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Current Approaches

• Tensor Network Methods
• Restrict the form of the wavefunction while preserving its “essential” features to focus on a 

specific corner of Hilbert Space.
• Examples: MPS (very successful in 1D), PEPs (usually done only on 2d lattices

• Drawback:
• Does not generally work well on systems defined on irregular graphs.

• Monte Carlo Methods
• Sampling based approach that can work with non-sparse wave functions

• Examples: path integral, projector, variational
• Drawback:

• Biased estimators and the sign problem
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Monte Carlo Approach
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Restricted Boltzmann Machine
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Carleo & Troyer, 2016, 
https://science.sciencemag.
org/content/355/6325/602.
abstract
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Current Status and Why?

Testing on Transverse Field 3-regular 3-XORSAT Hamiltonian:
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Preliminary Results

After training, we take 107 samples from the RBM and plot 
the 95% confidence interval for the hidden unit to visible 
unit density (m/n) versus the Error and Variance

• We can see here that as we increase the ratio m/n, we obtain smaller Relative Error and 
Variance.

• There does, however, appear to be a saturation that requires further investigation.
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Future Work

• We see this project as in the beginning stages with much room for exploration 
such as: 
• Comparing the complexity of this XORSAT approach to other approaches
• Benchmarking different Hamiltonians along with different system and parameter sizes
• Identifying “bottlenecks” in training the networks (complex energy landscapes, unusual 

probability distributions, etc.)
• Constructing the networks in different ways, i.e. more layers, convolutional layers, recurrent 

neural nets, etc.
• Studying systems unsuitable for tensor methods
• Studying systems that suffer from the sign problem
• Time evolution as opposed to a ground state search
• Comparing performance to quantum algorithms for the same problem



This work was supported by the Laboratory Directed Research and Development Program. Sandia National Laboratories 
is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a 
wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-NA0003525.  Unlimited Release SAND 21-XXXX

Neural Network Quantum Simulation

Fall 2021 LDRD Virtual Poster Session
Authors:  Conor Smith, Tameem Albash UNM, Dept of Electrical & Computer Engineering, Andrew 
Baczewski

References

• Solving the Quantum-Many Body Problem with Artificial Neural Networks, Carleo & 
Troyer, 2016, https://science.sciencemag.org/content/355/6325/602.abstractQuantum 
Many-

• Body Dynamics in Two Dimensions with Artificial Neural Networks, Schmitt & Heyl, 
2019, https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.100503 

• The Performance of the Quantum Adiabatic Algorithm on Random Instances of Two 
Optimization Problems on Regular Hypergraphs, Farhi et al., 2012, 
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.86.052334 Entropic 

• Barriers as a Reason for Hardness in Both Classical and Quantum Algorithms, Bellitti et 
al., 2021, arxiv:2102.00182



This work was supported by the Laboratory Directed Research and Development Program. Sandia National Laboratories 
is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a 
wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-NA0003525.  Unlimited Release SAND 21-XXXX

Neural Network Quantum Simulation

Fall 2021 LDRD Virtual Poster Session
Authors:  Conor Smith, Tameem Albash UNM, Dept of Electrical & Computer Engineering, Andrew 
Baczewski

Brief Example

2.  Sample the Local Energy:

3. Repeat as many times as necessary to sample the wavefunction 
distribution


