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Tensor diagrams
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Singular Value Decomposition (SVD) [34
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Matrix-Product State (MPS) [3:4]
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Quantum circuit modelled as a tensor network [1]
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[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 6
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[2] Y. Zhou, E. M. Stoudenmire, and X. Waintal, Phys. Rev. X 10, 041038 (2020). 7
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[i,i+1]
‘Pl+1

1%

1>




DIPARTIMENTO
INTERATENEO
DI FISICA

o

i

4 )
The western

approach
\_ J

[2] Y. Zhou, E. M. Stoudenmire, and X. Waintal, Phys. Rev. X 10, 041038 (2020). 10
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Time-Evolving Block Decimation (TEBD) algorithm [2]

[2] Y. Zhou, E. M. Stoudenmire, and X. Waintal, Phys. Rev. X 10, 041038 (2020). 13
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Time-Evolving Block Decimation (TEBD) algorithm [2]

[2] Y. Zhou, E. M. Stoudenmire, and X. Waintal, Phys. Rev. X 10, 041038 (2020). 14
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Cluster-TEBD algorithm [
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[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 15
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Cluster-TEBD algorithm [
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[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 16
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Cluster-TEBD algorithm [

Cluster 3:

OP =4 :

[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 17
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Cluster-TEBD algorithm [

[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 18
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Cluster-TEBD algorithm [

Cluster 2:
01 =6

[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 19
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Cluster-TEBD algorithm [
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DIPARTIMENTO
INTERATENEO
DI FISICA

Results - cluster-TEBD vs. standard TEBD [1]

Clifford4l random-structure quantum circuits:
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[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA
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Results - cluster-TEBD vs. standard TEBD [1]

Non-Clifford[4l random-structure quantum circuits:
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Results - cluster-TEBD vs. standard TEBD [1]

Shor’s algorithm for factoringlsI:

200000

[ cluster-TEBD 183703

I standard TEBD

150000

()

Ime

100000

Runt

50000 1

15 21 35

[5] P. W. Shor, SIAM Review 41, 303 (1999)
[1] A. De Girolamo, P. Facchi, P. Rabl, S. Pascazio, C. Lupo, G. Magnifico, TBA 23
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e Cluster-TEBD significantly outperforms standard TEBD in both runtime and fidelity

Next steps
e Apply framework for new ansatze (tree tensor networks) for 2D topologies
e Exploiting clustering techniques in quantum compilation

e Digital twin of realistic quantum computers

A Julia package for optimized
simulations of quantum circuits
with tensor networks
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Dynamical cluster-based optimization of tensor
network algorithms for simulating quantum circuits
with finite fidelity

SUPPLEMENTARY MATERIAL
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Generating random-structure quantum circuits

Toss a coin and apply either a single or a two qubit gate with 50% probability

GATES Clifford Non-Clifford
Single-qubit HX,Y.Z T,P (37/4),v/X, /(X + Y)/2

Two-qubit CNOT, C-Y,C-Z, SWAP C-H, C-S, C-T,\/SWAP

27
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Generating random-structure quantum circuits

Toss a coin and apply either a single or a two qubit gate with 50% probability
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Generating random-structure quantum circuits
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Generating random-structure quantum circuits

Toss a coin and apply either a single or a two qubit gate with 50% probability
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Continue until the
quested number of gate
layers is reached

GATES Clifford Non-Clifford
Single-qubit HX,Y.Z T,P (37/4),v/X, /(X + Y)/2
Two-qubit CNOT, C-Y,C-Z, SWAP C-H, C-S, C-T,\/SWAP
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