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Trajectories in Ukrainian embroidery

Image source:
https://ukrvyshyvka.com.ua/

Song “Two colors”

Red is love
Black is sorrow

https://youtu.be/yewhS0v0KxA
?si=GHcVT8J7iQo2tQ5N

https://ukrvyshyvka.com.ua/ua/p972823851-sorochka-vishivanka-chervone.html
https://youtu.be/yewhS0v0KxA?si=GHcVT8J7iQo2tQ5N
https://youtu.be/yewhS0v0KxA?si=GHcVT8J7iQo2tQ5N


Noise in quantum computers is detrimental

PRResearch 6, 013142 (2024)

ibm_lagos ibmq_ehningen

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


Simulating quench dynamics in the BCS model

 

Perrin, Scoquart, …, KS PRResearch 6, 013142 
(2024)

9 noisy CNOT gates per Trotter step
 

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142
https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


Mitigating the noise and seeing the crosstalk

Perrin, Scoquart, …, KS PRResearch 6, 013142 
(2024)

 

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142
https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


Mitigation: noise estimation circuit (NEC)
 

Multiplicative error removed by running circuits with only the 
CNOT skeleton:

Urbanek et al., PRL 127, 270502 (2021)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.270502


Mitigation: noise estimation circuit (NEC)
 

Multiplicative error removed by running circuits with only the 
CNOT skeleton:

Noise estimation circuit
=

Trotter step circuit without single qubit gates

Urbanek et al., PRL 127, 270502 (2021)

 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.270502


Simplifying the noise structure:
randomized compiling (RC)

•General noise:

•Randomized compiling to get Pauli noise

Kern et al., Eur. Phys. J. D 32, 153 (2005)
Wallman, Emerson, PRA 94, 052325 (2016)
Hashim et al., PRX 11, 041039 (2021)

https://doi.org/10.1140/epjd/e2004-00196-9
https://doi.org/10.1103/PhysRevA.94.052325
https://doi.org/10.1103/PhysRevX.11.041039


Crosstalk!

Yields depolarizing noise on 
the neighbouring qubit !

Crosstalk RC (cRC) average

Perrin, Scoquart, …, KS PRResearch 6, 013142 
(2024)

RC (no NEC):

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142
https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


RC + NEC = improved results + error characterization

Perrin, Scoquart, …, KS PRResearch 6, 013142 
(2024)

 

NEC requires global 
depolarizing noise

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142
https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


Probabilistic error cancellation (PEC)
reduction (PER)

Temme, Bravyi, Gambetta, PRL 119, 180509 (2017)
Berg, Minev, Kandala, Temme, Nature Physics 19, 1116 (2023)

https://doi.org/10.1103/PhysRevLett.119.180509
https://doi.org/10.1038/s41567-023-02042-2


How do PEC and PER work?

Temme, Bravyi, Gambetta, PRL 119, 180509 (2017)
Berg, Minev, Kandala, Temme, Nature Physics 19, 1116 (2023)

 Get target noise channel

https://doi.org/10.1103/PhysRevLett.119.180509
https://doi.org/10.1038/s41567-023-02042-2


Noise channel representations
 

 

 

 

 

 



How do PEC and PER work?

Temme, Bravyi, Gambetta, PRL 119, 180509 (2017)
Berg, Minev, Kandala, Temme, Nature Physics 19, 1116 (2023)

 

 

  

Create trajectories by hand!

https://doi.org/10.1103/PhysRevLett.119.180509
https://doi.org/10.1038/s41567-023-02042-2


How do PEC and PER work?

Temme, Bravyi, Gambetta, PRL 119, 180509 (2017)
Berg, Minev, Kandala, Temme, Nature Physics 19, 1116 (2023)

  

 

https://doi.org/10.1103/PhysRevLett.119.180509
https://doi.org/10.1038/s41567-023-02042-2


How do PEC and PER work?

Temme, Bravyi, Gambetta, PRL 119, 180509 (2017)
Berg, Minev, Kandala, Temme, Nature Physics 19, 1116 (2023)

  

 

 

  

https://doi.org/10.1103/PhysRevLett.119.180509
https://doi.org/10.1038/s41567-023-02042-2


How do PEC and PER work?
  

