 20
escape sequence, 10 ___code___ (function attribute), 20
\b __complex__ () (object M| X =), 40
escape sequence, 10 __contains__ () (object M| =), 38
\f __context___ (exception attribute), 89
escape sequence, 10 __debug__, 87
\N __defaults___ (function attribute), 20
escape sequence, 10 __del__() (object W] A =), 26
\n __delattr__ () (object MIA =), 30
escape sequence, 10 __delete__ () (object WA =), 31
\r __delitem__ () (object WA E), 38
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__dict__ (function attribute), 20 _ loader_ ,56
__dict__ (instance attribute), 23 __1shift__ () (object Wl A =), 39
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__int__ () (object M| A =), 40 __rxor__ () (object WA =), 39
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_le_ () (object WA =), 28 __subclasscheck__ () (class WA =), 36
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_ _trunc__ () (object M| A &), 40
__xor__ () (object M| A &), 39
{ '} (curly brackets)
dictionary expression, 66
in formatted string literal, 12
set expression, 66
| (vertical bar)
A AFA}, 76
‘:
augmented assignment, 86
~ (tilde)
A AR, 74
247
asynchronous—generator, 70
Boolean, 19
built-in function, 22,73
built—-in method, 22,73
callable, 20,72
class, 23,73, 101
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complex, 19
dictionary, 20, 23, 28, 66, 71, 85
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floating point, 19
frame, 24
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function, 20, 22, 73, 100
generator, 24, 66, 68
immutable, 19
immutable sequence, 19
instance, 23,73
integer, 18
list, 20,65,71, 85
mapping, 20, 23, 71, 85
method, 21, 22, 73
module, 22,71
mutable, 19, 84, 85
mutable sequence, 19
None, 18, 83
NotImplemented, 18
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sequence, 19, 23,71, 79, 85, 96
set, 20, 66
set type, 20
slice, 38
string, 71
traceback, 25, 88, 98
tuple, 19,71, 80
user—defined function, 20,73, 100
user—defined method, 21
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del, 26, 87
for, 90, 96
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pass, 87
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/ (slash), 74
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==,76

> (greater), 76
>=,76

>> 75

@ (at), 74

~ (caret), 75

| (vertical bar), 76
~ (tilde), 74
and, 79

in, 79

is,79

is not, 79
not, 79

not 1in,79
or, 79

AssertionError, 87
AttributeError, 71
GeneratorExit, 68, 70
ImportError, 90
NameError, 64
StopAsyncIteration, 70
StopIteration, 68, 88
TypeError, 74
ValueError, 75
ZeroDivisionError, 74

W g, 40

abstract base class (4 H|o| & Z ),

111

aclose () (agen WA &), 70
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addition, 75
and
bitwise, 75
A4k 79
annotated
assignment, 86
annotation (o] = H|o]A), 111
annotations
function, 101
anonymous
function, 80
argument
call semantics, 72
function, 20
function definition, 100
argument (1A}, 111
arithmetic
conversion, 63
operation, binary, 74
operation, unary, 74
array
2E,20
as
except clause, 97
import statement, 90
with statement, 99
719 =, 90, 97, 99
ASCII, 4,9
asend () (agen WA =), 70
assert
=, 87
AssertionkError
o]l 9], 87
assertions
debugging, 87
assignment
annotated, 86
attribute, 84
augmented, 86
class attribute, 23
class instance attribute, 23
slicing, 85
statement, 19, 84
subscription, 85
target list, 84
async
719 &, 102
async def
=, 102
async for
in comprehensions, 65
=, 103
async with
=, 103
asynchronous context manager (8]%7] A
gAE Fg) A}, 112
asynchronous generator
asynchronous iterator, 22

function, 22
asynchronous generator (8% 7] A4 # o]
H), 112
asynchronous generator iterator (H]%7]
A gl o] g o] B &l o] EY), 112
asynchronous iterable (H]% 7] o] g & &),
112
asynchronous iterator (8|5 7] o & & o] H),
112
asynchronous—generator
24,70
athrow () (agen WA =), 70
atom, 63
attribute, 18
assignment, 84
assignment, class, 23
assignment, class instance, 23
class, 23
class instance, 23
deletion, 87
generic special, 18
reference, 71
special, 18
attribute (J]EZHE), 112
AttributeError
9], 71
augmented
assignment, 86
await
in comprehensions, 65
719 &, 73, 102
awaitable (o]l ol &), 112

