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Why do we want to build a quantum computer?

• Exact Diagonalization

• Tensor Networks

• Monte Carlo

Classical Computing
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<latexit sha1_base64="HuCJgqFppe5/XFDyRdeca+6ucZs="></latexit><latexit sha1_base64="HuCJgqFppe5/XFDyRdeca+6ucZs="></latexit><latexit sha1_base64="HuCJgqFppe5/XFDyRdeca+6ucZs="></latexit><latexit sha1_base64="HuCJgqFppe5/XFDyRdeca+6ucZs="></latexit>

Hybrid algorithms
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Quantum Computing

Stuff we use:



BG, Marek M. Rams and J. Dziarmaga, in preparation.

DW2X - Los Alamos

2000Q - Burnaby

Main Result
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• How did we get here?

• The idea is to take Restricted Boltzmann Machine,

to find the ground state energy of the Ising model (both 1D and 2D)
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i � J

X

hi,ji

�̂
z
i �̂

z
j

<latexit sha1_base64="SthWZkdIfUrQsaw5HlZY6laghPk="></latexit><latexit sha1_base64="SthWZkdIfUrQsaw5HlZY6laghPk="></latexit><latexit sha1_base64="SthWZkdIfUrQsaw5HlZY6laghPk="></latexit><latexit sha1_base64="SthWZkdIfUrQsaw5HlZY6laghPk="></latexit>



Monte Carlo averages

• How do we go about doing this?

E0  h�|H |�i
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• Now everything seems easy …

… except it is not
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• How to take advantage of a D-Wave annealer?

• This is fast, incredibly fast …

O(µs)�O(ms)
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… depending on the annealing time and the number of samples requested. 
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<latexit sha1_base64="5p1UPaSrEaHj6xxBVEfBLBs9zd4=">AAACFXicbVDLSsNAFJ34rPEVdekmWAQXUpJSsMuiG5cV7APaWiaTSTt0HmFmopSQn3Djr7hxoYhbwZ1/46TNQlsPzMzhnHuZe08QU6K0531bK6tr6xubpS17e2d3b985OGwrkUiEW0hQIbsBVJgSjluaaIq7scSQBRR3gslV7nfusVRE8Fs9jfGAwREnEUFQG2nonPc5fkCCMcjDtB9ELDO3oKGaMvNkdvUurXq1embnGDplr+LN4C4TvyBlUKA5dL76oUAJw1wjCpXq+V6sBymUmiCKM7ufKBxDNIEj3DOUQ4bVIJ1tlbmnRgndSEhzuHZn6u+OFDKVj2kqGdRjtejl4n9eL9FRfZASHicaczT/KEqoq4WbR+SGRGKk6dQQiCQxs7poDCVE2gSZh+AvrrxM2tWK71X8m1q5cVnEUQLH4AScAR9cgAa4Bk3QAgg8gmfwCt6sJ+vFerc+5qUrVtFzBP7A+vwBXR6djg==</latexit><latexit sha1_base64="5p1UPaSrEaHj6xxBVEfBLBs9zd4=">AAACFXicbVDLSsNAFJ34rPEVdekmWAQXUpJSsMuiG5cV7APaWiaTSTt0HmFmopSQn3Djr7hxoYhbwZ1/46TNQlsPzMzhnHuZe08QU6K0531bK6tr6xubpS17e2d3b985OGwrkUiEW0hQIbsBVJgSjluaaIq7scSQBRR3gslV7nfusVRE8Fs9jfGAwREnEUFQG2nonPc5fkCCMcjDtB9ELDO3oKGaMvNkdvUurXq1embnGDplr+LN4C4TvyBlUKA5dL76oUAJw1wjCpXq+V6sBymUmiCKM7ufKBxDNIEj3DOUQ4bVIJ1tlbmnRgndSEhzuHZn6u+OFDKVj2kqGdRjtejl4n9eL9FRfZASHicaczT/KEqoq4WbR+SGRGKk6dQQiCQxs7poDCVE2gSZh+AvrrxM2tWK71X8m1q5cVnEUQLH4AScAR9cgAa4Bk3QAgg8gmfwCt6sJ+vFerc+5qUrVtFzBP7A+vwBXR6djg==</latexit><latexit sha1_base64="5p1UPaSrEaHj6xxBVEfBLBs9zd4=">AAACFXicbVDLSsNAFJ34rPEVdekmWAQXUpJSsMuiG5cV7APaWiaTSTt0HmFmopSQn3Djr7hxoYhbwZ1/46TNQlsPzMzhnHuZe08QU6K0531bK6tr6xubpS17e2d3b985OGwrkUiEW0hQIbsBVJgSjluaaIq7scSQBRR3gslV7nfusVRE8Fs9jfGAwREnEUFQG2nonPc5fkCCMcjDtB9ELDO3oKGaMvNkdvUurXq1embnGDplr+LN4C4TvyBlUKA5dL76oUAJw1wjCpXq+V6sBymUmiCKM7ufKBxDNIEj3DOUQ4bVIJ1tlbmnRgndSEhzuHZn6u+OFDKVj2kqGdRjtejl4n9eL9FRfZASHicaczT/KEqoq4WbR+SGRGKk6dQQiCQxs7poDCVE2gSZh+AvrrxM2tWK71X8m1q5cVnEUQLH4AScAR9cgAa4Bk3QAgg8gmfwCt6sJ+vFerc+5qUrVtFzBP7A+vwBXR6djg==</latexit><latexit sha1_base64="5p1UPaSrEaHj6xxBVEfBLBs9zd4=">AAACFXicbVDLSsNAFJ34rPEVdekmWAQXUpJSsMuiG5cV7APaWiaTSTt0HmFmopSQn3Djr7hxoYhbwZ1/46TNQlsPzMzhnHuZe08QU6K0531bK6tr6xubpS17e2d3b985OGwrkUiEW0hQIbsBVJgSjluaaIq7scSQBRR3gslV7nfusVRE8Fs9jfGAwREnEUFQG2nonPc5fkCCMcjDtB9ELDO3oKGaMvNkdvUurXq1embnGDplr+LN4C4TvyBlUKA5dL76oUAJw1wjCpXq+V6sBymUmiCKM7ufKBxDNIEj3DOUQ4bVIJ1tlbmnRgndSEhzuHZn6u+OFDKVj2kqGdRjtejl4n9eL9FRfZASHicaczT/KEqoq4WbR+SGRGKk6dQQiCQxs7poDCVE2gSZh+AvrrxM2tWK71X8m1q5cVnEUQLH4AScAR9cgAa4Bk3QAgg8gmfwCt6sJ+vFerc+5qUrVtFzBP7A+vwBXR6djg==</latexit>

to search configurations
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Summary

• Dynamics is also possible … although not discussed here


• 1D and 2D systems are not conceptually different … this is great


• Thermal states may be addressed as well … it is worth checking 

• Much simpler than Tensor Networks … students may play with it 

• New possibilities that we even don’t know about … fresh take on QM

Thank you!

Simple, yet non-trivial systems can be simulated using quantum computers


