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Introduction

Welcome to Parallel Loops in Python!

This book will show you how to run your Python loops in parallel, super fast.

There are two main approaches to executing loops in parallel in Python, they are:

• Thread-based concurrency using the threading module.
• Process-based concurrency using the multiprocessing module.

Let’s take a quick look at each in turn.

Thread-based Concurrency
Thread-based concurrency is suited to I/O-bound tasks, such as reading and writing files,
sockets, and interacting with devices like cameras.

Thread-based concurrency is not appropriate for CPU-bound tasks, such as calculating or
modeling. This is because of the Global Interpreter Lock that prevents more than one thread
from running at a time while the lock is held. The lock is not held in some cases, such as
while performing I/O.

We can develop loops that execute in parallel with thread-based concurrency using one of
three classes:

1. The Thread class.
2. The ThreadPool class.
3. The ThreadPoolExecutor class.

Process-based Concurrency
Process-based concurrency is ideally suited to CPU-bound tasks like calculating, parsing,
encoding, and modeling.

We can also use process-based concurrency for I/O-bound tasks, but it is not well suited.
The reason is that all data shared between processes must be pickled (serialized), which can
be slow. Also, we may be limited in the maximum number of processes that can be created.
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Introduction 2

We can develop loops that execute in parallel with process-based concurrency using one of
three classes:

1. The Process class.
2. The Pool class.
3. The ProcessPoolExecutor class.

Choosing Between Threads and Processes
If you would like to know more about how to choose between thread-based concurrency and
process-based concurrency, I recommend the guide:

• How to Choose the Right Python Concurrency API
https://SuperFastPython.com/python-concurrency-choose-api/

Source Code
This book provides a code example for each way to run loops in parallel.

You can use these code examples as templates in your own projects by replacing the body of
the target function with your own code.

You can copy-paste the code examples from this ebook directly.

The Python .py files were provided with this book in a src/ subdirectory.

You may also download the latest version of the code files from the public GitHub repository
here:

• Parallel Loops In Python on GitHub
https://github.com/SuperFastPython/ParallelLoopsInPython

Next, let’s look at the first example of a parallel for-loop in Python.
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Parallel Loop with the Thread Class

We can create a new thread for each iteration of the loop.

This can be achieved by creating a Thread object and setting the target argument to the
name of the function to execute and pass any arguments via the args argument.

We can create all the required threads first using a list comprehension. Once created, all of
the threads can be started at once by calling the start() method on each. Finally, we can
wait for all the threads to finish by joining each in turn with the join() method.

The example below demonstrates a parallel for-loop using the Thread class.
# SuperFastPython.com
# example of a parallel for loop with the Thread class
from threading import Thread

# execute a task
def task(value):

# add your work here...
# ...
# all done
print(f'.done {value}')

# protect the entry point
if __name__ == '__main__':

# create all tasks
threads = [Thread(target=task, args=(i,)) for i in range(20)]
# start all threads
for thread in threads:

thread.start()
# wait for all threads to complete
for thread in threads:

thread.join()
# report that all tasks are completed
print('Done')

This approach is effective for a small number of tasks that all need to be run at once.
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Parallel Loop with the Thread Class 4

It is less effective if we have many more tasks than we can support concurrently because all
of the tasks will run at the same time and could slow each other down.

It also does not allow results from tasks to be returned easily.

You can learn more about the Thread class in my free guide:

• Threading in Python: The Complete Guide
https://SuperFastPython.com/threading-in-python/
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Parallel Loop with the ThreadPool
Class

We can create a pool of worker threads that can be reused for many tasks.

This can be achieved using the ThreadPool class that will create one worker for each logical
CPU core in the system.

The ThreadPool class can be created using the context manager interface, which ensures
that it is closed and all workers are released once we are finished with it.

We can call the same function many times with different arguments using the map() method
on the ThreadPool class. Each call to the target function will be issued as a separate task.

The example below demonstrates a parallel for-loop with the ThreadPool class.
# SuperFastPython.com
# example of a parallel for loop with the ThreadPool class
from multiprocessing.pool import ThreadPool

# execute a task
def task(value):

# add your work here...
# ...
# return a result, if needed
return value

# protect the entry point
if __name__ == '__main__':

# create the pool with the default number of workers
with ThreadPool() as pool:

# issue one task for each call to the function
for result in pool.map(task, range(100)):

# handle the result
print(f'>got {result}')

# report that all tasks are completed
print('Done')
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Parallel Loop with the ThreadPool Class 6

This approach is very effective for executing tasks that involve calling the same function
many times with different arguments.

The ThreadPool class provides many variations of the map() function, such as lazy versions
and a version that allows multiple arguments to the task function.

You can learn more about the ThreadPool class in my free tutorial:

• ThreadPool in Python: The Complete Guide
https://SuperFastPython.com/threadpool-python/
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Parallel Loop with the
ThreadPoolExecutor Class

We can create a pool of worker threads using the ThreadPoolExecutor class with a modern
executor interface.

This allows tasks to be issued as one-off tasks via the submit() method, returning Future
object that provides a handle on the task. It also allows the same function to be called many
times with different arguments via the map() method.

