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Tensor networks for 2D spin-glass systems:

Edwards-Anderson

model
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Why not to Brute-Force?
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K. Jatowiecki, M. M. Rams, B. Gardas, "Brute-forcing spin-glass problems with CUDA", Comput. Phys. Commun. 260,
107728 (2021).
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Quantum annealer simulating Rabi oscillations (parallel in time)
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K. Jatowiecki, A. Wieckowski, P. Gawron, B. Gardas, "Parallel in time dynamics with quantum annealers", Sci. Rep. 10,
13534 (2020).
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Quantum annealer as a artificial neural network

* The transverse field Ising model.

e The paradigmatic spin system.

Ising energy per spins p
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Monte Carlo iteration
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Back to tensors



Oversimplified take on tensors ...

d O scalar b —O vector
ks —O— matrix d rank-3 tensor

R. Orus, “A practical introduction to tensor networks: ... ” Annals of Physics 349, 117-158 (2014).



... and tensor networks ...
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R. Orus, “A practical introduction to tensor networks: ... ” Annals of Physics 349, 117-158 (2014).



... and their contraction:

R. Orus, “A practical introduction to tensor networks: ... ” Annals of Physics 349, 117-158 (2014).



Oversimplified take on quantum computation...

® “the tip of the iceberg” annealing <€—> gate model
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Quantum correspondence
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Transfer matrix

Boltzmann distribution Partition function
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Tensor network
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Low-rank approximation
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Matrix Product States

Advances in Physics

Vol. 57, No. 2, March-April 2008, 143-224

Taylor & Francis
Taylor & Francis Group

Matrix product states, projected entangled pair states, and variational

renormalization group methods for quantum spin systems

F. Verstraete®®, V. Murg® and J.I. Cirac®



Approximate Oracle to calculate marginal and conditional probabilites
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Branch and bound search strategy

Marginal probabilities: p(si,s2,...,s5) ~ Tr [7:(81,32,“.,%)6—51{(8)]
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Droplet revealing branch and bound

ground state O0H < 0.05; all droplets
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Why it breaks ...

k endi
PRL 98, 140506 (2007) PHYSICAL REVIEW LETTERS 6W:|°,Rﬁ‘2'357

Computational Complexity of Projected Entangled Pair States

Norbert Schuch,' Michael M. Wolf,' Frank Verstraete,” and J. Ignacio Cirac’
'Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany

?Fakultdt fiir Physik, Universitit Wien, Boltzmanngasse 5, A-1090 Wien, Austria
(Received 7 November 2006; published 4 April 2007)

We determine the computational power of preparing projected entangled pair states (PEPS), as well as
the complexity of classically simulating them, and generally the complexity of contracting tensor
networks. While creating PEPS allows us to solve PP problems, the latter two tasks are both proven
to be #P-complete. We further show how PEPS can be used to approximate ground states of gapped
Hamiltonians and that creating them is easier than creating arbitrary PEPS. The main tool for our proofs is
a duality between PEPS and postselection which allows us to use existing results from quantum
complexity.



Stability

Inaccurate contraction
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Some benchmarks: time to solution

Old library -> tnac4o

/

Method /

Approx. ratio N =512 N =1152 N = 2048
This art{cle g.s. 30s 150s 450s
PT (adaptive) g.s. 800s — —
PT (geometric) 0.01 0.53s 4.16s —
PT (geometric) 0.005 2.51s 56.4s —
PT (geometric) 0.001 158.4s Timed-out —
PT (geometric) 0.0001 897.6s Timed-out —
DWave 2000Q¢ 0.01 0.003s 0.006s 0.02s
DWave 2000Q¢ 0.005 0.2s Timed-out Timed-out
DWave 2000Qs 0.001 Timed-out Timed-out Timed-out

DWave ,chimera” graph



Benchmarks: counting

number of instances (from 200)

DWave ,chimera” graph J;; € {£1, £2, ::4}l
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PHYSICAL REVIEW E 99, 063314 (2019)

Fair sampling of ground-state configurations of binary optimization problems

Zheng Zhu,' Andrew J. Ochoa,' and Helmut G. Katzgraber>'-
' Department of Physics and Astronomy, Texas A&M University, College Station, Texas 77843-4242, USA
2Microsoft Quantum, Microsoft, Redmond, Washington 98052, USA
3Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, New Mexico 87501, USA

VS

PT and PT + ICM
maximal degeneracy
reported for N=1152

is 10°



(large unit cells)

Imitations
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Limitations (large unit cells)

github.com/euro-hpc-pl/SpinGlassPEPS.jl

(almost) ,,pegasus” graph
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Huge tensors
016
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9 => Sparseness + GPU

512 T. Smierzchalski, A. Dziubyna,
M.R., B. Gardas, in prep.




Thank you!



