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Core ideaPROBLEMBackground

QML Real-World Applications
Medicine ↠ Drug discovery

Chemistry ↠ Molecular simulation

Biology ↠ DNA analysis and modeling 

Finance ↠ Trading optimization

The Flat Earth Paradox (QNG)
The fubini-study metric creates a curved quantum statistical manifold.
Qunatum natural gradient maps the tangent vector through an euler step on 
the ambient coordinate chart dropping the levi-cevita connection of the 
manifold. This creates a retraction error forcing the descent path away from 
its optimal direction

Classical VS Quantum Computer

Bit (Classical) ↠  0 or 1

Qubit (Quantum) ↠  Superposition of 0 and 1 (state on 

a curved space)

Advantage ↠ Massive computational possibilities

Challenge ↠  Hard to optimize + highly noise-sensitive

Core idea

Quantum Natural Gradient (QNG) is widely used to train Variational Quantum algorithms (VQA) due to its 
ability to account for geometry of quantum states.
While QNG computes the right descent direction on the curved quantum manifold. It applies updates using 
Eucilidean (straight) steps in the parameter space. This creates problems between geometry of space and 
optimization trajectory. 

As a result, the optimization path deviates from the true geodesic. That introduces geometric error at every 
iteration. Errors accumulate over time leading to instability, sensitivity to learning rates and bad 
convergence in deep quantum circuits. 

This is not good as it makes variational quantum algorithms unreliable and very costly. 

Results: VQE & QAOA Geodesic Smoothness and Plateaus
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Noise ProblemThe Flat Earth Paradox

Solution: DFS-QNG


