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Description: The multi-objective unconstrained binary quadratic programming problem (mUBQP) is
an interesting problem to study. Recently this problem got attention and a set of benchmark
instances have been introduced also only recently [1]. Many multi-objective optimization problems
can be converted to mUBQP, including multi-objective knapsack problem, multi-objective max-cut
problem and bi-objective coloring problem. In general, multi-objective optimization is getting more
and more attention, due to the complexity that systems-of-systems impose on modeling and
optimization problems.

Due to the multi-objective nature of mUBQP, it is necessary to utilize multi-objective methodology
to obtain a set of solutions that show the tradeoffs between the objectives. The UBQP is also known
as QUBO (quadratic unconstrained binary optimization) problem and is the basis for solving
optimization problems using quantum computers. Exact methods can solve UBQP/QUBO only with
small or moderate-scale problem instances due to the NP-hard nature of UBQP. This leads to the
first question to investigate:

Research question 1: Can quantum computing be beneficial for mUBQP problems?

In current classical solution methods, two implementation issues arise. The first one is the choice of
the weight vector: how are various objectives weighted, to obtain Pareto optimal solutions. The
second one is the choice of the scalarizing function: how are the various objectives function scaled,
which affects the performance of algorithms greatly. In literature, multiple approaches and their
pros and cons are known.

Research question 2: How does quantum computing affect the implementation issues and are the
current approaches still valid?

In current quantum optimization practice, unconstrained problems are translated to QUBO/UBQP
formulation using penalty values that have similarities to the Lagrange Multiplier approach of
classical optimization [2]. Where theoretical values can be derived [3], those values do not perform
well in quantum computing approaches, making the search for (the right) penalty values extremely
difficult. However, this problem has great similarity to the aforementioned choice of the weight and
scalarizing function in mUBQP.

Research question 3: Can the theory of choosing weight and scalarizing functions in classical mUBQP
problems be used to find penalty values in QUBO/UBQP formulations?

Keywords: combinatorial optimization, quantum computing, complex systems

Publications of supervisor:

Piattini, M and F. Phillipson et al. "The Talavera Manifesto for Quantum Software Engineering and
Programming." QANSWER. 2020.

Kools, L., and F. Phillipson. "Data granularity and the optimal planning of distributed
generation." Energy 112 (2016): 342-352.

Phillipson, Frank. "Quantum Machine Learning: Benefits and Practical Examples." QANSWER. 2020.



Phillipson, Frank, and Harsh il Singh Bhatia. "Portfolio optimisation using the d-wave quantum
annealer." International Conference on Computational Science. Springer, Cham, 2021.

Neumann, Niels, Frank Phillipson, and Richard Versluis. "Machine learning in the quantum era."
Digitale Welt 3.2 (2019): 24-29.

References:

[1] Zhou, Ying, et al. "A multi-objective tabu search algorithm based on decomposition for multi
objective unconstrained binary quadratic programming problem." Knowledge-Based Systems 141
(2018): 18-30.

[2] Glover, Fred, et al. "Quantum Bridge Analytics I: a tutorial on formulating and using QUBO
models." Annals of Operations Research (2022): 1-43.

[3] Ayodele, Mayowa. "Penalty Weights in QUBO Formulations: Permutation Problems." European
Conference on Evolutionary Computation in Combinatorial Optimization (Part of EvoStar). Springer,
Cham, 2022.

Contact:

Prof. dr. F. Phillipson

School of Business and Economics Dpt. Applied Cryptography and Quantum Applications
Maastricht University TNO The Hague

f.phillipson@maastrichtuniversity.nl frank.phillipson@tno.nl

Signed for approval:

Prof. dr. A.J. Vermeulen - head of department:

Maastricht, 26-09-2022.


