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Spin Models




e Materials
e Biological cells
e Machine learning

e Combinatorial problems

Spin Models



Spin Models: Ising model 4


https://docs.google.com/file/d/1XLZgClUXA8EgNFflmfKS1Zx4LmHKBcNT/preview

Monte Carlo simulation




Metropolis-Hastings algorithm

e Select random spin o;

e Flipitsvalue o; — —0o;

e Calculate energy difference AFE
e |If AE <0, accepts the flip

e Else accepts the flip with probability p = e_AE/kBT
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Differentiable Monte Carlo




Differentiable Monte Carlo

e Select random spin o;

e Flip its value 0'; = —0;

e Calculate energy difference AFE

e Calculate the probability of flip P = e AE/kpT
e Calculate the weight ¢ = (1 + e_a(p_r))_l

e Change the spinvalueto 0; < qa;- + (1 — q)o;

e Optimize or discretize the spin values
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Differentiable Monte Carlo
e Select random spin o; P ]
e Flipits value o, = —0; e :
e Calculate energy difference AFE

e Calculate the probability of fip p = e~ ~F/kBT

e Calculate the weight ¢ = (1 + e_a(p_r))_l
e Change thespinvalueto 0; < qa,:- -+ (1 — q)oi

e Optimize or discretize the spin values

Differentiable Monte Carlo
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Finding the state with lowest energy
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Optimizing spins



Finding the state with lowest energy

ferromagnetic Ising

Optimizing spins
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Finding the state with lowest energy
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Optimizing spins



State preparation

Optimizing exchange parameters



State preparation

Optimizing exchange parameters



State preparation

Target Training

Optimizing exchange parameters


https://docs.google.com/file/d/1ZiCVkE_P4943YJMda-dNeMV-Jy2a6Ug-/preview

State preparation
Simulation

Optimizing exchange parameters


https://docs.google.com/file/d/1F4p2-v3n-Eq5nhAtkYWPZyJzC33KiPp3/preview

Conclusions and future scope
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e \We presented Differentiable Monte Carlo, a method that can optimize spins
or exchange parameters with Monte Carlo simulation;

e \We applied DMC to optimize spins values in order to get the state of lowest
energy;

e \We applied DMC to optimize the exchange parameters in order for the spins
to reach a specific distribution;

Future scope



e \We presented Differentiable Monte Carlo, a method that can optimize spins
or exchange parameters with Monte Carlo simulation;

e \We applied DMC to optimize spins values in order to get the state of lowest
energy;

e \We applied DMC to optimize the exchange parameters in order for the spins
to reach a specific distribution;

e Apply DMC to combinatorial problems: vehicle routing, travelling salesman,
etc;

e Apply DMC to machine learning: Boltzmann machine;

e Extend DMC to quantum spin models;

e Investigate material properties (e.g. topological materials) with DMC.

Future scope
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