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Motivation
 Dynamically developing
 Plethora of potential applications
 Strong interest from bussiness partners



Benefit 

Easier access for business and research customers to quantum 
architectures

Simulators: reducing the cost of solution preparation and testing

Future-proofing: the ability to prepare solutions that work on 
upcoming quantum architectures

Visualizations: facilitating the design of solutions, preparation and 
analysis of programs



Quantum annealing



Ising model
Given a function                                             

where

The goal is to find              

The so-called ground state             
                                                       
                                                   



Quantum adiabatic protocol
Initial Hamiltonian                                   
                                                               
                                                          

Time dependent Hamiltonian                           
                                                          



Adiabatic evolution - example



Adiabatic evolution - example



Adiabatic evolution - example
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Simulating annealing of spin glasses
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Spin glass simulation
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D-Wave Chimera
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D-Wave Pegasus
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D-Wave Zephyr
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Tensor networks
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Simulation of spin glass annealing
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SpinGlassTensors.jl

- Tensor structures
- Opeation on tensors
- GPU utilization
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SpinGlassNetworks.jl

- Network graphs
- Factor graphs
- Basic I/O



20

SpinGlassEngine.jl

- Main algorithms
- Efficient simulation of Chimera
- Possibility to simulate more complex
structures
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SpinGlassEngine.jl
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SpinGlassEngine.jl

Solution: sparse tensor networks on the GPU
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SpinGlassEngine.jl

Solution: sparse tensor networks on the GPU
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Bruteforce search
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Bruteforce search
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SpinGlassExhaustive.jl,
omnisolver-bruteforce

- Parallel GPU implementation
- Two appraoches:
    - naive brute-force
    - Gray codes 
- Main problem: parallel
Sorting on the GPU
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Execution times



28

Dynamical systems
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SpinGlassDynamics.jl

- Solving Ising instances via dynamical systems
- Main libraries:
  - DynamicalSystems.jl
  - DifferentialEquations.jl
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SpinGlassDynamics.jl
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Visualization
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THANK YOU
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Repositories
 - https://github.com/euro-hpc-pl/SpinGlassPEPS.jl
 - https://github.com/euro-hpc-pl/omnisolver-bruteforce
 - https://github.com/euro-hpc-pl/SpinGlassDynamics.jl

Publication:
arXiv:2112.11131

https://github.com/euro-hpc-pl/SpinGlassPEPS.jl
https://github.com/euro-hpc-pl/omnisolver-bruteforce
https://github.com/euro-hpc-pl/SpinGlassDynamics.jl
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