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Tensors from the physics viewpoint



Low-energy droplet (Fisher& Huse `86)

single instance
of disorder

Edwards-Anderson 
model

Tensor networks for 2D spin-glass systems:
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Why not to Brute-Force?

K. Jałowiecki, M. M. Rams, B. Gardas, "Brute-forcing spin-glass problems with CUDA", Comput. Phys. Commun. 260,
107728 (2021). 

https://www.google.com/url?q=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS001046552030360X%3Fvia%253Dihub&sa=D&sntz=1&usg=AOvVaw1AoZ5-eATorhrn6o-tV-7Y


Quantum annealer simulating Rabi oscillations (parallel in time)

K. Jałowiecki, A. Więckowski, P. Gawron, B. Gardas, "Parallel in time dynamics with quantum annealers", Sci. Rep. 10, 
13534 (2020).

https://www.google.com/url?q=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41598-020-70017-x&sa=D&sntz=1&usg=AOvVaw0hh4Epg1i-y4I3oZRQHedI




Back to tensors



Oversimplified take on tensors …

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



… and tensor networks …

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



… and their contraction:

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



• “the tip of the iceberg”

Source: William D. Oliver (MIT)

annealing gate model

Oversimplified take on quantum computation…



D-Wave quantum 
annealer(s)

Quantum correspondence



Transfer matrix
Boltzmann distribution Partition function

For 1D chain:



Tensor network
For 2D square lattice:

Boundary MPS; 2L elements



Low-rank approximation

SVD
Keep dominant 
singular values

Boundary
Matrix Product States



Approximate Oracle to calculate marginal and conditional probabilites



Branch and bound search strategy

Marginal probabilities:



Droplet revealing branch and bound



Why it breaks …



Inaccurate contraction

A. Dziubyna, T. Śmierzchalski, 
B. Gardas, M.R., in prep.

Heuristic gauge fixing
resolution 
(large β)

stability
(small β)

Stability



Some benchmarks: time to solution

Old library -> tnac4o

DWave „chimera” graph



Benchmarks: counting

vs

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

is 106 

DWave „chimera” graph



Limitations (large unit cells)

DWave „pegasus” graph DWave „zephyr” graph



Limitations (large unit cells)

(almost) „pegasus” graph

24 spins in a unit cell

Huge tensors

216
216

212

212 Sparseness + GPU

TN approach still
can be executed.

T. Śmierzchalski, A. Dziubyna, 
M.R., B. Gardas, in prep. 

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



Thank you!


