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Quantum walks for constraint combinatorial optimisation



Combinatorial optimisation

(Backpack Problem, Drug Discovery, Traffic Design, Investment Portfolio, 
Graph Partition, Subset Sum, Lattice Paths, Travelling Salesman Problem, etc)
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min 𝑐(𝑥) over all possible solutions 𝑥 ∶

Graph Partition

50 𝑎𝑡𝑜𝑚𝑠 → 1048

500 𝑠𝑡𝑜𝑐𝑘𝑠 → 101505 𝑝𝑎𝑖𝑟𝑠 → 10100
40/100 items → 1028

500 𝑛𝑜𝑑𝑒𝑠 → 10150 → 𝟑𝟒𝟓 𝒒𝒖𝒃𝒊𝒕𝒔
𝒍𝒐𝒈



Quantum Annealing
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"gap condition"

• Quantum adiabatic theorem

adiabatic

ۧ|𝜓 : min/max energy state of 𝐻 𝑡𝑓 = 𝑄 :
(encodes combinortorial optimisation solution)

ۧ|𝑠 : min/max energy state of 𝐻 𝑡0 = 𝐵 :

(known eigenvalues & eigenstates)
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𝑡 = [0, 𝑇]

Quantum Adiabatic Evolution Algorithm, Farhi et al 2001



Quantum Annealing

• Quantum adiabatic theorem

𝑖
𝑑

𝑑𝑡
ۧ|𝜓(𝑡) = 𝐻 𝑡 ۧ|𝜓(𝑡)

QAOA

𝑼𝜶 = 𝑒−𝑖 ∆𝑡 𝑯𝜶

𝑈𝐵 𝛽 𝑈𝑄 𝛾
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The state evolution using  𝑝 timesteps

ൿ| റ𝛽, റ𝛾 = 𝑈𝐵 𝛽𝑝 𝑈𝑄 𝛾𝑝 … 𝑈𝐵 𝛽1 𝑈𝑄 𝛾1 ۧ|𝑠

≈ 𝑼𝒑 ≈ 𝑼𝟏

Vary { റ𝛽, റ𝛾} to minimise റ𝛽, റ𝛾 𝑄 റ𝛽, റ𝛾
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QWOA
ൿ|റ𝑡, റ𝛾 = 𝑈𝑊 𝑡𝑝 𝑈𝑄 𝛾𝑝 … 𝑈𝑤 𝑡1 𝑈𝑄 𝛾1 ۧ|𝑠

Quantum-walk-assisted optimisation algorithm, Marsh & Wang 2019 

Quantum Approximate Optimisation Algorithm, Farhi et al 2016

Quantum Adiabatic Evolution Algorithm, Farhi et al 2001
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with sequence algorithmwithout sequence algorithm
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• Highly efficient Circuit
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Poly log 𝑛! 𝑔𝑎𝑡𝑒𝑠



QWAO procedure

ൿ|റ𝑡, റ𝛾 = 𝑈𝑊 𝑡𝑝 𝑈𝑄 𝛾𝑝 … 𝑈𝑤 𝑡1 𝑈𝑄 𝛾1 ۧ|𝑠

1. Start with equal 
superposition

2. Repeat:
• change phase
• quantum walk

3. Measure

500 𝑛𝑜𝑑𝑒𝑠 → 10150

→ 𝟑𝟒𝟓 𝒒𝒖𝒃𝒊𝒕𝒔
𝒍𝒐𝒈



Conclusion

• Highly efficient quantum walk over exponentially large set of 

combinatorial objects with  adaptable connectivity;

• Substantially reduced search space using  sequence function; 

• Quantum circuit design independent of  variational parameters;

• Applications over a wide range of NP-hard problems.





Preliminary results
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