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Google: can Python into threads?
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1992

me

Java 2 Javascript
consumer'—ar'ade multi-core CPUs
Py+hon (with +hreadin@ supporﬂ

\Pathon
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X (CPython doesn't support multi-threading’
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"CPyHnor\ process can execute Py+hon
onJrecode in one thread at the time'
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x (CPython doesn't suppor-+t mulJri‘Jrhreadina“

X «CPythoh can run only oh single core'

v "CPerInon process coan execute Python
on’recode in one thread at the time"
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Parallelism

° r'equires muH'iPIe cores

Thread 0 on core ©

® as oPPosed to concurrency

sogte core [

o
time
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Threads

® PY'OC@GG
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Threads
® PFOCBGQ'-

o instance ofF an application
o ohe or more threads
o shared memory

e import threading

o system (kernel/native/Posix) threads
o as oppoc;ed to green threads, greenlets, coroutines etc.

e thread state:

O reaaly/ runhable
O runnin@
waiting/ blocked

O
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Locks
and system cadlls
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® locks:
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® locks:
o tool For preventing race-conditions in shared resources
o mutex - mutual exclusion
o lock (hold) and unlock. (release)

° 9y9+em calls:

e operaﬂna 9y9+em/l<ernel API
o services fFor aPPlicaJrior\sz /O access, process control.
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® locks:
o tool for preventing race-conditions in shared resources
o mutex - mutual exclusion
o lock (hold) and unlock. (release)

° 9y9+em calls:
O operaﬂna 9y9+em/l<ernel AP
o services for aPPlicaJrior\sz /O access, process control..
o can be blocking (e@.z /O access, sleeping..)
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Memor'y managemen+
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Memor'y managemen+

® CPy+hon:

o reference counters
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Memor'y managemen+

® CPy+hon:

o reference counters (shared resources - needs Iockina!)
o + aarbaae collector for circular references only

e other option: +racin9 aarbaﬂe collector

O more robust but more complex
o JVM or C#
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Python bytec ode

® Python code -> compilation -> Iay+ecode
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Python bytec ode

® Python code -> compilation -> Iaerecode

a = 1

print(a)
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Python bytec ode

-> compilation -> Iaerecode

o Python code

a = 1

print(a)

allegro Tech

—
(ool @) IR \ O

LOAD_CONST
STORE_FAST
LOAD_GLOBAL

1 (1)

0

1
LOAD_FAST 0

1

1

a)

a)
PRECALL
CALL

(
(NULL + print)
(
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Python bytec ode

® Python code -> compilation -> Iaerecode

a = 1 2 LOAD_CONST 1 (1)
4 STORE_FAST 0 (a)

print(a) 6 LOAD_GLOBAL 1 (NULL + print)
18 LOAD_FAST 0 (a)
20 PRECALL 1
24 CALL 1

° Iay+ecoale -> interpreter -> execution
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Gl

® (lobadl Interpreter L_ock
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® (lobadl Interpreter L_ock

e protects aaaiﬂer roce conditions:
o reference counters
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Gl

® (lobadl Interpreter L_ock

® protfects against roce conditions:
o reference counters
o 'C-mutable' Python data structures (dicts, lists, strings, tuples,
integers etc.)
o internal 3loloal state
o atomic APIs

o C ex’rencsions/lainary modules are written assuming
allL exists
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Gl

° holalin@ the GIL not needed when:
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Gl

° holalin@ the GIL not needed when:
o waiting For 11O
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Gl

° holalin@ the GIL not needed when:

o waiting For 11O
o executing code that doesn't access Python data structures
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GiL: scenario |
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GlL: scenario 2
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GlL: scenario 2

releases Gl
signal: Gl released

ail_lac;Jr,holder‘?
acquir‘ec; all

o
time
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GlL: scenario 2

o
time
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GiL: scenario 3
two threads and timeout
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GlL: scenario 3
2

GlL locked
cv_waitalL, interval)
|
!

o
interval time
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GlL: scenario 3
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T | new | wating |

Gl locked timeout, GIL stil locked
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GlL: scenario 3
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Gl locked timeout, GlL stil locked
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GlL: scenario 3
2

T1 - wai+in9 |

timeout, GlL stil locked
ﬂil,_drop,_requed = |
cv_waitall, interval)

I
:
: . >

interval ! time
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GlL: scenario 3
2

releases Gl

r el waing |

timeout, GlIL stil locked
ﬁil,_drop,_requeer = |
cv_waitall, interval)
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GlL: scenario 3
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releases Gl
signal: Gl released

signal: Gl acquir'ecl

ail,.last_ho\der?
acaluires Gl

o
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GlL: scenario 3

| cv_wat{GiL acaluirina)
ﬁil,_drop,_requeer =0

releases Gl
signal: Gl released

signal: Gl acquir'ecl

ail,.last_ho\der?
acaluires Gl

o
time
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GlL: scenario 3
z

WaH'ina

cv_waalL, interval)

|
no e |

o
interval time

|
|
|
|
|
|
|
|
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GilL. imPIemen-I-a-I-ion