Possible solution: increase noise (avoid quasiprobability distributions!)
E.g., IBM “quantum utility” experiment:

Kim et al., Nature 618, 500 (2023)

https://www.nature.com/articles/s41586-023-06096-3


Quantum utility?

Kim et al., Nature 618, 500 (2023)

SIGBOVIK 2024 proceedings, page 199

https://www.nature.com/articles/s41586-023-06096-3
https://www.sigbovik.org/2024/proceedings.pdf


RC + NEC = improved results + error characterization

Perrin, Scoquart, …, KS PRResearch 6, 013142 
(2024)

 

NEC requires global 
depolarizing noise

https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142
https://link.aps.org/doi/10.1103/PhysRevResearch.6.013142


Why not change the noise shape?

Perrin, Scoquart, KS unpublished

NEC requires global 
depolarizing noise



Noise tailoring (NT) protocol

Perrin, Scoquart, KS unpublished



Classical simulations of NT

Perrin, Scoquart, KS unpublished

Noise extracted from actual
IBM quantum computer (ibm_hanoi, 27 qubits) 

10000 “trajectories”

 



Noise tailoring (NT) protocol

Perrin, Scoquart, KS unpublished

How to choose
the target
noise?



Choosing the target noise

Perrin, Scoquart, KS unpublished

 

 

The effect of finite circuit («trajectory») sampling:
 

 

Reason: NEC mitigation



Classical simulations of NT

Perrin, Scoquart, KS unpublished

 

 



NT on an actual quantum computer 

Perrin, Scoquart, KS unpublished

 

Coherent errors (RC undersampling)

Non-Markovian errors
(time correlations, leakage etc.)
and single-qubit errors



What could we expect
on an actual quantum computer?

Perrin, Scoquart, KS unpublished

NT: CS infinite sampling

 

RC+NEC (no NT)
NT on a real machine

NT on a real machine
(extrapolation to
infinite sampling)



Cost of increasing sampling?

Perrin, Scoquart, KS unpublished

Time (hours)

The computation time
is dominated by 
classical generation of trajectories

(Can be much improved with 
adjusting the way of storing 

circuits?)

Note: noise evolves in time: need to be fast enough



Trajectories in Ukrainian life
Oleksandra Gulla-Sekretareva, the founder of

https://www.hopp.bio/
medicine4ukraine

Decision: study math before doing biology
2018 — Bachelor’s degree in math
2019–2020 — plays violin in an orchestra

         does an internship in biochemistry
         prepares for Master’s in biology

“Measurement”: exam failed
         fails entrance exam for Master’s in biology

2021 — succeeds in the exam;
               starts the Master’s in biology (scheduled to finish in 2023)
“Measurement”: full-scale invasion by Russia
Decision: focus on what’s most important now
2022 — interrupts her studies;
               starts a civil group to provide

      Ukrainian military with advanced medical supplies

https://www.facebook.com/gulsekol
https://www.hopp.bio/medicine4ukraine
https://www.hopp.bio/medicine4ukraine


Conclusions

Thank you for attention!

Noise tailoring:
artificial quantum 
trajectories can help
mitigate noise

Classical coding 
improvements 
needed

Application-
based 
diagnostics 
of quantum 
computers



Solution to the portability issue: QLM/Qaptiva 

https://qlm35e.neasqc.eu/

https://qlm35e.neasqc.eu/
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Solution to the portability issue: QLM/Qaptiva 

https://qlm35e.neasqc.eu/

Qaptiva (paid) — advanced simulation
+ (in the future) access to quantum hardware

https://qlm35e.neasqc.eu/


Solution to the portability issue: QLM/Qaptiva 

https://myqlm.github.io/

https://myqlm.github.io/


Solution to the portability issue: QLM/Qaptiva 

https://myqlm.github.io/

myQLM = my Quantum Learning Machine

myQLM (free) — gate-based programming 
and noiseless simulation

Lots of examples

https://myqlm.github.io/

