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⭐ Goal: Find optimal parameters of a quantum circuit to minimize the energy of a given Hamiltonian .H

⭐ Goal: Find optimal parametric ansatz to minimize a suitable cost function.
a.k.a.
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Cost function (Energy): expectation 
value of a given Hamiltonian H
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⭐ Goal: Find optimal parameters of a quantum circuit to minimize the energy of a given Hamiltonian .H

⭐ Goal: Find optimal parametric ansatz to minimize a suitable cost function.
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 parametrizes the gates  of a 
parametric quantum circuit 
x RZ,Y

G(x)
Cost function (Energy): expectation 

value of a given Hamiltonian H
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Kim A. Nicoli — HISKP, TRA Matter (University of Bonn) NeuLat: a toolbox for neural samplers in LFTNeurIPS 2023, New Orleans

Variational Quantum Eigensolvers (VQEs)

4

(1) Initial state preparation →
<latexit sha1_base64="qApeyTIR+yIdybDxrXpDqFUX08s=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE1GPRi8cK9gOaEDbbSbt0swm7E7GU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvygTX6LrfVmltfWNzq7xd2dnd2z+wD6ttneaKQYulIlXdiGoQXEILOQroZgpoEgnoRKPbmd95BKV5Kh9wnEGQ0IHkMWcUjRTaVd+46Geah66vqBwICO2aW3fncFaJV5AaKdAM7S+/n7I8AYlMUK17npthMKEKORMwrfi5hoyyER1Az1BJE9DBZH771Dk1St+JU2VKojNXf09MaKL1OIlMZ0JxqJe9mfif18sxvg4mXGY5gmSLRXEuHEydWRBOnytgKMaGUKa4udVhQ6ooQxNXxYTgLb+8Strnde+yfnF/UWvcFHGUyTE5IWfEI1ekQe5Ik7QII0/kmbySN2tqvVjv1seitWQVM0fkD6zPHzgLlJE=</latexit>

| 0i

(3) Measure final energy  →
<latexit sha1_base64="YM7H4mFiyPUAiKJT57YwIa9AT/I="></latexit>

E(x) = h x|H| xi = h 0|G(x)†HG(x)| 0i

<latexit sha1_base64="qApeyTIR+yIdybDxrXpDqFUX08s=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE1GPRi8cK9gOaEDbbSbt0swm7E7GU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvygTX6LrfVmltfWNzq7xd2dnd2z+wD6ttneaKQYulIlXdiGoQXEILOQroZgpoEgnoRKPbmd95BKV5Kh9wnEGQ0IHkMWcUjRTaVd+46Geah66vqBwICO2aW3fncFaJV5AaKdAM7S+/n7I8AYlMUK17npthMKEKORMwrfi5hoyyER1Az1BJE9DBZH771Dk1St+JU2VKojNXf09MaKL1OIlMZ0JxqJe9mfif18sxvg4mXGY5gmSLRXEuHEydWRBOnytgKMaGUKa4udVhQ6ooQxNXxYTgLb+8Strnde+yfnF/UWvcFHGUyTE5IWfEI1ekQe5Ik7QII0/kmbySN2tqvVjv1seitWQVM0fkD6zPHzgLlJE=</latexit>

| 0i

(2) Quantum state transformation  →
<latexit sha1_base64="4IjrAluwsxUpz0ftqS3yV8ZvlRY="></latexit>

| xi = G(x)| 0i

<latexit sha1_base64="pvqrRiivUasfm+u0t9xSSH7M2rs="></latexit>

| xi
<latexit sha1_base64="US6r5t7cDKZ60xaAYIv23Z8kWJo="></latexit>

G(x)

(4) Find  minimizing   x E →
<latexit sha1_base64="q/DbHSil6B47Jn4NC3Rr+GXT/Nw="></latexit>

argmin
x

E(x)

Variational 
Minimization 

Problem

Quantum operation: measurement on QC

Classical operation: runs on classical computer



Kim A. Nicoli — HISKP, TRA Matter (University of Bonn) NeuLat: a toolbox for neural samplers in LFTNeurIPS 2023, New Orleans

Bayesian Optimization for VQEs

5

We tackle the classical optimization problem from a Bayesian Optimization standpoint.

<latexit sha1_base64="saIljpAH6qdZqjM+gcrmMUGiWcM="></latexit>

E⇤(·) : X 7! RApproximate the true energy

Using noisy observations from the QC
<latexit sha1_base64="Uu1xvA00lw6kguxbrzGuP5+X8+s="></latexit>

y = E⇤(x) + "
<latexit sha1_base64="kJZXP1+zlTBvJEkd1BEONlQjv3I="></latexit>

p(f(·)|X,y) = GP(f(·);µX(·), sX(·, ·))We train a GP surrogate model

<latexit sha1_base64="Uu1xvA00lw6kguxbrzGuP5+X8+s="></latexit>

y = E⇤(x) + "  QC Hardware noise∼
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One question remains to be answered:

At which point in parameter space we should perform the next measurement, on the quantum 
computer, to maximize the information gain and minimize the quantum computer calls needed 

to minimize the objective?

<latexit sha1_base64="Uu1xvA00lw6kguxbrzGuP5+X8+s="></latexit>

y = E⇤(x) + "  QC Hardware noise∼
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Expected Maximum Improvement over Confident Regions
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i.  Take the best params  , which give the minimum value for the cost function at step .

ii.  Identify one direction  to optimize at step .

iii. Use EMICoRe* to perform a grid search and find the best pair of shifts  to add to the previous .

iv. Perform new observations at  and add these to the GP.

v.  Perform least square minimization to find the new minimum which is the starting point for step  .

x̂t t − 1
dt ∈ D t

{α̂t
1, α̂t

2}dt x̂t

yt
1 = x̂t + α̂t

1 and yt
2 = x̂t + α̂t

2

x̂t
min t + 1

EMICoRe efficiently identifies the points in step iii. ,  using the Core:
<latexit sha1_base64="iUibxO6PnLdYVErF1dYL8cv+7g8="></latexit>

ZeX = {x 2 XGrid; seX(x,x)  2}

*EMICoRe uses a physics informed VQE-kernel introduced in this work. More details in the paper.
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Results
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Applications:
•  Lattice quantum field theory 
•  Material Science 
•  Quantum chemistry
•  Optimization Tasks (flight gate assign.)

Our experiments demonstrate:
• EMICoRe outperforms the baselines
• Faster convergence
• Stable optimization
• Smaller energy (median) 

[2] Nakanishi, K, Fujii K., and Todo S., Phys. Rev. Res. (2020)

[1]

[1] Nicoli K. A. et al., NeurIPS (2023) - This work

[2] [2]

https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.2.043158
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Want to know more?
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Applications:
•  Lattice quantum fi
•  Material Science 
•  Quantum chemistry
•  Optimization Tasks (fl

Our experiments demonstrate:
• EMICoRe outperforms the baselines
• Faster convergence
• Stable optimization
• Smaller energy (median) 
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