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CPython THz e g ¥Wg 3 S 0A et 448 g5 YT
CPython 78 AJA|: th-2 &9 W& & A A+ & 5 A5 U th AA g W82 implementations 3+ 8}
A]A]
I
1.1 HHE
golHZ T thx gHES ART F s Uth
’python [-bBdEhiIOgsSuvVWx?] [-c command | -m module-name | script | - ] [args]

22, 718 A9 AR A DR 23 YE 52U

’python myscript.py
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e o] A F AL QA E = Eof o3
argv & E°1 Uth- 3 AR 84, A
& o 7oA L.

-c <command>
command &) 3ol A T =& APt command = WY FAZ FEH st o] Y L £ A=
4, Ut B E FT oA el ge] Ag g ou 7} QlHyth
o] ¥ FHW, sys.argv o A WA 24E "-c" 7FH L, FA
kY2

Ro] 2Ag 0 (1 ezl 9 B EE A9 B ER QE

commandE QAZE ZHAF o] ¥l E (auditing event) cpython. run_command

9 ¥ 2 sys.path o A%
@ 4 A B oh.

E

=

I REASICH

T

-m <module-name>
AFH o] 59 BES sys.path oA AL T WEES _ _main_ BREEA AYPFch
o] 7] W&o, 52 3. py) & FA koo Fth BE o] 5L HRY
ol of of 3x wk, Ao FAF o] & ZA = AL ot (& Sof, ol
)

rle
o &

H 712 o] F (o] F T W7 A £ = 5 EFH U It ZE Al »117]%] olgol AlF=d, A
> B2 5 ABlZ 2ol 2T HE A=

g ode] AA A=t gt (g e e T
S A uRA 2, A o) HAE 8] 7} sys.path

o =7+ 14&}.

A o) A e 2] 1} A& 2] site-packages T H E] 2] & £ 3H51A] 9Fe

s el =
HEZ AP 5+ JF YT ZEPYTHON* 37 W4 s FAIH Y
<
H

2=
EE goludel BEE 2ER AP u) TEH & A=A S 9

Utk g e

off

python -m timeit -s 'setup here' 'benchmarked code here'
python -m timeit -h # for details

module-name- QA XZ 7FA} o] ¥l E (auditing event) cpython.run_module& YA Al Z U Th

o B7]:

runpy.run_module () 3}o]¥ FEJA AP AT = F5T 75

£2 98 (oys.stdinol A B AUth B2 9ol Hndelw, BN M0z 457

Ui,

o] g ME £, sys.argv 9 A WA 24E "-" o] Hi, A tJHE 2|7t sys.path 9 X
2sbg Uk
Q1 2} gl o] ZHA} o] ¥l E (auditing event) cpython. run_stding& YA A Yt}
<script>
script Ol G20 ol A T =EE AFFUTE scripr &= o] A 3t ot} __main_ .py 3ol U+
4 Chapter 1. H™ 1} 24
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_main__.py 3}dE 2Fst=zip L2 77 = D AL A= (=T dH)

W o)A Fold AAGE o) Fo] UL,

2
o] gtolH ud& A 7He) 719, sl LS 2F3t+= Y E g7} sys.path 9
7} 3L JJr%‘E __main_ REZ A

ol & E e Yzip LS 7t 7| H, AT HE o] 5] sys.path & A& FFo] 27}
‘CH 219 __main__ .py YL _ main_ & .

Tﬁr
o

1§42 X85 sys . path 7k A2 YE T FE 2 AHEAL] site-packages T 1 2] & £ oA
)

ﬂm 4w

e AE] REoA 23 HEE AYT & F YT REPYTHON* 37 45 FAPUTh
filename QA A} 2 ZHAF o]l E (auditing event) cpython.run_file& WA A YT}
15 =4 B
runpy.run_path() stoldl ZEo|A A A8 4 e 55D /)5
AelFo] A FHE FA G, i 7t FAIF O R HEH 1, sys.argv([0] & ¥l

Q70 19619 7} oys . path o) Ao 2B IT B, BABA 4B s 2

EA () o] 7L,
< (rlcompleter-config

£ FzshAL), @ 94 % 3 2Ee Bel 5oz BT
o ®B7]:
tut-invoking

H A 34004 A7 | 43 s|a2e] W] Abs B/ 3

——version

st M MBS 25t n FRPUTL 29 ot e 24 UTh

Python 3.8.0b2+

5 9 AR5, e 2ol MEo] BE F7 ARE Ao

Python 3.8.0b2+ (3.8:0c076caaa8, Apr 20 2019, 21:55:00)
[GCC 6.2.0 20161005]

WA 3.60] =7} -vv A,

113 J|El SM

-b
bytes Ubytearray & str¥, bytesE int v u & uf A& Futh FHo] 7+ H FojAH
(-bb) & & F T
WA 350 A HA: bytes 9 int B|Wo = FHLFH YT}

-B
FojAH, FoHE A BESE JYXE T v .pyc FEE 2832 A FHFUrh
PYTHONDONTWRITEBYTECODE & Z+FZ A Al 2.

11, ¥ = 5




Python Setup and Usage, £A| B{Z 3.10.16

——check-hash-based-pycs default|always|never

Al 719 Lpyc 3L 9] ASF 522 Al o] U o). pyc-invalidation S 2 3}AM Q. default 2 2 A3}
W, AAME I v AN S A] 71Hkulo] E I E A A] 3RS 712 o u]of mpet fE A o] AAME YT
always 2 A3, ZE S|A] 7|40 .pyc LS, AAE I v ZAE S 7Fe] A &3, g o
st thsl] FEA o] A Uth never 2 AAE W, S| Al 7|8t .pyc LS G Ao 5pd o
sl F&4d o] AANE A 5T

B AR 7% pyc 59 9 vt o] 49 JEFLS WA iy

-d
A g 282 AUt AT g4 met AE7ME 918 715 QU Th. PYTHONDEBUG &
B2 L.

-E
AAHNE & & ZE pYTHONY &4 WSS FAGUY, A€ S9°] PYTHONPATH 2}
PYTHONHOME.

-i
~3YPEs A WA A2 AR AL ¢ FH0] AH§H W, sys.stdin 7HH IR HolA] g
e, 23HEY BH S AP 50 2o AYFYth. PYTHONSTARTUP 322 @1 4]
sy 14 =

AL ~APET S BN D W) A WS} 28 B o] 28 AT H 8T S Y]

t}. PYTHONINSPECT & ZZ 3 Al L

-I
AeE RER so] 0 AW o] AL FF B sE BA Ao ALFTE A BEolA
sys.path & 23 Y E tJ& E 2] U AFE2}9] site-packages T FE 2] & E£331X] g5yt R E
PYTHON H4 WeE FAFH YT ARSAZL A IEE F]f sk AL @As] Al F 7 A gl

wakg 4 95 ok

=] 3.401] =7}

-0
assert £} _ debug__ o Fo| et 2 AR Z=E A ATYTE .pyc FFA} Ao Lopt-1 2 F7}
o] HuldE (vfo]E 7 =) 31 9] 0]%% T2t (PEP 4885 32 31M| 8). PYTHONOPTIMIZE
= i]—}_-‘g]_/q /\]_9__
W 3.500 4 ¥ 7: PEP 488 of w2} .pyc 314 H-& A Fch

-00
0% AL FAEYE MPUrh .pyc H37 Lol opt-2 & F7Hske] Aok A (o] =
7)o 8 PRI (FE PEP 4888 254 2).
# 43,5004 W 73: PEP 488 o whe} pyc 59482 54 g

-q
3l R E AZ-AR WA WA A& AISHA] FF YT
B A 3.20] F7}.

-R
HA] F 23S HUth o] § M2 PYTHONHASHSEED 37 4740 02 AR H Ao v 2347}
AF UL s Al #2498k 71%@ 23457 WEd Yt
o] A ¥ AL Tto] Mo A&, o] A ] Al T2 3= AA, strT} bytes AAS] __hash__ () gLl
A5+ fle drr “EE (salt)” AUth N Stold Z2A|A Yol A A= FA 5 A “J, Rl
= Jhold A o= o 5T = gl
Hash randomization is intended to provide protection against a denial-of-service caused by carefully chosen
inputs that exploit the worst case performance of a dict construction, O(n?) complexity. See http://www.ocert.
org/advisories/ocert-2011-003.html for details.
PYTHONHASHSEED = &) Al A]E A|Z8lo] LA ZHS AT 4 9l A )
WA 37004 M A: o] FAHL Tt FAHA U Th
B A 3.2.39] 7}

6 Chapter 1. H™ 1} 24
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-s
“I 2 *f site-packages F|ZI= =] & sys.path o 7134 &5t
o B7]:
PEP 370 - A}-8 2} site-packages T &l €] 2]

-S
site RES YZE o] REO] $ul8lE sys.path & Ato|E o] &4 224-& v &4
T site 7} Ugol BAHCR QTED 0k of 22g MFARTYTH (2 F571E Aol
site.main() & SEFHAIL).

-u
stdout 3} stderr 2E F L W H YA A== w5t o] 4L stdin 2EHo| = F3FL 1) 27
FEyoh
PYTHONUNBUFFERED & 23 A 8.
H A 37004 W7 stdout 3 stderr 2 EH O] HlAE A S22 oA WA Y H A odsUth

-v
Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. When given twice (—vv), print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.
WA 3.109 4 ¥ 7: The site module reports the site-specific paths and . pth files being processed.
See also PYTHONVERBOSE.

-W arg
Warning control. Python’ s warning machinery by default prints warning messages to sys.stderr.

NG PR AR 22 AL REE RE 10 F 24 54 A4S A4 PUTH2PA gow

NNEAHOE FAEE FAEAE):
-Wdefault # Warn once per call location
-Werror # Convert to exceptions
-Walways # Warn every time
—Wmodule # Warn once per calling module
-Wonce # Warn once per Python process
-Wignore # Never warn
The action names can be abbreviated as desired and the interpreter will resolve them to the appropriate action
name. For example, —Wi is the same as ~-Wignore.
The full form of argument is:
action:message:category:module:lineno
Empty fields match all values; trailing empty fields may be omitted. For example -W
ignore: :DeprecationWarning ignores all DeprecationWarning warnings.
The action field is as explained above but only applies to warnings that match the remaining fields.
The message field must match the whole warning message; this match is case-insensitive.
The category field matches the warning category (ex: DeprecationWarning). This must be a class name;
the match test whether the actual warning category of the message is a subclass of the specified warning
category.
The module field matches the (fully qualified) module name; this match is case-sensitive.
The lineno field matches the line number, where zero matches all line numbers and is thus equivalent to an
omitted line number.
Multiple —I7 options can be given; when a warning matches more than one option, the action for the last
matching option is performed. Invalid -7 options are ignored (though, a warning message is printed about
invalid options when the first warning is issued).

1.1, HHA = 7



https://www.python.org/dev/peps/pep-0370
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-X

Warnings can also be controlled using the PY THONWARNINGS environment variable and from within a Python
program using the warnings module. For example, the warnings.filterwarnings () function can
be used to use a regular expression on the warning message.

Z}A| & Y] -&2 warning-filter 2} describing-warning-filters & 3FZ 514 A] 2.

A2 A WHA S-S A HAA, Y2 0] A9 #lemd & AT 4= A T o] AL
DOS A& & (hac

=
tjo
do
r
pa)
1A
<
g

g 7d 54 F4S A8 ol o] syt CPython2 @A) th&3 22 7Hs 3 g2 4o g

e —X faulthandler = faulthandler & &4 33t}

e« —X showrefcount to output the total reference count and number of used memory blocks when the
program finishes or after each statement in the interactive interpreter. This only works on debug builds.

e« -X tracemalloc 2 tracemalloc BES AlE3lo] slo| W w2 g] & 32 & A2y ).
Z1EH o7, Mg 2 Y A F A9 Ef oo A7F Ytk NFRAME =3 2] Ed o]
28 Bt 2 2 A -G A A W -X tracemalloc=NFRAME 2 AFS3HA A 2. XA S AR =
tracemalloc.start () S ZFRIFAAL.

e —X int_max_str_digits configures the integer string conversion length limitation. See also
PYTHONINTMAXSTRDIGITS.

. X importtime & Z YEEZ} Avh} o) AP LA HlFUTh BE o], $ 24 A7HF
48 QEE 23, AAN N EH YBE AL BAFUG U5 2= S§ 22730
Al 8ol A g A5l FAHAHA L. A AFE W2 python3 -X importtime -c
"import asyncio' YUt} PYTHONPROFILEIMPORTTIME & ZFFZ3HPAIL

. X dev: Tho|M W REES BB A, 7|2 H 02 BT o= L H] 8 2ohE Q)
WA AAE =)

e —X utf8 enables the Python UTF-8 Mode. -X ut£8=0 explicitly disables Python UTF-8 Mode
(even when it would otherwise activate automatically).

. —X pycache_: preflx PATHE .pyc $9L 75 EF thalo] A AH v g & FER 3}
=4d =)o 252 Ul PYTHONPYCACHEPREFTXSE FZ A Al &

e —X warn_default_encodingissuesa EncodingWarning when the locale-specific default en-
coding is used for opening files. See also PYTHONWARNDEFAULTENCODING.

T3t sys. xoptions YW E F3 499 fh& ALt 23T 5 A=F dYth
WA 32004 WA —xFde] 7 A5 YT

B A 330 37} -X faulthandler SA.

B A 340 37} -X showrefcount & -X tracemalloc 4.

B A 3.69] 7} -X showalloccount 2A4.

WA 3.79] 7} -X importtime, -X dev, -X utf8 3A.

WA 389 7} -X pycache_prefix 4. -X dev 4L o]A| io.IO0Base 33 A}oj A
close() 92 & 21 Ut

WA 3904 HA: -X dev FAS AESH, TAE AT QT Y2 ALl A encoding T} errors

AAE AT

-X showalloccount ¥4 o] Al A= 5

WA 3.109] 37}: The -X warn_default_encoding option.

A 3.10.7°] 7}: The -X int_max_str_digits option.

Hd 3.9 4 F A5 AF U Th WA 3.1001 4 Al AF 5 U th: -X oldparser F4.

Chapter 1. ™ =1} &4
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11.4 AIB3HAIE o 5l S

-J

Jython ©] A}-8-317] 18l of ok i< o

B9 AEEE AU oo AYE Ful, B o)A 3 F ARG A A2
FE510 We 2 29071 87 Aol $4shE Aol BTk
PYTHONHOME

7 od solnelee] AAE WARUT ARAow wolueel: prefix/
lib/pythonversiond} exec _prefix/lib/pythonversiono| A AME =, prefix 2}
exec_prefix v AX EA Y H o], &t} 7| 232 /usr/local YU th

PYTHONHOME ©] 3hvte] U HE 8|2 A AT ™, 1 k2 prefle]- exec_prefix & BEF ATy
t}. o] S0 thaf T2 3HS X A3 W, PYTHONHOME & prefix: exec_prefix & AR Al

PYTHONPATH
BEILY 7B AN AE2E BT P42 A9 PATHi}ﬂ’“H"/} st o] o] T el E g
327 o] os.pathsep (& E°], FH2NA= &, A=A AVER) &2 F2H Uh
Z A 3kAl %}%ﬂﬂ‘ﬂﬂ% &3] FAIE YT
Agul o)A e g Qo %, /N pPyTHONPATE NE B = &4 5ol W RE(AA T ARdE g§4)S

z ot zp RS e 4 AUk B RELzp LA JEED S Yo

7B AN A7 = dx &Aoo x|t AWtA O Z prefix/lib/pythonversion @ Al &g}
(%19 PYTHONHOME & #FZ3HA ). &4 PYTHONPATH o 78 Ut

oA At g2 Qe o] FA Bl = PYTHONPATH &l A A =2
A=Ayt AN A2 go|W =2 13 Yo A sys.path LR i&@# A

PYTHONPLATLIBDIR
o] AL H]o] YA P& ExET AAFE, sys.platlibdir S A A2 )

WA 390 27}

PYTHONSTARTUP
ojZlo] 92 A= Y o] FolW, A WAl ZFZEVI3}Y B o TAH 7] Ao, T 3L
stoltl gel ARW ok o AL U5y Yol AYAE AT T ol E TLo N AdR =z
7114 AolSI A0 QZE o AAE B3 A BN 22 BT S A% UL o] Aol
ZEXE sys.psl P sys.ps2 P T sys.__interactivehook_ = BFE $ Q51U T
filename & AX}Z ZHAF o] Ml E (auditing event) cpython.run_startup< SAA A Yt}

PYTHONOPTIMIZE
Hlo] 91X ke BAAGE AASE 0gA
W AR s A 24U

(

_1.4

o

AR A% 2EUTh A4 AR, 0F o

PYTHONBREAKPOINT
44sY, dos 7RA A2 B/0E Afee] BelRe) o] Be AWk T BE EPAE
DEOARTE H Zo| ZHEL2 YHb reakp01nt() o] 93] =&F = sys.breakpointhook ()
9] 71E¥64 ol AT AAFA A AU FALEE D3, gk “pdb.set trace”E}E% s
th #XE “0” o2 43}, sys.breakpointhook () o] 7| L HL o} R AL 32| ¢kl S A
whehehy o)
WA 3.7 =7k

PYTHONDEBUG
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PYTHONINSPECT
wol Al e BAAR AAS, i §AS AWk A% 2t
ol AP = 22O T8 A AAEREE A7 A8, os.environ 2 AFEA A Iho] A T E o
o8 +49 += Ytk
Q1 2} ¢l o] ZHAF o] ¥l E (auditing event) cpython. run_stding $AA DU TH
B A 3.10.1590 4] ¥ 7 : (also 3.9.20, and 3.8.20) Emits audit events.
PYTHONUNBUFFERED
Ho] 91X ere BAGR AASE, —u§AE A FSE AT LU
PYTHONVERBOSE
wol 94 She EAAE A, v §HE AFGE AT LTk A5 ARE T o2
WA AR A% g
PYTHONCASEOK

If this is set, Python ignores case in import statements. This only works on Windows and macOS.

