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Motivated by the prospect of a two-dimensional square-lattice geometry for semiconductor spin qubits, we explore the realization of the Parity Architecture with quantum dots [1]. We present sequences of spin shuttling and quantum gates that implement the Parity Quantum Approximate Optimization Algorithm (QAOA) on a lattice constructed of identical unit cells, such that the circuit depth is always constant [2]. We estimate the errors during one round of Parity QAOA by means of a hardware-specific error model. Our results show that shuttling errors due to near-degenerate valleys are the main limitation of the fidelity and we estimate the optimal working regime, where the performance of the spin qubits can be competitive compared to superconducting transmon qubits. Finally, we discuss the possibility of decoding the logical quantum state and of quantum error mitigation. We find that already with near-term spin qubit devices a sufficiently low physical error probability can be expected to reliably perform Parity QAOA in a regime where the success probability compares favorably to standard QAOA.
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