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Specify Design Domain 
and Function

Use Topology Optimization (FEA) to 
Determine Form that Meets Function

Optimized 
Design (Form)

Specify Form Verify Function Using 
FEA

Design

Paradigm Shift: Form vs. Function 

Needs for Paradigm Shift at Sandia
1.Various/Complex Physics
2.High Performance Computing power
3.Design environment tailored for 

Topology Optimization



Guided Topology Optimization

Compute EngineDesigner

Based on evolving design results designer 
provides additional input/constraints to guide 

optimization

Continuous feedback from 
optimization showing evolving design



Some Details of Interactivity

• Initial guess/Restart
• Mid-process interactivity 

• Simple parameter changes
• Mesh modification

• Adaptivity for performance
• Adaptivity for design resolution
• For specifying new constraints
• For expanding optimization domain

• Post-processing
• Smoothing optimized design
• Design editing
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Environment for Making Design Decisions



Current Capabilities

Albany Physics research platform
• Linear Statics
• Thermal
• Multi-physics
• Multi-load scenarios

Sierra Physics production platform
• Linear Statics coming on line

Design Environment based on Sandia Analysis Workbench (“Albany inside”)
• Problem setup
• Job Submission on HPC platforms
• Continuous visual feedback of evolving design
• Post-processing (smoothing, export)
• Interactive optimization



Live Demo



Movie



Future Directions

Albany research platform for 
prototyping interactive optimization

Sierra production platform
• Thermal
• Multi-physics, multi-load, multi-constraint
• XFEM (for modal and implicit boundaries)
• Sierra Solid Mechanics

Design Environment 
• Support for Sierra
• Continued development of interactive optimization
• Expanded design editing/post processing


