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CPU bound vs I/O bound



CPU bound
The time it takes to complete a task is determined by the speed of the 
CPU.
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I/O Bound
The time it takes to complete a task is determined by the period spent 
waiting for input/output.
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🐍 Examples



Concurrency vs Parallelism



Concurrency
The ability of a system to handle multiple tasks at once, making 
progress on them by switching between them.
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Parallelism
The ability of the system to execute multiple tasks truly 
simultaneously.
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🐍 Examples



Concurrency Parallelism
Async/Await Processes



Concurrency Parallelism
Async/Await Processes
• Can only context switch on await


• No good for CPU Bound

• Uses more memory


• Not easy to share results between 
processes



Threads? 🧵



Concurrency Parallelism
Async/Await

Threads

Processes



Why?!?



Global Interpreter Lock (GIL)
Is a mechanism in CPython that ensures only one thread executes 
Python bytecode at a time.



Single-threaded Performance
Without the GIL reference counting* becomes hard

*Python's method of managing memory



Reference Counting
my_lst = ["hello"]     # ref cnt of ["hello"] == 1 
other_lst = my_lst     # ref cnt of ["hello"] == 2 
del other_lst          # ref cnt of ["hello"] == 1  



Race Conditions



Thread 1 Thread 2 Integer Value

0

read value 📖 0

read value 📖 0

increase value 0

increase value 0

write value ✍ 1

write value ✍ 1

Race condition with cnt+=1



Locks
import threading 

lock = threading.Lock() 
with lock: 
    x += 1



1996 Greg Stein’s Free-Threading Patch 
2008 Adam Olsen's python-safethread 
2016 Larry Hastings' Gilectomy 
2016 Trent Nelson's PyParallel 
+ Jython, IronPython, PyPy: STM



Sam Gross' nogil



Sam Gross' nogil free-threaded Python



Biased locks + Immortalization + Deferred locks
https://peps.python.org/pep-0703/
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Free-threaded Python



🐍 Example



Phase 1
Free-threaded Python build experimental (3.13t)



Phase 2
Free-threaded Python build officially supported (3.14t)



Phase 3
Free-threaded Python the default (3.??)



https://py-free-threading.github.io/tracking/

https://hugovk.github.io/free-threaded-wheels/



Questions?
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