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Brad Solomon: Async IO in Python: A Complete Walkthrough
https://realpython.com /async-io-python/ (mdj 2025)

Chyld Medford: Hands-On Python 3 Concurrency With the asyncio
Module

https://realpython.com/courses/python-3-concurrency-asyncio-module
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https://web.archive.org/web/20250503082605/https://realpython.com/async-io-python/
https://realpython.com/courses/python-3-concurrency-asyncio-module

Konkurentné programovanie

m Konkurencia: mame tri programy: A, B a C. Ich instrukcie musia byt vykonavané
v danom poradi, ale poradie vykonavania instrukcii vzhfadom na iné programy
moze byt lubovolné.
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Konkurentné programovanie

Na drovni OS mame k dispozicii:
procesy samostatné instancie programov, ktoré bezia v OS. Obvykle majd vlastny
pamatovy priestor.

vldkna patria pod jeden proces, zdielaji pamatovy priestor.
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Konkurentné programovanie

konkurencia prerusitefnost

paralelizmus nezavislost

Dve llohy pre profesora:

m Ist na klientske centrum vybavit ob&iansky preukaz s novym ipom (4 hodiny
¢akania).

m Urobit prednasku (5 hodin prace).

Sekvenéné vykonanie
Cesta na klientske centrum 2 hodiny, ¢akanie na preukaz 4 hodiny, cesta domov 2
hodiny, priprava prednasky 5 hodin.
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Rozne pristupy riesenia uloh profesora

Konkurentné vykonanie

Pocas ¢akania na preukaz zacne robit prednasku na laptope. ZvySok dorobi doma, celkovy
Casje2+4+2+1=9 hodin.

Prerusitelnost — ¢akanie v rade bolo mozné prerusit.

Paralelné vykonanie

Doktorand urobi koncept prednasky. Po navrate domov profesor dokonéi prednasku za
2 hodiny.

Nezavislost — doktorand mohol robit na prednaske nezavisle od toho, ¢o robil profesor
(2 CPU a nezavislé dlohy).

Konkurentné, ale nie paralelné vykonanie

Obciansky preukaz si mdze vybavit profesor iba osobne. Uloha je prerusitelna, ale nie je
nezavisla.
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Rozne pristupy riesenia tloh profesora — pokracovanie

Paralelné, ale nie konkurentné vykonanie
Ak by bola prednaska velmi ndro¢né a vyzadovala by 100 % sustredenie pocas
5 hodin — neprerusitelna dloha.

@ Konkurentné a paralelné vykonanie
Doktorand bude robit na prednaske spolu s profesorom na zdielanej prezentacii.
Po navrate domov stadi profesorovi 15 minGt na findlne Gpravy.

Zdroj: Methos na StackOverflow
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https://stackoverflow.com/a/24684037/4739767

Konkurentné programovanie v Pythone

m Nastroje paralelizmu

m procesy
m vidkna (iba vo free-threaded interpreteri)

m Nastroje konkurencie

m procesy
m vldkna
m rozsirené generatory, koprogramy

Referencné implementacie CPython 3.12 a starSie nepodporuji paralelny beh vldkien
kvoli GIL.

Iné implementacie ako Jython alebo IronPython tento problém nemaji.
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https://docs.python.org/3/glossary.html#term-global-interpreter-lock
https://www.jython.org/
https://ironpython.net/

Konkurentnost

Dosiahneme ju preemptivnym alebo kooperativnym multitaskingom.

preemptivny CPU sa dGlohe prideluje/odobera transparentne (Gloha o tom nevie)

kooperativny po prideleni CPU dlohe sa tloha sama rozhodne o vzdani CPU

V oboch pripadoch ide o zdanlivy multitasking, teda dlohy sa nevykonavajui sibezne.

Ulohy sa tak rychlo striedaju, e fudské zmysly tito vymenu nie st schopné postrehnt.
Cloveku sa javi beh aplikacie spojity (napr. video prehravag).
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Konkurentné programovanie

Preemptivny multitasking sa tyka procesov a vlakien v sii¢asnych OS.

Kooperativny multitasking bol pouzity v OS Windows 3.x.

V siicasnosti zaziva velky rozmach na aplikaénej trovni — async |/0O.
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Async 1/0O

Async 1/0 nie je zalozeny na vldknach ani procesoch, ale na jednoprocesovom
(jednovldknovom) modeli.

