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Machine learning and scalable 
analysis of light curves
Lessons I've learned and open questions I have



Light-Curve Infrastructure and ML Stories

• Data storage for bulk light curve analysis.


• Light curve feature extraction.


• Active anomaly detection.


• Classification


Lessons learnt from SNAD, ELAsTiCC, LINCC Frameworks teams and others.



SNAD
Collaboration for light-curve anomaly detection, https://snad.space

SNAD 2024 Workshop in Rio de Janeiro

https://snad.space


LINCC Frameworks
Team working on software for large survey users

LINCC Up 2023, Pittsburgh



Case: Zwicky Transient Facility DR3
KM+20
• Three fields of ZTF DR3


• ~2×10⁶ objects total 

• Four outlier detection algorithms


• 89/227 anomaly candidates


- Six (5/6 are new!) SN Ia candidates 

- RS CVn (confirmed by our spectra)


- Mira binary candidate


• 188/277 bogus light curves


- Double star defocusing


- Bright Mira "echos"


- Asteroid overlap


- Bad columns, satellites, spikes, ghosts, etc
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Billion Light-Curve Dataset
For me the challenge started with DR1 in 2019

• ZTF DR1, May 2019


I was trying to get the whole dataset over API.


1.7 billion light curves, 59 billion sources.


In 16 threads


Wikipedia: "In computing, a denial-of-service attack 
(DoS attack /dɒs/ doss[1]) is a cyberattack in which the 
perpetrator seeks to make a machine or network 
resource unavailable".


The bulk downloadable textual files (custom format) 
were released later. 2.2 TB (0.5 TB compressed).

https://en.wikipedia.org/wiki/Computing
https://en.wikipedia.org/wiki/Help:IPA/English
https://en.wikipedia.org/wiki/Help:Pronunciation_respelling_key
https://en.wikipedia.org/wiki/Cyberattack


Lesson: do DoS science APIs



Lesson: do DoS science APIs 
Lesson: do not DoS science APIs 
Lesson: release catalogs in a bulk-
analyzable format 



Storage Problems
How do we even count objects?

1. Python parser


2. Classical astronomical DBMS approach: PostgreSQL


SELECT count(*) FROM ztf;

3. Columnar database: Clickhouse


Data is encoded and compressed, 1/4 of PostgreSQL size


SELECT src.mjd, src.mag, src.err FROM obj  
  JOIN src USING (objectid);

4. Nested columns
clickhouse.com

http://clickhouse.com


Nested Columns
Packing everything into a single table

List-columns efficiently handle time-domain data.



Lesson: use industry practices 
Lesson: columnar-based formats help with 
bulk-processing



Lesson: sometimes you need two systems 
with the same data for two use-cases 
[See the broker panel yesterday]



Moving Computations to a Client
Columnar storage formats

• ZTF DR5 was released in parquet, with nested list-
columns


Size per source is 1/3—1/4 of that for DR4


• Parquet is a binary columnar format


Encoding and compression


Partitioning 


Column selection is fast


• Could we use it to replace a database server?



HATS

• Catalog format based on Parquet and 
spatial partitioning.


• Parquet natively handles nested columns


Images


Light curves


Spectra


• [Time-travel to yesterday for Neven 
Caplar's talk for more details.]



nested-pandas and LSDB
Querying and running user-defined functions

See nested-pandas.rtfd.io and docs.lsdb.io SDSS spectra and ZTF light curves

http://nested-pandas.rtfd.io
http://docs.lsdb.io


LSDB performance
[Go back to yesterday again for Neven's talk!]

Low-res Lomb—Scargle, 1G ZTF LCs 
~90 minutes on 7 cluster nodes



Lesson: client-side computation enables 
new use-cases, e.g. cross-matching.



Lesson: client-side computation enables 
new use-cases, e.g. cross-matching. 

Lesson: but data locality is still useful.



Light-curve ML Stories



Light Curve ML: feature extraction
pip install light-curve

• Feature extraction is important for traditional ML and 
pre-filtering


• Existing Python libraries are slow for ~100M-1G catalogs


• SNAD developed light-curve to use in Rust


It was wrapped for Python


Up to 100× Feets performance


Can process the whole Rubin alert stream on a single 
node


Used by Antares, AMPEL and Fink (thank you!)


• Rust was adopted for Boom/Babamul

Benchmarks, smaller is better

Ferris the crab, 
Rust mascot



Lesson: it is OK to rewrite for a speed-up. 
[See Matthew Graham talk on Boom/
Babamul]



Lesson: it is OK to rewrite for a speed-up. 
[See Matthew Graham talk on Boom/
Babamul] 

Lesson: it is less scary with an AI agent.



Open question: personalized ML/AI?



Active Learning: expert in the loop
pip install coniferest

• Unsupervised anomaly detection frequently 
detects bogus events (Sánchez-Sáez+21, 
Pruzhinskaya+23, KM+20, ...)


• No stats definition for "anomaly"


• It would be useful to guide the 
machine over the feature space


• SNAD's coniferest package provides tooling 
for active anomaly detection.


• Used by Fink for personalized AD models Fink Anomaly Telegram Bot 
Provided by M. Pruzhinskaya
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Open question: what do we need 
classification for?



Is classification is really what we need?
Classification: question to ask

"We thus recommend the 
use of cosmology-based 
metrics in place of 
classification metrics when 
optimising analysis pipeline 
designs "



Classification: question to ask
What is the score for?

Top-5 classifications:


  grass         6.3%


  moss         4.1%


  forest        3.2%


  lawn          2.8%


  lichen        1.2%



Classification: question to ask
P(SN Ia | training data, observations)? ELAsTiCC examples

ELAsTiCC alert stream classification 
Zhou+, in prep.

Mean class prob 
for μ-lens

Ca-Rich SN classification

Trained on ELAsTiCC dataset 
Shah+25



Classification: question to ask
P(SN Ia | training data, observations)? ELAsTiCC examples

ELAsTiCC alert stream classification 
Zhou+, in prep.

Mean class prob 
for μ-lens

Ca-Rich SN classification

Trained on ELAsTiCC dataset 
Shah+25Franz+25, see Griffin Hosseinzadeh's talk on Tuesday



Thank you!

• LSDB: https://lsdb.io


• light-curve: https://github.com/light-curve/light-curve-python


• coniferest: https://coniferest.snad.space


• SNAD Viewer for ZTF DRs: https://ztf.snad.space

https://lsdb.io
https://github.com/light-curve/light-curve-python
https://coniferest.snad.space
https://ztf.snad.space