PYTHONDONTWRITEBYTECODE
Hjo} Q17| ek —EZ}“E A=, 3o
ot 5gAe A A% 2y
PYTHONPYCACHEPREFIX
AR E, gfo]| M A EF Yo _ pycache THEEE Al o] F=Z o
Ego .pyc FLL &l o] AL —Xpycache_prefix=PATH S4< ]7§, =
U,
H A 3.89] &7}
PYTHONHASHSEED
ol M7t A E o] QLA AU random S &2 A A= W, str3t} bytes A A 9] S A] A| =] F4=TF ARE-
g o,
PYTHONHASHSEED 7} AR gk o2 A=W, s Al #2491 317} 2 &5 = ¥ 9] hash( & A4 s17] 91 &
AP A ER ASEH YT
552 Qe o)) A o] e AL HAE B o] §2 W b8 A4S H &AL, Thol 4
L2AA 2l AN RS BRFES AL AT
Ao+ 10,4294967295] W91 o] A X o of Utk 302 A AH o A F2H9 87t v A 3k
Je,

B A 3.2.39] 7}

PYTHONINTMAXSTRDIGITS
If this variable is set to an integer, it is used to configure the interpreter’ s global integer string conversion
length limitation.

WA 3107 7}

PYTHONIOENCODING
SlE] = 2B & A3 3}7] Aoj o] A o] AAH ™, stdin/stdout/stderr o] A5 = A7 G L thA| T Th
E WL encodingname:errorhandler § /“ 1Yt} encodingname .»]- errorhandler BB

2 25 AE AbgholH str.encode ( °ﬂ/‘19} 7‘3 ojm
stderr®] 7%, :errorhandler 322 FAF Utk X 8] 7] = &4 'backslashreplace' YUYt}
H A 3404 HA: encodingname F-&2-2 o] A A&l A Ut}

& 3.6 4 ¥ Windows | A, PYTHONLEGACYWINDOWSSTDIO % | A 3} A

| o o o3 2
ol o] M4z A48 Aol FARU B2 252 B3 oA 8 A7 5
we dakg wa] k),

PYTHONNOUSERSITE
AAEE, slo] W2 42 = site-packages F|2I= 2| & sys.path o F7}3}A] &5 Yth
o] B7]:

10 Chapter 1. H™ 1} 24
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PEP 370 - AF-& A9 site-packages U] 2 €] €]
PYTHONUSERBASE
python setup.py install —--user oA 42 =f site-packages === =| 2] 4 Z 2} Dis-
tutils A %] A2 & A4HEH7] 18] AFEE = AP g SICl2 =1251=] & Ao Fh
© B7]:
PEP 370 - A& A} site-packages T] & €| ]
PYTHONEXECUTABLE

If this environment variable is set, sys.argv [0] will be set to its value instead of the value got through the
C runtime. Only works on macOS.

PYTHONWARNINGS
e AT EESPUL. 4ER 7RY B4d2 AetE, 02 ol e W A A5 A5 2oy
220 o4 e R} ST T
AwEr BE AT B2 A 54 A4S AT (a2A) o

Warn once per call location
Convert to exceptions

Warn every time

Warn once per calling module
Warn once per Python process

Never warn

Z}A| & V] -&2 warning-filter 2} describing-warning-filters & 3FZ 5144 A] 2.

PYTHONFAULTHANDLER
o] 374 W47t ulo] YA e ExEE AAEW, faulthandler.enable () ©] A& Ald] &
Z3F Ut} ol Efo]AME T = 3= SIGSEGY, SIGFPE, SIGABRT, SIGBUS 18] 1L SIGILL
Al2d A 71 & A A F Yt o]+ -x faulthandler FA3 553U th
B A 3.30] &7}

PYTHONTRACEMALLOC
o] &7 M7k u|o] QA 2 FAEE A AH W, tracemalloc RES AFE3HY] Flo| A R e &
3 AL AP W5 g F Ao mdo)ane] AP o) 2a Y SYUTh ol & Sol,
PYTHONTRACEMALLOC=1 < 7} & 29 = d S A A3t} AA 3 AR = tracemalloc.
start () S ZAXRIAAL.
B & 3409 &7}

PYTHONPROFILEIMPORTTIME
o] 7 Wirhuo QA G2 FAER A, oA 7 Y2 E0 Ay A7 HoF U Th
ol W& EoA -X importtime & AA3sI= A H e ZHUTh
WA 3,790 7}

PYTHONASYNCIODEBUG
o] 87 W7t vjo] QA G2 FAEE AAE Y, asyncio BES UHIL EE & &35t
WA 340 27}

PYTHONMALLOC
spol A w2 dYAE A AY UM &S AT
to] R o] AbE-Sh= W B g & AtE AP Th

o default: 7] & W2 &Fa & A oh
e malloc: R E &9 (PYMEM DOMAIN_RAW, PYMEM DOMAIN_MEM, PYMEM DOMAIN_OBJ) ]
A CgolBg gl malloc () &4E A&y th

e pymalloc: PYMEM_DOMAIN_MEMX¥} PYMEM_DOMAIN_OBJ < & of| A pymalloc &2} S AH&
S}, PYMEM_DOMAIN_RAW G 9ol malloc () &S AR}

4
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Install debug hooks:

e debug: 7|2 W2 g &9

e malloc_debug: malloc I} 224 gt
e pymalloc_debug: pymalloc I} ?:}X]
WA 3794 WA "defaule” TGAE

WA 3.60 =7}

PYTHONMALLOCSTATS
Hlo] A 2 FAERE
%5 & ujl pymalloc ™ 2
PYTHONMALLOC 37 W& ARS
pymalloc A Y glo] sfol M-S LAd3HH
A 3.6 A
Bz AAstd 237 gl oh

PYTHONLEGACYWINDOWSFSENCODING

S} 9o w1

A=, 3fo] M2 A 2 -2 pymalloc A A o o] AAE

2 B9 o FAE A4 Th
3o]

Fe AAFUTL
O % AX g
UM E % AR

e

iRl e e A

glolB 2l g el malloc () SYAE A2 AL AL,

o] W4t FAE Uk,
¥M7: o] Mpt oA W BER F3AT o] AN E AS T 4 YL ITh

ol A ¥l

If set to a non-empty string, the default filesystem encoding and error handler mode will revert to their pre-3.6
values of ‘mbcs’ and ‘replace’ , respectively. Otherwise, the new defaults ‘utf-8’ and ‘surrogatepass’ are

used.

o) AL w48 A 7He] sys.
g},

e i A

_enablelegacywindowsfsencoding ()

o g43d 5 9

rn[>

<
T O

WA 3.600 371 AA 8 22 PEP 5298 F 24 Al L.

PYTHONLEGACYWINDOWSSTDIO

ERE

ol HFERFAEH] ZEHAHEF

Yk
e AES.
WA 3.60 F7}

PYTHONCOERCECLOCALE
ooz dA3H, = go]l M B
653 UTF-8 7] t& totoz 7 xﬂ

ol Mgt 435 (=

= O 9
= o
W

_1.

ASCII 7] %Fe] POSIX 27| o] W,

¢« C.UTF-8
e C.utf8
e UTF-8
olel g =AY WE

o BAdE ARsE, A 2E
2R uf-8L A SHE A B 24 TE
e

2 =g 7o) g AA] ASCII 7| ¥+ CL}POSIX A €&
34|
E00]99 Ftog AAE ), &7 "o ¢
AAE A] k31, LC_CTYPE %‘ o el s = dA 2A L] 7|2 c 2A DoAY HAIFQ
3}o] W CLI= ¢1E 2
HEo g8 O 2EALS UEE A=+ Al

1979 2272 AHg3A YT o] AL fURE
< sijo] 2ol W2} 912 H L of ulghet
R REEEEEIE D BRI EE N

B}
dHUh

AMet=1c ALL EA Y

2] el dEped
R Nk

L2 2r3}7] Ao LC_CTYPE

ShE AR o) 82 s, shol A AERel o] 271515 7] Mol Le_CTYPE
974 WeE @A 22~ B0 A Ade) AEE U
A2 AE e e =AY A4 74 2

olZA std AH Z 2 A 2 =
L4 (7% GNU readline ol BH ) 71 B 4= =

Zlo g3, 73AlE A A g AA) C ZA Do) o}d AL 23] 5= AxH(7FE shol A AA 2] 1ocale.

getdefaultlocale (
A3 st=A] ol %7410401) H T A5y

olgi =AY

) ukopu gl Apa] T2 A 2O AE (o] Z2 A AT} Tlo] W OBz

F S PSR (FA AR BAH 2A D 3A] 07

ZEE

3L 53&)) sys.stdin

Fsys.stdout ol &l surrogateescape o2& A 8] 7] & A5 o2 A3t (sys.stderr

12
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= OE 2AYolX A H backslashreplace & A& AU, o] 2EY A 522 P4 A
2 PYTHONIOENCODINGS AF&3te] th A& 4~ 95U th

¥ 72 9|3, PYTHONCOERCECLOCALE=warn & A 354, 274 4 24l
A FAGA WA LT 2A Lol ol Fep)o] 271512 uf o 3] A4 AN shold
stderr  F WAIAE H YUt}

Tk 2A D FA W] v|ZAs s A H A g 2A LS 2R £ ul s, @ AA] ASCIL 7]t
EA LA PYTHONUTF S 2 71Ezq o2 g3 oAl L. dH= rﬂEV} A 2E Q1 E H o]
20 th3] UTF-8 Th Ao ASCTT 2 AF&3H7 3t W, 5 7HA] 7|58 =5 v B4 314 # of gt}
7HEA e

WA 3.79] F7h: ZpA| g W82 PEP 538& 23] A L.

PYTHONDEVMODE
o] 87 Wk ulol A e EAIE A
L PE ERE R P SR DAK

WA 3.7 7}

PYTHONUTF8
If set to 1, enable the Python UTF-8 Mode.

If set to 0, disable the Python UTF-8 Mode.
ThE BE o] 9K e BAGR AYFHH, AH = HE 27185 S ol b g gy
WA 379 27}

PYTHONWARNDEFAULTENCODING
If this environment variable is set to a non-empty string, issue a EncodingWarning when the locale-specific
default encoding is used.

See io-encoding-warning for details.

B A 3.100] &7}

1.21 C|H B2E Hap
PYTHONTHREADDEBUG
If set, Python will print threading debug info into stdout.
Need a debug build of Python.
B4 31000 A4 s A H 55U o WA 312004 Al AF YT

PYTHONDUMPREF'S
AAE T, oML JE T E B SR Tl ol A9 7

FN
ol
4
i
s
[kl
o
°
iv)

Need Python configured with the ——with-trace-refs build option.

1.2. 13
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CHAPTER 2

C
1>
MK

\'IJ
HHI

O| M ZFO|M ALESHY |

2.1

b

| &1 2| mHo[’M L2’ [2t EX|

211 2ls2A

o

sl e o 25 v sgkol A AR o] lonl, The BE oA 5714 2 A8 4 ]
TR ER 7] 7o) Gl oW 752 A8 S A & AFUTh 2ol A H A WAL shol A€
4A AT+ Yk

shol o] ule] A% o] 9A) kil AR Aol E GO, of el B A MEE NG AAAE A BE 5
&t The 938 AR A L

o ®B7]:
https://www.debian.org/doc/manuals/maint-guide/first.en.html ©j] 9] ¢t A}-8-2}-&

o -

https://en.opensuse.org/Portal:Packaging OpenSuse A}-8-A-&

https://docs-old.fedoraproject.org/en-US/Fedora_Draft_Documentation/0.1/html/RPM_Guide/ch-creating-rpms.html
Fedora AF-& A&

http://www.slackbook.org/html/package-management-making-packages.html Slackware A& 3-8

2.1.2 FreeBSD2} OpenBSD

o FreeBSD A&7} 3| 7] A| & 71812 ¥ o] 2 A sHA A2

pkg install python3

o OpenBSD A&}, 9] 7] A & 2 7}35te] ' o] E A A Al &

pkg_add -r python

pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/<insert your.
—architecture here>/python-<version>.tgz

o) 2 0] 1386 A& A= o @A Tho W 251 WAL A5k

15


https://www.debian.org/doc/manuals/maint-guide/first.en.html
https://en.opensuse.org/Portal:Packaging
https://docs-old.fedoraproject.org/en-US/Fedora_Draft_Documentation/0.1/html/RPM_Guide/ch-creating-rpms.html
http://www.slackbook.org/html/package-management-making-packages.html

Python Setup and Usage, £A| B{Z 3.10.16

pkg_add ftp://ftp.openbsd.org/pub/OpenBSD/4.2/packages/i386/python-2.5.1p2.tgz

2.1.3 OpenSolaris

OpenCSWO| A s}o] A ES
python272 AX & 4 54 h

AFUT G F WAL stojde] glow, A& 5°] pkgutil -i

If you want to compile CPython yourself, first thing you should do is get the source. You can download either the
latest release’ s source or just grab a fresh clone. (If you want to contribute patches, you will need a clone.)

ME ZRAat ANAOR e 2 PP or PP

./configure
make
make install

Configuration options and caveats for specific Unix platforms are extensively documented in the README.rst file in
the root of the Python source tree.

A3: make install& python3 HlolUY g & o2 AY 713 & 4 d5 Utk webA] make
altinstall< make install th4l A% 5}‘“‘:‘]], exec preflx/bln/pythonver51on Tk g %]

7] wl# ok

2.3 mlo]’M 2t Z=Zo} utd

These are subject to difference depending on local installation conventions; prefix and exec_prefix are
installation-dependent and should be interpreted as for GNU software; they may be the same.

AL 5o, & s An"A, 72832 BF /usr Y Ytk

oal/c|EE 2| o|O|
exec_prefix/bin/python3 JH Z B H o AR Y A.
prefix/lib/pythonversion, EE RE2 2= gHg e 9 A& 9.

exec_prefix/lib/pythonversion

prefix/include/pythonversion, vlolx &S el Az el e E WA st= o 2
exec_prefix/include/ SSAFFE gd S 2= HAH Y A% A AL

pythonversion

24 TSAL|

FUzoA shol 8 2T YES 47 A5 Y, 49 hA 2 BEolok Fith o2 Sol, o] 27

’$ chmod +x script

a2 a, AT HEL Aol A -3 A9 (Shebang) = WU £ AHS 7 o5 Ut

’#J/usr/bin/GHV'pythOHS
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<
T

o

o\ Ae patH AAGA ol M AT AAFUT 2el}, Q¥ Y20l E env Fedol ¢
gJorvmzg SOEZIE FEZ /usr/bin/python3E st I Y3 & 4 A5 Yt}

ol AT HE A A WP AHESHE ¥, subprocess BES HA A L.

2.5 Custom OpenSSL

1. To use your vendor’ s OpenSSL configuration and system trust store, locate the directory with openssl.
cnf file or symlink in /et c. On most distribution the file is either in /etc/ssl or /etc/pki/tls. The
directory should also contain a cert . pem file and/or a certs directory.

$ find /etc/ —-name openssl.cnf —-printf "$h\n"
/etc/ssl

2. Download, build, and install OpenSSL. Make sure you use install_sw and not install. The
install_sw target does not override openssl.cnf.

curl -O https://www.openssl.org/source/openssl-VERSION.tar.gz

tar xzf openssl-VERSION

pushd openssl-VERSION

./config \
—-prefix=/usr/local/custom-openssl \
——libdir=1ib \
——openssldir=/etc/ssl

make —-jl1 depend

make -j8

make install_sw

popd

v v v »n

v v »n

3. Build Python with custom OpenSSL (see the configure --with-openssl and
——with-openssl-rpath options)

$ pushd python-3.x.x

$ ./configure -C \
—-with-openssl=/usr/local/custom-openssl \
—--with-openssl-rpath=auto \
——prefix=/usr/local/python-3.x.x

$ make -78

$ make altinstall

ZF31:  Patch releases of OpenSSL have a backwards compatible ABL. You don’ t need to recompile Python to
update OpenSSL. It’ s sufficient to replace the custom OpenSSL installation with a newer version.

2.5. Custom OpenSSL 17
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CHAPTER 3

Configure Python

3.1 Configure Options

Listall . /configure script options using:

./configure --help

See also the Misc/SpecialBuilds.txt in the Python source distribution.

3.1.1 General Options

——enable-loadable-sqglite—extensions
Support loadable extensions in the _sqglite extension module (default is no).

See the sglite3.Connection.enable_load_extension () method of the sqlite3 module.
H A 3.60] =7}

——disable-ipv6
Disable IPv6 support (enabled by default if supported), see the socket module.

——enable-big-digits=[15]|30]
Define the size in bits of Python int digits: 15 or 30 bits.

By default, the number of bits is selected depending on sizeof (void*): 30 bits if void* size is 64-bit
or larger, 15 bits otherwise.

Define the PYLONG_BITS_IN_DIGIT to 15 or 30.
See sys.int_info.bits_per_digit.
——with—-cxx-main

—-with-cxx-main=COMPILER
Compile the Python main () function and link Python executable with C++ compiler: $CXX, or COMPILER
if specified.

—-with-suffix=SUFFIX
Set the Python executable suffix to SUFFIX.

19
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The default suffix is . exe on Windows and macOS (python . exe executable), and an empty string on other
platforms (python executable).

——with-tzpath=<list of absolute paths separated by pathsep>
Select the default time zone search path for zoneinfo.TZPATH. See the Compile-time configuration of
the zoneinfo module.

Default: /usr/share/zoneinfo:/usr/lib/zoneinfo:/usr/share/lib/zoneinfo:/
etc/zoneinfo.

See os.pathsep path separator.
B A 3.9 F7}.

—-—without-decimal-contextvar
Build the _decimal extension module using a thread-local context rather than a coroutine-local context
(default), see the decimal module.

See decimal.HAVE CONTEXTVAR and the contextvars module.
WA 3909 7}

——with-dbmliborder=dbl:db2:...
Override order to check db backends for the dbm module

A valid value is a colon (:) separated string with the backend names:
e ndbm,;
e gdbm;
¢ bdb.

