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➢ Hamiltonian:

➢ We consider three problems:

Exact Cover (EC) Traveling Salesperson (TSP)
from Tail Assignment Problems

Garden Optimization (GO)

Driver
Hamiltonian

Cost
Hamiltonian

Time-dependent
hopping rate

arXiv:2105.02208 arXiv:2101.10827
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape

5 qubits
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape

10 qubits
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape

15 qubits
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Generic Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape

18 qubits
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21 qubitsGeneric Energy Spectrum of       

➢ States with Hamming distance 1

are coupled by 

➢ Order states by energy

➢ Goal: Drive probability

amplitude towards ground state

➢ For large problems: Graph takes

generic “Onion” shape

Hypercube Graph:
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➢ Look at Local Hamiltonian 

➢ Drives Amplitude Transfer

➢ Local Energy Gaps

Hypercube Graph:
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➢ Look at Local Hamiltonian 

➢ Drives Amplitude Transfer

➢ Local Energy Gaps

➢ Local Rabi oscillations

➢ LAT Theory: Optimal Balance at

Hypercube Graph:
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Drive Amplitude Through Hypercube Graph:

→ Hopping Rate “Schedule”

Beginning
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Theoretical GQW
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End

Intermediate
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LAT Theory:
➢ In practice:                    is not known

➢ Observation:

➢ Generic energy spectrum

➢ takes generic shape

“Typical” Quantum Annealing Schedule!

➢ Deviations can be modelled with 

➢ Optimize only 6 hyperparameters!

Bezier curves
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How can the scaling be linear?

→ Need to properly account for the

cost of the classical optimization phase!
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GQW:

QA:
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Time to achieve 90% success probability:



arXiv:2308.05418

GUIDED QUANTUM WALK
Accounting for Cost of Classical Optimizer

Page 19Dennis Willsch

For all N

Time to achieve given success probability:

Proper accounting recovers exponential scaling → GQW scales favourably
without cheating
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INTERLUDE:           JOSEPHSON HARMONICS
Using the Right Model to Describe Data

Paper: arXiv:2302.09192

Talk: https://youtu.be/dWu3lCwyXBM

⇔

Standard Josephson Junction

https://youtu.be/dWu3lCwyXBM
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➢ Optimize GQW schedule         for N=30

➢ Apply same schedule until N=40 qubits

➢ Comparison vs.

QAOA (2p = 12 parameters)

AQA (1 parameter)

Generalization of Schedules to Larger Problems
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arXiv:2104.03293

GQW
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JUNIQ Rolling Call:

or search for
“FZJ JUNIQ ACCESS”


