
Carlos Ramos-Marimón, Tensor Networks expert
Seminar on Quantum Computer Benchmarks (TQCI International Conference, Paris Jun 24th 2025)

Benchmarking quantum algorithms
with Tensor Network simulators
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Quobly was launched in November 2022



Quobly was born from the combined expertise
of CEA and CNRS at Grenoble
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Distant spin entanglement 
via fast and coherent 
electron shuttling

2020 2021
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INDUSTRY

READY

ACADEMIC

READY DEVELOPING THE KNOW-HOW FOR CONTROLLING MULTIPLE SPIN QUBITS

MANUFACTURING SPIN QUBITS IN INDUSTRIAL ENVIRONMENTS

2017

Coherent long-distance 
displacement of 
individual electron spins

Coherent control of individual electron 
spins in a 2D array (9 quantum dots) 

Distant spin entanglement 
via fast and coherent 
electron shuttling

2020 2021

We leverage the semicon. industry’s 
60+ years of experience, 
fabless approach using 
commercial FD SOI technologies

A CMOS silicon
spin qubit

2016

2019

2022

2025

Gate-based high 
fidelity spin readout 
in a CMOS device

A single hole spin with 
enhanced coherence in 
natural silicon

Demonstrating
QAM Multiplexing for 
Spin Qubits



Benoît Vermersch

Carlos Ramos-MarimónThibaud Louvet Nathan Miscopein Dimitri Lanier Amara Keita

quantum algorithms
for quantum chemistry, 

tensor networks

tensor networks quantum error correction channel learning quantum chemistry

The Quantum Information Team at Quobly
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• TECHNOLOGY AND BUSINESS ROADMAP• TECHNLOGY AND BUSINESS ROADMAP

Numerical Simulations

We support/guide hardware’s development using quantum information tools
adapted for the large-scale scenario
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• Cross-validate QPU outputs
• Understanding noise impact
• Ideal outcomes as baseline for 

fidelity estimations
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FTQC algorithm R&D

• Cross-validate QPU outputs
• Understanding noise impact
• Ideal outcomes as baseline for 

fidelity estimations

• Simulate logical-level FT circuits
• Assess algorithm resilience to noise
• Estimate resource overheads
• Benchmark decoders and optimizers

The Quantum Information Team at Quobly

tensor networks

Architectures
and QEC

surface-17 code

• Realistic setting performance 
assessments

• Explore new schemes
• Error mitigation research
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Tensor Networks in the context of Quantum

What are Tensor Networks? First: graphic notation

𝑣𝑖 = 𝐴𝑖𝑗 = 𝑇𝑖𝑗𝑘 =

𝑖
𝑖 𝑗

𝑖 𝑗

𝑘

vectors matrices
‘vectors of 
matrices’
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Tensor Networks in the context of Quantum

What are Tensor Networks? First: graphic notation

𝑣𝑖 = 𝐴𝑖𝑗 = 𝑇𝑖𝑗𝑘 =

𝑖
𝑖 𝑗

𝑖 𝑗

𝑘

෍

𝑖

𝑣𝑖𝐴𝑖𝑗 =

Tensor Network: many 
(small) contracted tensors

contraction

vectors matrices
‘vectors of 
matrices’
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Tensor Networks in the context of Quantum

We can decompose big vectors and matrices into networks of small tensors

𝐷 = 25 𝑑 = 2

𝜒bond dimension

physical dimension𝐷 = 25 = 32
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𝜒

Matrix Product State
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Tensor Networks in the context of Quantum

We can decompose big vectors and matrices into networks of small tensors

Matrix Product State
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Tensor Networks in the context of Quantum

Who is our big vector?

Matrix Product State

෍
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Tensor Networks in the context of Quantum

Who is our big vector?

Matrix Product State

෍

𝛼𝛽𝛾𝛿

𝑇𝛼
𝑖 𝑇𝛼𝛽

𝑗
𝑇𝛽𝛾
𝑘 𝑇𝛾𝛿

𝑙 𝑇𝛿
𝑚 =

𝛼 𝛽 𝛾 𝛿

𝑖 𝑗 𝑘 𝑙 𝑚

=
𝐶𝑖𝑗𝑘𝑙𝑚

| ۧ𝜓 = ෍

𝑖𝑗𝑘𝑙𝑚

𝐶𝑖𝑗𝑘𝑙𝑚| ۧ𝑖𝑗𝑘𝑙𝑚
components of the 

quantum state
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𝐶𝑖𝑗𝑘𝑙𝑚…
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Entries
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Tensor Networks in the context of Quantum

Compare:

