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Advanced Celery Tricks
How we adapted and extended Celery to fit our data pipeline
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A bit about Singular



A bit about Singular

….. 
In-App Events

BI Data



Agenda

• Celery 101
– What is Celery?
– Quick start
– General Architechure
– Workflows

• Integration and Challenges in Singular
– Our use case
– Challenges we had and how we solved them
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Celery 101



Celery - Distributed task management in Python



Celery - Architecture

sum

subtract

log

alert

Tasks Broker

arithmetic

monitoring

Queue

Queue

Workers Result Backend



Celery - Workflows

Chains sum(1,2) sum(3,3) sum(6,4)
Server A Server B Server C

Groups
sum(1,2)

sum(3,4)

Chords

sum(1,2)
sum_list([3,7,11])

sum(3,4)

sum(5,6)
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Our integration



Our data pipeline in high level
data integration processing combining

Reporting

API



Some numbers

• Tasks per day: ~1M.
• Task types: ~100.
• Queues: 44
• Workers: 130
• Task durations: ranging from 0.5 seconds to 20 hours
• Task memory: ranging from 100MB to 45GB



Our use case is a bit different

The common use case
• A lot of small tasks

– Event processing
– Web tasks offloading

• Code deploys will typically 
involve worker restarts

• Workflows are usually 
simple.

Our use case
• Great variation in duration

– Tasks can take hours
– Restarting workers often is 

problematic
• Unpredictability

– We depend on third parties
– Tasks can fail / hang / etc

• A lot of dependencies between tasks.



Challenges
1. Updating Code
2. Customizations
3. Chords at scale
4. Brutally killed workers
5. Prefetching behaviour



Updating code

Celery Worker

Main Process

Worker 
Process #1

Worker 
Process #2

Worker 
Process #3

● Tasks in Celery by default run in processes forked from a main 
process.

● All the main celery files are imported in the main process.

imported modules:
tasks.py
celeryconfig.py
(django?)

Updating Code

Customizations

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Updating code

• We moved the implementation of all the tasks to an “inner” module that is 
imported only when the task actually runs:

tasks.py (master) tasks_inner.py (slave)

• We defined:
– worker_max_tasks_per_child=1

• We stopped using a django backend.

Updating Code

Customizations

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Customizations - Serialization

• Task calls and results must be serialized in various stages:

• Celery supports multiple serialization methods:
– json (default since Celery 3.2)
– pickle (default up to Celery 3.1)
– msgpack
– yaml

• pickle is the most flexible
– … but insecure.

task broker
serialize deserialize

worker
serialize

Backend

Customizations

Updating Code

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Customizations - Serialization

AlmightyJSON

● Custom JSON encoder / decoder that supports:
○ Sets
○ Date / Datetime objects
○ Exceptions
○ Django Models

Customizations

Updating Code

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Customizations - Result Backend

• We wanted to have more information in our result backend:
– Task name
– args + kwargs
– Custom information:

• Customer
• Ad Network
• Scrape ID

• We created a custom database table that contains all the fields we 
need.

Customizations

Updating Code

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Customizations - Result Backend
Implementation

Configuration

Customizations

Updating Code

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Customizations - Base Task

• You can have all your tasks implement a base task

• We used that to add logging/monitoring capabilities to all our tasks:
– DataDog - time & memory performance
– Sentry - task exceptions
– ELK - additonal logging parameters

Customizations

Updating Code

Chords at Scale

Brutally Killed Workers

Prefetching Logic



Chords at scale

• When we started using chords heavily we saw they turned out to be 
really inefficient :(

• We started with a worker that runs 20 processes and around 10-12 
would actually run in parallel.

dep 1

callbackdep 2

dep 3

Chords at scale

Updating Code

Brutally Killed Workers

Prefetching Logic

Customizations



Chords at scale

Chords at scale

Updating Code

Brutally Killed Workers

Prefetching Logic

Customizations



Chords at scale

• The depending tasks are polled every second by a task called 
“chord_unlock”

• Problematic for long tasks!

Chords at scale

Updating Code

Brutally Killed Workers

Prefetching Logic

Customizations



chord #17:    2 chord #17:    3 

Chords at scale

• But, turns out something else happens when using a Redis backend
• Instead of chord_unlock, a simple counter is used:

Task 1 Task 2 Task 3

chord #17:    0 

Task 1 Task 2 Task 3
chord #17:    1 

1/3 2/33/3

Callback

Chords at scale

Updating Code

Brutally Killed Workers

Prefetching Logic

Customizations



Identifying brutally killed tasks

• Workers might be killed brutally.
• A common reason for this can be the OOM Killer.
• Celery can handle this well when a child dies

– The master process is notified and marks the failure.
• More problematic when a main process dies

– You can reduce the chances of that by using Early OOM
– It may also help to adjust the OOM scores:

Brutally Killed Workers

Updating Code

Prefetching Logic

Customizations

Chords at scale



Prefetching is not always good

• Celery workers by default prefetch as many tasks as they can
– Good performance for environments with lots of small tasks.
– Can cause major delays when you have long / inconsistent tasks!

Prefetching Logic

Updating Code

Customizations

Chords at scale

Brutally Killed Workers

• Can be avoided with configuration:
– -Ofair

• Guarantees child processes will only be allocated tasks when they are actually 
available.

– prefetch_multiplier=1
• Guarantees parent processes will prefetch as little as possible.



Questions?


