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Motivation
subsurface imaging and predictive modeling for realistic, complex geology –
conditions motivate the resolution of fine features
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Motivation: Putting it all together at the macroscopic level

Classical Gaussian ”anomalous” fractional

Pulse propagation

Fractional diffusion equation Riemann-Louiville convolution



Outline

• Maxwell’s

• Fractional Laplacian and time 
operator

• Target optimization problem

• Solution strategy

• Implementation

• Summary



Maxwell’s	to	Fractional	Helmholtz

First order Maxwell’s
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Fractional	Laplacian



Implementation	Strategies



Laplacian	with	different	exponents
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Fractional	time	operator

Implementation Issues:
• Straight forward except…..
• Need real and imaginary part
• Boundary condition requires fractional exponent
• Complex value exponent needs to calculated a priori
• Optimization requires multiple frequencies to recover fractional 

Brownian motion



Target	Optimization	Problem
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Fractional	Inversion	Results

Note:
• Synthetic sensors
• Add noise
• Invert for exponent

Alpha true Alpha
Inverted

Error

1.0 1.0 0.0

0.5 0.49 0.01



Automates:
• 3D Parallel
• Adjoints
• Opt under uncertainty
• Unstructured
• Multiscale
• Multiphysics

ROL
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strong form:
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code:

Multi	scale/physics	Interface	for	Large	scale	Optimization	
(MILO)



Novel	Development	of	Multiscale	
Capability	using	Mortar	Methods	
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Summary

§ Implemented	fractional	Helmholtz	with	adjoint and	gradients

§ Demonstrated	simple	inversion	capability

§ Software	infrastructure	enables	automatic	interface	to	optimization

Future	work	:

• Implement	multiple	frequency	inversion
• Implement	solution	to	space-time	cylinder	problem
• Extend	to	Maxwell’s	
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Thank	you!