𝐶𝑖𝑗𝑘𝑙𝑚…

𝟐𝑵 𝑵− 𝟐 𝒅𝝌𝟐 + 𝟐𝒅𝝌

exponential in the 
number of qubits 𝑵

linear in the number 
of qubits 𝑵

vs

Entries

Memory
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Tensor Networks in the context of Quantum

good scaling

𝑵− 𝟐 𝒅𝝌𝟐 + 𝟐𝒅𝝌

linear in the number 
of qubits 𝑵

provided
the bond dimensions 𝝌 grow 

subexponentially with 𝑵 
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for most of the realistic tasks we want 
to simulate classically,

the bond dimension grows exponentially 
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Tensor Networks in the context of Quantum

good scaling

𝑵− 𝟐 𝒅𝝌𝟐 + 𝟐𝒅𝝌

linear in the number 
of qubits 𝑵

provided
the bond dimensions 𝝌 grow 

subexponentially with 𝑵 

for most of the realistic tasks we want 
to simulate classically,

the bond dimension grows exponentially 
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ENTANGLEMENT BARRIER
𝐒𝐞𝐧𝐭𝐫𝐨𝐩𝐲 ~ 𝐥𝐨𝐠(𝝌)



Tensor Networks in the context of Quantum
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Matrix Product States can represent the quantum state of our register 
provided the produced amount of entanglement is bounded
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“Using the Cotengra/Quimb packages, NVIDIA’s new cuQUANTUM SDK, and the Selene supercomputer, we’ve
generated a sample of the Sycamore quantum circuit at depth=20 in record time (less than 10 minutes).

This sets the benchmark for quantum circuit simulation performance and will help advance the field of 
quantum computing by improving our ability to verify the behavior of quantum circuits.”

Current focus: high performance packages like
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stair-like

W-State

exact MPS with 𝝌 = 𝟐,
no need for compression
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Random Real Amplitude
All-to-All Ansatz

Random
All-to-All Circuit

W-State
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Can we classically simulate and sample interesting or/and complex quantum states efficiently?

𝜌1 = 𝑇𝑟2,3,4,5{| ۧ𝜓 {|𝜓ۦ

sample from the probability distribution
in the diagonal of the reduced density matrix𝜌1 =

𝑃0 𝑐
ҧ𝑐 𝑃1

draw a random number and
fix the state of that spin
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The simplest way is qubit-by-qubit sampling because we can canonicalize the network

draw a random number and
fix the state of that spin

ۧ|0 , ۧ|1

ۧ
|0

ۧ
|0

ۧ
|0

ۧ
|0

iterate N times
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• For small (shallow) circuits the protocol 
is dominated by sampling.

• For wide (deep) circuits, the cost of 
contracting the MPS dominates the task.



Classical Simulation of Quantum Algorithms:
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≃ 1.11

≃ 1.09 ≃ 1.08

≃ 1.19

≃ 1.21

≃ 1.18

• For small (shallow) circuits the protocol 
is dominated by sampling.

• Qubit-by-qubit sampling scales linearly
with circuit size.



Classical Simulation of Quantum Algorithms:
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≃ 0.97

≃ 0.98

≃ 5.28

≃ 3.04

≃ 5.40

• For wide (deep) circuits, the cost of 
contracting the MPS dominates the task.

• The biggest analyzed circuits illustrate 
the super linear scaling.
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• Clever ways of sampling can improve 
the runtimes for shallow circuits!

    See gate-by-gate sampling.

• Also chaotic sampling.



Classical Simulation of Quantum Algorithms:
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simplification
(anti-)diagonal projections, column 

reductions, gate-splitting…

computing
amplitudes

reverse light-cones
contract smaller circuits

when targeting local properties
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hyperoptimization of the contraction tree
find the best order

(maybe compressing in between)
using runtime and memory as cost 

functions

memory
size of intermediate tensors

runtime
float point operations per second



Classical Simulation of Quantum Algorithms:
QPE for Chemistry
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Internal Simulator

Classical preprocessing

Large scale compilation, 
Tensor quantum programming,

Qubitization

Semi-Classical QFT
Time-series analysis

…
Benchmark with
 Tensor-Networks

Collab.: Quobly + Foxconn (Minh Hsui Hsieh group)

QPU



• Can we further improve efficiency of classical simulations? Include realistic noise.

HP-inspired directions: backend (GPU support), jitting, faster languages under the hood…  

Physics-inspired directions: swapped circuits; Belief Propagation; Magic and Pauli Weight as resources.

• Tensor Network powered Quantum Phase Estimation Toolbox.

• Tensor Network –based benchmark of Quantum Error Correction strategies.

• We are building the Quantum Information Team:

Quantum Algorithms / Tensor Network / Quantum benchmark experts

 contact: benoit.vermersch@quobly.io
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What is in the menu? Next steps…
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