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Sandia Commits Significant Resources to Transform the NW Enterprise

• Vision: combines promise of additive manufacturing with deep materials & 
process understanding to revolutionize design, manufacturing, & 
qualification paradigms for the NW enterprise

• Team: 11 centers, 20 departments, 40 researchers, $4.5 M/year, 3 years

• Challenges: overcome uncertainties and variabilities, create large scale 
optimization for multi-scale/physics simulation, integrate with experiments

• Why Sandia: combination of unique qualification of NW components, 
computational science, experiments, and product targets

• CIS contributions: development of large scale multi scale/physics 
optimization under uncertainty, data science, and uncertainty quantification

References:
• T. Wildey, B. van Bloemen  Waanders, and D. Seidl ”Generalized Multiscale Mortar Methods for 

Multiphysics Applications”, CMAME, 2017, (submitted).
• D. Seidl, B. van Bloemen Waanders, T. Wildey “Simultaneous Elastic Inversion of Shear Modulus and 

Traction Boundary Conditions”, Inverse Problems in Science and Engineering, 2017, (submitted).
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CIS	Contributes	Critical	Computational	Tools

§ Mapping	of	multi	scale/physics	forward	modeling	from	Sierra	
to	Trilinos

§ Leveraging	Mortar	methods	achieves	adaptivity,	multiphysics,	
and	multiscale

§ Automation	of	adjoints and	optimization	interfaces	provides	
large	scale	multi-scale/physics	capabilities		

§ Demonstration	of	multiscale	inversion	and	risk-averse	control
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Large	Spatial	Resolution	Motivates	Multi-scale/physics	Simulation	
with	Optimization	under	Uncertainty	Capabilities.	
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Sierra	Forward	Modeling	is	Mapped	to	Trilinos Framework	to	Enable	
Optimization	(inversion,	control,	design)
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Automates:
• 3D Parallel
• Adjoints
• Opt under uncertainty
• Unstructured
• Multiscale
• Multiphysics
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(MILO)

7



Novel	Development	of	Multiscale	Capability	
using	Mortar	Methods	at	Element	Level	
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Mortar	Approach	Achieves	Fine-scale	Crystal	Elasticity	at	Reduced	
Computational	Cost	(and	produces	an	adjoint)	for	Large	Scale	Optimization
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Spatial	Variation	of	IR	Thermal	Measurements	Motivate	
Multiscale	Inversion
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Risk-averse	Prototype	Demonstrates	Complicated	
Algorithms	and	Software	Capabilities
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At	the	Two	Year	Mark,	BQ	Has	Developed	Foundational	Tools	and	is	
Set	to	Deliver	Qualified	Exemplars	in	the	Third	and	Final	Year

• BQ combines	promise	of	additive	manufacturing	with	deep	materials	&	
process	understanding	to	revolutionize	design,	manufacturing,	&	
qualification	paradigms	for	the	NW	enterprise	BQ	LDRD	research	and	
development	to	support	the	transformation	of	NW	program.

• CIS	contributions consists	of	development	of	large	scale	multi	
scale/physics	optimization	under	uncertainty,	data	science,	and	
uncertainty	quantification.

Future	work	- third	year	goals:

Integration of		computational	sciences	and	experimentation	to	achieve	
qualified	exemplars.
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Thank	you!
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