
Context: Newton’s method

Leveraging FP representation to reduce costs

More sources of inexactness: finite-differences

Other Newton’s approximations

Key take-aways

Contribution: error analysisChallenge: method’s inexactness

 Error analysis framework

Application: mixed-precision FP-Newton

TL; DR:
We need reliable and cheap optimizers, 

we reduce cost of Newton’s method harnessing inexactness
Application: Accurate model fitting with less expensive computation

Improve its precision

Convergence theorem

 Error model

Numerical frugality in optimization:
approximated Newton’s method

Adapting the work of  [1] to the optimization context

Newton’s method can be approximated in different ways
Operations are not equally sensitive to errors
Our framework adapts to different sources of inexactness
We can save resources sacrificing few accuracy following
theoretically-guided insights

Question: larger-scale settings?
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iteratively solved by

[1]: F. Tisseur. Newton’s method in floating point arithmetic and iterative refinement of  generalized eigenvalue problems. SIAM Journal on Matrix Analysis and Applications, 22(4):1038–1057, 2001.

Unequal inexactness → Mixed-precision!

Each operation within Newton’s method 
can be affected by inaccuracies.

Usually, in ML:

Assuming...

...we can derive that...

Willingly... ...or not

Inexact Newton

Quasi - Newton

Floating-point arithmetic

We want to 

Develop a
convergence theory

for Newton with sources
of  inexactness

Apply the theorem to
common Newton’s
approximations 

Prove the analysis’
soundness with

numerical
experiments 

Quasi - Newton?

Inexact Newton?

(Potentially) Covered!

Covered!
and derived stopping conditions

Example of  Gauss-Newton

Highly inexact operation

Better attainable accuracy