——without-c-locale—-coercion
Disable C locale coercion to a UTF-8 based locale (enabled by default).

Don’ t define the PY_ COERCE_C_LOCALE macro.
See PYTHONCOERCECLOCALE and the PEP 538.

——with-platlibdir=DIRNAME
Python library directory name (default is 1ib).

Fedora and SuSE use 1ib64 on 64-bit platforms.
See sys.platlibdir.
WA 390 7}

—-with-wheel-pkg-dir=PATH
Directory of wheel packages used by the ensurepip module (none by default).

Some Linux distribution packaging policies recommend against bundling dependencies. For example, Fe-
dora installs wheel packages in the /usr/share/python-wheels/ directory and don’ t install the
ensurepip._bundled package.

WA 3100 7}
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3.1.2 Install Options

——prefix=PREFIX
Install architecture-independent files in PREFIX. On Unix, it defaults to /usr/local.

This value can be retrived at runtime using sys .prefix.

As an example, one can use ——prefix="$HOME/.local/" to install a Python in its home directory.

——exec-prefix=EPREFIX
Install architecture-dependent files in EPREFIX, defaults to ——prefix.

This value can be retrived at runtime using sys.exec_prefix.

——disable-test—-modules

Don’ t build nor install test modules, like the test package or the _testcapi extension module (built and
installed by default).

WA 31000 &7}

——with—-ensurepip=[upgrade|install|no]
Select the ensurepip command run on Python installation:

e upgrade (default): run python -m ensurepip —--altinstall --upgrade command.
e install:runpython -m ensurepip —--altinstall command,
e no: don’ t run ensurepip;

WA 3.60 =7}

3.1.3 Performance options

Configuring Python using ——enable-optimizations —--with-1to (PGO +LTO) is recommended for best
performance.

——enable-optimizations
Enable Profile Guided Optimization (PGO) using PROFILE_TASK (disabled by default).

The C compiler Clang requires 1 1vm—-profdata program for PGO. On macOS, GCC also requires it: GCC
is just an alias to Clang on macOS.

Disable also semantic interposition in libpython if —-—enable-shared and GCC is used: add
—-fno-semantic-interposition to the compiler and linker flags.

B A 3.60] &7}
WA 3.100 A ¥ 7: Use -fno-semantic-interposition on GCC.

PROFILE_TASK
Environment variable used in the Makefile: Python command line arguments for the PGO generation task.

Default: -m test --pgo —--timeout=$ (TESTTIMEOUT).
B A 3.89] &7}

——with-1to
Enable Link Time Optimization (LTO) in any build (disabled by default).

The C compiler Clang requires 11vm—ar for LTO (ar on macOS), as well as an LTO-aware linker (1d.
goldor11d).

W2 3.600 71

——with-computed—-gotos
Enable computed gotos in evaluation loop (enabled by default on supported compilers).

3.1. Configure Options 21
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——without-pymalloc
Disable the specialized Python memory allocator pymalloc (enabled by default).

See also PYTHONMALLOC environment variable.

——without—-doc-strings
Disable static documentation strings to reduce the memory footprint (enabled by default). Documentation
strings defined in Python are not affected.

Don’ t define the WITH_DOC_STRINGS macro.
See the PyDoc_STRVAR () macro.

——enable-profiling
Enable C-level code profiling with gprof (disabled by default).

3.1.4 Python Debug Build

A debug build is Python built with the ——with-pydebug configure option.
Effects of a debug build:
« Display all warnings by default: the list of default warning filters is empty in the warnings module.
e Adddto sys.abiflags.
e Add sys.gettotalrefcount () function.
e Add -X showrefcount command line option.
e Add PYTHONTHREADDEBUG environment variable.

o Add support for the __1trace__ variable: enable low-level tracing in the bytecode evaluation loop if the
variable is defined.

« Install debug hooks on memory allocators to detect buffer overflow and other memory errors.
e Define Py_DEBUG and Py_REF_DEBUG macros.

e Add runtime checks: code surroundeded by #ifdef Py_DEBUG and #endif. Enable assert (.
.) and _PyObject_ASSERT (...) assertions: don’t set the NDEBUG macro (see also the
——with-assertions configure option). Main runtime checks:

- Add sanity checks on the function arguments.

- Unicode and int objects are created with their memory filled with a pattern to detect usage of uninitialized
objects.

- Ensure that functions which can clear or replace the current exception are not called with an exception
raised.

- The garbage collector (gc.collect () function) runs some basic checks on objects consistency.

— The Py_SAFE_DOWNCAST () macro checks for integer underflow and overflow when downcasting
from wide types to narrow types.

See also the Python Development Mode and the ——with-trace-refs configure option.

H A 3.8 A ¥ 7: Release builds and debug builds are now ABI compatible: defining the Py_DEBUG macro no
longer implies the Py_ TRACE_REFS macro (see the ——with-trace-refs option), which introduces the only
ABI incompatibility.
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3.1.5 Debug options
—--with-pydebug
Build Python in debug mode: define the Py_DEBUG macro (disabled by default).

—--with-trace-refs
Enable tracing references for debugging purpose (disabled by default).

Effects:
o Define the Py_TRACE_REFS macro.
e Add sys.getobjects () function.
e Add PYTHONDUMPREFS environment variable.

This build is not ABI compatible with release build (default build) or debug build (Py_DEBUG and
Py_REF_DEBUG macros).

B A 3.8 &7}

——with—-assertions
Build with C assertions enabled (default is no): assert (...); and _PyObject_ASSERT (...) ;.

If set, the NDEBUG macro is not defined in the OP T compiler variable.
See also the ——with-pydebug option (debug build) which also enables assertions.
WA 3.600 F7F

—-with-valgrind
Enable Valgrind support (default is no).

——with-dtrace
Enable DTrace support (default is no).

See Instrumenting CPython with DTrace and SystemTap.
WA 3.69 F7}.

——with—-address—sanitizer
Enable AddressSanitizer memory error detector, asan (default is no).

WA 3.60 =7}

—--with-memory-sanitizer
Enable MemorySanitizer allocation error detector, msan (default is no).

WA 3.600 7}

——with-undefined-behavior-sanitizer
Enable UndefinedBehaviorSanitizer undefined behaviour detector, ubsan (default is no).

B A 3.60] F7}.

3.1.6 Linker options
——enable-shared
Enable building a shared Python library: 1ibpython (default is no).

——without-static-libpython
Do not build 1 ibpythonMAJOR.MINOR. a and do not install python. o (built and enabled by default).

H A 3.109) F7}
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3.1.7 Libraries options
--with-libs='1libl ...'
Link against additional libraries (default is no).

——with-system—-expat
Build the pyexpat module using an installed expat library (default is no).

—-with-system-£f£fi
Build the _ctypes extension module using an installed ££1i library, see the ctypes module (default is
system-dependent).

——with-system—libmpdec
Build the _decimal extension module using an installed mpdec library, see the decimal module (default
1S no).

WA 3.30] F7}.

—-with-readline=editline
Use editline library for backend of the readline module.

Define the WITH_EDITLINE macro.
B A 3.100) &7}

——without-readline
Don’ t build the readline module (built by default).

Don’ t define the HAVE_LIBREADLINE macro.
WA 3.100) F7}.

——with—-tcltk—-includes="-1..."'
Override search for Tcl and Tk include files.

—--with-tcltk-libs="'-1L..."
Override search for Tcl and Tk libraries.

——with-1ibm=STRING
Override 1ibm math library to STRING (default is system-dependent).

——with-1ibc=STRING
Override 1ibc C library to STRING (default is system-dependent).

—--with-openssl=DIR
Root of the OpenSSL directory.

W2 3.7 7%

——with-openssl-rpath=[no|auto|DIR]
Set runtime library directory (rpath) for OpenSSL libraries:

e no (default): don’ t set rpath;
e auto: auto-detect rpath from ——with—-openssl and pkg-config;
o DIR: set an explicit rpath.

WA 3.100) =7}
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3.1.8 Security Options
—--with-hash-algorithm=[fnv|siphash24]
Select hash algorithm for use in Python/pyhash.c:
e siphash24 (default).
o fnv;
WA 340 F71.

——with-builtin-hashlib-hashes=md5, shal, sha256, sha512, sha3,blake?2
Built-in hash modules:

e mdb;
e shal;
e sha256;
e shab512;
e sha3 (with shake);
e blake2.
WA 3.9 271

——with-ssl-default-suites=[python|openssl|STRING]
Override the OpenSSL default cipher suites string:

e python (default): use Python’ s preferred selection;
e openssl: leave OpenSSL’ s defaults untouched;
o STRING: use a custom string
See the ss1 module.
WA 379 F7}
¥ A 3.109 A 7 : The settings pyt hon and STRING also set TLS 1.2 as minimum protocol version.

3.1.9 macOS Options

See Mac/README. rst.
——enable—universalsdk

——enable—universalsdk=SDKDIR
Create a universal binary build. SDKDIR specifies which macOS SDK should be used to perform the build
(default is no).

——enable-framework

——enable-framework=INSTALLDIR
Create a Python.framework rather than a traditional Unix install. Optional INSTALLDIR specifies the instal-
lation path (default is no).

—-with-universal-archs=ARCH
Specify the kind of universal binary that should be created.  This option is only valid when
——enable-universalsdk is set.

Options:
e universal?2;
e 32-bit;
e 64-bit;
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e 3-way;
e intel;
e intel-32;
e intel-64;

e all.

——with-framework—name=FRAMEWORK

Specify the name for the python framework on macOS only valid when ——enable-framework is set
(default: Python).

3.2 Python Build System

3.2.1 Main files of the build system

configure.ac=>configure;

Makefile.pre.in=>Makefile (created by configure);

pyconfig.h (created by configure);

Modules/Setup: C extensions built by the Makefile using Module /makesetup shell script;

setup.py: C extensions built using the distutils module.

3.2.2 Main build steps

o Cfiles (. c) are built as object files (. o).
o A static libpython library (. a) is created from objects files.
e python.o and the static 1 ibpython library are linked into the final python program.

o C extensions are built by the Makefile (see Modules/Setup) and python setup.py build.

3.2.3 Main Makefile targets

make: Build Python with the standard library.
make platform:: build the python program, but don’ t build the standard library extension modules.

make profile-opt: build Python using Profile Guided Optimization (PGO). You can use the configure
——enable-optimizations option to make this the default target of the make command (make all
or just make).

make buildbottest: Build Python and run the Python test suite, the same way than buildbots test Python.
Set TESTTIMEOQUT variable (in seconds) to change the test timeout (1200 by default: 20 minutes).

make install: Build and install Python.

make regen-all: Regenerate (almost) all generated files; make regen-stdlib-module-names
and autoconf must be run separately for the remaining generated files.

make clean: Remove built files.

make distclean: Same than make clean, butremove also files created by the configure script.

26
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3.2.4 C extensions

Some C extensions are built as built-in modules, like the sys module. They are built with the
Py_BUILD_CORE_BUILTIN macro defined. Built-in modules haveno ___file_ attribute:

>>> import sys

>>> sys
<module 'sys' (built-in)>
>>> gsys. file
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: module 'sys' has no attribute '__ _file_ '

Other C extensins are built as dynamic libraries, like the _asyncio module. They are built with the
Py_BUILD_CORE_MODULE macro defined. Example on Linux x86-64:

>>> import _asyncio

>>> _asyncio

<module '_asyncio' from '/usr/lib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_
—~64-1linux-gnu.so'>

>>> _asyncio. file
'/usr/1lib64/python3.9/1lib-dynload/_asyncio.cpython-39-x86_64-1inux-gnu.so'

Modules/Setup is used to generate Makefile targets to build C extensions. At the beginning of the files, C exten-
sions are built as built-in modules. Extensions defined after the *shared* marker are built as dynamic libraries.

The setup. py script only builds C extensions as shared libraries using the distutils module.

The PyAPI_FUNC (), PyAPI_APTI () and PyMODINIT_FUNC () macros of Include/pyport.h are de-
fined differently depending if the Py_ BUILD_CORE_MODULE macro is defined:

e Use Py_EXPORTED_SYMBOL if the Py_BUILD_CORE_MODULE is defined
e Use Py_ IMPORTED_ SYMBOL otherwise.

If the Py_BUILD_CORE_BUILTIN macro is used by mistake on a C extension built as a shared library, its
PyInit_xxx () function is not exported, causing an ImportError on import.

3.3 Compiler and linker flags

Options set by the . /configure script and environment variables and used by Makefile.

3.3.1 Preprocessor flags

CONFIGURE_CPPFLAGS
Value of CPPFLAGS variable passed to the . /configure script.

WA 3.60 F7}

CPPFLAGS
(Objective) C/C++ preprocessor flags, e.g. ~-I<include dir> if you have headers in a nonstandard direc-
tory <include dir>.

Both CPPFLAGS and LDFLAGS need to contain the shell’ s value for setup.py to be able to build extension
modules using the directories specified in the environment variables.

BASECPPFLAGS
B & 3409 Z7}.

PY_CPPFLAGS
Extra preprocessor flags added for building the interpreter object files.
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Default: $ (BASECPPFLAGS) -I. -IS$ (srcdir)/Include $ (CONFIGURE_CPPFLAGS) $
(CPPFLAGS).

WA 320 F7h

3.3.2 Compiler flags

CcC
C compiler command.

Example: gcc -pthread.

MAINCC
C compiler command used to build the main () function of programs like python.

Variable set by the ——with-cxx—main option of the configure script.
Default: $ (CC).

CXX
C++ compiler command.

Used if the ——with—-cxx-main option is used.
Example: g++ -pthread.

CFLAGS
C compiler flags.

CFLAGS_NODIST
CFLAGS_NODIST is used for building the interpreter and stdlib C extensions. Use it when a compiler flag
should nort be part of the distutils CFLAGS once Python is installed (bpo-21121).

In particular, CFLAGS should not contain:

« the compiler flag —T (for setting the search path for include files). The - T flags are processed from left
to right, and any flags in CFLAGS would take precedence over user- and package-supplied —I flags.

« hardening flags such as ~-Werror because distributions cannot control whether packages installed by
users conform to such heightened standards.

W7 3.50] 7%

EXTRA_CFLAGS
Extra C compiler flags.

CONFIGURE_CFLAGS
Value of CFLAGS variable passed to the . /configure script.

B A 3.20] =7}

CONFIGURE_CFLAGS_NODIST
Value of CFLAGS_NODIST variable passed to the . /configure script.

WA 3500 7}

BASECFLAGS
Base compiler flags.

OPT
Optimization flags.

CFLAGS_ALIASING
Strict or non-strict aliasing flags used to compile Python/dtoa.c.

B A 3.70] F7}.
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CCSHARED
Compiler flags used to build a shared library.

For example, —~£PIC is used on Linux and on BSD.

CFLAGSFORSHARED
Extra C flags added for building the interpreter object files.

Default: $ (CCSHARED) when ——enable—-shared is used, or an empty string otherwise.

PY_CFLAGS
Default: $ (BASECFLAGS) $ (OPT) $ (CONFIGURE CFLAGS) $ (CFLAGS) $
(EXTRA_CFLAGS).

PY CFLAGS_NODIST
Default: $ (CONFIGURE_CFLAGS_NODIST) $ (CFLAGS_NODIST) -IS (srcdir)/Include/
internal.

B A 3.50] &7}

PY_ STDMODULE_CFLAGS
C flags used for building the interpreter object files.

Default: $ (PY_CFLAGS) $ (PY_CFLAGS_NODIST) $ (PY_CPPFLAGS) $
(CEFLAGSFORSHARED) .

WA 3.7 F7}

PY_CORE_CFLAGS
Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE.

B A 3.20] &7}

PY BUILTIN_MODULE_CFLAGS
Compiler flags to build a standard library extension module as a built-in module, like the posix module.

Default: $ (PY_STDMODULE_CFLAGS) -DPy_BUILD_CORE_BUILTIN.
B A 3.8 &7}

PURIFY
Purify command. Purify is a memory debugger program.

Default: empty string (not used).

3.3.3 Linker flags

LINKCC
Linker command used to build programs like python and _testembed.

Default: $ (PURIFY) $ (MAINCC).

CONFIGURE_LDFLAGS
Value of LDFLAGS variable passed to the . /configure script.

Avoid assigning CFLAGS, LDFLAGS, etc. so users can use them on the command line to append to these
values without stomping the pre-set values.

B A 3.20] &7}

LDFLAGS_NODIST
LDFLAGS_NODIST s used in the same manner as CFLAGS_NODIST. Use it when a linker flag should not
be part of the distutils LDFLAGS once Python is installed (bpo-35257).

In particular, LDFLAGS should not contain:

o the compiler flag —L (for setting the search path for libraries). The —L flags are processed from left to
right, and any flags in LDFLAGS would take precedence over user- and package-supplied —L flags.
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CONFIGURE_LDFLAGS_NODIST
Value of LDFLAGS_NODIST variable passed to the . /configure script.

WA 3.8 F7k

LDFLAGS
Linker flags, e.g. -L<1ib dir> if you have libraries in a nonstandard directory <1ib dir>.

Both CPPFLAGS and LDFLAGS need to contain the shell’ s value for setup.py to be able to build extension
modules using the directories specified in the environment variables.

LIBS
Linker flags to pass libraries to the linker when linking the Python executable.

Example: -1rt.

LDSHARED
Command to build a shared library.

Default: @LDSHARED@ $ (PY_LDFLAGS).

BLDSHARED
Command to build 1 ibpython shared library.

Default: @BLDSHARED@ $ (PY_CORE_LDFLAGS).

PY LDFLAGS
Default: $ (CONFIGURE_LDFLAGS) $ (LDFLAGS).

PY_LDFLAGS_NODIST
Default: $ (CONFIGURE_LDFLAGS_NODIST) $ (LDFLAGS_NODIST).

B A 3.8 &7}

PY_CORE_LDFLAGS
Linker flags used for building the interpreter object files.