B
b'
bytes literal, 10
b"
bytes literal, 10
backslash character, 6
BDFL, 112
binary
arithmetic operation, 74
bitwise operation, 75
binary file (8}o]\g] 3}Y), 112
binary literal, 13
binding
global name, 92
name, 45, 84, 90, 91, 100, 101
bitwise
and, 75
operation,binary,75
operation, unary, 74
or, 76
xor, 75
blank line,7
block, 45
code, 45
BNF, 4, 63
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Boolean
operation, 79
A, 19

break
=, 90, 96, 98

built-in
method, 22

built-in function
call,73
AR, 22,73
built-in method
call,73
AA, 22,73
builtins
2&,105

byte, 19

bytearray, 20

bytecode, 24

bytecode (H}o|E T &), 112

bytes, 19
W7 g4, 27

bytes literal,9

bytes—like object (HFo]ELEF AA), 112

C

c, 10
language, 18, 19, 22,76
call,72
built-in function, 73
built-in method, 73
class instance, 73
class object, 23,73
function, 20, 73
instance, 37,73
method, 73
procedure, 83
user—defined function, 73
callable
A=, 20,72
C-contiguous, 113
chaining
comparisons, 76
exception, 89
character, 19, 71
chr
Wt g, 19
class
attribute, 23
attribute assignment, 23
body, 35
constructor, 26
definition, 88, 101
instance, 23
name, 101
A=A, 23,73, 101
=, 101
class (E32), 113
class instance

attribute, 23

attribute assignment, 23

call,73

A, 23,73
class object

call, 23,73
class variable (Zd 2 ¥4, 113
clause, 95
clear () (frame WA &), 25
close () (coroutine Wl A E), 43
close () (generator ™| Al &), 68
co_argcount (code object attribute), 24
co_cellvars (code object attribute), 24
co_code (code object attribute), 24
co_consts (code object attribute), 24
co_filename (code object attribute), 24
co_firstlineno (code object attribute), 24
co_flags (code object attribute), 24
co_freevars (code object attribute), 24
co_lnotab (code object attribute), 24
co_name (code object attribute), 24
co_names (code object attribute), 24
co_nlocals (code object attribute), 24
co_stacksize (code object attribute), 24
co_varnames (code object attribute), 24
code

block, 45
code object, 24
coercion (Zo]A), 113
comma, 64

trailing, 80
command line, 105
comment, 6
comparison, 76
comparisons, 28

chaining, 76

compile
g g, 93
complex
number, 19
A, 19

W 4, 40
complex literal, 13
complex number (B4, 113
compound
statement, 95
comprehensions
list, 65
Conditional
expression, 79
conditional
expression, 79
constant, 9
constructor
class, 26
container, 18, 23
context manager, 41
context manager (AEAE F#E| A}, 113
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context variable (AYAE WH4), 113
contiguous (<), 113
continue
=, 90, 96, 98
conversion
arithmetic, 63
string, 27, 83
coroutine, 42, 67
function, 22
coroutine (Z5H), 113
coroutine function (ZF¥ &), 113
CPython, 113

D

dangling

else, 96
data, 17

type, 18

type, immutable, 64
datum, 66
dbm.gnu

2E,20
dbm.ndbm

25,20
debugging

assertions, 87
decimal literal, 13
decorator (d| Zd o] ), 113
DEDENT token, 7, 96
def

