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Agenda

● What is real-time feature engineering?

● How do I build a real-time feature pipeline?

● How do I achieve low latency?



● Features are properties that provide predictive power for machine learning models
● They are inputs for models during training
● They are inputs for models during inference
● They can be projected from data or computed, e.g. aggregations, vectors

What is feature engineering? 



Batch feature engineering



Batch feature engineering

Feature stores decouple 
feature engineering from models



Historical labelled data

Transactions



Historical labelled data

Transactions and profiles



● Total transaction amount in the last month
● Total transaction amount per day of the week
● Average transaction amount per week
● Average spend per transaction category in the last month
● Count of transactions made outside of city of residence
● Count of transactions made in the past 24 hours

Features that could be computed



Real-time feature engineering



Real-time feature engineering (is challenging)



Real-time feature engineering (is easier these days)





● Use an online feature store for consistency and fast retrieval, e.g. Hopsworks
● Use a streaming message broker, e.g. Kafka, Redpanda, Pulsar
● Use stream processing for feature engineering, e.g. Spark, Flink, Quix Streams

Enabling low latency through technology choices

Choose streaming data



● Sequential I/O
● Zero copy principle

Why is Kafka fast?



● Records have order guarantees
● Kafka is an append-only log
● Stored data is organised as 

contiguous blocks of memory
● Modern drives and SSDs are 

optimised for sequential I/O rather 
than random I/O

● Contrast that with databases that 
are optimised for random access

Sequential I/O

Image credit: Jack Vanlightly 
https://jack-vanlightly.com/blog/2023/5/9/is-sequential-io-dead-in-the-era-of-the-nvme-drive

https://jack-vanlightly.com/blog/2023/5/9/is-sequential-io-dead-in-the-era-of-the-nvme-drive


Zero copy principle

Image credit: Stanislav Kozlovski 
https://2minutestreaming.beehiiv.com/p/apache-kafka-zero-copy-operating-system-optimization

● Refers to the copying of data 
between kernel and application 
representations

● Does not mean making zero copies; 
actually means minimising number 
of copies

● Consumers read topic data directly 
from the log file using direct 
memory access DMA

● Doesnʼt apply when 
encryption/SSL/TLS is used

https://2minutestreaming.beehiiv.com/p/apache-kafka-zero-copy-operating-system-optimization


Streaming DataFrames



Stateful operations



Stateful window operations



Quix Cloud and Quix Edge



Thank you!

github.com/quixio/quix-streams quix.io/slack-invite

linkedin.com/in/tunshwe

https://github.com/quixio/quix-streams
https://quix.io/slack-invite
http://linkedin.com/in/tunshwe

