
Cocoa overview



Cosmology always merges data sets

● CPIP obsession in this PIT: allow anyone to 
reproduce this plot (and to generalized to ANY 
smooth dark energy model) in < 1hr including EFT 
(MPS, IA, bias…)
○ Second goal: to hang out with you guys!

■ Third goal: to drink your coffee!



CosmoMC

● We can emulate any data vector 

● 3x2pt, 6x2pt, CMB, BAO, SN, cluster 

lensing? Not a problem!

● Trans Learning: faster changes in settings

● Can emulate just CAMB outputs as well if 

cosmolike runtime not an issue for you

CosmoLike

Machine Learning based emulators 

Cocoa - Cobaya-CosmoLike Architecture



Cobaya

Cobaya: Extensively used by CMB, BAO, SN community

● Reimplementation of CosmoMC in 

Python 3

● Choose either CAMB or CLASS (or 

emulators develop by us for Cls & MPS)

● Convenient Yaml files for configuration 

(or even python files)

● Efficient inclusion of ext datasets

● Samplers: MH and Polychord

Cocoa - Cobaya-CosmoLike Architecture



CosmoMC

CosmoLike: Focus on LSS modeling, systematics, covs
● Works with Class

● Awesome systematic modeling

● Used in DES-Y1, DESC SRD, Roman 

forecasting 

● Text ini Files for configuration

● Limited External Data

● Samplers: Emcee and Multinest

CosmoLike

Cocoa - Cobaya-CosmoLike Architecture



Cobaya
ML

Cosmolik
e Tension Monsters

Cocoa - Cobaya-CosmoLike Architecture



Cocoa = interfacing Cosmolike and Cobaya

Works with MacOS! Fast evaluation + Easy to use

Hybrid MPI/OpenMP - walkers on steroids

Total Evaluation - Boltzmann + Cosmolike (M2Pro)

(Roman w0wa  3x2pt w/ complex syst modeling - NLA)

● 1 OpenMP cores ~4 s (CAMB) + 1.85s (Cosmolike)

● 4 OpenMP cores ~1s (CAMB) + 0.52s (Cosmolike)

● 8 OpenMP cores ~0.6 s (CAMB)+ 0.31s (Cosmolike)

Total cores for a single chain: ~12-32 cores

Reasonably easy to adapt to LCDM extensions

Cocoa - Cobaya-CosmoLike Architecture



Our Jupyter Notebooks are getting better

Plot from 
CoCoA, which 
provides great 

Jupyter 
Notebook 
support for 
Cosmolike



You have total control of the packages

Cocoa does more than 
merge Cobaya and 

Cosmolike. It provides 
an encapsulated 
interface to install 

packages, data, and 
likelihoods compatible 

with Cobaya.



ML learning integration w/ Cobaya is awesome!

Emulators act as 
theory blocks (like 
CAMB or CLASS)



Documentation on Github

Cosmolike/cocoa

Includes installation steps + 
Docker image if Conda not 

available (ask us if you have 
any questions)

Cocoa - 
Cobaya-CosmoLike 

Architecture

https://github.com/CosmoLike/cocoa


Let’s dig into Cobaya (This structure is not our fault!)
● Cobaya requires a very specific file 

structure 

● Integrating complex analyses of 
correlated external probes is 
challenging

● Many choices downstream are driven 
by the mandated Cobaya file structure

● Cocoa “Projects” have their own repo 
(see next slide)

● We use symlinks to map data and 
code from specific projects into the 
right places required by cobaya



Cocoa - Cobaya-CosmoLike Architecture

 CosmoLike routines: in another git repo 
(cocoa_cosmolike_core). After installation it 
is located at external_modules

 Tested against the DES-Y3 cosmolike, which 
was tested against cosmosis 

 Does not have all features: e.g. To, Krause 
6x2+N routines, and 10x2 Fang et al 23 
routines, many other devs as well

 Nevertheless it’s is one of our most current 
versions for 3x2 data analysis and our goal 
should be to use that for Roman forecasts as 
well (we used on DC1!)



