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Noisy Intermediate Scale Quantum (NISQ) devices may be harnessed to 
outperform classical hardware for specific optimization tasks.

Especially, hybrid quantum-classical algorithms like Variational Quantum 
Eigensolvers (VQEs) can compute ground state energies of quantum 
Hamiltonians, or complex minimization tasks in general.

VQEs on NISQ Devices

• Gaussian Process Regression use Multivariate Gaussian distribution
- Goal: infer mean and variance of function values            from      

measured noisy points                        , with               .

• Kernel function of the VQE can be infered from its functional form [1]:
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1. VQE kernel with EMICoRe acquisition function: powerful machine-learning-
based method for optimising VQEs

2. Outperformance of state-of-the-art baseline for benchmark Ising model, 
even stronger for more complex quantum chemistry Hamiltonian

3. Even stronger outperformance when applying simulated hardware noise

4. Future work on application to lattice field theories, e.g. 2+1D QED
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Motivation

GP Regression and VQE KernelBackground
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Goal:

• Find ground state and excited states of Hamiltonian     .

Quantum Device:

• Measure variational quantum circuit: get objective function 

Classical Computer:

• Optimize parameters     , given                – improvement by new EMICoRe method [1]

• Baseline method (NFT [2]) uses VQE’s functional form for sequential optimization:

• Sequential optimization of one parameter        each →                 becomes cosine 

• Find subspace optimum: fit two equidistant measurements + previous optimum

VQEs and NFT BaselineBackground
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EMICoRe’s Algorithmic ProcedureMethod

Quantum Chemistry HamiltonianResults

Simulated Hardware NoiseResults

Conclusion
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<latexit sha1_base64="1U5cYRrNnYscvJH5V373qEItVA8=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4kJJIUZcFNy4r2Ac0pUwmt+3QyYOZG6GErN34K25cKOLWL3Dn3zhps9DWA8MczrmXe+/xYsEV2va3UVpZXVvfKG9WtrZ3dvfM/YO2ihLJoMUiEcmuRxUIHkILOQroxhJo4AnoeJOb3O88gFQ8Cu9xGkM/oKOQDzmjqKWBeewiFz6krhcJX00D/aUujgFplg3SybmTDcyqXbNnsJaJU5AqKdAcmF+uH7EkgBCZoEr1HDvGfkolciYgq7iJgpiyCR1BT9OQBqD66eyUzDrVim8NI6lfiNZM/d2R0kDla+rKgOJYLXq5+J/XS3B43U95GCcIIZsPGibCwsjKc7F8LoGhmGpCmeR6V4uNqaQMdXoVHYKzePIyaV/UnMuac1evNupFHGVyRE7IGXHIFWmQW9IkLcLII3kmr+TNeDJejHfjY15aMoqeQ/IHxucPnmWbbw==</latexit>

✓̃k,1

<latexit sha1_base64="+CrJ4x4Q/Ky1zIFbinn6UATFEcM=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQXUpJS1GXBjcsK9gFNCJPJbTt08mDmRighazf+ihsXirj1C9z5N04fC209MMzhnHu5954gFVyhbX8bK6tr6xubpa3y9s7u3r55cNhWSSYZtFgiEtkNqALBY2ghRwHdVAKNAgGdYHQz8TsPIBVP4nscp+BFdBDzPmcUteSbJy5yEULuBokI1TjSX+7iEJAWhZ+PLmqFb1bsqj2FtUycOamQOZq++eWGCcsiiJEJqlTPsVP0ciqRMwFF2c0UpJSN6AB6msY0AuXl01MK60wrodVPpH4xWlP1d0dOIzVZU1dGFIdq0ZuI/3m9DPvXXs7jNEOI2WxQPxMWJtYkFyvkEhiKsSaUSa53tdiQSspQp1fWITiLJy+Tdq3qXFadu3qlUZ/HUSLH5JScE4dckQa5JU3SIow8kmfySt6MJ+PFeDc+ZqUrxrzniPyB8fkDn+qbcA==</latexit>

