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Course Schedule

9:00 am ð9:10 am Introduction

9:10 am ð9:25 am Hardware Review

9:25 am ð9:50 am From Design to Machine Code

9:50 am ð10:15 am Design Space Representations

10:15 am ð10:25 am Performance-Driven Design

10:25 am ð10:40 am Break

10:40 am ð10:55 am Performance Space Representation

10:55 am ð11:15 am Inverse Methods

11:15 am ð11:35 am Multi -objective Inverse Methods

11:35 am ð12:00 pm Advanced Performance-Driven Design

12:00 pm ð12:15 pm Course Review
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Recap: Performance -Driven Design

Design Space Performance Space



From Design Space to Performance Space

Design Space Performance Space

ÅNumerical simulation maps points from design 

space to performance space



Bounds on Performance

Design Space Performance Space



Example I: Color Gamut

Å The subset of colors which 

can be accurately 

represented within a given 

color space or by a certain 

output device.



Hardware Capabilities Limit Gamut

ÅGamut can be directly tied to capabilities of a given 

hardware

ᴙ
ᴙ

ת

Ὂת

Design 

Space
Performance 

Space

Color
E.g., how inks are 

placed on a sheet



Example II: Mechanical Properties in Printing Microstructures

A unit microstructure cell
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What physical properties can be 

achieved with microstructures?



Mapping Microstructures to Material Properties

Stretch

Shear
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Mechanical Properties Gamut

Relative Stiffness
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Å Space of bulk material 

properties that can be 

achieved with all material 

microstructures of a given 

size



ÅBoundary 

ðMesh/contour

ÅVolume

ðGrids (e.g., voxels), adaptive grids, points, distance fields

How to Represent Gamut?
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Why Volumetric Gamut Representations?

ᴙ

Ὂת



ÅEasy to check whether points are inside/outside

ÅEach cell can store points mapping back to the design 

space

Why Volumetric Gamut Representations?
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How to Represent Gamut in Higher Dimensions?
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ÅThese representations are useful but have not been 

explored much

ÅPossible representations: points, classifiers

How to Represent Gamut in Higher Dimensions?
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ÅWhen design space is low-dimensional

How to Compute Gamut?
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ÅWhen design space is low-dimensional we can explicitly 

compute the mapping for all points in design space

ÅExample: 2D printers/color 

How to Compute Gamut?
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ÅWhen design space is high dimensional

How to Compute Gamut?
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ÅWhen design space is high dimensional we can use genetic 

algorithms to expand gamut in all directions

How to Compute Gamut?
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ÅMicrostructure samples

Algorithm: Exploring Microstructure Gamut



ÅMicrostructure samples

ÅCompute level set

Algorithm: Exploring Microstructure Gamut



ÅMicrostructure samples

ÅCompute level set

ÅFind random seeds near the level 

set boundary

Algorithm: Exploring Microstructure Gamut



ÅMicrostructure samples

ÅCompute level set

ÅFind random seeds near the level 

set boundary

ÅFind gradient towards outside of 

gamut

Algorithm: Exploring Microstructure Gamut



ÅMicrostructure samples

ÅCompute level set

ÅFind random seeds near the level 

set boundary

ÅFind gradient towards outside of 

gamut

ÅDiscrete and continuous sampling

Algorithm: Exploring Microstructure Gamut



ÅMicrostructure samples

ÅCompute level set

ÅFind random seeds near the level 

set boundary

ÅFind gradient towards outside of 

gamut

ÅDiscrete and continuous sampling

ÅUpdate level set

Algorithm: Exploring Microstructure Gamut



Example: Gamut for Microstructures with Cubic Symmetry
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