Let’s dig into Cobaya (This structure is not our fault!)

Sampler interface, 
Theory interface, 

Likelihood Interface

External code (libraries) 
and data (files) the 
interfaces link to

Polychord interface,
Camb interface,
Planck interface 

ExamplesAbstract Description

Planck Data, DES Data
Planck code, cosmolike 
library, but also sampler 
code like polychord etc

Specific to cosmolike 
projects. All the details of 

any given project 
(datasets, covariances, 

yaml files, etc)

DES Y3 analyses, LSST 
and Roman forecasts, 
several LSSxCMB, etc 
whatever project you 

want.



Emulator: collection of surrogate models
● Aim: to run CMB + BAO + SN (Roman) + Weak 

Lensing (Roman in real and Fourier Space).

● Implemented within Cocoa

● (https://github.com/CosmoLike/cocoa)

● Emulators is actually a collection of emulators

○ CMB: TT, TE, EE, PhiPhi (4 Emulator)

○ Matter Power Spectrum (1 Emulator)

○ Distance and H(z) (2 Emulators)

○ R_drag (1 Emulator): necessary for BAO

○ Theta* -> H0 mapping (1 Emulator): imp for 
CMB sampling.

https://github.com/CosmoLike/cocoa


Emulator: how well are they tested?

● Extensive testing on this series of papers

○ The main metric is delta chi2

○ What we aim? >90% of testing points 
with delta chi2 < 0.2.

○ delta chi2 < 0.2 guarantees no biases 
on Bayesian and Frequentist metrics

○ Expensive to train to reach such 
precision. We only train once per 
model.

○ Once trained: MCMC converge in 
O(10 mins)



Want to design a new model? No problem

ULA DE



Next stage of CPIP Emulator pipeline dev: Transfer Learning

● Low acc to High acc
● Swap Recombination or

Nonlinear
● Extended Parameters
● Jump to other observables?

Tested on high acc cosmic shear set

Preliminary test: Freezing 2 early layers, 
only 1k high acc data needed to transfer 
learn from low acc emulator



What is Google Colab?
● Google educational service that 

provides TPU (tensor processing 
unit) and GPU (nvidia A100) 
access to anyone with a google 
account.

● Free and Paid Tiers (difficult to get 
the A100 on the free tier). Plans 
start at 10 and 50 dollars

● Users can purchase additional 
credit units

● E.g., with the use of Emulators, we 
can provide pipeline examples on 
how to reproduce some of results 
at multiple levels in the analysis



What is Google Colab?
● Idea is for the PIT to create 

repositories like this one

● What about CPUs? Every 
notebook has 2 CPUs. So for this 
to work we need computation on 
GPU (e.g., emulators)

● 24 hour limit computation on paid 
tiers. With the 50 dollar / month 
account, there is background 
execution

● However we can save checkpoints 
on Google drive. https://github.com/CosmoLike/CoCoAGoogleColabExamples/tree/main

https://github.com/CosmoLike/CoCoAGoogleColabExamples/tree/main


Notebook Example (Sampler Comparison)
● https://colab.research.google.com/github/SBU-COSMOLIK

E/CoCoAGoogleColabExamples/blob/main/Cocoa_Exampl
e_(Sampler_Comparison).ipynb

● I used this Collab to 
generate this plot on the 
equivalence of multiple 
samplers

https://colab.research.google.com/github/SBU-COSMOLIKE/CoCoAGoogleColabExamples/blob/main/Cocoa_Example_(Sampler_Comparison).ipynb
https://colab.research.google.com/github/SBU-COSMOLIKE/CoCoAGoogleColabExamples/blob/main/Cocoa_Example_(Sampler_Comparison).ipynb
https://colab.research.google.com/github/SBU-COSMOLIKE/CoCoAGoogleColabExamples/blob/main/Cocoa_Example_(Sampler_Comparison).ipynb

