Parameter Estimation
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Parameter Estimation

Fourier Space
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Configuration Space
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Bayesian inference

Bayesian theorem

Posterior
_ P(D,|6, M) P(B|M)
[ P(©|D,, M) = PO } N
| Likelihood
InL(D,|®) = % {(DO — Dgth)(e))T .C71. (D<> - D((jh)(@))]

Prior

EFisher4cast} Monte Carlo

EPosterior sampling (parameter estimation)
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Fisher Forecast
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Fisher Forecast

Fiducial Simulation
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Fisher Forecast
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Vs ion
E ﬂisadvantages of traditional Bayesian inference:
m

S Assuming a model to describe the likelihood function

- Inefficient for high dimensional data vector
N Inefficient for extracting constraint from nonlinear (non-Gaussian) scales
4 _ _ o ation
C-! In some cases, it depends on the analytical prediction of the data vector
S These are motivations for applying simulation-based or
Y free-likelihood inference methods \
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Overview of different approaches to simulation-based inference

Approximate Bayesian Computation Approximate Bayesian Computation Probabilistic Programming Probabilistic Programming
with Monte Carlo sampling with learned summary statistics with Monte Carlo sampling with Inference Compilation
D
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Cranmer, Kyle, Johann Brehmer, and Gilles Louppe. "The frontier of simulation-based inference." Proceedings of the National Academy of Sciences
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Starting point to SBI

Cosmic Microwave Background

Observing the
early universe

Planck Cosmic Microwave
Background European Space
Agency Herschel Space
Observatory Space Telescope

Dobs

Compute summary
statistic from
observation

Observation
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Starting point to SBI

The prior represents the state of belief on the parameters that will be inferred,
prior to any influence by the new observed data.

Uniform Multivariate Normal
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Starting point to SBI

Simulation 1
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Approximate Bayesian Computation (ABC)
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Approximate Bayesian Computation (ABC)

Prior
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Approximate Bayesian Computation (ABC)

Posterior
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Approximate Bayesian Computation (ABC)
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Approximate Bayesian Computation (ABC)

( Posterior
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Neural Density Estimation

[ Neural Density Estimation
[ Neural Likelihood Estimation J Neural Posterior Estimation Neural Ratio Estimation
(Amortized) (Sequential) Amortized | | Sequential Amortized | | Sequential

NPE NRE
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Neural Density Estimation

Amortized likelihood Amortized posterior \ Amortized likelihood ratio
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Neural Posterior Estimation(NPE)

ﬂeural density estimator\
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Sequential Neural Posterior Estimation(SNPE)

ﬂeural density estimator\

Extracted
Data

Dy

Simulation

Proposal 1 Simulator : f

!_Optional active learning(sequential)

Evaluate Approximate
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Sequential Neural Posterior Estimation(SNPE)

Proposal

Posterior sample

-l
LA

ﬁeural density estimator\

Approximate
Posterior

In this approach, a smaller number of simulations are needed for more accurate inference,
but the inference will no longer be amortized.
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Neural Likelihood Estimation(NLE)

Posterior sample

ﬂeural density estimator\

Extracted
Simulation Data

Dy
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Embedding Network

ﬂeural density estimator\
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Data

Dy

Simulation

Proposal 1 Simulator : f

. /

Evaluate Approximate
Posterior

Posterior sample '
_ Posterior

Observation )

August 1, 2024 23/28



Embedding Network
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Convolutional Neural Network(CNN)
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Preliminary results
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500 realizations of Quijote simulation
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Some of my activities

1. Revision of the first paper: it was finally published in ApJ

2. Submitting the second paper to MNRAS journal : We are currently reviewing the
article and replying to the referee

3. Submitting and presenting a paper on weighted morphology in Isfahan
Computational Physics Conference

4. Holding a simulation-based inference workshop on the sidelines of the Isfahan
Conference

5. Thesis writing: Progress ~ 70 %
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Future works

1. Completing the thesis writing
2. Preparing to dissertation defense

3. Developing the simulation-based approach to obtain results from galaxy catalogs
and real data

4. writing a paper for Pakistan Conference
5. Completing the results related to Cosmic anisotropy (dipole)
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Thank you for your attention!
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