✓̃k,2

<latexit sha1_base64="1U5cYRrNnYscvJH5V373qEItVA8=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4kJJIUZcFNy4r2Ac0pUwmt+3QyYOZG6GErN34K25cKOLWL3Dn3zhps9DWA8MczrmXe+/xYsEV2va3UVpZXVvfKG9WtrZ3dvfM/YO2ihLJoMUiEcmuRxUIHkILOQroxhJo4AnoeJOb3O88gFQ8Cu9xGkM/oKOQDzmjqKWBeewiFz6krhcJX00D/aUujgFplg3SybmTDcyqXbNnsJaJU5AqKdAcmF+uH7EkgBCZoEr1HDvGfkolciYgq7iJgpiyCR1BT9OQBqD66eyUzDrVim8NI6lfiNZM/d2R0kDla+rKgOJYLXq5+J/XS3B43U95GCcIIZsPGibCwsjKc7F8LoGhmGpCmeR6V4uNqaQMdXoVHYKzePIyaV/UnMuac1evNupFHGVyRE7IGXHIFWmQW9IkLcLII3kmr+TNeDJejHfjY15aMoqeQ/IHxucPnmWbbw==</latexit>

✓̃k,1

<latexit sha1_base64="+CrJ4x4Q/Ky1zIFbinn6UATFEcM=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQXUpJS1GXBjcsK9gFNCJPJbTt08mDmRighazf+ihsXirj1C9z5N04fC209MMzhnHu5954gFVyhbX8bK6tr6xubpa3y9s7u3r55cNhWSSYZtFgiEtkNqALBY2ghRwHdVAKNAgGdYHQz8TsPIBVP4nscp+BFdBDzPmcUteSbJy5yEULuBokI1TjSX+7iEJAWhZ+PLmqFb1bsqj2FtUycOamQOZq++eWGCcsiiJEJqlTPsVP0ciqRMwFF2c0UpJSN6AB6msY0AuXl01MK60wrodVPpH4xWlP1d0dOIzVZU1dGFIdq0ZuI/3m9DPvXXs7jNEOI2WxQPxMWJtYkFyvkEhiKsSaUSa53tdiQSspQp1fWITiLJy+Tdq3qXFadu3qlUZ/HUSLH5JScE4dckQa5JU3SIow8kmfySt6MJ+PFeDc+ZqUrxrzniPyB8fkDn+qbcA==</latexit>

✓̃k,2

<latexit sha1_base64="1U5cYRrNnYscvJH5V373qEItVA8=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4kJJIUZcFNy4r2Ac0pUwmt+3QyYOZG6GErN34K25cKOLWL3Dn3zhps9DWA8MczrmXe+/xYsEV2va3UVpZXVvfKG9WtrZ3dvfM/YO2ihLJoMUiEcmuRxUIHkILOQroxhJo4AnoeJOb3O88gFQ8Cu9xGkM/oKOQDzmjqKWBeewiFz6krhcJX00D/aUujgFplg3SybmTDcyqXbNnsJaJU5AqKdAcmF+uH7EkgBCZoEr1HDvGfkolciYgq7iJgpiyCR1BT9OQBqD66eyUzDrVim8NI6lfiNZM/d2R0kDla+rKgOJYLXq5+J/XS3B43U95GCcIIZsPGibCwsjKc7F8LoGhmGpCmeR6V4uNqaQMdXoVHYKzePIyaV/UnMuac1evNupFHGVyRE7IGXHIFWmQW9IkLcLII3kmr+TNeDJejHfjY15aMoqeQ/IHxucPnmWbbw==</latexit>