The example below demonstrates parallel for-loops with the ThreadPoolExecutor class.
# SuperFastPython.com
# example of a parallel for loop with the ThreadPoolExecutor class
import concurrent.futures

# execute a task
def task(value):

# add your work here...
# return a result, if needed
return value

# protect the entry point
if __name__ == '__main__':

# create the pool with the default number of workers
with concurrent.futures.ThreadPoolExecutor() as exe:

# issue some tasks and collect futures
futures = [exe.submit(task, i) for i in range(50)]
# handle results as tasks are completed
for future in concurrent.futures.as_completed(futures):

print(f'>got {future.result}')
# issue one task for each call to the function
for result in exe.map(task, range(50)):

print(f'>got {result}')
# report that all tasks are completed
print('Done')
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Parallel Loop with the ThreadPoolExecutor Class 8

This is the preferred approach for modern parallel for-loops.

This approach is effective for issuing one-off tasks as well as calling the same function many
times with different arguments.

The ThreadPoolExecutor provides a modern approach for executing parallel for-loops in
Python.

You can learn more about the ThreadPoolExecutor class in my free guide:

• ThreadPoolExecutor in Python: The Complete Guide
https://SuperFastPython.com/threadpoolexecutor-in-python/
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Parallel Loop with the Process Class

We can create a new child process for each iteration of the loop.

This can be achieved by creating a Process object and setting the target argument to the
name of the function to execute and pass any arguments via the args argument.

We can create all the required processes first using a list comprehension. Once created, all of
the processes can be started at once by calling the start() method on each. Finally, we can
wait for all the processes to finish by joining each in turn with the join() method.

The example below demonstrates a parallel for-loop using the Process class.
# SuperFastPython.com
# example of a parallel for loop with the Process class
from multiprocessing import Process

# execute a task
def task(value):

# add your work here...
# ...
# all done
print(f'.done {value}', flush=True)

# protect the entry point
if __name__ == '__main__':

# create all tasks
processes = [Process(target=task, args=(i,)) for i in range(20)]
# start all processes
for process in processes:

process.start()
# wait for all processes to complete
for process in processes:

process.join()
# report that all tasks are completed
print('Done')

This approach is effective for a small number of tasks that all need to be run at once.
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Parallel Loop with the Process Class 10

It is less effective if we have many more tasks than we have CPU cores because all of the
tasks will run at the same time and slow each other down.

It also does not allow results from tasks to be returned easily.

You can learn more about the Process class in my free guide:

• Multiprocessing in Python: The Complete Guide
https://SuperFastPython.com/multiprocessing-in-python/
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Parallel Loop with the Pool Class

We can create a pool of worker processes that can be reused for many tasks.

This can be achieved using the Pool class that will create one worker for each logical CPU
core in the system.

The Pool class can be created using the context manager interface, which ensures that it is
closed and all workers are released once we are finished with it.

We can call the same function many times with different arguments using the map() method
on the Pool class. Each call to the target function will be issued as a separate task.

The example below demonstrates a parallel for-loop with the Pool class.
# SuperFastPython.com
# example of a parallel for loop with the Pool class
from multiprocessing import Pool

# execute a task
def task(value):

# add your work here...
# ...
# return a result, if needed
return value

# protect the entry point
if __name__ == '__main__':

# create the pool with the default number of workers
with Pool() as pool:

# issue one task for each call to the function
for result in pool.map(task, range(100)):

# handle the result
print(f'>got {result}')

# report that all tasks are completed
print('Done')

This approach is very effective for executing tasks that involve calling the same function
many times with different arguments.
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Parallel Loop with the Pool Class 12

The Pool class provides many variations of the map() function, such as lazy versions and a
version that allows multiple arguments to the task function.

You can learn more about the Pool class in my free guide:

• Multiprocessing Pool in Python: The Complete Guide
https://SuperFastPython.com/multiprocessing-pool-python/
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Parallel Loop with the
ProcessPoolExecutor Class

We can create a pool of worker processes using the ProcessPoolExecutor class with a
modern executor interface.

This allows tasks to be issued as one-off tasks via the submit() method, returning Future
object that provides a handle on the task. It also allows the same function to be called many
times with different arguments via the map() method.

The example below demonstrates parallel for-loops with the ProcessPoolExecutor class.
# SuperFastPython.com
# example of a parallel for loop with the ProcessPoolExecutor class
import concurrent.futures

# execute a task
def task(value):

# add your work here...
# return a result, if needed
return value

# protect the entry point
if __name__ == '__main__':

# create the pool with the default number of workers
with concurrent.futures.ProcessPoolExecutor() as exe:

# issue some tasks and collect futures
futures = [exe.submit(task, i) for i in range(50)]
# process results as tasks are completed
for future in concurrent.futures.as_completed(futures):

print(f'>got {future.result}')
# issue one task for each call to the function
for result in exe.map(task, range(50)):

print(f'>got {result}')
# report that all tasks are completed
print('Done')
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Parallel Loop with the ProcessPoolExecutor Class 14

This is the preferred approach for modern parallel for-loops.

This approach is effective for issuing one-off tasks as well as calling the same function many
times with different arguments.

The ProcessPoolExecutor provides a modern approach for executing parallel for-loops in
Python.

You can learn more about the ProcessPoolExecutor class in my free guide:

• ProcessPoolExecutor in Python: The Complete Guide
https://SuperFastPython.com/processpoolexecutor-in-python/
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Thank-You

Thank you for letting me help you develop parallel loops in Python.

If you ever have any questions about this guide or Python concurrency in general, please
reach out.

You can contact me directly here:

• Super Fast Python Contact Page
https://SuperFastPython.com/contact/

Kind Regards,

Jason Brownlee
SuperFastPython.com
Making python developers awesome at concurrency
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