Appendix A: Pseudocode
A.1 QNG Optimization Loop
INPUT: initial parameters θ₀, cost function C(θ), ansatz U(θ), noise model N, learning rate η, regularization λ, max iterations K, convergence threshold τ
1. FOR k = 0 TO K−1:
2.     Evaluate C(θ_k) on the noisy simulated circuit
3.     IF C(θ_k) < τ: RETURN converged = True, iterations = k, final_cost = C(θ_k)
4.     Compute ∇C(θ_k) via the parameter-shift rule
5.     Compute F(θ_k) via the parameter-shift rule (Section 5.3)
6.     F_reg ← F(θ_k) + λ I
7.     θ_(k+1) ← θ_k − η · F_reg⁻¹ · ∇C(θ_k)
8. RETURN converged = False, iterations = K, final_cost = C(θ_K)
A.2 Vanilla Gradient Descent Loop (baseline)
Identical to A.1 except step 5–7 are replaced by: θ_(k+1) ← θ_k − η · ∇C(θ_k)  (no QFIM computation or preconditioning)
Appendix B: Notation Table
	Symbol
	Meaning

	θ
	Vector of variational circuit parameters

	U(θ)
	Parameterized quantum circuit (ansatz)

	|ψ(θ)⟩
	Trial quantum state prepared by the ansatz

	C(θ)
	Cost function (typically Hamiltonian expectation value)

	H
	Problem Hamiltonian

	∇C(θ)
	Gradient of the cost function with respect to θ

	F(θ)
	Quantum Fisher Information Matrix (QFIM)

	Q(θ)
	Quantum Geometric Tensor (QGT)

	η
	Learning rate

	λ
	Tikhonov regularization constant

	P
	Number of variational parameters

	L
	Circuit depth (number of ansatz layers)

	p₁q, p₂q
	Single- and two-qubit gate error rates