Ako to vyzerad v beznom OS:
m Procesu (vldknu) OS prideluje CPU na isty Cas.

m Ak beZiaca tloha na CPU potrebuje ¢akat na vysledok I/O operacie, OS prideli
CPU inej dlohe.

m Namiesto pridelenia CPU inej tlohe sa ¢asové kvantum moze vyuzit na vykonanie
inej Casti programu — asynchrénne programovanie .
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Konkurentné programovanie v inych jazykoch

m Async |/O paradigma (programovaci model) neprisla na svet s jazykom Python.

m Oboznamujeme sa s nou sice pomocou jazyka Python, ale to vdaka tomu, ze
podpora Async 1/O je uz do jazyka Python integrovana.

m Vid jazyky, ktoré maji async/await: C# (2011), JavaScript (2017), Rust (2019),
C++ (2020), ...

m Iné pristupy v jazykoch: Go (od vzniku v 2009 gorutiny), Scala (2013 futures
a promises )
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Async 1/0O

Ako by sme definovali pojem asynchrénny?

m Asynchrénne rutiny st schopné prerusit svoj beh, pokym neobdrzia Gdaje na
pokracovanie v behu. Tym umoznia inym rutindm vyuZzit tento ¢as na ich beh.

m Asynchrénny kéd, v stlade s bodom 1, umoznuje konkurentné vykonavanie rutin
(vyvolava zdanie ich siibezného vykonavania).
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Motivacny priklad

exhibi¢ny sach

m Sachova majsterka Judit Polgarova hra proti 24 stiperom. Ma dve moznosti ako
hrat: synchrénne alebo asynchrénne.

m Co vieme:

mame 24 protihracov,

Judite trva tah 5 sekiind,

amatérskemu hracovi trva tah 55 sekind,
jedna hra méa cca 30 tahov na kazdej strane (60 obaja hra&i spolu).
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Synchrénna verzia hry

m Judita hra jednu hru za druhou.
m Jedna hra trvd (55s+5s)-30 = 1800s = 30 m
m 24 hiertrvd 24-30m=720m=12h
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Asynchrénna verzia hry

Judita sa medzi hrami hybe (potiahne a ide k dalSiemu).

Judita prejde vSetkych 24 stolov za 24 - 55 = 120s.

120 s > 555, takze protihrac stihne urobit tah.

1 hra ma 30 tahov, dokopy bude exhibicia trvat 120s-30 = 3600s = 1 h!

16 /55



Async 1/0O

Async |/0 vyuziva Casové intervaly, v ktorych nejaka tloha ¢aka na beh tych dloh,
ktoré zablokované nie su.

Poznamka: tloha, ktord je zablokovana ¢akanim na dokoncenie |/O v systémovom

volani, znemoznuje vykonavanie akejkolvek inej Casti kédu procesu (jednovldknovy
proces).
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|/O vs. vlakna

m Vlidkna zdielaji spolo¢ny pamatovy priestor — treba dbat na konkurentny pristup
k zdielanym Gdajovym Struktidram. Tejto problematike sa venovali prvé tri tyzdne
semestra.

m Aky synchronizaény mechanizmus sme pouzivali na ochranu integrity pamatového
miesta pri siCasnom (modify/write) pristupe viacerych vlakien?

m Pri async /0O odpada problém so synchronizaciou.

m Jednovlidknova aplikicia = v jednom Case sa mdze vykonavat iba jedin
instrukcia programu.

m Ani jedno rieSenie nie je lepsie, zavisi od implementovanej aplikacie.
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async/await a nativne koprogramy

Definicia: koprogram

m Niekolko vstupnych a vystupnych bodov.

m Lokélne premenné sa zachovajii medzi volaniami.

Inymi slovami, na isty ¢as dokaze odovzdat vykonavanie inému koprogramu.
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llustracny program

synchrénna verzia

Vykona 3x sekvencne funkciu count (). time.sleep() simuluje dlhd 1/O operéciu.

import time Start
Finish
Start
def count(): Finish
print ("Start") Start
time.sleep(1) Finish
print ("Finish") main executed in 3.00 seconds.

def main():
for _ in range(3):
count ()

s = time.perf_counter()

main()

elapsed = time.perf_counter() - s

print(f"main executed in {elapsed:0.2f} seconds.")
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llustracny program

asynchrénna verzia

Po zavolani asyncio.sleep(1) sa na pozadi zaznamena, Ze llohu treba prebudit
o 1 sekundu.
Slucka udalosti vyberie na beh iny koprogram, ktory méze bezat.

