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A Hybrid quantum annealer-classical computer variational framework for elasto-plastic materials
A Data-driven approaches
T Deep Material Networks from the interaction viewpoint ;
T Mean-Field-Based Deep Material Networks for woven composites ;
T Stochastic Interaction-Based Deep Material Network ;
T Recurrent Neural Network-accelerated multi-scale simulations in elasto-plasticity ;
T Self-Consistent Recurrent Neural Network for multi-scale simulations with irreversible behaviours ;
T Recurrent Neural Network with dimensionality reduction and break down ;
T Multi-Scale optimisation of meta-materials ;
T Seqguential Bayesian Inference of complex model parameters ;
T Bayesian identification of stochastic MFH model parameters ;
A Complex constitutive models for failure prediction under complex loading states
T Shear and necking coalescence model for porous materials ;
) Ductile failure of High-Entropy Alloys (HEA) ;
T Damage-enhanced viscoelastic-viscoplastic finite strain model for crosslinked resin ;
T Finite-strain thermomechanical quasi-nonlinear-viscoelastic viscoplastic model for thermoplastics ;
T One-Way and Two-Way Shape Memory Polymers ;
A Homogenization & Multi-Scale methods
T Second order Computational Homogenization for Honeycombs ;
T Second order homogenization without RVE size effect for cellular and metamaterials ;
T Mean-Field-Homogenization for Elasto-Visco-Plastic Composites ;
T Micro-structural simulation of fiber-reinforced highly crosslinked epoxy ;
T Non-Local Damage Mean-Field-Homogenization ;
T Non-Local Damage & Phase-Field-Enhanced Mean-Field-Homogenization ;
T Stochastic Homogenization of Composite Materials ;
T Stochastic 3-Scale Models for Polycrystalline Materials ;
T Boundary conditions and tangent operator in multi-physics FE?;
A Fracture Mechanics
T DG-Based Multi-Scale Fracture, DG-Based Dynamic Fracture ;
T DG-Based Damage elastic damage to crack transition ;
T Non-local Gurson damage model to crack transition ;
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Introduction to Quantum Computing
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Introduction to Quantum Computing
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| s iHagni | tloanseach quant um anneal

A Quadratic Unconstrained Binary Optimization (QUBO)
i Goal: finding the ground state of a Hamiltonian €
$ 4 ADGER ES & with & OH 0 H
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| s iHagni | tloanseach quant um anneal

A Quadratic Unconstrained Binary Optimization (QUBO)
i Goal: finding the ground state of a Hamiltonian €
$ 4 ADGER ES & with & OH  OH
i Interms of spin variables N r
A Computational basisof ¢ § 0 O 8® & with &N {rip}

A Vector of spin variables: "I [( p) ! ® ]
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| s iHagni | tloanseach quant um anneal

A Summary
i Goal: finding the ground state of a Hamiltonian €
$ 4 ADGER ES & with & "QH 0 H
i Adiabatic annealing

A Starts from the ground state of an easy to prepare £

. Quantum
A Evolves to the ground state of the Hamiltonian € //;\ annealing
W .y (O 0O, 0, \\//
£ A0 —— & —£ \_J
2 C) 5 5
I Problem reformulated in terms of binary variables
AH [0l &  with &N {nip}
A Eigenvalue "HA™H
o . e oa ) Userrogr ammabl e
I In practice

A Provide the QUBO matrix A

A Set the annealing time 0 (typically 20 ps)

A One annealing returns a sample of "H

A A single run may not provide the global minimL{m due to environmental noises, hardware

imperfections, pre- and post-processing errors | » requires several reads
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Quantum computing & fini
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Quantum computing & finite
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Quantum computing & f
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Quantum computing & finite elements
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Quantum computing & finite
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Quantum computing & finite

A Non-linear finite element resolution on Quantum Computers?
i In elasticity we had
A O A O(I)(%E) T (&) with  (0(w) (s o(@)Qmd & (0(9)
i Double minimization problem in inelasticity

A Power functional.
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A Volume power functional
(0 ()l (&) . (& Oh) o (0(w)
A Incremental volume energy functional on time interval [0 0 ]*
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A The problem solution reads
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Quantum computing & finite

A ExamplRel aptasticity
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Quantum computing & finite elements
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Double-minimization process solved by Quantum annealing
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Double-minimization process solved by Quantum annealing
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Doubmieni mi zati on process solved
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Double-minimization process solved by Quantum annealing
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Double-minimization process solved by Quantum annealing
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Doubmieni mi zati on process solved

A Transéaecmnt i ouwaudsoapttiicmi rac bioedrioi n a roinze
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Doubmieni mi zati on process sol

A Application to the double-minimization problem
Loop until convergence
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