WA 3.8 =7}
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Microsoft Store 31| 7] A] is a simple installation of Python that is suitable for running scripts and packages, and using
IDLE or other development environments. It requires Windows 10 and above, but can be safely installed without
corrupting other programs. It also provides many convenient commands for launching Python and its tools.
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AA Z2IWe AT S, F 7] FA4 F otuE A" E o syt
&5 Python 2.8.0 (64-bit) Setup — 4

Install Python 3.8.0 (64-bit)

Select Install Mow to install Python with default settings, or choose
Customize to enable or disable features.

@ Install Now
Ch\Users' ol A ppData'Local\Programs\Python' Python38

Includes IDLE, pip and decumentaticn
Creates shortcuts and file associations

— Customize installation
Choose location and features

python

for Install launcher for all users (recommended)

windows [ Add Python 3.8 to PATH Cancel

“Install Now” & A1 B 3}
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4.1.2 MAX_PATH x|St A H5}7|
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To completely hide the installer UI and install Python silently, pass the /quiet option. To skip past the user
interaction but still display progress and errors, pass the /passive option. The /uninstall option may be
passed to immediately begin removing Python - no confirmation prompt will be displayed.

O BE F42 name=value & AP Utk o 7]A value= LRIF SR 7] 5E v &4d3tste 9 o,
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= Mo 7| =22k
Instal- A2l A2 AAE 383y | 0
1Al- c}.
1Users
Target- EREEEREE InstallAllUsers o w2} A== LT}
Dir
Default- | RE AR A A XS 93 7|2 | sProgramFiles%\Python X.Y = =
AllUser- | A% fjd¥ g SProgramFiles (x86) %$\Python X.Y
sTarget-
Dir
De- A AL A AL DA E Y3l | $LocalAppbata%\Programs\Python\PythonXY or
faultJust- | 7] & A o] g g $LocalAppData%\Programs\Python\PythonXy-32
ForMeTar or $LocalAppData%\Programs\Python\
getDir PythonXY-64
Default- | Ul 3 A% = 7] & A2 A] | (Mo Q1)
Custom- | A A X tjdE g
Target-
Dir
Associ- AT AAEJod I A | 1
ateFiles A& Wy th
Com- EE pyH¥E pycE H |0
pileAll atd sk}
Prepend- | A %] & Scripts ¢ & E g | 0
Path £ pATHO| &7}3}a .PYE
PATHEXTO|| $7}84 t}.
Short- A=, A Z2E], 4% | 1
cuts 4] 2 IDLE<] t) 3} vl = 7}7]
£ W Yth
In- stol A wj A AA T} | 1
clude_doc
In- g2 atelyelE A3y | 0
clude_debugt}
In- Install developer headers and li- | 1
clude_dev| braries. Omitting this may lead
to an unusable installation.
In- Install python.exe and re- | 1
clude_exe | lated files. Omitting this may
lead to an unusable installation.
In- A= & afolH AAEAA | 1
clude_launchgrt] t}.
Install- Installs the launcher for | 1
Launcher-| all wusers. Also requires
AllUsers | Include_launcher to be
setto 1
In- Install standard library and ex- | 1
clude_lib | tension modules. Omitting this
may lead to an unusable installa-
tion.
In- HEZ A 5= = pip2} setup- | 1
clude_pip | tools & A X gt}
In- Install debugging symbols (*. | O
clude_sympaisib)
In- Tcl/Tk AL IDLES A x| st | 1
clude tcltk Ut}
In- EF golBY g HAaE A9 | 1
clude test| EE A x gt}
In- e 2T HES AAY | |1
clude_tools YT}
ufAd =t 5F ol Ao
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& Sof 7|8, A WA oA AAE 253 AA e W, (HelA AR FY ZEmECA) th
Y e A8 5 Ydgyth

python-3.9.0.exe /quiet InstallAllUsers=1 PrependPath=1 Include_test=0

AR HAE A9 E glo] sho] o) g RS PA AL 4 YES, TS G o vz /]
AZE % AUtk o DA BHEl theeshe 2 7] 5 o] A 7k FAIS 3 A Aol 7} 625 A ok

python-3.9.0.exe InstallAllUsers=0 Include_launcher=0 Include_test=0
SimpleInstall=1 SimplelInstallDescription="Just for me, no test suite."

(A Aershe 5 Ade Aeke o, A7 EFE A2 AR A7 AL o), S AL AA ol
EESEECLRRER

9ol el §He AF A% P unattend. xnl ol B AR AFH £ Y5vch o] FUe
SAT} % BESS AT gol = RER AT W, b5 3¢ 24T WaR UL deue
geEg AT e P4 RALR dob drvinh. o] ol A BAL o)A o A2} 2L FHE BTG

<Options>

<Option Name="InstallAllUsers" Value="no" />

<Option Name="Include_launcher" Value="0" />

<Option Name="Include_test" Value="no" />

<Option Name="SimpleInstall" Value="yes" />

<Option Name="SimplelInstallDescription">Just for me, no test suite</Option>
</Options>

41.4 CIREE 10| MxI5}7|
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ol A 7153} BAgle] Bt AB Y A Aol BEFA Qe 9% oo ob 22 wE Utk o
CeEEE BR W AN E S QAW B 50 ANE ST S A2 AN B AHES BEFE
2101 vl$- -8 Gk

B REFYL eRES W ¥ 22nE A g ¥ L AWSIA 2. python-3.9.0.
exef A L2 9ol A oIS o2 AT, 4L 1B A kel 2hel S WA Aol A
T el 2] o] & o]0} BEo]of g Th.

python-3.9.0.exe /layout [optional target directory]

/quiet FAS ARG AP E BAE 2 75 s

Aot spojH o] DA W, A= 47l Programs and Features =75 53 7]%5& F7Ht AU A AT
4 5 Ut Python %2 A 813} 1 “Uninstall/Change” & A ¥l 5lo] -2 #e]l Rz Ax] =213
Huth

“Modify” = A 2 B2 8 A 8ke] 7152 2AA8AY AAFEE FUTh- WA A 32 A3 vk
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4.2 Microsoft Store I{7| x|

WA 3.7.200 F7L

Microsoft Store 3] 7] A = Al AX & ¢ Q= Fo|H A ZEEHE, T2 & Eo] &9 3 ALLS
=H0z 3hch

|7 A& A x5t H ;] A1 9= 10 o] E 7} =4 E<l3}a “Python 3.10” & () 9 g+ Microsoft Store
AL A4 Al 2. A =3 i o] Python Software Foundation ol A Al A =] $1= %] 8915} 31, A %] ghu o}

32: 3Fo] %2 Microsoft Storeol| A ¢ 52 Alg-g Uth v|8-& A Edlet= 84S Hod, Enfe

A7 A E A stA] ef2 Ad Yk

A F, 5ol AL Starto] A Zol A A A 5 Q5T Ee, BE WY ZEEE & Powershell A4
o A python & A E3ke] A& % 5 Uth o pipth idle S 9 83ke] pipst IDLES A1-83 %

AUtk IDLEL Starto| 4% 3H& 4= 55U th

A 71 Y EE A UE GAS A 48T 4 AT AE S pychon exe 2T o}
python3 .exe 9} pythons.x.exe (61714 3.x= ol o] Al Aahel & 574 w49 th 74 3.10).
Start & &3l “Manage App Execution Aliases” & g o] Z+ Y3} AZH vto)x W A& ATt pipo}
idleo] MEH pychon M A3} XL F SHe Ao] Tt

python -m venv® 7H4 374& w511 A3}t AAAH o7 AFRT 4 9l Th

o2 WAL Fho]H-E A X]‘S}_T’_ PATH o] 3719 2 W, Microsoft Store 9| A A& 3= Zl o] o}l 1A
o] python.exe & AF&E 4 5 Ut A A of BN A58 W, python3.exeY python3.x.exeS
AN 2

py.exe W& o] gfolx A ']% FA &2 g 7| E A X 22 O o2 HE|S] A& A5 Th

TL}O] -8 A A3t |, Settings S A 31 Apps and Features S AF&-3} 7 1, Start o] A] Python& 2H-2 t}-2 u}-9
ez w—g 15191 Unill & A1) 1 7518 o) ool 301 48 B9 2 A1

Zilﬂﬂ A w74 B3 2 A AE A 5yt

4.2.1 Known issues

Redirection of local data, registry, and temporary paths

Because of restrictions on Microsoft Store apps, Python scripts may not have full write access to shared locations such
as TEMP and the registry. Instead, it will write to a private copy. If your scripts must modify the shared locations,
you will need to install the full installer.

At runtime, Python will use a private copy of well-known Windows folders and the registry. For example,
if the environment variable $APPDATA% is c:\Users\<user>\AppData\, then when writing to C:\
Users\<user>\AppData\Local will write to C:\Users\<user>\AppData\Local\Packages\
PythonSoftwareFoundation.Python.3.8_gbz5n2kfra8p0\LocalCache\Local\.

When reading files, Windows will return the file from the private folder, or if that does not exist, the real Windows
directory. For example reading C: \Windows\System32 returns the contents of C: \Windows\System32
plus the contents of C: \Program Files\WindowsApps\package_name\VFS\SystemX86.

You can find the real path of any existing file using os.path.realpath():

>>> import os

>>> test_file = 'C:\\Users\\example\\AppData\\Locall\test.txt"

>>> os.path.realpath(test_file)
'C:\\Users\\example\\AppData\\Local\\Packages\\PythonSoftwareFoundation.Python.3.8_
—gbz5n2kfra8p0\\LocalCache\\Local\\test.txt"

When writing to the Windows Registry, the following behaviors exist:
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» Reading from HKLM\\Software is allowed and results are merged with the registry.dat file in the
package.

o Writing to HKLM\ \Software is not allowed if the corresponding key/value exists, i.e. modifying existing
keys.

o Writing to HKLM\ \Software is allowed as long as a corresponding key/value does not exist in the package
and the user has the correct access permissions.

o] &3t A stof] 3t 7] & 7] ko] o 3F AFA| F U] 82, 31 A docs.microsoft.com/en-us/windows/msix/desktop/
desktop-to-uwp-behind-the- scenesoﬂ A= 723 @ GA AF Yol of & Microsoft 2] AH A& 234
Al L.

4.3 nuget.org Il 7| X|

w7 35200 37}
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nuget .exe B & =&, o9& £ curl o] Y} PowerShell & A& 3} https://aka.ms/nugetclidl
A A FERET 5 A5 T o ET-E ABEE o33 ol 64U £} 32| £ 2 FES shol )
240 Wzl A% ek

nuget.exe install python -ExcludeVersion -OutputDirectory .
nuget.exe install pythonx86 -ExcludeVersion -OutputDirectory .

To select a particular version, add a ~Version 3.x.y. The output directory may be changed from ., and the
package will be installed into a subdirectory. By default, the subdirectory is named the same as the package, and
without the ~-ExcludeVersion option this name will include the specific version installed. Inside the subdirectory
is a tools directory that contains the Python installation:

# Without -ExcludeVersion
> .\python.3.5.2\tools\python.exe -V
Python 3.5.2

# With -ExcludeVersion
> .\python\tools\python.exe -V
Python 3.5.2

e
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7ho] QS B E3x] 9kod o] AL AT O T 45

tools H &€ 2] 9} &7 build\native Y E g7 o} o] 7ol = sholm A XS Bz a7 o)
Cr+ =2 A= o 4] AHE3 4 91 MSBuild %4 749 python . props 7+ £ 3 o AUtk 4AE =
et oA A2 o2 gt dZE glo] B g2 A& 3}

nuget.org?] 3 7] X A X 9| o] 2| = 64 8] E A 2] F - www.nuget.org/packages/python©] 1 32 8] E ¥ A 2]
7% www.nuget.org/packages/pythonx86 ¢} U t}.

- =
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https://docs.microsoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes
https://docs.microsoft.com/en-us/windows/msix/desktop/desktop-to-uwp-behind-the-scenes
https://www.nuget.org/
https://www.nuget.org/packages/python
https://www.nuget.org/packages/pythonx86
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4.4 LHZE Jts¢ct a7 x|
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EF e ZIP FA AU Th HF AAI A A 257 Bk, e
g AUk

S oAsE AAsER 94 DAY R AE ko] A A
th. E% eholHeje) ZIPo vl AtAE 1 H A3 pyc A=

ZF31: The embedded distribution does not include the Microsoft C Runtime and it is the responsibility of the
application installer to provide this. The runtime may have already been installed on a user’ s system previously or
automatically via Windows Update, and can be detected by finding ucrtbase.d11l in the system directory.

o] A x|l oF Futh. Lut ol K X
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https://docs.microsoft.com/en-US/cpp/windows/latest-supported-vc-redist#visual-studio-2015-2017-2019-and-2022
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4.5 CHA| HE

Z CPython W2 9]0, 27} 7)%-& E3sHE £ 48 917147 A5 th The-2 Bo] ALgH & w3}
=2 % B 5

ActivePython T} S 584, A WA, PyWin327l Q= A X 2273

Anaconda ¢17] 1+ 78+ 25 (7}3 numpy, scipy & pandas) 7 conda 3 7] ] &E] A}

Enthought Deployment Manager “The Next Generation Python Environment and Package Manager” .
Previously Enthought provided Canopy, but it reached end of life in 2016.

WinPython AFA =5 38t 9 7| R 9} 9f 7] A A=EE Y3t =727 28H 4 =9 AL Al =,

o] % A7) A ES HA WA shol o]} A e ehol Bl el E EHFA b 5 dom, A4 vl
ol A 44 el AL A AsHA &l Fol 3 Al L

4.6 LO|'M Fd317|

W ZFZEoA stolig AL SHA dPstHd, dx2 01]/\1 AR 72 BF beE HAsE Ae
uHE S FUTh A2 2233 o] PATHS} PATHEXT W& :r““?f}% FAE AT A, o] = Al
g AA S G AAAA A 5 QF U o2 WA ol He AV o7 AgEt, A &
sto] 2 H A /\}%% A A AL

A=) At 87 W5
oNA YA AT FHF 5

#7 W52 QA2 4

C:\>set PATH=C:\Program Files\Python 3.9;%PATH%
C:\>set PYTHONPATH=%PYTHONPATHS;C:\My_python_lib

C:\>python

olelet WAL AT BEol A e RE 27l Welo] A4 0, 2LolH A2 BE S8 222
g4\,

9Eg 7% Qo) W o] B L EWAW J|E OB AT of, Aot} BB A L 2% 5 A%
Ut} python.exe g X33l U E 2l & A& 2ol 71819 PATHE A3t A2 SutE W29
sieldle] 4% s du A B

712 S M- E JFHoRE SAsH Y, Start & F 2 3FAL ‘edit env1ronment variables’ & 7 M 3} 7 1},
Al 2~El & A Advanced system settings S <

31 Environment Variables Y £ Z 3 Ut} o] )3 AFx}ol A,
AHEAF A~ H) ‘ﬂ-’ﬁg FNEAUY FZE = dsUTh Al2" A& HA s E AFE o A ¢l

WA 23] oF FUTH (5 el 2 A D).

i Q=L ASA A5 E A2H WS Hol olojRoluz, paThE £ uf /)X g Azt
T Y 5 Qzrvich

The PYTHONPATH variable is used by all versions of Python, so you should not permanently configure it unless the
listed paths only include code that is compatible with all of your installed Python versions.

o B7):

https://docs.microsoft.com/en-us/windows/win32/procthread/environment-variables Overview of environ-
ment variables on Windows
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https://www.activestate.com/activepython/
https://www.anaconda.com/download/
https://www.enthought.com/edm/
https://support.enthought.com/hc/en-us/articles/360038600051-Canopy-GUI-end-of-life-transition-to-the-Enthought-Deployment-Manager-EDM-and-Visual-Studio-Code
https://winpython.github.io/
https://docs.microsoft.com/en-us/windows/win32/procthread/environment-variables
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https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/set_1 The set
command, for temporarily modifying environment variables

https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx The setx
command, for permanently modifying environment variables

WA 35004 ¥

Aso g t&%om ol QJAE|Z B & 93 A & vl FE = AMS ot 2 Qo s, B8 ZEZE oA
gho] HE A AL AS = AdFUth AX 22 3= o] & AAT 5 & FHo ds5UTh

A =239 A ) o] A o] A], “Add Python to PATH” 2= A4S A Eislo] A X =2 13 o] pATHO
AR AAE F7MEE & 5 5 YT scripts\ 0 A= F/HE UL o]+ JdHZEE A
3Jot7] 913l pythonS JHstal, 7|2 A% 22 3W S AYPsteldpips 48T+ A=EF Fuoh
metA, BE E FHOE ATHEEAYT TE JSUTH HE = AHAE FRFHAL

AR Al o] FALS EAd3)eHA] gt oH, AAEA] A X T2 TS thA] A3 stal, Modify & A1 8§ Th,
43T st B, BF A1 2 A 2479 A RS AME S PATHE 522 43T
T AF YT stolH A tEH e E £35S S PATH 87 ‘?i*f’: A& oF s, thE FEIF A F
EoE FEHULh oA B o3 25Ut (A 7 5] ojn] At 7HE Fth:

’ C:\WINDOWS\system32;C:\WINDOWS;C:\Program Files\Python 3.9

4.7 UTF-8 2=

WA 3.7 7L

HEFE A8 Alad dF Gl A AA dF S AHEFY T (ANSIZE 3] o] X]). ho] i 2 o] & Bl
o] 7| B @Yo o] & A3ttt (‘ﬂ]% =°] locale.getpreferredencoding()).
UTF-8-2 ¢1 ¥ Yl 7} WSL(Windows Subsystem for Linux) < Z -3} th 2 29] G U A A AdH oA dg] AR5
7) Wl B4 7L 9 S S gt
You can use the Python UTF-8 Mode to change the default text encoding to UTF-8. You can enable the Python UTF-

8 Mode viathe -X utf8 command line option, or the PYTHONUTF 8=1 environment variable. See PYTHONUTF'8
for enabling UTF-8 mode, and 2 % A ™ : 37 W< 4 A 5} 7] for how to modify environment variables.

mlo
il

When the Python UTF-8 Mode is enabled, you can still use the system encoding (the ANSI Code Page) via the
“mbcs” codec.