import asyncio Start
import time Start
Start
Finish
async def count(): Finish
print("Start") Finish
await asyncio.sleep(1) main executed in 1.01 seconds.

print ("Finish")

async def main():
await asyncio.gather(count(), count(), count())

s = time.perf_counter()

asyncio.run(main())

elapsed = time.perf_counter() - s

print (f"main executed in {elapsed:0.2f} seconds.")
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Slovny popis

m Rozdiel verzii:

m Sekvencné verzia bezi dlhsie ako asynchrénna.
m Rozdielne poradia vypisov.

V asynchrénnej verzii sme dosiahli zdanlivi stibeznost (vSetky koprogramy boli
,nacaté").
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m async def X(...):
m koprogramova funkcia X
m vracia koprogramovy objekt
m definuje nativny koprogram (native coroutine) X
m asynchrénny generator

m await Y

m odovzdava riadenie spat do slucky udalosti
m vykondavanie kédu sa prerusi az kym nebude dostupny vysledok Y
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Ludsky vysvetlené

async def g():
r = await £()
return r

m Na riadku r = await f£() sa riadenie vrati do sluc¢ky udalosti.

m Beh funkcie g() bude preruseny, dokym nebude k dispozicii vysledok volania
funkcie £ Q).

m Slucka udalosti méze medzitym nechat bezat ini Glohu (obnovit beh nejakej,
alebo nejakd spustit).
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Pravidla async/await

B await je mozné pouzit iba v async def bloku.
m V bloku async def si povolené await, return, yield — vSetky volitelne.

m Zavolanim koprogramovej funkcie ziskame koprogramovy objekt. Ten nie je mozné
priamo zavolat, iba pouzitim await.
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Pravidla async/await

ukazka

>>> async def noop():
pass

>>> noop()
<coroutine object noop at 0x000001EA9F554BF0>

>>> await noop()
File "<stdin>", line 1
SyntaxError: 'await' outside function

>>> def run_noop():
print (noop())

>>> run_noop()

<coroutine object noop at 0x000001EA9F554720>

<stdin>:2: RuntimeWarning: coroutine 'noop' was never awaited
RuntimeWarning: Enable tracemalloc to get the object allocation traceback

>>> def run_noop():
await noop()

File "<stdin>", line 2
SyntaxError: 'await' outside async function
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Pravidla async/await

ukazka — pokracovanie

>>> async def run_noop():
. await noop()

>>> run_noop()
<coroutine object run_noop at 0x000001EA9F504880>

>>> import asyncio
>>> asyncio.run(noop)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "c:\python312\Lib\asyncio\runners.py", line 194, in run
return runner.run(main)
File "c:\python312\Lib\asyncio\runners.py", line 89, in run
raise ValueError("a coroutine was expected, got {!r}".format(coro))
ValueError: a coroutine was expected, got <function noop at 0x000001EA9F7CSEEO>

>>> asyncio.run(noop())
>>> # Koprogram iuspesSne skoncil
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Pravidla async/await

pokracovanie

Ak napiSeme await f(), funkcia £() musi vratit Cakatelny (awaitable) objekt.
Koprogramové funkcie vracaji koprogramové objekty, ktoré si Cakatelné.

Kazdy objekt, ktory implementuje metédu __await__() je Cakatelny. Vynimka :
generatorové iteratory sl tiez Cakatelné, aj ked neimplementuji __await__Q).
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https://docs.python.org/3/reference/datamodel.html#awaitable-objects

Priklad

m Majme program, ktory 3-krat vola
tlohu makerandom(). Tato dloha
generuje ndhodné Cisla v rozsahu
(0,10), pokym vygenerované ¢islo
nepresiahne hranicu uréend
argumentom Ulohy.

m Ciefom je vytvorit takd verziu
programu, aby mohli bezat viaceré
indtancie dlohy (nie sériovo za sebou)!

import random
import time

def makerandom(idx: int, threshold: int = 6) -> int:
print(f"Initiated makerandom({idx}).")
i = random.randint(0, 10)
while i <= threshold:
print (f"makerandom({idx}) == {i} too low;
retrying.")
time.sleep(idx + 1)
i = random.randint(0, 10)
print(£"---> Finished: makerandom({idx}) == {i}")
return i

def main():
for i in range(3):
makerandom(i, 10 - i - 1)

if __name__ == "__main__":
random.seed (444)
main()
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Priklad s vystupom

import random
import time

def makerandom(idx: int, threshold: int = 6) -> int:

print(f"Initiated makerandom({idx}).")
i = random.randint(0, 10)
while i <= threshold:

print (f"makerandom({idx}) == {i} too low;