=, 100
default

parameter value, 100
definition

class, 88, 101

function, 88, 100
del

=, 26, 87
deletion

attribute, 87

target, 87

target list, 87
delimiters, 15
descriptor ()23 HHE), 114
destructor, 26, 84
dictionary

display, 66

A A, 20,23, 28, 66, 71, 85
dictionary (8443, 114
dictionary view ("dA4 g &), 114
display

dictionary, 66

list, 65

set, 66
division, 74
divmod

W7 &, 39
docstring, 101

docstring (E2E ), 114
documentation string, 24
duck-typing (¥ Eto]3), 114

E

e
in numeric literal, 14
EAFP, 114
elif
719 &, 96
Ellipsis
A, 18
else
conditional expression,79
dangling, 96
719 =, 90, 9698
empty
list, 65
tuple, 19, 64

encoding declarations (source file), 6
environment, 46
error handling, 47
errors, 47
escape sequence, 10
eval
W& sk, 93, 106
evaluation
order, 80
exc_info (in module sys), 25
except
719 &, 97
exception, 47, 88
chaining, 89
handler, 25
raising, 88
exception handler, 47
exclusive
or, 75
exec
w7 g4, 93
execution
frame, 45, 101
restricted, 46
stack, 25
execution model, 45
expression, 63
Conditional, 79
conditional, 79
generator, 66
lambda, 80, 101
list, 80, 83
statement, 83
yield, 67
expression (¥ 4]), 114
extension
module, 18
extension module (& 2 E), 114
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f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (fFEA}9), 114
f_back (frame attribute), 24
f_builtins (frame attribute), 24
f_code (frame attribute), 24
f_globals (frame attribute), 24
f_lasti (frame attribute), 24
f__lineno (frame attribute), 24
f_locals (frame attribute), 24
f_trace (frame attribute), 24
f_trace_1lines (frame attribute), 24
f_trace_opcodes (frame attribute), 24
False, 19
file object (3} AA, 114
file—-like object (< F AA)), 114
finalizer, 26
finally

719 &, 88, 90, 97, 98
find_spec

finder, 52
finder, 52

find_spec, 52
finder (3}Q1 L)), 114
float

Wg &4, 40
floating point

number, 19

A, 19
floating point literal, 13
floor division (A4 U=Al), 114
for

in comprehensions, 65

=, 90, 96
form

lambda, 80
format () (built-in function)

__str__ () (object method), 27
formatted string literal, 12
Fortran contiguous, 113

frame
execution, 45, 101
23, 24
free
variable, 45
from
import statement, 45,91
719 &, 67,90

yield from expression, 68
frozenset
A4, 20
f-string, 12
function
annotations, 101
anonymous, 80

argument, 20

call, 20,73

call,user—-defined, 73

definition, 88, 100

generator, 67, 88

name, 100

user—-defined, 20

AA, 20,22, 73, 100
function (&), 115

function annotation (&4 o]k H|o]A), 115

future
statement, 91

G

garbage collection, 17
garbage collection (Z7F8]A] = 4A), 115
generator, 115
expression, 66
function, 22, 67, 88
iterator, 22, 88
A A, 24, 66, 68
generator (AlY# °]E)), 115
generator expression, 115

generator expression (AU @ ol Z &4,

115

generator iterator (Al o]El o]Ed o]E),

115

GeneratorExit

o 2], 68, 70
generic

special attribute, 18
generic function (AU g ), 115
GIL, 115
global

name binding, 92

namespace, 20

=, 87,92

global interpreter lock (A4 QB =

=), 115
grammar, 4
grouping, 7

F{

handle an exception,47
handler

exception, 25
hash

W7 g4, 28
hash character,6
hash-based pyc (S} A] 713k pyc), 116
hashable, 66
hashable (| A] 7}%), 116
hexadecimal literal, 13
hierarchy

type, 18
hooks

import, 52

meta, 52
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path, 52

|
id
W g, 17
identifier, 8, 64
identity
test, 79
identity of an object, 17
IDLE, 116
if

