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Optimization



End of the story?
Unique local 
minimum is 

the global one

So many local 
minima…



Nonconvex optimization



Nonconvex optimization
saddle points

local minima



Nonconvex optimization



Escaping from saddle points

Folklore with the Hessian oracle. Issue: 
n-by-n matrix, too costly in practice

Main consideration: Use simpler and simpler 
oracle, while keeping poly-log in n

[Zhang, Leng, L., contributed talk at QIP 2021] arXiv:2007.10253



shake when the 
gradient is small

Escaping from saddle points



Classical state-of-the-art (simplified)



Quantum speedup?



Schrodinger equation



Escaping from saddle points by quantum simulation



Escaping from saddle points by quantum simulation



Query complexity of simulating the Schrodinger equation



Quadratic approximation



Putting everything together



Summary



Gradient computation by quantum evaluation oracle

Next: Can we simplify classical gradient queries?

Our contribution: Generalize the application of Jordan’s algorithm for convex optimization 
to nonconvex optimization.

Intuitively: Continuous version of the Bernstein-Vazirani algorithm



Our contribution: Generalize the application of Jordan’s algorithm for convex optimization 
to nonconvex optimization.

Robust version of function decrease when escaping from saddle points:

Gradient computation by quantum evaluation oracle



Final result

We essentially show the robustness of escaping from saddle points by PGD, 
which may be of independent interest.



Numerical experiments
Quantum simulation on non-quadratic potential fields



Numerical experiments
Quantum simulation on non-quadratic potential fields



Numerical experiments
Comparison between classical and quantum algorithms



Numerical experiments
Dimension dependence



Conclusions