> retrying.")

time.sleep(idx + 1)

i = random.randint(0, 10)
print(£"---> Finished: makerandom({idx}) == {i}")
return i

def main():

if

for i in range(3):
makerandom(i, 10 - i - 1)

__name__ == "__main__":

random. seed (444)
main()

Initiated makerandom(0) .

makerandom(0) == 4 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom (0) 0 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) == 7 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) == 8 too low; retrying.
---> Finished: makerandom(0) == 10
Initiated makerandom(1).
makerandom(1) == 7 too low; retrying.
makerandom(1) 8 too low; retrying.
makerandom(1) 4 too low; retrying.
makerandom (1) 7 too low; retrying.
makerandom(1) == 1 too low; retrying.
makerandom (1) 6 too low; retrying.

---> Finished: makerandom(1) ==

Initiated makerandom(2).
makerandom(2) == 3 too low;

retrying.

---> Finished: makerandom(2) ==
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Priklad — asynchréonna verzia pokus 1

Pridali sme:

m Slucku udalosti
asyncio.run()

import asyncio

async def makerandom(idx: int, threshold: int = 6) -> int:

| | /—\synchrénne funkcie async print(f"Initiated makerandom({idx}).")
i = random.randint (0, 10)
4 H H while i <= threshold:
m Asynchrénne volanie funkcii print (f"makerandon ({idx}) == {i} too low; retrying.")
await time.sleep(idx + 1)

i = random.randint (0, 10)
print (£"---> Finished: makerandom({idx}) == {i}")
return i

async def main():
for i in range(3):
await makerandom(i, 10 - i - 1)

if __name__ == "__main__":
random. seed (444)
t = time.time()
asyncio.run(main())
print(£"\nTime elapsed:{time.time()-t}")
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Priklad — asynchronna verzia pokus 1

vypis

import asyncio

async def makerandom(idx: int, threshold: int = 6) -> int:

print(f"Initiated makerandom({idx}).")

i = random.randint(0, 10)

while i <= threshold:
print (f"makerandom({idx}) == {i} too low; retrying.")
time.sleep(idx + 1)
i = random.randint(0, 10)

print (f"---> Finished: makerandom({idx}) == {i}")

return i

async def main():
for i in range(3):
await makerandom(i, 10 - i - 1)

if __name__ == "__main__":
random.seed (444)
t = time.time()
asyncio.run(main())
print (£"\nTime elapsed:{time.time()-t}")

Initiated makerandom(0).
makerandom (0)

makerandom(0) 4 too low; retrying.
makerandom(0) 0 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) 7 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(0) 8 too low; retrying.

---> Finished: makerandom(0) == 10
Initiated makerandom(1).
makerandom(1)

makerandom (1) 8 too low; retrying.
makerandom (1) 4 too low; retrying.
makerandom(1) 7 too low; retrying.
makerandom (1) 1 too low; retrying.

makerandom(1)
---> Finished: makerandom(1) ==
Initiated makerandom(2).

makerandom(2) == 3 too low; retrying.

---> Finished: makerandom(2) ==

Time elapsed:23.004246950149536

4 too low; retrying.

7 too low; retrying.

6 too low; retrying.
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Priklad — asynchronna verzia pokus 1

zhodnotenie

Preco to nefunguje?

Na vysledky koprogramov c¢akame sériovo v cykle!
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Priklad — asynchréonna verzia pokus 2

import asyncio

async def makerandom(idx: int, threshold: int = 6) -> int:
print (f"Initiated makerandom({idx}).")
i = random.randint(0, 10)
while i <= threshold:
print (f"makerandom({idx})
time.sleep(idx + 1)
i = random.randint(0, 10)
print(f"---> Finished: makerandom({idx}) == {i}")
return i

{i} too low; retrying.")

async def main():
async with asyncio.TaskGroup() as tg:
for i in range(3):
tg.create_task(makerandom(i, 10 - i - 1))

if __name__ e -
random.seed (444)
t = time.time()
asyncio.run(main())
print(£"\nTime elapsed:{time.time()-t}")

Initiated makerandom(0) .

makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.
makerandom(0) too low; retrying.