✓̃k,1

<latexit sha1_base64="+CrJ4x4Q/Ky1zIFbinn6UATFEcM=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQXUpJS1GXBjcsK9gFNCJPJbTt08mDmRighazf+ihsXirj1C9z5N04fC209MMzhnHu5954gFVyhbX8bK6tr6xubpa3y9s7u3r55cNhWSSYZtFgiEtkNqALBY2ghRwHdVAKNAgGdYHQz8TsPIBVP4nscp+BFdBDzPmcUteSbJy5yEULuBokI1TjSX+7iEJAWhZ+PLmqFb1bsqj2FtUycOamQOZq++eWGCcsiiJEJqlTPsVP0ciqRMwFF2c0UpJSN6AB6msY0AuXl01MK60wrodVPpH4xWlP1d0dOIzVZU1dGFIdq0ZuI/3m9DPvXXs7jNEOI2WxQPxMWJtYkFyvkEhiKsSaUSa53tdiQSspQp1fWITiLJy+Tdq3qXFadu3qlUZ/HUSLH5JScE4dckQa5JU3SIow8kmfySt6MJ+PFeDc+ZqUrxrzniPyB8fkDn+qbcA==</latexit>

✓̃k,2

Simulation of benchmark LiH Hamiltonian with 4 qubits

Simulation of benchmark Ising Hamiltonian with 5 qubits…

…with simulated hardware noise…

…and TREX error mitigation

...and ZNE error mitigation

Fake5QV1() backend from qiskit.primitives used for noisy simulations

Adapted from [3]

<latexit sha1_base64="Xuebr1LU5Nrnqo3IGziUM5ghw4U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiRT0WvHisYD+giWGz3bRLN5uwOymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhangGhzn2yptbG5t75R3K3v7B4dH9vFJRyeZoqxNE5GoXkg0E1yyNnAQrJcqRuJQsG44vpv73QlTmifyEaYp82MylDzilICRAtuOnjyioebBiAEJBpeBXXXqzgJ4nbgFqaICrcD+8gYJzWImgQqidd91UvBzooBTwWYVL9MsJXRMhqxvqCQx036+uHyGL4wywFGiTEnAC/X3RE5iradxaDpjAiO96s3F/7x+BtGtn3OZZsAkXS6KMoEhwfMY8IArRkFMDSFUcXMrpiOiCAUTVsWE4K6+vE46V3X3uu4+NKrNRhFHGZ2hc1RDLrpBTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP/s7kzE=</latexit>

f⇤(✓d)

Gaussian Process
Objective Function
Discrete CoRe

<latexit sha1_base64="imw8s+kFsb14Qw4XVzpKqqj6jQc=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3jyNANggH1Zpbd+egq8QrSI0UaA6qX/0w4VkMCrlkxvQ8N0U/ZxoFlzCt9DMDKeNjNoSepYrFYPx8fu+UnlklpFGibSmkc/X3RM5iYyZxYDtjhiOz7M3E/7xehtGNnwuVZgiKLxZFmaSY0NnzNBQaOMqJJYxrYW+lfMQ042gjqtgQvOWXV0n7ou5d1b37y1rjsoijTE7IKTknHrkmDXJHmqRFOJHkmbySN+fReXHenY9Fa8kpZo7JHzifPxiEj/c=</latexit>

✓d
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gy

<latexit sha1_base64="R3+u/VgaVrCUmQBz3VwYz1UhvVc=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAhWYVeCWgZsLCPkBdkQZmdvkiGzD2buKmFJbeOv2FgoYusX2Pk3ziYpNPHAMIdz7uXee/xECo2O822trK6tb2wWtorbO7t7+/bBYVPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT80U3ut+5BaRFHdRwn0A3ZIBJ9wRkaqWefeA8iABQygMzzYxnocWi+zKsPAdlk0hv17JJTdqagy8SdkxKZo9azv7wg5mkIEXLJtO64ToLdjCkUXMKk6KUaEsZHbAAdQyMWgu5m01Mm9MwoAe3HyrwI6VT93ZGxUOcrmsqQ4VAvern4n9dJsX/dzUSUpAgRnw3qp5JiTPNcaCAUcJRjQxhXwuxK+ZApxtGkVzQhuIsnL5PmRdm9LLt3lVK1Mo+jQI7JKTknLrkiVXJLaqRBOHkkz+SVvFlP1ov1bn3MSlesec8R+QPr8wfr/puj</latexit>

e⇥k


