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Reconfigurable intelligent surface (RIS) optimization is a high-dimensional combinatorial problem, where
classical methods face significant scalability challenges. The quantum approximate optimization algorithm
(QAOA) offers a promising alternative by encoding the optimization problem into a quantum Hamiltonian
and finding its ground state through a parameterized quantum circuit, known as the ansatz [1]. In the quan-
tum framework, the RIS optimization problem is mapped onto the Sherrington-Kirkpatrick (SK) Hamilto-
nian, which models the transfer function between the transmitting antenna (TX) and the receiver (RX) [2, 3]
as follows:

ĤRIS = −
∑
i<j

JijẐiẐj , (1)

where Ẑi ∈ {−1,+1} corresponding to {−π,+π} RIS cell phase shift and Jij are the interaction coeffi-
cients. The RIS model is represented by the QAOA ansatz, a parameterized quantum circuit designed to
prepare the quantum state |ψ(ϑ)⟩, where ϑ denotes the variational parameters. Given the SK Hamiltonian
and the QAOA ansatz (RIS model) for a 3 × 3 RIS (N = 9 qubits), the QAOA aims to minimize the cost
function C(ϑ) = ⟨ψ(ϑ)|ĤRIS|ψ(ϑ)⟩, in order to determine the optimal parameters ϑ that maximize the
received signal intensity at a specific receiver position. After the training process, the QAOA-trained RIS
model was tested on 30 different receiver positions, achieving optimal solutions in 29 cases. Gradient analy-
sis for RIS sizes N = 3−14 revealed that the variance of the cost function gradient decreases exponentially
with the number of RIS elements, confirming the theoretical prediction of barren plateaus (BP) [4]. The
BP limitation arises from the flat optimization landscape, which hinders scalability in larger systems. De-
spite these challenges, QAOA demonstrates strong potential for RIS optimization in small to medium-sized
systems, efficiently identifying near-optimal configurations. Future research will address scalability by ex-
ploring advanced ansatz designs and hybrid quantum-classical approaches to overcome the BP limitations
enhancing smart radio performances.
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