---> Finished: makerandom(0) == 10
Initiated makerandom(1).
makerandom(1) == 7 too low; retrying.

makerandom (1) 8 too low; retrying.
makerandom (1) 4 too low; retrying.
makerandom(1) 7 too low; retrying.
makerandom (1) 1 too low; retrying.

makerandom(1) == 6 too low; retrying.
---> Finished: makerandom(1) ==
Initiated makerandom(2).
makerandom(2) == 3 too low; retrying.
---> Finished: makerandom(2) ==

Time elapsed:23.00744891166687
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Priklad — asynchréonna verzia pokus 2

zhodnotenie

V koprograme makerandom() je blokujice volanie time.sleep().

Dosledok:
m Jediné vlakno procesu je zablokované.
m Sluéka udalosti nedostane riadenie.

m Vo funkcii makerandom() nie je await — nemoze byt pozastavena.

35/55



Priklad — asynchrénna verzia pokus 3

import asyncio

async def makerandom(idx: int, threshold: int = 6) -> int:
print (f"Initiated makerandom({idx}).")
i = random.randint(0, 10)
while i <= threshold:
print (f"makerandom({idx})
await asyncio.sleep(idx + 1)
i = random.randint(0, 10)
print(f"---> Finished: makerandom({idx}) == {i}")
return i

{i} too low; retrying.")

async def main():
async with asyncio.TaskGroup() as tg:
for i in range(3):
tg.create_task(makerandom(i, 10 - i - 1))

if __name__ e -
random.seed (444)
t = time.time()
asyncio.run(main())
print(£"\nTime elapsed:{time.time()-t}")

Initiated makerandom(0) .

makerandom(0) == 4 too low; retrying.
Initiated makerandom(1).

makerandom(1) == 4 too low; retrying.
Initiated makerandom(2).

makerandom(2) == 0 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom (1) 7 too low; retrying.
makerandom(0) 4 too low; retrying.
makerandom(2) 4 too low; retrying.

makerandom(0) == 8 too low; retrying.
---> Finished: makerandom(1) == 10

makerandom(0) 7 too low; retrying.
makerandom (0) 8 too low; retrying.
makerandom(2) 4 too low; retrying.
makerandom(0) 7 too low; retrying.
makerandom(0) 1 too low; retrying.
makerandom(0) 6 too low; retrying.
---> Finished: makerandom(2) ==

makerandom(0) == 3 too low; retrying.
makerandom(0) 9 too low; retrying.
makerandom(0) 7 too low; retrying.

---> Finished: makerandom(0) == 10
Time elapsed:12.060456275939941
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Poznamky k prikladu

m Priklad generovania nahodnych Cisel nie je velmi vhodny pre asyncio. ..
m |/O opericia je modelovand pomocou asyncio.sleep()!

m Rézne doby trvania |/O operécie si modelované pomocou argumentu
asyncio.sleep().
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Navrhové vzory async 1/0

Zretazenie koprogramov

Producenti-konzumenti
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Zretazenie koprogramo

ukazka

async def parti(n: int) -> str: parti(1) sleeping for 4 seconds.
i = random.randint (0, 10) part1(2) sleeping for 4 seconds.
print(f"part1({n}) sleeping for {i} seconds.") part1(3) sleeping for O seconds.
await asyncio.sleep(i) Returning part1(3) == '--> res3-1'.
result = £"--> res{n}-1" part2(3, '--> res3-1') sleeping for 4 seconds.
print (f"Returning parti({n}) == '{result}'.") Returning parti(1) == '--> resi-1'.
return result part2(1, '--> resi-1') sleeping for 7 seconds.
async def part2(n: int, arg: str) -> str: Returning part1(2) == '--> res2-1'.
i = random.randint(0, 10) part2(2, '--> res2-1') sleeping for 4 seconds.
print (f"part2{n, arg} sleeping for {i} seconds.") Returning part2(3, '--> res3-1') '-=> res3-1 -->
await asyncio.sleep(i) — res3-2'.
result = f"{arg} --> res{n}-2" **x Chained res3 => '--> res3-1 --> res3-2'.
print (f"Returning part2{n, arg} == '{result}'.") Returning part2(2, '--> res2-1') == '--> res2-1 -->
return result > res2-2'.
async def chain(n: int) -> None: *xk Chained res2 => '--> res2-1 --> res2-2'.
pl = await parti(n) Returning part2(1, '--> resi-1') '-=> resi-1 -->
p2 = await part2(n, p1) > resl-2'.
print (£"**x Chained res{n} => '{p2}'.") #%* Chained resl => '--> resi-1 --> resi-2'.

