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Definition of MDO

« Optimization of coupled subsystems
« Special mathematical structure

min f(x,y,z)
g(x,y,2z) <0

h(x,y,z) =0
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Why a Differential Geometry Framework?

e Three research foci Prescience
» Lack of consensus . ),
« Kuhn’s philosophy of science Paradigm Normal

P PRy Change Science

e Differential geometry
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Twink.org: KuhnCycle_BasicCycle.png. URL
http://lwww.thwink.org/sustain/glossary/KuhnCycle.htm

Banchoff, T., Beall, J.: kbcl.jpg. URL http://alem3d.obidos.org/en/struik/kbottle/
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Differential Geometry

e Manifolds and charts
» Tangent spaces and basis vectors

Boothby, W.M.: An Introduction to Differentiable Manifolds and Boothby, W.M.: An Introduction to Differentiable Manifolds and
Riemannian Geometry. Academic Press, Inc., Boston (1983) Riemannian Geometry. Academic Press, Inc., Boston (1983)
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Riemannian Geometry

 The metric tensor
« Other geometric quantities
e Covariant derivatives
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Translating MDO

e Tangent vectors
 The metric tensor
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Areas of Inquiry

* Analogies with dynamics
« Correlations with numerical indicators STRING THEORY GUMMARIZED:

| JUST HAD AN AWESOME |DEA.
SUPPOSE ALL MATTER AND ENERGY
IS MADE OF TINY. VIBRATING STRINGS.

OKAY. WHAT woulLp
THAT IMPLY?

| buo. /
£ R

XKCD: String theory. URL http://xkcd.com/171/

7 Engineering Design Centre



Design Coupling — Derivation

» Design coupling and disciplinary projections

* Dot products and the metric tensor i = Ov" du* _ 9v  9v
i . 0wt Owi Owt o Owd
A normalized metric tensor
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Design Coupling — Properties

* Fundamental geometric property

e Bounded coupling values

 Decomposable metric

» Uncoupled disciplines and product manifolds
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IDF — Construction
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IDF — Discussion

 Partial decoupling
* Discipline-dependent performance
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Conclusions

e Foundations have been laid
 Early results have shown promise
» Areas of further inquiry have been identified

t=-0.3

0.5

0.5 L
aq -1

Atanasiu, Gh.: The Theory of Linear Connections in the Differential
Geometry of Accelerations. SFK-Office, Moscow (2007)
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Questions?

Teichner, P.: pretzelhalf.jpeg. URL
http://math.berkeley.edu/~teichner/Bottoms.html
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