conditional expression, 79

in comprehensions, 65
=, 96
imaginary literal, I3
immutable
data type, 64
object, 64, 66
A, 19
immutable (%), 116
immutable object, 17
immutable sequence
AA],19
immutable types
subclassing, 26

import
hooks, 52
=,22,90

import hooks, 52
import machinery, 49
import path(Y4=2E A=Z), 116
importer (¥ X ¥), 116
ImportError

o] 2], 90
importing (Y2 8), 116
in

A4z 79

719 &, 96
inclusive

or, 76
INDENT token,7
indentation, 7
index operation, 19
indices () (slice /| 4] &), 25
inheritance, 101
input, 106
instance

call, 37,73

class, 23

A, 23,73
int

w7t g, 40
integer, 19

representation, 19

A, 18
integer literal, 13
interactive (h33), 116
interactive mode, 105

internal type, 24

interpolated string literal, 12
interpreted (A Z B E|E), 116
interpreter, 105

interpreter shutdown (AEHZZEH £78),116
inversion, 74

invocation, 20

io
2E,24
is
A 2k2t, 79
1s not
A AR}, 79
item
sequence, 71
string, 71
item selection, 19
iterable

unpacking, 80
iterable (9] EE), 116
iterator (°]E @ o] ¥]), 116

J

in numeric literal, 14
Java

language, 19

K

key, 66

key function (7] &), 117
key/datum pair, 66

keyword, 9

keyword argument (7] = A=}, 117

L

lambda
expression, 80, 101
form, 80
lambda (¥}, 117
language
c, 18,19, 22,76
Java, 19
last_traceback (in module sys), 25
LBYL, 117
leading whitespace, 7
len

W3 sk, 19, 20, 37
lexical analysis,5
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list

assignment, target, 84

comprehensions, 65

deletion target, 87

display, 65
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empty, 65
expression, 80, 83
target, 84, 96
AA, 20, 65,71, 85
list (B2E), 117
list comprehension (B|2E AZF3NA), 117
literal, 9, 64
loader, 52
loader (2H), 117
logical 1line,5
loop
over mutable sequence, 97
statement, 90, 96
loop control
target, 90

M

magic

method, 117
magic method (M]3 WA ), 117
makefile () (socket method), 24
mangling

name, 64
mapping

A, 20, 23,71, 85
mapping (7§33), 117
matrix multiplication, 74
membership

test, 79
meta

hooks, 52
meta hooks, 52
meta path finder (WE} AE 3} H), 117
metaclass, 34
metaclass (W EF 8 2~), 117
metaclass hint, 35

method
built-in, 22
call, 73

magic, 117
special, 121
user—-defined, 21
AA,21,22,73
method (WA &), 118
method resolution order (WAE ZAA £A)),
118
minus, 74
module
extension, 18
importing, 90
namespace, 23
AA, 22,71
module (&), 118
module spec, 52
module spec (RE 23 118
modulo, 75
MRO, 118
multiplication, 74

mutable
A, 19, 84, 85

mutable (7}9), 118

mutable object, 17

mutable sequence
loop over, 97
AA, 19

N

name, 8, 45, 64
binding, 45, 84, 90, 91, 100, 101
binding, global, 92
class, 101
function, 100
mangling, 64
rebinding, 84
unbinding, 87

named tuple (V9= F=), 118

NameError

o]l 9], 64
NameError (built-in exception), 46
names

private, 64
namespace, 45

global, 20

module, 23

package, 51

namespace (0] & &7}, 118
namespace package (°]& &7 3 7] A]), 118
negation, 74
nested scope (ZFHH 27 Z), 118
new-style class (2B Z#2), 118
NEWLINE token, 5,96
None