® ‘ceval loop: Python/ceval.c
o the GlL part: Python/ceval qgil.c

® GIL daota structure: Include/internal/pycore gil.h
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https://github.com/python/cpython/blob/main/Python/ceval.c
https://github.com/python/cpython/blob/main/Python/ceval_gil.c
https://github.com/python/cpython/blob/main/Include/internal/pycore_gil.h
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De-aGl L’ina exPec+a+ion9

. Performance:
o For muli-threaded code: must scale with number of cores
® Ginale-ﬂnreaded code: not slower

2. Compa’rilo\e with C-extensions
CPython codebase: not sianiﬁcanﬂy more complex
than with the Gl

W
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De-Gl L’ing a-H-emP+9
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De-GlL ' Ihﬂ a-H-emP+9

® 99 free- +hreaahna
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De-Gll'in a-H-emP+9

® 99¢: Pree—ﬂ-.readina patc
e 2008: Py’rhon—saPeJrhread
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De-Gll'in a-H-emP+9

® 99¢: Pree—ﬂ-.readina patc
e 2008: Py’rhon—saPeJrhread
e 20 C‘lll_echomy
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De-Gll'in a-H-emP+9

199C: Pree—ﬂ-.readina patc

2008: Py’rhon—saPeJrhread

201G C‘lll_echomy

2022 PEP 0B84 - A Per—anrerPreJrer Gl (accePJreaD
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De-Gl L’ing a-H-emP+9

e 2023 PEP 703 - Making the Global interpreter
|_ock OP+iona| in CPerhon
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De-Gl L’ing a-H-emp-l's

e 2023 PEP 703 - Making the Global interpreter
|_ock OP+iona| in CPerhon:

0 changes in reference counting, gorboge collection,
+hread—sa$e+y ofF container types, memory allocation.. (30
read the PEP)

allegro Tech kolodziejj.info



De-Gl L’ing a-H-emp-l's

e 2023 PEP 703 - Making the Global interpreter
|_ock OP+iona| in CPerhon:

0 changes in reference counting, gorboge collection,
thread-satety of container types, memory dlocation.. (30
reod the PEP)

o --disable-gil

allegro Tech kolodziejj.info



De-Gl L’ing a-H-emp-l's

e 2023 PEP 703 - Making the Global interpreter
|_ock OP+iona| in CPerhon:

0 changes in reference counting, gorboge collection,
thread-satety of container types, memory dlocation.. (30
reod the PEP)

o --disable-gil

o long-term: making it the defoult

allegro Tech kolodziejj.info



De-Gl L’ing a-H-emp-l's

e 2023 PEP 703 - Making the Global interpreter
|_ock OP+iona| in CPerhon:

0 changes in reference counting, gorboge collection,
+hread—sa$e+y ofF container types, memory allocation.. (30
read the PEP)

o --disable-gil
0 long-term: making it the default
o accePJred for 33l
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De-aGl L’ina exPec+a+ion9

. Performance:
o For muli-threaded code: must scale with number of cores
® Ginale-ﬂnreaded code: not slower

2. Compa’rilo\e with C-extensions
CPython codebase: not sianiﬁcanﬂy more complex
than with the Gl

W
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De-aGl L’ina expec+a+ion9

® Ginale-ﬂnr‘eaded code: not siﬁniﬁicanﬂ\l/ slower
2. Groaduadl migration path For C-extensions
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In the meantime:
what to do?
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What to do?

° sinale—Jrhreaaleal, pure Python: nothing
° sina|e—+hreaaled Python with multi-threaded

C-extensions:
0 may use all the cores already
O Proﬁi\e

e multi-threaded, I/0-bound:
O Proﬁi\e
o0 oadd more threads
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What to do?
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What to do?

® asynchronous, I/ O-bound:
O ruh mul+i|9|e processes
O Proﬁi\e

° asynchronous with thread Poo\s For synchr'onous
code:
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What to do?

® asynchronous, I/ O-bound:
O ruh mul+i|9|e processes
O Proﬁi\e

° asynchronous with thread Poo\s For synchr'onous

code:
O Proﬁi\e
o oadd more threads
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What to do?

e multi-threaded CPU-bound:
O Proﬁi\e
o use multiprocessing il possible
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What to do?

e multi-threaded, CPU-bound:
O Proﬁi\e
o use multiprocessing ik possible
o ofHoad the CPU-intensive work to a C-extension:
m look for existing one
B or write your own
o try Cython with nogil
0 research non-Python alternatives, compare pros ond cons

o profie profie, profie (cProfie, timeit, pert.)
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https://docs.python.org/3.12/howto/perf_profiling.html

Thank you' )
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