7] 3} 7 W 4ol PYTHONUTF8=1-2 37}t d A AHle] B E o] % 3.7+ 2
A AN A2E ATl o £ Fho] W37+ S8 =raHo] gow &
-X utfs ¥y & &AL AIL3= Aol 5T

i UTF-8 REZF N EASIE 4o, gholf A xoA] 7] 240 g th3-& 93 UTF-8-& A&
Futh
« IFVOE 24T ZE VO (AAITE 82 PEP 5283 FE A Al 2).

o The filesystem encoding (see PEP 529 for details).
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https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/set_1
https://docs.microsoft.com/en-us/windows-server/administration/windows-commands/setx
https://www.python.org/dev/peps/pep-0528
https://www.python.org/dev/peps/pep-0529

Python Setup and Usage, £A| B{Z 3.10.16

3 bl WA R AYSE o £go] FE AP YUk 2aYE
(W 2)7h 5% shol 4w Ao et AT HEHhES 518500, i w2 Fol A g o)
PATH W59} D), AA = 43 A3e sl ) M AL Suke A A Th AlLw AA AR R} LS
A A& AT, 7P H o] AR Y AL g nh o] AR £ A4S YT

4.8.1 A|&tSH7|
¥ E0lM

W 3,604 HA.

System-wide installations of Python 3.3 and later will put the launcher on your PATH. The launcher is compatible
with all available versions of Python, so it does not matter which version is installed. To check that the launcher is
available, execute the following command in Command Prompt:

1%

AAREH A ML spojo] AZF oo gyt - A oE TR F o, AGH F7HHE &
A5}t oM o2 2 A% H LTk

If you have multiple versions of Python installed (e.g., 3.7 and 3.10) you will have noticed that Python 3.10 was
started - to launch Python 3.7, try the command:

EEX |

If you want the latest version of Python 2 you have installed, try the command:

s = |

You should find the latest version of Python 3.x starts.

If you see the following error, you do not have the launcher installed:

'py' is not recognized as an internal or external command,
operable program or batch file.

AHgAE Shol W A AL AN A 4 AEEHA bt & paTHO) AHE F/18HA) Ut

The command:

py ——list

displays the currently installed version(s) of Python.
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https://www.python.org/dev/peps/pep-0397
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7he

rie

=

WA 3.50) 27}

RA 7 WA AL shol A WA A Qo] AW I, 74 B (FF ehe] Bl el venv REIL} 9%
virtualenv 72 449) 0] BYFF 0w, AL Ao ABzelE st obd by B4 dEx
PEE Ay A Az Aol v A3 BAL A BB, A9 sold M2

Uﬂ/\])@ o7 ;(]zls]./«l/\]_g)_

EO0f|M

HAE go]f AT 9EE S0 BATh- S YL O hello.pydhs 31U S w51t}

#! python
import sys
sys.stdout.write("hello from Python \n" % (sys.version,))

From the directory in which hello.py lives, execute the command:

’py hello.py

& 5 QAU Th oAl R WA FE vhe 2ol MRk

o

A ghol 2x X2 M H HE 7} 1444

’#! python3

Re-executing the command should now print the latest Python 3.x information. As with the above command-line
examples, you can specify a more explicit version qualifier. Assuming you have Python 3.7 installed, try changing
the first line to #! python3. 7 and you should find the 3.7 version information printed.

s % A8 D, 4] 9l “python” S AR Fol M 2x0] A4 WAL AL FUTE o] o] A
W7o TRAT fagte] THAL AT AAUTH of 7|4 python UL AutA o so] M 28
2z 3T}

j=4 H

WAL A2 A 5ol 4 51D (F .py, . pyw, .pye D)7 A2 of glojok Gt F, AL T 7oA
e 39 5 e HE ZAAH AR ASHER, S A AW AT 2L )5S AgTe] A2
HEol A ALg s ok s M A4 E 5 AEUTh

|79 F2 ol B A WA 2o Eol thet e WA FA o] ole} shold WAL AT 4 ek
Atk

i—:’-% o] A HA Zo] #! Z A ZaHE “4 9 (shebang)” Zo| 2t FUth gl 29 7 g Y2 &
FAAE AT ES 7 EAH R AAstH 2T HE A3 g YR 7] S8 o] 23k A2’ ol A

Qu8 0 2 ALET LI o FAEALEEE Ak ol A ol H ATHER 4L 152 AR S o]
99 el A= 7AW S HelF Tk

shol Wl 2AYES] Ay E& FULYG AR 2ho] o] 44 YT 57 S5, o] AAL ALET AE =
HE ARsE o8 b 33e AP A9 A gL ten 2E Uk

e /usr/bin/env python
e /usr/bin/python
e /usr/local/bin/python

e python
& So], 2aYEL] A WA Zo| U2} o] A&t
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#! Jusr/bin/python

718 spol g oM Atk fFeiolX AEstE S A E W2 gfold 2AYE £ ofw] o]
Z0] ol 2 AEA IE o] ATAEES AA A AR T 4 Yz Th oA § 920l A
FEE M 2IHEE A3, /usr 2 A A8k AW & 5 stuE ARg sl oF YTk

Any of the above virtual commands can be suffixed with an explicit version (either just the major version, or the
major and minor version). Furthermore the 32-bit version can be requested by adding “-32” after the minor version.
Le. /usr/bin/python3.7-32 will request usage of the 32-bit python 3.7.

WA 3.70] 37} shol W |4 37T R B = “-64” YU ALR 640 E M A S 24T 5 5o =3 H wd
ol = AL o7 H A E A FE 4 AH5 YT (F /usr/bin/python3-64).
/usr/bin/env A2l ¥ Zoj|=E o} 2 EF3 A Z o] 95Ut A2 FH u}o)
ol o] A2 FfolH A LS PATHC‘ﬂH AMS T o] AL paTH AMLS
=299 F Ao Ao

> rx
=
o

o |

4.8.3 M £2| 2%}
Al &2 Ed o]l AEzeHA Aed F7t5HS AA T+ dFUth A& o, v 22 A
€0l e

’#.’ /usr/bin/python -v

shol e —v g4 0= A YUtk

AL £ NS ni hde AAFUT - AA Ag Ao “application data” T A B ¥ (5,
CSIDL_LOCAL_APPDATA AE S &4 SHGetFolderPath & T &31o] Widld td g )
o Y= py.inig} HFA Y} 22 of Y py.ini. FBAY 2L HHA (S pyexe)d A= WA
(Z pyw.exe) 5ol Z-2 .ini 3} Y o] A

“gEz2ad gAg e X
‘?i"ﬂ = .ini I Lof] o 8k 22 7] d_??}

MY
>~
oo
e
£

oA AR BTSSR R, A

B el 7k A% 5hal ol gl A
QoA BHL AH e 4 A5yt

],
e A A= Ao Lini 3}

7|12 oM B ALE X} H2|

ool whet, A BHAE BY £l PPN S ol A WAL ARE ¢ AL Th WA
FAALF A TR AL Ad Ao pIE() 9 F M NGRS S AL Th £330

U 6h” & F7bste] 2 EVF 64N E TEL R FBAE AT 5 AEUTh
o & Eol, 41 python] A Zell & M B}
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R
=

ol WA A7t glod, 87 M4 PY_PYTHONS A sho] 7|2 WA AL A Z T 5 A5yt

@Q x] ?%_213_, 7]%%]\_% [ 3L o‘:]]/]q_. Eﬂz‘:t “3”, “3.7n, “3.7_32” ,EE_TL:‘ “3.7‘64”2} 7‘51-01 Ué‘

E 92% EE %k% AR JAFUTE (647 F AL 3ho] 4 3.7 o] AFoll 23 © A ol A
] o

R P oE,
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E
rzi

7@1}7}040 _,%‘r%‘ W PY_PYTHON{major} (71X {major}E A 2734 A = A
FRAAUH £ ’“7&'6}04 AA WA= ]756‘ AssUh 22 5ol Qlod, 3= AA
HAS sk = HAdol tisl] EdE HA F e 2E AU o] A2 HAH A= AN s
A FTelA 7}ﬂ41°ﬂ AxE AL 7 A ] Ewyrh

Z+-2 (major.minor) 3}o] A W A 2] 320 E L} 641 E L3 o] RFE A XH 648 E S o A= A 64H)
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W9 640 E Tho] A A& At A ASFUTh wreka A9 522 PColl AAH M vk &1
AR AL ZA GOl (F, 320 EY 640 E W A 9] sfo] W3 & ‘?dﬂﬂ U}Z]“‘Oﬂ AAE PE=A LA
Z3tal) | S8 4= dHFUTh. flolA AF K], AEF «327 1) “-64” FulALE W A A A 2}ol] AF-§-3}o
o] 32 MAT = dH Uk
o :

o T FAo) AAEA o %,pythonﬂrpythoﬂ W2 A E FHAl Fho) A 2x WAL ARSE AL

°]
python3 B8 & A X% HAl o)A 3xE A2t}
o The command python3. 7 will not consult any options at all as the versions are fully specified.
e PY PYTHON=3¢|H, python¥ python3 HH-2 E5F H Al X H sto]|# 3 HAS AFS T}

o If PY_PYTHON=3.7-32, the command python will use the 32-bit implementation of 3.7 whereas the
command python3 will use the latest installed Python (PY_PYTHON was not considered at all as a major
version was specified.)

e« If PY PYTHON=3 and PY_PYTHON3=3. 7, the commands python and python3 will both use specifi-
cally 3.7

27 W4 9o 5, EA o] A ALt a2 dds
[defaults] 2}al 3t 7] o] 52 4 @PY_@—\E‘Hﬂ' e &7
1Ee s BAE FEEA ool SN2 B4

NI 5 of 4] 2

o

TGS &k INI st e AL
W49} 25U o (223 INL3429) 7]

° 59 42 INIsHo] A58 22 A3
ik,
o & 4!
 Setting PY_PYTHON=3. 7 is equivalent to the INI file containing:
[defaults]
python=3.7

o Setting PY_PYTHON=3 and PY_PYTHON3=3. 7 is equivalent to the INI file containing:

[defaults]
python=3
python3=3.7

oM,
22

©7 W4 PYLAUNCH_DEBUGZ} AR = W (oW ghol7), A= A BEE stderr(S, 2E) ol A4
o} o] BE = FA N AASHAAE A A A2 H A, o M A sfojuS Hok=A], 54 W Ao
AE ol R i shol i S At d AR E AT HE £ B 5 AFUH

)
)

49 2 E 37|

slol M e gukd o 7 glo] H g (Y L2 A site-packages ZT]) S A x] t] &g g o z{ sy} wet
A, gho] W& c:\Python\ o] AX3JAt}hd 7| & glo] B8 &8]+= C:\Python\Lib\ o] Y1 A AR} ZELS
C:\Python\Lib\site-packages\ o] A &= o] of ]t}

sys.path& &33] A & stel DLL(python37 _pth)o]y A3 3} (python. pth) I 2L o] &

S 2 . pth3dE Ve sys.patho] F718 J=2uirt & =4 A FFUch DLL | 52 7|Whe. =2 3h

gd2 A otd 2 7N R o= Y-S A AR, 4T HE Y EES = B ZE I

3l 425 AT A5y h

st o] 2 uf, BE 9 XV“E et A HET FAHL, 48 B (isolated mode) 7} A3 E 1, g

Zo] import siteZ A A3}HA ?31_ }51te* AZE 1A FS5Uth vl A2l 4o 2 A Fe=
AUt ZF A2+ 319 A A of] s x4q]x40]711)r/\h:ﬁx401 T ?lﬁ‘/]p} site o]2]¢] YXZE

J_:”_
SEH A gon, do IEE AT 5 Ut

o N Lo,
rlo rlo poy
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import site’} AW o, .pth A (MW VE Q)& site BEoIA A4A 7 2] Pol §2 5
/«1}\]

_pth o] g u), =LA sys.path® AL PHL o33} 2k
« Aol @A) T A B 2ol S ¥ FEe] F74E Uk

o 37 Wgo] AP E g, 87 A4 pYTHONPATHZL EA) 51 oH Bo| oo 27 E UL A%
oA, o] Wge) AR EE‘rOlE’“tﬂXHC.\ ) ol AHEE = T A AmEEoR
T3 of of F .

o« 37}4$8 T2 % P 2”& HKEY_CURRENT_USERS} HKEY_LOCAL_MACHINE 3}o]H B9 o}
j ol \SOFTWARE\Python\PythonCore{version}\PythonPath«] 3 712 HAXEF
F7F A5yt *ﬂ”] 2o 1HY Aw BPL 7|HZEo g AR EE 319 7= 2+ A
sys.patho] 2718 22 3t} (T2 BE A x| =272 HKLM 9+ A} 232 2, HK CUt
Qa2 vo] 9ol §ol a4/ L)

o A WS pyTHONHOMES] AAE W, “lo]l W &7 o 2 7h23h ) 29 2] o™, ool 3lo]x A3
Ao ARE AR5 “BHCU]-_'_—?L 39” (Lib\os.py U pythonXY.zip)< z]_o]_ “3}o] ® i,,%
Z23 Ut} gto| A Fo] AR W, sys.pathdl] 715 = 38 319 Y@ E g (Lib, plat-win 5)

T EHE 7N 2 T ZE‘X] or o™, A4l sho] A 7 27} 8| A A E 2] o] A % PythonPath
ol A A Yth
o Tol FE& 2 4 gla, B PYTHONPATH7]- 2178 = o] AA &L, fﬂlZVEﬂ FES RS S
Rod, g FEo 78 7§§(°ﬂ £9°] .\Lib; .\plat-win 5) 7} AF&E Yt}
pyvenv.cfg 3t o] Wl A 5t} A = A st HTh S =F 99 g E oA it Asd
= W3 o] A&FUth
+ home o] At A Z 0|3l pYTHONHOMEC] AR ] ¢ko W, T X & F2T uj v A3y s} st

A= o4l o] A= 7 AHg R YT
o mE A9 A% AT 0L 2aULh
+ python.exe Ei 74 vho] 4 Tl el ] (49 ¥4 = PChuild T A ) 2o A 4 ) el A ThE

exeE AT A A2 FEH D AA L] By F2AFAGUL dALER e
“gg=EaY A2t P4 A5k

. Sho] o] T2 exe(THE T F ] 2], COMS 58 U, )0l 523 2 ), “gho] # &7 o] 28 A
oA, dAseele W4 Z2sk ASHUL AAAEee) (b2 S8 el 4Rt g4
ot

CEFT AN ERE D AT BA _pth FLE FFTUC ol AL AL} B
Hayo| I H A2 E F AL, import siteZ UEHE A k= Slsite® FA YT

ey E A A oA python3.dll o] Y} python37.dll & = = 3} 9,
Py_Initialize() Aol Py_SetPath() Y (Ho]E) Py_SetProgramName () = WA & o
2 IEIAAAL.

e 28 Z 2 WA python.exe S Al 37 Ao PYTHONPATHE A ALY ol 1
PYTHONHOMEZ A A3 Al L.

o OJFA AN} AIET = o (o E 591, AFE A7 python.exe g A AT 5 = v =30
W), H=nt3 3t (Lib\os.py) o] A X A E 2ol JE=F A L. (ZIP 3 Yo A= A= A
R T Al 1L o] 59 ZIP 342 AR F A L)
ol g A Bt A|a® AA AA o 5tdo] S8 Z2 AN HER Alg5 = FF 2ol 28 g9 %A}%
EE}%&?‘M AUt 287 o, AR A A H Ee §8 22 IS A= o BA
T A5 Uh o2 Al P\EfﬂA H| %= 74 2 9} A8} site-packages of] o] A 3]
A A Aol 7HF ol Fo AL
A 3.6004 HA:

49. 2 &
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o ._pth FL A Y& F7}stal pyvenv.cfgol Al applocal A& Al AUt

. AR 48 AH G A A ASIAR pythonx. 2ipE FAHH T
WA 3.6 3 #]: Modules(PythonPath7}obgdUth ofefle] #AAEE ) 2| FH RE2
importlib.machinery.WindowsRegistryFinder 2 ¥ E & 4= 9IH5 Ut} o] 5l
HL 9% 3605 o A M Ao) A BASIE AW, FFol L sys.meta_patho] FAHOD
2ok e %

S
=
2l

slol M o] BE ZYEZ Ftof o] A4 Y= AL ExZ A0 AT Lo uk 193 7] 50] 95Ut o] 23
7152 AHESH7] 98k £ gtol B gl et & ol 9l F e BE 3 213 (snippets) ©] A g T
A= ¢ EA 2= 252 mswin-specific-services o] A4 M= o] 15 th

4.10.1 PyWin32
Mark Hammond &] PyWin32 252 113
FeeEZF2dEUTh

o Component Object Model (COM)

« Win32 API 3 &

« HGA2EZ

« OJHIE &1

Ho
oy
o
A
o
N
(o
o
do

At mE BEAUch o7& oS 98

« Microsoft Foundation Classes (MFC) user interfaces

PythonWin-> PyWin322} 37| Al g5 = A& MFC §-& Z 2 2 JUth o A7 Wadd e+ =
IDE ¢ Yt}

] ®17]:
Win32 How Do I--+2 A 2} Tim Golden
Python and COM #] 2}: David 2} Paul Boddie

4.10.2 cx_Freeze

cx_Freezeisadistutils extension (see extending-distutils) which wraps Python scripts into executable Windows
programs (*. exe files). When you have done this, you can distribute your application without requiring your users
to install Python.

|= 20| M mHo[’M Huf5}7|

o

4.1

If you want to compile CPython yourself, first thing you should do is get the source. You can download either the
latest release’ s source or just grab a fresh checkout.