A, 18, 83
nonlocal

=,93
not

A4k 79
not in

A 47, 79
notation,4
NotImplemented

AA, 18
null

operation, 87
number, 13

complex, 19

floating point, 19
numeric

A, 18,23
numeric literal, 13

O

object, 17
code, 24
immutable, 64, 66
object (AA), 119
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object.__slots__ (U3 ¥H), 32
octal literal, 13
open
w7 g, 24
operation
binary arithmetic, 74
binary bitwise, 75
Boolean, 79
null, 87
power, 74
shifting, 75
unary arithmetic, 74
unary bitwise, 74
operator
— (minus), 74,75
+ (plus), 74,75
overloading, 26
precedence, 81
ternary, 79
operators, 15
or
bitwise, 76
exclusive, 75
inclusive, 76
A AR}, 79
ord
W g4, 19
order
evaluation, 80
output, 83
standard, 83
overloading
operator, 26

F)

package, 50
namespace, 51
portion, 51
regular, 50
package (3] 7] A)), 119
parameter
call semantics, 72
function definition, 99
value, default, 100
parameter (W7}, 119
parenthesized form, 64
parser, 5
pass
=, 87
path
hooks, 52
path based finder, 58
path based finder (BZE 7% g2lt), 119
path entry (F=& AEg), 119
path entry finder (A JEg 5} H), 119
path entry hook (A= dEZF %), 119
path hooks, 52
path-like object (AZF AA), 119

PEP, 120
physical line,5,6,10
plus, 74
popen () (in module os), 24
portion
package, 51
portion (E£4), 120
positional argument (¥ %] <1z}, 120
pow
Wg &, 39
power
operation, 74
precedence
operator, 81
primary, 70
print
W g, 27
print () (built-in function)
__str__ () (object method), 277
private
names, 64
procedure
call, 83
program, 105
provisional API (A API), 120
provisional package (FA 37| A)), 120
Python 3000 (Z}o] & 3000), 120
PYTHONHASHSEED, 29
Pythonic (Z}o] M ThH2), 120
PYTHONPATH, 58

Q

qualified name (F4F34 ©]&), 120

R

r'

raw string literal, 10
r"

raw string literal, 10
raise

=, 88
raise an exception,47
raising

exception, 88
range

W ke, 97
raw string, 10
rebinding

name, 84
reference

attribute, 71
reference count (% 34, 121
reference counting, 17
regular

package, 50
regular package (B 7] A)), 121
relative

import, 91
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repr
g g, 83

repr () (built-in function)
__repr__ () (object method), 277

representation
integer, 19

reserved word,9

restricted
execution, 46

return

=, 88,98

scope, 45, 46
send () (coroutine W| A &), 43
send () (generator W X &), 68
sequence
item, 71
A, 19,23,71,79, 85, 96
sequence (A|F ), 121
set
display, 66
A, 20, 66
set type
A, 20
shifting
operation, 75
simple
statement, 83
single dispatch (A& Y29 Xx), 121
singleton
tuple, 19
slice, 71
A, 38
g g, 25
slice (£g}o]), 121
slicing, 19,71
assignment, 85
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method, 121
special method (E4 WAIE), 121
stack
execution, 25

trace, 25
standard
output, 83

Standard C, 10
standard input, 105
start (slice object attribute), 25, 71
statement
assignment, 19, 84
assignment, annotated, 86

assignment, augmented, 86

compound, 95

expression, 83

future, 91

loop, 90, 96

simple, 83
statement (%), 121
statement grouping,7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 25, 71
stop (slice object attribute), 25, 71
StopAsynclteration

of 9], 70
Stoplteration

o] 2], 68, 88

string

_ _format__ () (object method), 277

__str__ () (object method), 27
conversion, 27, 83
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 71
A, 71
string literal,9
subclassing
immutable types, 26
subscription, 19,20, 71
assignment, 85
subtraction, 75
suite, 95
syntax, 4
sys
2 E,098, 105
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 52
sys.modules, 51
sys.path, 58
sys.path_hooks, 58
sys.path_importer_cache, 58
sys.stderr, 24
sys.stdin, 24
sys.stdout, 24
SystemExit (built-in exception), 47

