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• Quantum preconditioning may accelerate 
incumbent solution discovery

• The benefit depends strongly on selected penalty 
strengths 𝝆 and QAOA depth 𝒑.. 

• Preconditioning can improve the solver’s search 
trajectory by helping it discover high-quality 
incumbents earlier, but this benefit must be 
weighed against the overhead of generating the 
correlation matrices.

• Simulated correlations show promise, but hardware 
noise, sampling cost, and scalability remain open 
challenges.

• Future work: Extend to other constrained 
problems,, test hardware-generated correlations, 
and compare with classical preconditioners.

Conclusions & Future Work
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• We study balanced graph bi-partitioning[7,8] on weighted complete graphs.
• Given an undirected graph 𝐺 =  (𝑉, 𝐸) with edge weights 𝑤𝑖𝑗,

             𝑧𝑖 = 2𝑥𝑖  − 1,  𝑧 ∈ −1,1 ,  𝑥 ∈ {0,1}

• Integer Program → Quadratic Unconstrained Binary optimization for Preconditioning:

• Generate Correlations between decision variables using QAOA:
𝑍𝑖𝑗

𝑝
= 𝛿𝑖𝑗  − 1 𝑧𝑖𝑧𝑗 , 𝑤ℎ𝑒𝑟𝑒 .  𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑒𝑥𝑝𝑒𝑐𝑡𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 

• Quantum Preconditioned Formulation:

• Combinatorial optimization problems arise in a wide range of applications, including 
network design, circuit partitioning, and scientific computing.

• Modern mixed-integer programming (MIP) solvers are highly effective for such 
problems, but their practical performance depends strongly on the problem 
structure and formulation presented to the solver.

• Moreover, these solvers can spend significant time certifying optimality after good 
incumbents are found.

• To improve performance, we can perform a transformation called “preconditioning[1]” 
that seeks to transform the problem into a more suitable form for the solver.

Can quantum-generated information be used to reformulate or precondition an 
optimization problem so that classical solvers find high-quality solutions faster[3,6]?

 

        Quantum Approximate Optimization Algorithm (QAOA)[4,5]
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Results

𝒑, 𝜸𝒌, 𝜷𝒌, 𝑘 = 1,2, … , 𝑝QAOA Circuit
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, 𝑠. 𝑡. 𝑥 ∈ 0,1 𝑛

1. Preconditioning changes incumbent trajectories

2. 𝛜 −hit runtime (N = 40)

1. Quantum Preconditioning improves empirical scaling behavior of the MIP solver
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