The source tree contains a build solution and project files for Microsoft Visual Studio, which is the compiler used to
build the official Python releases. These files are in the PCbuild directory.

e z g Aof et Yut B = pchuild/readme. txt S B4 A Q.

514 2 & of o3l A] =, building-on-windows S 2 3H4] A £
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412 J|E} BUE

AN

sholWe} x4 A el Az 9la), o A
Rzow qld)). A U= A g =

1w o -

AN AL A R ZFAEZL B+ ALH A st (AR AR 7R}
Z W Zol st A & 82 PEP 115 EHA3HI Al 2.

« Windows CE is no longer supported since Python 3 (if it ever was).

=
A

o The Cygwin installer offers to install the Python interpreter as well

AHA A" Ax Z2 o] g Z P E o) o3t 214 3 A B = Python for WindowsS R A] L.

4.12. J|E}

My
N

H

O
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CHAPTER B

Using Python on a Mac

Z] A} Bob Savage <bobsavage @mac.com>

Python on a Mac running macOS is in principle very similar to Python on any other Unix platform, but there are a
number of additional features such as the IDE and the Package Manager that are worth pointing out.

5.1 MacPython& 5l AX|5}7]

macOS used to come with Python 2.7 pre-installed between versions 10.8 and 12.3. You are invited to install the
most recent version of Python 3 from the Python website (https://www.python.org). A current “universal binary”
build of Python, which runs natively on the Mac’ s new Intel and legacy PPC CPU’ s, is available there.

4R F Qe e e ¥ AN AFUh

e A Python 3.12 folder in your Applications folder. In here you find IDLE, the development envi-
ronment that is a standard part of official Python distributions; and PythonLauncher, which handles double-
clicking Python scripts from the Finder.

o dlo]H A3 udy golB B E 35 E= Y YY A /Library/Frameworks/Python.
framework. A X 7]& o] A& A HZ | 7Yt} MacPythonS A 7 3Fe W, o] M| 71X &
A Futh stol A A8 3t ol o gt A& 2 & 3+ /ust/local/bin/of] 315U Th

o Zo A A|F3 go]W W =X /System/Library/Frameworks/Python. framework £} /usr/
bin/python ol 22 AXGUITh of Z oA Ao 1L o) Zo] i} A4k A 43 E sl o] A AHE FHE =,
A 2 35 A L AHA Bl A= <F S U th Python.orgoll A H A1 sho] 2 W A& X ATHAE, A 5FE ol A2
Ch= AR SR8k 5 /19] shol M A 2 2] B Eke AL 1 SHIA 2, A 2.9} AL o] of ] o] Ashe
Azt LA B Ao] 2 T

IDLE]| &= Tto]H Ao ANAT = = 5D w7 285 o] 5yt FolHs &A3] A
Jstthd, o] A A oA AFA ANE Sl A2 A

£ §us EABANA shol ol )% FHTIE fu 2 A4 shol ) 2TYEES AW FEES oo}

2
ol

o
N
L
°
=
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=13=3!

5.1.1 DjO|M AT ZEE AlHSH= HiH

rr

Your best way to get started with Python on macOS is through the IDLE integrated development environment, see
section /DE and use the Help menu when the IDE is running.

If you want to run Python scripts from the Terminal window command line or from the Finder you first need
an editor to create your script. macOS comes with a number of standard Unix command line editors, vim and
emacs among them. If you want a more Mac-like editor, BBEdit or TextWrangler from Bare Bones Soft-
ware (see http://www.barebones.com/products/bbedit/index.html) are good choices, as is TextMate (see https:
//macromates.com/). Other editors include Gvim (https://macvim-dev.github.io/macvim/) and Aquamacs
(http://aquamacs.org/).

Bulg Gl 23 HEE A5} /usr/local/bino] A AM A2 A== 3 oF gt
Findero| Al 23 HEE APt F 714 FH o] 5 th
« 23 Y EE PythonLauncher @ =3 134 A] 2

o Finder § 1 F& B3] JHEY 2THE(EEREE py2IHE)E e 7|E S8 22902
PythonLauncher‘:" MEsty 23 HEES OB ZEFAAL PythonLauncherOﬂ 2T E
£ A =eh WS Aol S ke 2 A0] Yo ptlon-ciﬁlo}tﬂ Stibe] 52l o9 o
MRS Aov], 87 44 e Aol 40T WAL S dgh

5.1.2 GUIZ AJZIE AlsHi5]7|

With older versions of Python, there is one macOS quirk that you need to be aware of: programs that talk to the
Aqua window manager (in other words, anything that has a GUI) need to be run in a special way. Use pythonw
instead of python to start such scripts.

vFo] 2 3.99 X+, python | L} pythonw £ 27 AHS & 5= I3 U T

513 M

Python on macOS honors all standard Unix environment variables such as PYTHONPA TH, but setting these variables
for programs started from the Finder is non-standard as the Finder does not read your .profile or .cshrc
at startup. You need to create a file ~/ .MacOSX/environment.plist. See Apple’ s Technical Document
QA1067 for details.

MacPython @] s}o] A 5} 7] X A ] of] o &F A &+ W] &2, =7} gfo] A 3| 7] A] A 2] 517] DS FZIHA L.

5.2 IDE

MacPython o] = %% IDLE 7}t 37 o] wab-g Uttt IDLE AFgo] thsl £ A7) E http://www.
hashcollision.org/hkn/python/idle_intro/index.html o A & 4= 915Ut}

5.3 F7} mlo|M 17| x| &x|5t7|

27} shol @ 71 A A B B 7hA] o] gtk
9 7] A= &2 to] A distutils EEE F3] A=

&
W2 3] 7] X = setuptools FFo| L pip I HE
= gzaA L.

& 4 95 Yt (python setup.py install).

) A3 45 9%yt https://pip.pypa.io/

S
5

L]
o
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5.4 MacOllA2| GUI Z=2J2HY

Macol Al Sho] Mo 2 GUI §-8 22 18E 2457 918 & 717 &40] 5T

PyObjC= °}| & 2] Objective-C/Cocoa Z & Y Jﬂoﬂ tf sk slo] A vl Y Uch o] ZEdYa= 71 &
th A ¢ Mac 7} 2+e] 7] % g Yt} PyObjCeoll o 3+ A K = https://pypi.org/project/pyobjc/ oAl & 4
AsF Uk

Z Dol WM GUI AL T2 ZYE Tk EA (https://www.tcl.th) & 7]¥F0 & 3} tkinter YU Th Tk
4 Aqua vl o] Bl B w2 of Zofl o] 3 SX°ﬂ HE 2 AlF= o, 2 A M- https://www.activestate.com
o A Y gutol A x84 Qi th asoA] A Ed 2w 9Lt

wxPython is another popular cross-platform GUI toolkit that runs natively on macOS. Packages and documentation
are available from https://www.wxpython.org.

PyQr is another popular cross-platform GUI toolkit that runs natively on macOS. More information can be found at
https://riverbankcomputing.com/sof tware/pyqt/intro.

5.5 MacOj|A{ mlo|’M S =2 13 x5} 7|

The standard tool for deploying standalone Python applications on the Mac is py2app. More information on in-
stalling and using py2app can be found at https://pypi.org/project/py2app/.

5.6 7|E} X}-&

MacPython ™ & & 2] &~ E & Mac 3}o] 3 AF& AR} AAALE A3 258 A9 A d Yok
https://www.python.org/community/sigs/current/pythonmac-sig/

T o2 783 292 MacPython 9] 7] 4 Yt}

https://wiki.python.org/moin/MacPython
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CHAPTER O

vpold 2 e ™) o] & A ¥sk= o IDEVF Sl uth W2 FR 7|9 IDEE 7% A%, U =
% PEP 8 AAMS Al Y

¥ & A 5E-& X2 Python Editors 2} Integrated Development Environments 2 ©] -5 34 A] &
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APPENDIX A

0[0
<
bl

0271 ZE BF ZEE YT, HS o] FE FEA(ZE, HEE, 22 ol
FEE AHT o, bz olE A 5] thely Ao 7] & vfo] M ZEZE.

2to3 F}o|M 2x TEZ Flo] A 3. 2
EE JANA ZATE = = dFEY S vyt
2to3 & £ gtol By oA 1ib2to3 B AlFPULH SHEHZ AYT £ = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & X A K.

abstract base class (=4 #lo] X ZE|A) S Wo|x At hasattr () T2 TEHIAYEo £}
AU v BEA ZXH (& 50, A wAE) B9, A o]~ E Ho ot W2 AT T2EHN
g Elol g & B4t ABCE 7 A E 228 E3ted, 282 & AS3HA oA
% isinstance () 2 issubclass () o &3] ZAE 5 Y= FHA2EY YT abe ZE A YA
£ HAS. stoldle= B2 WHABC E¢] wete=d tha3 22 250 dFUth A5 2
(collections.abc EEA]), A (humbers BEEA]), 2EE (1o EEA]), YT E 3}l 2}
2 (importlib.abc REA]). abc EES AFL3] A AHAIUFY] ABCE WS 45 95Ut

annotation (o] ’=¥|o] ) &0l wef &) SIE 2 ARGH = W, S JERE B g v
U kg 2k A 49 gol E gyt
A1 A9 o] mH o] A2 A S A Zhol] AMATE S QAR A HE, Fefas S E

b =
HolAL2 27 &, 32, 42 __annotations__ S o]ER|HE AZF Utk

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

argument (Q12}) -2 T2 0 g (B MM E) 2 ABH = & F 79 dA7 d5Uth

« 7199= AR} (keyword argument): S5+ T5 wff A AF7} SFoll 22 AR} (] & 01, name=) =
xx Zokol 29 92 ALE & A & o, thg % 22 complex ()
5% BT 719 AR Y Ytk

=

o

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o A A AR} (positional argument): 7| ¥ E A A7} o} d QAL
U A ol B2 & 9 el * & 2o AT 5 sy Th
5= 2F A ARG YT

complex (3, 5)
complex (* (3, 5))

Ak ol el AR5 = 1 F Sl el A< calls

AA b= T vir] 9] o] 5 B2 Ao Hol of
3 Pl

g wA2. BYHOE, ol A0 AR ALE 5 A5Uth o1 grol Ao WMol
==
Loj A9 v 7 ¥l 2T FAQ A2 QA A9} v 7] W4 2] x}bo] 2} PEP 3625 H A S

asynchronous context manager (V] = 7] ZE A€ #A2]2}) _ aenter_ () &_ aexit_ () HAEEH

)
O ZH async with oA Kol 35 Ao st AA|. PEP 4922 = 9= 5T
asynchronous generator (¥]5-7] AU #o|¥]) v|-5 7] Al o] E o] ol & EHF+

def 2 B+ A 7Y T HoleH, async for F27F AT 5 &= 49 == 7

Etyield 84S 233tth= Ao YT

HE ulE7] Avdele &4 771 A% oW WA= vlE 7] AlYdolE olE e olE &

ZH AU th o 2ot ou| 7t BEehA] ¢S A, G GAENA RETS YT

v 5 7] Al dlolE &4+= await EAA async for 3} asyne with ¥ 238 4+ I5

[Sh=

asynchronous generator iterator (H]% 7] AU & o] €] o]e]do]€]) H]E 7] Al d o] g &7} dte

B 7] ol El e ol Al _anext_ () & 5&3H olslolEE AR E SHFT, o] AL L
yield R4 712 0] 57] Al el ol 8 &9 ujr] & As g,

Ztyielde SAIH L2 H2l& Fdstal, 2 A2 A HasH 7] S uy-w5
AP A S 7193 h vlE 7] AlF ol olBldle]E 7} __anext () 7t EHF
olglolHERE AN H, Wt o7 Bt} PEP 4922} PEP 5255 H A 2.

asynchronous iterable (8] 5 7] o8] 2] &) async for EoA A2 4 = AA. _ aiter_ () A
=57 olHd ol & 8o Utk PEP 492 2 = Y= 5T

asynchronous iterator (8] 5-7] o]E]#|o|E]) _ aiter_ () & _ anext_ () WA EE T3 3t= AA.
__anext__ = o olHE AAE E8FoF Tt} async forE StopAsyncIteration o9
7F AT w742 v E 7] o]H# o] E]8] __anext_ () HINEV EHFE A olHES FUTH
PEP 4922 =5 5 th

attribute (6] E 2] E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

o M

rlr o

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] 9] o|E]1 &) await @A AFR S 5 Y= AR ZFE o]y __await () HIAEE 7H
AA7FE 4 Q<5 U T PEP 4925 H A 2.

BDFL A}8] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =},

binary file (9}o] 2] B}el) Hlo] E G F A A S-S 91 & 4 9l 5kl A4, upo 1] e o 2 upo]
HE E= ("rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @ gzip.GzipFile & QAA2EHAE & 4 5 Yh
str AAE 912 4 Qt Y AR hAA L 2= 51 = BaA L.

borrowed reference In Python’ s C API, a borrowed reference is a reference to an object, where the code using the

object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a
garbage collection can remove the last strong reference to the object and so destroy it.
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Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E 5 A A)]) bufferobjects S A P31 C-A< HHE 2T E & 4 dHYtTh
2] F% memoryview AAEL EE0]1 bytes, bytearray, array.array AAEL
th vlol EL { A 52 vtol v ] Hl o] H & thF & of 2] 7HA] A4kl AHEE 5
Wl st e A7, £ S B8 A% 2o Aol A&
A AAEL ko2l HolEt AW AL LR} Auieh o] d Aol ARAL EF 591
27l vpol EAF{ AR et A FYTE 7HA W H A Y o £+ bytearray $Fbytearray 9
nemoryview 7} 5 th OFE AAEL wpolviel Hlo|El 7 £ A7 (“9)7] A& hoE AT
AA) Nl AFHA =S 7T ol A5 o Z+ bytes$ bytes AR Y memoryview 7h
AESIES

bytecode (H}o]|E T &) vlo|W 22 FT=1Hlo|E F =7 75} YE =1, CPython ¢l E] & 2] E] o] A] 5}o] A
ZRIH YR 2HJUTE Hlo|E I =+ .pyc 3t A FHof, 2L LS F AR AW of
o EepA] A TR U TH (A 2o vl E I ER O AH LS FT 5 AFUTH. o] “F3F Aol =
Z-utol E I T o th gk 71 AE Aot M 717 ol A Ay E ki B th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis RE APA G YU

callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z1) AAZ HALH = v oj= Al G A AP A B FH =,
dass (FH2) AEAL A2 AAse 7] AR FH. 2R A= HE 2
2 dAztete viAE FosS 2t YTh

220f| A 2

=
class variable (Z2] A~ W) =)

|4 Aol 1 ZEs 2 (5, FH 2 Aad 2o A7) ok e} o

A A= WS

coercion (Z o] 4) 22 o] F AAE st Aato] dojub= S S Fo A2rHAEHEFPO R
SAH g Meets A o€ S0, int (3.15) £ AFE A 302 WS shA|uh 344.5
oA, Z A= thE @ o] AL (b int, THE S float), &< T 3H7] Mol 22 3 o= W Es| of
Futh 28 A koW TypeErrorg 4o Uth oA glol+, T8H = JEXAE 220
M7E 2 P o At Fol ok FuTh o & o, 11 3+4.5 3= Al float (3) +4.5

complex number (544) 53 A4 AlAF ] A, BRE A7 A4 R sjafo or Y
AUt R E Ao &5 DA (1 AFDE F AU, TF TN 18, FTolA =
T2 B71F Utk stol M T BIVHE 28 BAFE 7[R AP A FEE § FuAE
BoA 27)1FUTH A& 9], 3+15. math BES] BA4 MHo] Q3 H, cmath g AHS Y Th
EA25 &R H F 2254 7 dUnh 2ot w71 A XS, A FA s FA
e EFUTH

context manager (AEAE #2|A) __enter_ () & __exit_ () MINEE YT 22 M with &
A Hole 374 L Alojet= A PEP 34320 2 T 95 95 Yth

context variable (AR A E W) A¥AEd w2 S 713 4= = W, o= Z4 Ay 2~ =7}
Ao tisf o2 7S M = e 2 E-2E AFad v Uch 2y, AYAE BSE
T, st A Ao oY AYAETL QS Folow AYAE Ao £ 5 FAA

= AJUTh contextvarsE FRIAHA L.