T

tab, 7
target, 84
deletion, 87
list, 84,96
list assignment, 84
list,deletion, 87
loop control, 90
tb_ frame (traceback attribute), 25
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tb_lasti (traceback attribute), 25
tb_1lineno (traceback attribute), 25
tb_next (traceback attribute), 25
termination model, 47
ternary

operator, 79
test

identity, 79

membership, 79
text encoding (HlAE Q17 H), 121
text file (AIAE u}9), 121
throw () (coroutine W] A &), 43
throw () (generator Wl A £), 68
token, 5
trace

stack, 25
traceback

A=, 25, 88, 98
trailing

comma, 80
triple—quoted string (A& W% 3

), 121

triple—-quoted string, 10
True, 19
try

=,25,97
tuple

empty, 19, 64

singleton, 19

A, 19,71, 80
type, 18

data, 18

hierarchy, 18

immutable data, 64

W g, 17,34
type (3), 121
type alias (¥ o|dgojx), 121
type hint (¥ 31 E), 122
type of an object, 17
TypeError

of £}, 74
types, internal,?24

U

2

u
string literal,9

string literal,9
unary

arithmetic operation, 74

bitwise operation, 74
unbinding

name, 87
UnboundLocalError, 46
Unicode, 19
Unicode Consortium, 10
universal newlines ((FUW¥Ad = 3d7), 122
UNIX, 105

unpacking

dictionary, 66

in function calls,72

iterable, 80
unreachable object, 17
unrecognized escape sequence, 11
user-defined

function, 20

function call, 73

method, 21
user—defined function

A=, 20, 73, 100
user—-defined method

A7, 21

\Y

value

default parameter, 100
value of an object, 17
ValueError

ol 9], 75
values

writing, 83
variable

free, 45
variable annotation (M4 o] H|o]A), 122
virtual environment (7} &7), 122
virtual machine (7} 7] A), 122

W

while

=, 90, 96
Windows, 105
with

=, 41,99
writing

values, 83

X

W g4
abs, 40
bytes, 27
chr, 19
compile, 93
complex, 40
divmod, 39
eval, 93, 106
exec, 93
float, 40
hash, 28
id, 17
int, 40
len, 19, 20, 37
open, 24
ord, 19
pow, 39
print, 27
range, 97
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o=
2=

XOor

Y

714

sfol

repr, 83
round, 40
slice, 25
type, 17,34

__main__, 46,105
array, 20
builtins, 105
dbm. gnu, 20

dbm. ndbm, 20

io, 24

sys, 98, 105

bitwise, 75

=

as, 90, 97,99
async, 102
await, 73, 102
elif, 96
else, 90, 9698
except, 97
finally, 88,90, 97,98
from, 67, 90
in, 96

yield, 67

A A A G
PEP 1,120
PEP 236,92
PEP 238,114
PEP 255,68
PEP 278,122

PEP 302,49,62, 114,117

PEP 308,79

PEP 318,102
PEP 328,062

PEP 338,62

PEP 342,68

PEP 343,41,99,113
PEP 362,112,119
PEP 366, 56,62
PEP 380, 68

PEP 395,61

PEP 411,120
PEP 414,10

PEP 420,49,51,57,62,114, 118, 120

PEP 443,115
PEP 448, 66, 73, 80
PEP 451,62, 114

PEP 484, 37,86, 101, 111, 115, 122
PEP 492,42,68,104, 112,113

PEP 498,13,114
PEP 519,119
PEP 525,68, 112

PEP 526,86, 101, 111, 122

PEP 530,65
PEP 560, 34, 37

PEP 562,31
PEP 563,101
PEP 3104,93
PEP 3107, 101
PEP 3115, 35,102
PEP 3116, 122
PEP 3119, 36
PEP 3120,5
PEP 3129,102
PEP 3131,8
PEP 3132,85
PEP 3135, 36
PEP 3147,56
PEP 3155, 120
S M
PYTHONHASHSEED, 29
yield
examples, 68
expression, 67
=, 88

71N =, 67

Z

Zen of Python (F}o]# Al), 122
ZeroDivisionError

ol 9], 74
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