Program finished.
async def main(*args):
await asyncio.gather(x(chain(n) for n in args))

random.seed (444)
asyncio.run(main(1, 2, 3))
print (£"Program finished.")
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Zretazenie koprogramov

komentar

m Na priklade vidime, ze part2() sa zacne vykondvat az po ukonceni koprogramu
part1().
m Toto spravanie sme tu uz dnes raz mali. ..

m V onom pripade to bolo neziadiice spravanie, pretoze sme chceli koprogramy
vykondvat konkurentne.

m Niekedy vS§ak moze byt vykonavanie koprogramov od seba zavislé.
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Producenti-konzumenti

PK problém vyzaduje ,sklad" (front)

Pozor, aky front pouZijete!

m asyncio.Queue je na pouZitie v async/await kdde. Nie je zabezpeleny na
konkurentny pristup cez vlakna.

m queue.Queue je na pouzitie vo viacvldknovom prostredi

m multiprocessing.Queue je na pouzitie vo viacprocesovom prostredi.

m collections.deque je nizkolroviovy objekt, na ktorom sl vyssie fronty
zalozené (uzito¢né, ked chcete mat zoznam s O(1) zloZitostou na operéciu pop z oboch stran)
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https://docs.python.org/3/library/asyncio-queue.html#asyncio-queues

Producenti-konzumenti

m Serializaciu koprogramov pouzijeme, ked dopredu pozname retazec koprogramov
a tok dat medzi nimi.

m V pripade PK konzumenti nepoznaji ani pocet producentov, ani pocet poloziek,
ktoré treba spracovat.

m P ani K navzajom priamo nekomunikujd, iba sprostredkovane cez polozky fronty.
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Synchrénna verzia?

Synchrénna verzia rieSenia PK je nepouzitelna.
m Isty pocet producentov sériovo vklada polozky do frontu.

m Az ked vsetci producenti ukoncia vkladanie, m6zu zacat konzumenti vyberat
polozky z frontu a spractvat ich. Taktiez sériovo, polozku po polozke.

m Pri modeli PK moze byt problémom notifikacia konzumentov o tom, Ze uz ziadne
polozky do frontu nepribudni.

m Problémom je, aby konzumenti neostali navzdy Cakat v metdde q.get ().
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Asynchrénna verzia — rieSenie

Riesenie (hlavnej, koordinujicej dlohy):
Vytvor front
Vytvor tlohy producentov
Vytvor tlohy konzumentov
B Pockaj na dokoncenie producentov
Pockaj na vyprazdnenie frontu

@ Zrus dlohy konzumentov
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Riesenie v kode

async def produce(n: int, q: asyncio.Queue) -> None:
# Synchronous loop for each single producer
for _ in range(n):

item = await makeitem()
await q.put(item)

async def consume(q: asyncio.Queue) -> None:
while True:
item = await q.get()
await consume_item(item)
q.task_done()

async def main(nprod: int, ncon: int) -> None:
q = asyncio.Queue()
producers = [asyncio.create_task(produce(n, q)) for n in range(nprod)]
consumers = [asyncio.create_task(consume(n, q)) for n in range(ncon)]
await asyncio.gather (*producers)
await q.join() # Implicitly awaits consumers, too
for c in consumers:
c.cancel()

if __name__ == "__main__":

asyncio.run(main(s,_io))
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Slu¢ka udalosti

m Angl. event loop
m Predstavme si pre jednoduchost cyklus while True, ktory:
® monitoruje, ktoré dlohy st necinné,
m zistuje, ktord tloha méze byt vykonavana, kym ina sa stala neinnou
(pozastavenou) a
m obnovuje beh dlohy, pre ktor( je k dispozicii udalost, na ktort cakala.
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Slu¢ka udalosti

m Cely tento manazment ohfadom dloh sa d& v Pythone (od 3.7) urobit jedinym
riadkom: asyncio.run(main())

m Tento riadok je zodpovedny za to, zZe:

m sa ziska inStancia cyklu spracovania udalostf,
m Ulohy sa budd spastat, pokym nebudi oznacené ako ukoncené,
m a cyklus spracovania udalosti sa korektne ukonci.
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Ako spustit asynchrénny program

m Vzdy treba nejako zacat vykonavat program.

