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Machine learning by unitary tensor network of hierarchical tree : =
PR tructure { 0,/
e onven *— L R L e - =
e DingLiu'*, Shi-Ju Ran ™', Peter Wittek'"*', Cheng Peng’, Raul Blazquez Gardia', Gang Su"’ and : X . P e
i Bacie] Lewensteln’ ' Label
e v
' A
Abstract ! ED 0 /
Theresemblance between the methods used in quantum-many body physics and in machine learning - '
hasdrawn considerable attention. In particular, tensor networks (TNs) and deep learning :
architectures bear striking similarities to the extent that TNs can be used for machine learning. 4 “_/ 0_/
Previous results used one-dimensional TNs in image recognition, showing limited scalability and x

flexibilities. In this work, we train two-dimensional hierarchical TN to solve image recognition

problems, using a training algorithm derived from the multi-scale entanglement renormalization Im age |:‘I> Featu re Ma p |={> Vecto r' zed Im a ge => l I
ansatz. This approach introduces mathematical connections among quantum many-body physics,

quantum information theory,and machinelearning. While keeping the TN unitary in the training

phase, TN statesare defined, which encode classes of images into quantum many-body states. We

study the quantum features ofthe TN states, including quantum entanglementand fidelity. We find

these quantities could be properties that characterize the image classes, as well as the machine learning

tasks.
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Solving supervised machine learning
problems by tree TN

Central clue: write the cost function (error) as
N a tree TN (TTN)

-
A -
- : 1, ifer =
[ — ’ £
/ ) E :|LJ] - L[j Lot = { 0, otherwise
o P -

( N\

Label of the input sample

. 4 d' 4 / \
J; Orthogonal tensors: mapping the
A
t/

vectorized images to the output vectors

N /

/" An input sample mapped from scalars (e.g.,\
grey pixels) to normalized vectors

&% (2) = ) (eos(Ga)) T (sin(Fa)) ™
N O "




Updating algorithm inspired by MERA
Multi-scale entanglement renormalization ansatz

For updating one tensor, we define the environment tensor

L Summing over the 1
samples

ST

Use SVD to reach the minimum while keeping the orthogonality
= A\ T > —

At the minimum, we have =— A

Iterate this procedure until all tensors converge

Several tricks:

« Save intermediate vectors to avoid redundant computations

« Input part of the samples (randomly selected) in each training
. * Keep the vectors normalized to ensure efficiency )




Benchmark on CIFAR database

Testing the /earning: the accuracy of a TTN given certain fixed training samples
(1000 training samples)

0.95 -
(a)
Many-body Hilbert space
0.85r
1d Area-law states
oy
o B oo, ¥
3 O s e S /2
o L s o - i
< 0.75 E 'l_—_ . i —e—input bond=2(training) = e
_ﬁ’ﬁ‘ - —=—input bond=3(training)
o —v—input bond=4(training)
i —=c-=input bond=2(testing)
0.65F -~ -input bond=3(testing)
= =input bond=4(testing)

0 2 3 4 5 6 7 8 9 10 11 12 13 14
Virtual bond

The upper limit of representation power (learnability) of a TTN depends on the

iInput bond dimensions, and the virtual bond dimensions determine how well the
TTN reaches this limitation.



Checking how information is processed in the
hierarchical structure by T-SNE

Input the vectors obtained on each layer to T-SNE
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Further survey: consider the gauge degrees of freedom of TN!




Related issue |lI: GPU acceleration for tensor network
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Biologists and perhaps physicists will understand

much better how the brain works. But why something that we call consciousness goes

with those workings, [ think that will remain mysterious

—— E. Witten



