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Overview

• What are emulators?

• Why do we want to emulate?

• Application to Neutron Stars
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What are emulators?
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• Ansatz: Video game emulation



Alternative

• Use emulators to play the game instead
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What Happened

• Took the true thing (SNES)

• Created a program (or model) which needs input (game file)

• Provided input then outputs (emulates) playing the real game

• Provides much easier method of playing than using the real thing

• With less input, can still get desired result
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Back to Physics
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These methods can 
be data hungry

Opportunity for high 
performance computing to shine
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One Application: Neutron Stars
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Math

• Structure is governed by GR

• Tolman-Oppenheimer-Volkoff equations

• Provide an equation of state → solve on a grid
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𝑑𝑀𝑑𝑟 = 4𝜋𝜌𝑟2
• Define some step size and central pressure 

(density)

• Integrate outward until P=0
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More Math

• Often also want to solve for Tidal 

Deformability

• Constrained from GWs

• Describes quadrupole gravitational 

radiation

• Important for nuclear structure due to 

large R dependence
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Λ = 23 𝑘2 𝑅𝑐2𝐺𝑀 5
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1) Find good reduced coordinates

2) Find equations for them

Reducing your model in two easy steps:

How it works
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1) Find good reduced coordinates

2) Find equations for them

Reducing your model in two easy steps:

How it works

Principal Component
Analysis

• Neural Network mapping

• Gaussian Processes

• Galerkin Projection

• Black Box Techniques (ask me 

about this)
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1) Find good reduced coordinates

2) Find equations for them

Reducing your model in two easy steps:

How it works

Principal 
Component

Analysis

Ԧ𝑎 = Ԧ𝜆 𝛼 𝜆෡𝐻 𝛼  ෠𝜙 𝑥 = 𝜆 ෠𝜙(𝑥)



Finding Alphas

• Consider your data

• What are the inputs?

• Is there any preprocessing that can be done?

• How complex is the system?

• Are the models stochastic or smooth?
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Our Parameters

• Nuclear EOS

• 𝜌0, 𝐸𝐴 , 𝐾𝑠𝑎𝑡, 𝐽, 𝐿, 𝐾𝑠𝑦𝑚, 𝑐𝑠2 2𝜌0 , 𝑐𝑠2 3𝜌0 …
• Use a large sample (~100,000)

• Keep some for validation (~10%)
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Building the Emulator
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෠𝑅 𝑥 = 𝑅0 + ෍𝑘=1 𝑎𝑘𝑅(𝛼)𝑅𝑘(𝑥)
෡Λ 𝑥 = Λ0 + ෍𝑘=1 𝑎𝑘Λ(𝛼)Λ𝑘(𝑥) • Functions 

determined 

from SVD

• Stay fixed 

regardless of 

model 

parameters• Functions of model parameters

• Must be determined from data



How To Determine Coefficients
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• Neural Networks

• Gaussian Processes

• Galerkin Projection

• Black Box Techniques (ask me about 

this)

𝛼 → 𝑎𝑘



Does this Improve Things?
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Yes
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Watch on YouTube

https://www.youtube.com/watch?v=qiqjAcfijOk
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