m Pri asynchrénnom programovani plati, ze vacsinou ddvame funkcii run() ako
parameter hlavni asynchrénnu funkciu, ktord podla potreby vola dalSie.

m V predoslej Casti sme uz ukazovali, ze asynchrénnu funkciu nevieme spustit
klasickym sp&sobom. ..
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Kedy zvolit multiprocessing, kedy threading a kedy asyncio?

m Ked méame dobre skalovatelnd dlohu na nezavislé spracovanie na jednotlivych
vypoctovych uzloch, a tieto uzly mame k dispozicii, jednoznacne multiprocessing.

m Ak mame vyvijat aplikaciu, ktord vela ¢asu travi spracovanim 1/O (sietova
komunikacia, praca s externymi pamatami, komunikacia s pouzivatefom),
jednoznacne asyncio.

m Ostatné modze byt threading.

49 /55



Konkurencia v Pythone

m Treba mat na pamati, Ze najtazsie sa ladia viacvlaknové aplikacie.

m Zvlast preto, lebo Casto nie je mozné zopakovat sled operacii tak, aby sa chyba
dala zreprodukovat — velkd miera ndhodnosti.

m AvSak asynchrénna aplikacia nie je zachranou a liekom na vsetko! V pripade tloh,

ktoré mélo interaguji s 1/O, moze byt vyslednd aplikacia nielen neprehladnd, ale
aj pomala.
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Iné moduly

Modul asyncio nie je jedinym, ktory v Pythone dokaze manazovat koprogramy.
m Trio
m AnylO

m Curio (v decembri 2025 ukonéeny vyvoj)

Zoznam asynchrénnych kniznic s réznym zameranim (siet, databazy, stbory).
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https://github.com/python-trio/trio
https://github.com/agronholm/anyio
https://github.com/dabeaz/curio
https://github.com/timofurrer/awesome-asyncio

Kratky, jasny a vystizny Gvod do korutin (2016):
https://pymotw.com/3/asyncio/coroutines.html

Vynikajlci prehlad vyvoja asynchrénneho programovania v Pythone po 3.5 (2016):
https://snarky.ca/how-the-heck-does-async-await-work-in-python-3-5/

Prednaska bola robend podla (2019): https://realpython.com/async-io-python/ (verzia
z méja 2025)

Naco je dobré Async I/O? Napriklad milién HTTP requestov za 9 mindt (2016):
https://pawelmhm.github.io/asyncio/python/aiohttp/2016/04/22/
asyncio-aiohttp.html

Pekne prehladny popis Async /0 (2015): https:
//yeray.dev/python/asyncio/asyncio-for-the-working-python-developer
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https://pymotw.com/3/asyncio/coroutines.html
https://snarky.ca/how-the-heck-does-async-await-work-in-python-3-5/
https://web.archive.org/web/20250503082605/https://realpython.com/async-io-python/
https://pawelmhm.github.io/asyncio/python/aiohttp/2016/04/22/asyncio-aiohttp.html
https://pawelmhm.github.io/asyncio/python/aiohttp/2016/04/22/asyncio-aiohttp.html
https://yeray.dev/python/asyncio/asyncio-for-the-working-python-developer
https://yeray.dev/python/asyncio/asyncio-for-the-working-python-developer

PEP 255 — jednoduché generitory (2001)

PEP 342 — koprogramy pomocou rozsirenych generatorov (2005)
PEP 380 — delegacia na podgenerator (2009)

PEP 3156 — modul asyncio (2012)

PEP 492 — koprogramy so syntaxou async a await (2015)

PEP 525 — asynchrénne generatory (2016)

PEP 530 — asynchrénny mnozinovy zépis (2016)
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https://peps.python.org/pep-0255/
https://peps.python.org/pep-0342/
https://peps.python.org/pep-0380/
https://peps.python.org/pep-3156/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0525/
https://peps.python.org/pep-0530/

Opakovanie

Definujte konkurenciu a paralelizmus.
Zapis nativneho koprogramu v Pythone (async def).
Zavolanie asynchrénnej tlohy (await).

Spustenie koprogramu (asyncio.run()).
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To je vsetko!

Dakujem za pozornost.

Po skuste vyplnte evaluaciu!
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