I

H|Z 7] gl A M2 248

contiguous (<) ¥y = &3] C
gt o AAYL G v HE C-ALoHA 2ES A5 YUt A w Dol A, 3
A ZO A3k, 001 A Al &els LEAFE AP 29 A TR W B 2o v X5 of of 3hu o} thA}d
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C-QA% W ol A, T m 2] F 40 AR FEES HES u) kAo el a7 g e Wk o
A, EE S A% Dol A, 3 A Qe 2t by e A g

22l ¢ gutstdE el dyth A2 FHL 3 A" A I Ysta o=
AZo A g2yt IFEL I g2 A ZoA AYstar, &3k, ANE 5 A5y o] A

S8 async def 202 33T 4 95Ut PEP 4928 H AL
coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

s w} g0} “CPython” o] AL£-3 U] o
decorator (| Z#|o]¥]) T} & F+E = g, 25 @urapper S AMSSH g HE o R
ALFAYth v ZH o) £3F o= classmethod () I staticmethod () YT}

s ol e B BA A B Y YU TS F T4 A E v oz TSPk

def f (arqg):

staticmethod (f)

£

@staticmethod
def f (arg):

descriptor (] HE]) WA= __get_ () oJy}_set_ () o]y __delete_ () & H3I+= A
ZH 2 oEREMHaagdHd ul, o EYRE 23| &= S A2 FES dofyn B,
abE JAY, 2AU, AA e AR, 0] Sl YA b AL o] 5 B9 AAE
Utk AN b7 gaagEHE, sigels tdaa gy WAE 7 sE29 Utk A3 gHE
ol&f| 5= AL stol Mol tf &+ AL o]af| o] A, T, HIAE, Z2HE, FH A wAE, 28 E
YA, ¢35 Fea ZR 52 B 7|59 72E o7 Y7 Wl E I YTk

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (54 2]) 429 71E gholl tdl-3A1 7]+ A& vl & (associative array). 7]+= __hash__ () <}
_eq () MINEEZERE QA E 5 AdFUh BolA siA g RE YT

dictionary comprehension (5] A U2] A =23l A) ol Eof = 24 AAY X E Aty 23S
g U el & vddslE 7FA38 W, results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys(),dict.values(),dict.items () WA E7}I E8F+= 2
AES Y9AYe Fetr RE5Uth o] 252 gAY 50 gt 54 A {F& AlFst=dl, 9A
Qelsh WA 0, 37 o WahE M arke EUD. AU HE B A2t e
list (dictview) & AF&3H H Ul dict-views S H A 2.

docstring (5 AE5) 22, 54, BEolA 3 94 EAA 02 Y 24 E D, A9 =7} A4
2 o= FAIE AR Aot ol o 1A FH o] R ZE s, T, BES __doc_ JEIRHEER
AR A= AMAL Fo) 8T 5 Aon g, AA] AWAE AT FUAL FL I

duck-typing (Y] €}0]g) ZulE AHH o)A E MR =R Adetc AAY B BA e 22T
28 Al s HAE U o EYREVF SESH AU AR EUTH(“LE A H Kol Qe A Y
AAYTH, 242 22th”) 545 iAol AHF o] AE FRFo RN, Z HAAH T =+ THY

9A 2SS T o 2N FALS MAE 5 A5 UTh 9 EFo] B2 type () ©] Ut isinstance ()
A )

pul

i
d

>,

]

ek

l
Z_'

2 33 AAE S FUTh (AR, © Bhol B o] T4 w0~ o)~ 2 B 5 o] fol 3ok
FUth) thALOl, hasattr () AA EAFP 22 12 9S ST

EAFP 35]2tR t}= 845 12317 7} | o} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
shol M 3% AEF 2, SWHE A} ol B2 RES] E2AE /A5, 1 /4ol Bl o9l e
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Utk o] 2T w2 A AL W try 9 except £ EA R EAA AT o B2
o} 28 T} We o] ol A AZ AL H = LAYL 2B} o E Ut}

19
rlo

expression (£ 4])) oW gto 2 Faid 4 Qe AL 27 th2 U2 WA, 2342 2lHE,
o], o EBRE WA A, A4t F4EF L S EEF = HE 8455 Fob 28 AUt
o] 7AESol 24U A2 obd Ut while A H, T4

e W2 dojstixAor BE
o7 AR

PN

extension module (8% 2 &
FE AT 2

f-string (f-F2}g) '£' L} 'F' S o] 2 ExY
Exd g E o a3t PEP 498 2 H A Q.

file object (3121 AA) 5 Ao thal 544 A A API(read () Uurite () 22 WASE)E =ejy
A, wE ol Wl e o AL A o 40 o]} U AF B A T 2
(12 Sof, % 423, A-W 22 W, £4, sl =, 55) o he AH 2 S FAL 5 dF Uk

Y AR = 5L F AA (file-like objects) L 22E F (streams) ©]| 2t = & T}

AAZE A F72l 9t 7“?4] =9l O‘AHD} ur(raW) HPOl U2 JPO‘ ‘ﬂ«ﬂ (buffered) HPO] U ﬂ o,

file-like object (3} 7 AA) 1L AA| o] w3 L

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encodingand filesystem_ errors members of PyConfig.

See also the locale encoding.
finder (3}QIt]) JxEL RES AT 2H & AL A =8k A A

oy
vlo] M 3.3. o]& 7, F 259 o7} &5 YT sys.meta_path & A AFR = W EF A =2
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl H.

U

o} A}A| 8 U2 PEP 302, PEP 420, PEP 451 o] -8t}

>1>4'

ﬂoordivision B IR 7 77k A2 WEshe 848 A, A5 uxsA daxts /7 o
& o], 24 11 // 49 227t HA L A AL 2.758 S8k (-11) // 4
7t-2.758 g & -30] Dol 2l 3)oF Ttk PEP 238€ ®A 2.

function (3<) TE XA oJH S B F+= 48 EFE. QLAY 2 o)A QA 7t AEE £ A&
g, vlr] o] Aggo] AbgE 4= 5tk vl 7 s @ v A = 2} function A A= H A Q.

function annotation (gt o] - H| o] A) Sk wf 7) H ) Wk 7he] of e o] Al

g ool dvtA oz 3 S E 2 AMSFEYTh: o & 50, o] T4+ F /Y int ARAE
o5 Aoz 7us 1, SAo] int B HE E Aoz 7oE T

def sum_two_numbers(a: int, b: int) -> int:
return a + b

S o mH| o] A 22 function ol A A ™ T

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

_ future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
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__ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbagecollectlon (7}B]x] 27)) o AL 2] i v 2EE uhdsls Ax) slol WL Hz 3 2
B2 S PANILBE S 9 £8 A $21718 53 7HIA 718 SR I A
Tﬂ7]LgcJ_§§ A3 A A o] 8 2= 95Ut}

generator (AU @ o)E]) AU dolE o]E g o & B s gt dulahax]8 Hol=g), dd9 s
& UEL yield A4S TPATE Fol BhEUTh o] FEL for- FLZ A A} next ()
ez & Wol s 7Y 5 A5yt

o @ F o A= A d ol ¥ o EE o & b A th o=

HE AU o E 58 el A
ah ol vl 7} B e A) ke 7

generator iterator (A ] @) o] €] o]e]go]¥]) A| ¥ o] &7} Hle
Ztyielde SAIA R A2lE T35kl T X9 (A9 ¥
A A3 AR E 71Ut Aval ol g ol g o] ¥ 7} A7 |,
A= A Zhe gH4oh o) E U Th.
generator expression (A& o]e] T8 2]) o]l do
for AT} A 15Tk o] Hlol B AN EAA AP HYUTE AR DA

A3 BES PEo Utk

E
i
il
v
N
rlr
Bl
r U
1>
S
[kl
rE
>
1o
rlo 4
o

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 84) 72 A2 M2 T2 S0 s LA o] S 1A T8 55
A]

o) o} R0l AEE A o2
A=t~ x] 8o 23 functools.singledispatch () Bl Zd o] E| 2} PEP 443% E A 8.

generic type (AU] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A9 ez eH 5 & HA Q.

global interpreter lock (< QElZ ] &) 3 Ao @ A 3}1}o] A8 7} 5o ] Hlo|E 7 & & A3}
55 BAsE7] 98 CPython 1 H Z 2 7} ’\}35}“ HAUE. (dict} 2 F3FWRIES =
31'5} ) AA Bdo] BA A O & FA| AM| 2o tfsf b "5]'5—3 TS 0] A CPyt ?‘?ﬂ% sl
Ut JIEZEH AAE A2 AL Az HE s g =567 44 BEE U4, o

=2 AN AAZ AT B4 B S8 A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0O.

(A o oA 3}7—]] FE HolEE ZaLy) “AH = A2 2 (free- threaded)” SlHzZZHE BET
b3t H A = %"é:o'—’guo]xl Zed, T FY Z2AA B s A7 A dE Y
Ut o] A5 ol FEot= A2 782 22 E3H B 01/‘1 TI‘Z] H|&o] § Eo]Z 2o =

SEEERENLY
hash-based pyc (34 714 py) 549 B3] 919 ST &2 5hAe) HF 57 Azke] obd A E

A1&-51= vlo]lE T & 7fA] 9} Y. pyc-invalidation S ZZHA] Q.
hashable (3] 2] 7}'5) AA|7F A 2 gro] WekA] @b+ dAIgh= 23 (__hash__ () WIAN=7F 28

el e A T S 0w [ eq O WA B G, A oS e
2o v wE s Al 7bs 8 AR S oAl @S Zolok gtk
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AN s e ARE GAVY A AT BHE AT 5 QA s, o] AR TEE
WA o2 A e AHS 7] wE e,

}\ =
o =¥ W AA =2 s A 7P“3‘HD}: (FE2EdgMU e 22) 7hE AH olv &

o -3 ofo]

g A %%145},( ]Urfrozenset Z2) = LH]OlLi%%:L o] R &50] Al 7}—5‘HHU&
Al Zhe U AFERF F ] FEjad] lad s 7“%1] ]{L*_,_g A sk (717)
22l & xﬂs’J Slus) 2% ohaoty B aE A, A g i Y=o HE wS o} At

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable (B¥) 18 H g2 2= A EWH AA e 2L 2AYE, FES UL o)d AA &2
WA= 2 g Uch A g,kO z{x’rs}aqtﬂ AH AAE s o Ttk WakA] g A Lol lofok
St ol 23 TS Futh ol S0l M2 7.

import path (Y2 & A2) 2= 7|¥l ol 7 AZE T RES 27 Y8 A= A4E (E= 4=
dE) ) ERE QIE L Fok o] FA5 EEL BHE gys.path ZHE Ut} AT A H

7] e] A FR »JPVH _path_ﬂEﬂ%EE—‘?H %% guth
importing (Y £ 8)
importer (Y £E]) 5= %%715 33 2T % e AA; BA U
interactive (t]3}3) Tlo) XL 33 A =8 E 21 9=, ez g ZE2EZEA EF 3
e UYL 24 49D 9G4 A KU A G0 O pytnon g 499
A8 (AFES FolrolA] A8 A% A5 5 dLEn. Al okelelo) g A A
A7 A S vt & v ZFH A AUt (he
interpreted (Q1E]Z2]E]E) vlolE T = Ay}
2 75+ <doj7} ohuje} A Ll E)

/\/\ _4.010 z];g NUW‘%
Z2lE doj& HE A9Y AdojHh &
=

‘11; rO
i
gL |l~|

mterpretershutdown(O]Ei 2E] £8) FE3EE 23S 3o, Jo|H AHZHE SEH A 7]
AYsted, RV oY 712 S8R FREHF T EEIGEH APGES HAFSE v
”5}‘4"4‘ Esh 7H A A7) & oy H ST YT AFSAF F 9] 3k 2R weakref 29 of] 9=
FEEY AYES A A = AFUTE T8 A7) X AAH = I g ES e 5
A+=dl, 134\01 &3t A sl v 7153 A & = 7l WE YUt (£ o= 2ol B g

)
i
v
N
>
%0
rlr
)
o

iterable (o]E]2]E) WHES 3 W of A A. oJHHEY 2= E (list, str,
tuple Z2) A B2 FE, dict 22 2E U AR FE, 9L AA S, _iter () A FEx
NS FASE_ getitem () FIAEE HA Ao RE Fe29 7“xﬂa°1 O‘AHE‘r

olB 2l £ for Fx o ARGE & »lf’-, ANF2E QT 3t & W2 3 (zip (), map (),

of AHgE ¢ gFUth olHZE AAZ W T iter () °17<}§ Ag=EH, I A4 9 ]
EHFUH ©] 1E1ffﬂ°lEiL%k g AT T A= %Eﬂqi‘r °] & 2]

iter () € L&A, olH e olE AAE A H 8+

e EH"‘_;HH Aoz jFed, F2E = T °H

2]
Ut olH el o8, AJd 2, Al e ol & BA L.

terator (S]EJ2IO]E]) HoIE19] 2= TATH: A4 ol HACIElS]__nexe () ALE wE A0
% 555 (EE U 5 next () = AT 2l I FREL A e E e o
o] 2] ] o] 517} <= wj= th4l stopIteration o8& doZjuth o] | H oA, o]E & o] & A
e ARE A, 0]—?—9] EE_ next_ () HAESEL Stoplteration 92 E ThA] 427 7]@
Fuch o8 d olE = olH# ol H AA A= EHF=__iter () FINEE 7HE Zio] 2757
ufj Zof], ol B gl o] B = o] Bl 2] & o] 7| = 3l thE o] H Y EE S Wots ol t 29 Lol A A
T A5t ot oy WY ]Eiffﬂol’ﬂ% A =ste ZEYYTh (List 22) 7H o]
7“14]1_ iter () 2 ALESFAY for Fxof AT wjutth A o] B o] HE REE YT o] "
Ag ole g ool thall A et L ot d, At o] #| o] Mol ALEH o] ] &AZH o]HH o HE
S8 FA, ¥ AH oA HolA v ‘/]D}

typeiter ol T 1413 -8 o] %51k,

mmmﬂ¢

61



Python Setup and Usage, £A| B{Z 3.10.16

CPython =& A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

key functlon (7] &4) 7] Sk == Z 3 o] A (collation) == A & (sorting) ©] L} ¥l & (ordering) o] AF-&-5

d

T =
e s Y E QU & S0, locale.strxfrm() 2 2AY 54 P4 H=E
xé‘%i 718 ©te+ o A Ut
o]y B =77 2485 0] ofBA £ A AL Fol=AE Alofstr] fdl 7] FE ot
EYYrth old AL +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ¢ AFYc}
71 &4 e e oy o] dFUTh ol E £0, str.lower () WA EE Alo)A & gl
AES A7 TR ARE F AUt tdA e, 7] e lambda @QQE s TR
9, ol @ AU th lambda ri (r10], r(2]). E, operator E%E’. Al He] 7] e
AAAE AlF Utk attrgetter (), itemgetter (), methodcaller (). 7] 45 HET

A& 8= W ol T 3 o] 2 Sorting HOW TO & H A &
keyword argument (7] 9] & 212} <A} & H A Q.
lambda (e} 5 2% ] gto] TH A= Shbel o4 ew TAH o) F gl Azl T4 B} F
N EHL lambda [parameters]: expression QY Th
LBYL 5 7] A X 2} (Look before you leap). ©] T AE}Y 2 T 0|} 23] & 317 Ao A Ao 2 ALA
AEL AT of AT EAFP A2 oHIR 3, B2 £ B o £AZ S A 0] H T,
222 S]], LBYL S <1 7] oh <5 /)" holl 24 228 BEA 2 50| Ay
E90],FE if key in mapping: return mappinglkey] = FAA} 3o, 5}A 7 23]
=

2 =7 key mappingI A A ASHR A5 5 51T o & o] 4 0] v} EAFP
A2He s Eo RN 28 4 g,

locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

frt

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (2] 25) g st AT T o] Fol = B3, Aol Bl A 27 0() o) 7] w2 ol, A
2] 2 E (linked list) ¥ th= 1‘/}%— ool o] vl & 7} & A} T}

Ul
g
iy

llstcomprehensmn (BFl2e H=zgAA) AJE2 A5 AR EE=JdRE A3ty I AFHE g|2ER
S8 FE= A% 9. result = ['{:#04x}'.format (x) for x in range(256) if x
% 2 == 0] £ 004 255 Afojo] Y AL 1675 (0x) S EFsHE BALY PrES
B 18 B ATEP YGUR, AR, range (230 R 2E SAAI U

loader (26]) REL 2T 3= A4, load_module () o|8t= o] 29 HiA =
BHEF 7l Eﬂ 7t =85 Yth AAS W2 PFP 302 &, A Wo] 2~ %EH
Loader & HA| Q.

magic method (v] %) B A=) =4 6] A= o] u] g4 A Q)

mapping (M]F) doJe] 7] 23] & X Y3} Mapping ©] Y MutableMapping A Hl o]~ Z 2
of AAH HAEEE F3HSE= AdH ol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 95U th

meta path finder (W€} Z 2 5}2It]) sys.meta_path & Aol B85+ vy, HE A2 Fey&=
A2 =g 91t o Bes o] 917 E oA W
HEl A2 skt 7F A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fyo.

o} sl o gt m

importlib.abc.

rulm
o,
rir L

(o]
R
N
(o

¢

metaclass (W E} Fa|2) Fd2o Fd2. FHa A= P2 o5, 2 gAY, Holx Ed2E
9 EES Byt Yﬂ]E]raaV\“ o] Al QAIA}LE WolA] ZYP2E T+ AAES FAUth g RE9
WA AT 223 A2 7|2 TS AT FJolH & EFA o= AL ALY
HEe ZH2E s & duE AYUth 2R AR A A= o]l 77 A3 e gATH 287t
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A, WE 2P Aas 2EsT Sold S He ABh ojERHE AN 29 27 (ogging),
rE= A4 27, AR A FA, AZE TET B TR Ae] A HS T
metaclasses | A T ZFA| 3 Y &2 22 4~ 94y T)

method (W A=) Z |2 vl Qo A AL &4 7 ZeA9 8L oJEFHEZA TEH W,
I HAEE A AR A (EE self 2l E-TH 2 JA2dA AAE s UTh I & 5 1A

AFZ EHASL.

method resolution order (WA & Z2A &#4]) HAE 2F A= 23] 5l= T 5 2
FHAEY AP YT 23 AR E Thol Al QA E Z gl E o AFgH dare]F9 A S W82 The
Python 2.3 Method Resolution OrderS H.H gt}

module (25) o] TEo] 243} 9] & Pat A, BEL
S0 At B ) ots] ol ol .0 2o ok

W74 = BHAL

MRO "4 = 24 A & BHA Q.
mutable (7}H) 7} A A= Zho]

He ¢ JAREid () v ABA FAFULE 298 = BA Q.
named tuple (Lﬂ d= EiL—) “named tuple(V] & FZ)” ol gt &ol& FEoNA A& o] 22 o E
U BE Yol Zeae LGt

time.localtime () & os.stat () 7} HFE3E 2kS £ 851, o 8] YA o] Y d = E= Ut}
I & o= sys.float_info YUYtk

>>> gys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR YIE FE2UHWZF R ) duth =&, tupled A A%58Ha o] 22 28 FY st
SRR PO S R AT S DI - B e
collections. namedtupl ) s = Adsyth T2 7IHe A A AU W U d=E

e (

< =T 7 U'“/“] %“%— 7}el 7| = ]'141;]’
namespace (°] 5 53} LT7}X12JE]%7‘J£~ olF w2 YgAvEE FAF UL AA HH ol F
F (A E o A) B otyet A Y, A, YA o] F Tl AsUH o5 3L o5 TE=
WA BEAS ALPZUTh o & E9], &5 builtins.open & os. open ) 2 OE59 ol&

i
i
N

—_

T}
S 7bol S| A e B o) S o] BEo] Gt A A S B Bl A
7N R HeAdo =22 EUYth oS 50o], random. seed () B= ltertools islice
gtal 2 1 3heE o] ZhZf random 3 itertools EE ol 2 3 ?L"?iﬂ Aol ks H Yt

namespace package (¢] 5 33t 37| x]) @& A B 37| X 59| AH o] =¥t 7]-53t= PEP 420 3| 7] 4],
ol FX HAAE EAA ‘ﬂlﬂ = 75 AL, 53] __init  .py Lo gleng H4f
3 7] 4] &= ey T
EE T HAS.

nested scope( e 22 S0 AN WS Fr o el ol

—

7}—% 'i’f,FH?J HZ] W%\:}% P EECEL
FUth w7 R, A U452 A o] F F2FlA g HUTh nonlocal & HpE A3 20

e A2 BT,

new-style class (7 28t Fef) A FL & S AA o) AHSH I Sle Seha A oA o]
F. 2719 stold wAdeAE, 24 w2Ed YA __slots_, U2IHEH, 2 H,
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getattribute O, ZR2HAE, 28 E YA 22 Fo| A B2 I 75
2 AT 5 AAS YT
object (AA]) AE} (EFEU ) S 23 52 (MAE) o] Aofd BE oy, B3 ZE FoEd

Sl o HF A A Wl o]~ %EHQ%MDP.

package (3] 7] x]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module with a __path___ attribute.

At {71 A g o] F FXH I A = HA L.
parameter (W] 7 ) S (B WA E) Ho oA T47 ]“?:%—/F %1% AA (EE o A AAE) &
A Q8= O]%%%‘?lﬂ‘:/] oA F 79 w7 A
o« 9x-7]1Y = ( ositional—or—keyword) A AR Y719
yth o] Zlo] 712 Fefo mi7id ?J‘/]D},Oﬂ%

def func(foo, bar=None):

o A X-AE (positional-only): Y X 2 Al FE = Y+ QX W
B Aol WA A Gl / EAE B e o 5o A9 8 4 G s ch o8 Fo
ol| A posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

P /A=A beomorkon: =R Y ATY A€ g AP A=A A
o s 49 o] oS 3 3 2ol B 1e] -0 3 ol AR+ 8 el T A
A G % Y5UITh A Fo], T30l A kw_onlyl S} hw_ony2:

def func(arg, *, kw_onlyl, kw_only2):

o 7}R-91 2] (var-positional): (T2 v 7H HFoll ) 3| A] o] m] RholZof 31 9 %] QA AF=l T 3h)
A 7 d=AA AAEY Y Ad2E AR FULE ol & 7= w7 S5 o] Fol
* 5 ol B4 BYE 5 AsUth oA & 5o th2ollA args:

def func(*args, **kwargs):

o 7HA-7I 9 = (var-keyword): (V+2 Vi 7H‘E‘i$‘é°ﬂ o8l Al o] u] wrol5o X 719 = QA A=< H3l)

A8 5 9 9o A% 719 E ARE S ARG oA w5 E vl a0 o
x 2 ool oA F2 8 5 A5 UTh oI E o 912 o)A kwargs.

AW A IAHES 919 7 B oh ek de Aol AL B A4S S AR
ek,
ol =} 30]@ &, ozt v M 9] X}ojof L} 2= FAQ A E, inspect.Parameter S|,
function Z, PEP 362% H A 2.
path entry (A2 Qlee)) 2= /W 59t 7} QEE F REEL 27 98 Anek dE = A A

EREETN

pathentryﬁnder(ﬂi SRS E]J}JE‘]) sys.path_hooks 9 9= Z#E
= IlE ], FJRA A2 ED 2 BRES F S €2 5T

AR JEZ I} Eo] FHEE= A EEL importlib.abe.PathEntryFinder o] U3 4Yth

path entry hook (2 JlE8] &) sys.path_hook AE Y= ZHEU, EA A2 dED A =
ES =S Y A2 dER Iy E EE€E YT

path based finder (7 2 7%} 3}Q1e]) 7] & et A 2 9lQlt & F s, 2 E A= oA
FUth

path-like object (3 27 AA)) 3td A28 22 YehdE A A2F AAE 422 el & str
U bytes A o] A os.PathLike Z2EFS F A= AA YUTh os.PathLike ZEZEF
= A ¥dhe A= os. fspath () &S TE30A str L bytes 3t A8 AR = Wdg ¢
MQWE]' 4l os. fsdecode () £t os.fsencode () &+ ZtZ str U bytes A3E B 5=t
AeE 2 9o PEP519§C%}H HFyTh

4>
30
oy

g
i
o
i
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PEP 5}o] 4 741 7] gk, PEP = 5ol 7§ Elo] AR Al 2517} sho)m
o thet =& 752 B s 47 BAQI Utk PEPE A HE 7150l that 1A 7] Ab
2AE Alssl oF it
PEPE= 38 N 2L 7|52 A2l
ARE EAR TE7) %?} 71w A
W) o A8 EASHE Aglo] g
PEP 1 Z %314 8.

portion (1) PEP 420 o ] 9] & 24 &, o] & 22} 571 7] o] o] upA] 5hi= shLke] o] el el 2ol Sof gl
SFAE2) A Gip Lol AT £ A b,

positional argument (9] 2] 21z} <12 & BHA L

provisional API (%t API) &3 API+= & glolB 82| A T84 B F

]_ Y

_?L'

A Al g AFYE 9

s sho] 4lef Eol 7t 417
STk PEP 4 A 7

o
Ul el A gel & 255

GLIT). Qe o] ol 2 W57} ol 454 e,
%&ﬂﬂﬂﬁﬂﬂﬂﬁﬁﬂiﬂ“ﬂvﬂﬂﬂ SEE .

S H A S o Aol S8 AL L APIE & §o17) fo1 5 2 5 18
78 Aol gk Aol Ak

4% API| A2 A=, 1A BB o] §AH A b WAL “HF £ 0% o AQYTh- BE
“%%%ﬂaﬂmﬂﬁﬂiﬂ“%%ﬂ}%ﬂ%%%zﬁ%i%ﬂi7iﬁﬁﬂw
]_ =]

o] AL BE vl nefel 7t 0 A B AR D
Sty O A B S PEP 4118 s e}

provisional package (Z 3| 7] X)) 7 API S B A L.
W o

it

v

ot

Python 3000 (}]7%1 3000) Sho] 2 3.x w) 2 2elo} W e (8 3] wj 27} W w2l o) o] o7 | Al ol v
Eo]7 o] o]t}) o] AL “Py3k” & &0 27| % Frh

Pythonic (3}o] ¥ th2) thE dojSolA & HW ANIES Al ZEE FHStE tAl, ol o
olof| A 7H A= ALgH £ old s S 7H7ke] mEE ofolyolu ZE 27}, o & S0, 3ol
A AFE 2= o AL for S AL A 0B BB RE 247 25 AU 2 g
o ofof= o] & §%4¥qumouiqqi]ﬂ%‘ﬂ%%%%%%Wﬂﬂfﬂﬂ%ag

ARESH7| = Sy o

for i in range(len(food)):
print (food[i])

o 253 spol ok Y2 ol F sy th

for piece in food:
print (piece)

qualified name (3 F3}H o] &) 2 4 A AFmoA] RE AoH A, 34, mlA T o2
AT S HAFE How PR o F, PEP 3155 A A i) 249 Beol 22 A5
o, 759 o 22 AR o] 23} Z2 Uk

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname
] C |l

>>> C.D._ gualname_

>>> C.D.meth. qualname

EES 7ME7)1=d A2 ul], @A 3] AF3E o] & (fully qualified name) & 2= H 2 9] 7| A E&
I REZ 7= Fog BEld o] L on3 Y] o8 590, email.mime. text:
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>>> import email.mime.text
>>> email .mime.text. name

'email .mime.text'

reference count (= 314) AA o o3t F=xo] M. AA 2 F= 3571002 Wojxd, W27} uk
‘49143} ¥z 3+ FH42 gy o N FZEo = EH A= AR CPﬂhon T3 A
"%MD}. sys BEE 5% AA 9 Fx A+ E E8F & getrefcount () & F P th
regular package (A3F 7] A]) __init_ .py 3tYS E3stE= g 2o 22 AEF <l 9 7] A
olF FXHIIA = HAL
_slots S R AdAdd], AxH 2 oJERESS AT T2
Ul E AAToZN e & d7ete AdE FUth 7] A
AL-8-5} 1 7t & 7R HolghA, WE e o s S8 22 Il A B 9 2 é‘%iéﬂ Ae
H3t A= At 2ol FH YL

sequence (A @A) _ getitem () EF HAEE B8 A4 AddAE AL L3 wE
S, N A28 Aoj& EAFE _len () 5

.III'H_\_,_L,

r°"

( =1 =

Uy, 1ist, str, tuple bytes 7} H5UTH dict =3 getitem_  (
S A YR T, 23] A5 oA Qele] 2 715 Ae7] o Eol AAL olrizh B A
FE vk A0 Z8l 8l of ik
collections.abc.Sequence FA #lo]x E#d2E _ getitem () I __len () =
oA R ZHSE QA EFHo~E AHYF=0, count (), index (), _ contains__ (),
__reversed_ () & F7F4UTh o] F3H AHH o]2E FAT S register () & AHE-3H
A WA Z 52T 4 Y5

set comprehension (J & A= |3 H) o]EHEo] Y= 4 AA Y QRE Xty 23S G2 JFge

wslst= 7+ 43 9. results = {c for c in abracadabra if ¢ not in 'abc'}
EEAREY AF (', 'd'rE AT comprehensions & TR Al L

single dispatch (4 2 EléJHil) T3 o] shte Q1Ae] Fof| 7|2 A AAE = Al E T t s 2] 9
St e

slice (&elo]2) HE Al A~ o AR E 233t AA. Setolat AH AT HE F7|HS AMSSiA
= .variable_name[1:3:5] X o} TAEZFEOZE BE3? . HES
SUth variabl [1:3:5) A%, [] QoA e o) 248 TEo 2 Lelgr). B Bs
(ME A~23gE)Z7|H2 YR Aoz sllce AR E A& Tt

special method (54 A &) s}lo]# o] of o H AR, QA -2, 213 uj '—'1‘/\]7‘4 O 7 TEFHE=HA
Z.old HAEEF /o WEZ A FSA By o] &2 21 5 Yt &4 W A == specialnames
of A E e A JdFUTH

statement (F73) 32 29 E (ZE9 “EF (block)”) & FA43= FEdUTh 82 294 o) AY

71N EE Agste A8 7HA 2= o stttk 7HE if, while, for.

strong reference In Python’ s C API, a strong reference is a reference to an object which is owned by the code
holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding () A E 2137 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (S 2 5}9) str A E 97 & 5 & 919 A4, 5%, AE 5L A4 2 vho]E A
ol HAEY AH AT FAE Q15 & A% AU HAE e dzE HAE BE
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('r'EE'w) 2 Ed 9y, sys.stdin, sys.stdout, 1i0.5tringI0 8 AAEHAE EF Y5

gt

Hlol EA R A & 92 & 4 A& 5 AAo A vlelvE] 9 Y ® FrEAL
triple-quoted string (33 w}& 3 € £A4E) WL () ALWEEL () A A2 Fel el B g
& St S A AL fle 715 & Al st AR, o 7HA] ol el A £ R} 9
LUtk o] 2aAlo]z 2] ke Fow LR 2L EE FAY o] TFF 4 IR 2 B, A
BAHE 27 guk ol £ 28 £ 9led, S2EYS & 53] & JsUtt
type (F) stold A1) P& 220 ol T/ AAAAE 2AFUH ZE A& Fo] dFUth
AR P class_ OEYHER ANATF 9l Uth

type alias (3 ol 2]o]2) &L A8 Aol B Yshe] WEolx 5
Y o Qelol 2t 3 AEE deslsts o R8T 8 S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:

pass

£ ohe s 2ol o 971 47 WE 5 sk

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

o] 7|54 A 3l= typing T PEP 4842 2 31A4 8.

type hint (g I E) W<, S A EFHE 9 o w7 v ket ghe) 71dj s = F& A8k o=
gl o] A.

A A5 E AYgsta, 49 dg, FHd2 JERE 2 59 §F IIE = typing
get_type_hints () & ARS-3to] QA2 5 dF YT
o] 7%= AWl typingd} PEP 4845 F2 1A 8.

universal newlines (S-UWH A & 9d7) vt 2L A Z9o] Zo g QAFE HAE iE%g

-r

J_’:_
Aot Bl = 2 7R A A \n, e '\r\n', A UH?JE/\] e
Z7HA Q1 Abg-of] B4 = bytes.splitlines () ¥gF o2} PEP 278 &} PEP 3116 = E/\ﬂ&

variable annotation ((H > o] - H|o]H) H4 E= ZA oJECHES] of - H o] A

Me e Fe 2 o EPRES ol uoldS Bl Y A ATk

“

class C:
field: 'annotation'

W ojiH o] d2 ARt o § I EZ AREEUTH o & S0, ol T E int S 7HE ZAew

EEBEE

count: int = 0

W o] =gl o] A S Al A annassign o] A A W gy o}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.

virtual environment (7}4} 8 7)) 3lo] W Al_ 212} 28 w2 o], e A A 01] A A8 E = T E 1}o)
&g 22 T& o S A oA, stold v x 7| A2 AR AU J 28 o]
Eﬁ}t & 7Fs5HA st éa—ﬂ'x—iﬁi Aeld A9 &7,

venv & HA Q.
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virtual machine (7}4} 7]74)) 2 Z Egojwto g Aol H

Y7} £ 8ot vlo|E I =F AT
Zen of Python (3} o] Al) u}o] 4 t]x
HUth o] 552 U318 =&

ARE. s W] 744 714 ol T E A

2101 2 o]5 531 AL§ B ] =g o]

Jol Yajs) AetS o B2 oy,
ZEO A “import this” & YJ#3H EJYr}

Appendix A. 0{%!
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =9 27}
« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZFZ) 2] Guido van Rossum o]l 2] 3l 1990 dt)] Zdlof] tE o A G T Sho| Ao+ T2 A HE w2 53
o] Z3t= 1A 9k, Guido+= Tho] K o] =8 A A= o} Ql5th

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

RE glo] W vl ZH-E F 22F YUt (F7] 22 A 2o tha A= https://opensource.org/S 2314
AlR). dArd o B, f BHE (AT AR = obd Yt spo]# w222 GPLY 3 Uth; ofef o] &+
o}k Ml =S 2243 AY Yt

Bl=oF | oM e 2 | 5 AR} GPL 387

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 |12 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

2.1.2 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o] Ak 2.1.1 2001-& #] | PSF yes

Fi: GPLY s8dAvE A2 78 7FGPLE stold g v zdkE s st & S5y EE
gpol gholAla= GPLH 2] of 2o WS 37/ 422 WA G A vdS iz 5 A

7
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ol

‘J_

Ut} GPL 58 efo] Al sho] M7 GPL 3o W& 8 2 42 9]0l 8 A 4 A Tk e
AS

- 23A syt

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TO|MOll HMASIALE ALS S| S8t 0l o4

glo] W Az EQ o] e} A M= PSF License Agreementol] th2} gfo] Al 7} Kof gy o},

}o] 3 3.8.6 5], ™A 9] oA, 28]y & 7)€} F == PSF License Agreement £} Zero-Clause BSD licensel|
ug} o] 5 gfo] Al 27} ol gyt

glo] o] B8 dH Az EY oo g goldlart AgG Ut goldlas s gho] Al 3 3t
T 29 A g T oy gfo] A BT 552 2391 H Az Egofof tf g ehol Al Bl
g FRIAA L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.

PSF 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 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. 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, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.16, 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

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").

2. 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.

3. 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.

4. 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.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. 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

(ThS slTeTATol A1)
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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.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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.

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."

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.

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.

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.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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

(ThS slTeTATol A1)
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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.

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.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
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.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22 75




Python Setup and Usage, £A| B{Z 3.10.16

C3 ZgtEl AZ Egfofol cist 2lo|MlAa H s2l

rr
i)
o
1z
[>
o

shol 4 v 3ol 3 A4} 4z E g ojo] o) B A A T FotT 9]
=

C.3.1 HE2M EQ[AH

_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
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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
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN 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)
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C.3.2 43

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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. IN 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 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 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
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.
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C.34 37| |
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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.

o 2e 39 ARE THFYT

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

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.
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C.3.6 UUencode 2! UUdecode &t
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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

C.3.7 XML ¥4 ZZ2A|X &

xmlrpe.client REE The T 22 29 A3 gk

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
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.
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C.3.8 test_epoll

test_epoll REL 0he 3 28 79| 4GS ZFFUTh

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 BE S kqueue QB3] o] 20 Al the o) 2& 9 A EFFY o

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.

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.
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C.3.10 SipHash24
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<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 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************
*

* 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.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

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-corelopenssl.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/)"

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)
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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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S T

Original SSLeay License

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)"

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

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* 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.]

*/

C.3.13 expat

pyexpat &2 WEE ——with-system-expat & /82| %= st E3HH expat &2 AHES ARG

sho] =g ek

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 NONINEFRINGEMENT.
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 &F2 W& ——with-system-1ibffi & 74 3}X] ¢k o, 284 libfli &2 AR S ALS

shof M=k

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,
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

(ThS sleTATol A1)
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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 232 A2 "o A RAE zdib W o] 1R o5 o) W] A8E 5 Qow, EIE zlib 42
g A-gShol e U th

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 °f & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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:

* 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

(Th5 slTeTATol A1)
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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 RE2 Y =& ——with-system-libmpdec & 74 3}A] &= S, Z 35 libmpdec 42~ AR
2 Aol W=tk

Copyright (c) 2008-2020 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.

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original 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 W3C nor the names of its contributors may be
used to endorse or promote products derived from this work 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.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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APPENDIX D

sho] 3} o] WA E:
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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