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The Kepler Conjecture
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The Kepler Conjecure:



History
• Kepler: 1611: On the six-cornered snowflake: 

• See https://www.nature.com/articles/480455a for commentary.
• See http://www.joostwitte.nl/M_Galilei/Johannes_kepler_snowflake.pdf for text.
• Proof announced 1998: https://annals.math.princeton.edu/wp-

content/uploads/annals-v162-n3-p01.pdf

• Fermat’s Last Theorem: stated in 1637, solution published in 1995.
• Summary: https://www.ams.org/notices/199507/faltings.pdf
• Richard Taylor and Andrew Wiles (May 1995). "Ring-theoretic properties of certain 

Hecke algebras". Annals of Mathematics. 141 (3): 553–
572. https://en.wikipedia.org/wiki/JSTOR_(identifier)

• Wiles, Andrew (1995). "Modular elliptic curves and Fermat's Last Theorem". Annals of 
Mathematics. 141 (3): 443–551. https://en.wikipedia.org/wiki/JSTOR_(identifier)

• Good links: http://math.albany.edu/g/Math/topics/fermat/

https://www.nature.com/articles/480455a
http://www.joostwitte.nl/M_Galilei/Johannes_kepler_snowflake.pdf
https://annals.math.princeton.edu/wp-content/uploads/annals-v162-n3-p01.pdf
https://www.ams.org/notices/199507/faltings.pdf
https://en.wikipedia.org/wiki/Richard_Taylor_(mathematician)
https://en.wikipedia.org/wiki/JSTOR_(identifier)
https://en.wikipedia.org/wiki/Andrew_Wiles
https://en.wikipedia.org/wiki/JSTOR_(identifier)
http://math.albany.edu/g/Math/topics/fermat/


Geometry
Images from my book on Operations Research

















Chess Problem:
https://www.youtube.com/watch?v=aMorr1h4Egs
Place 5 queens on a 5x5 board so that 3 pawns can be safely placed.

How should we explore
all the possibilities 
efficiently?

https://www.youtube.com/watch?v=aMorr1h4Egs


Chess Problem:
https://www.youtube.com/watch?v=aMorr1h4Egs
Place 5 queens on a 5x5 board so that 3 pawns can be safely placed.

How should we explore
all the possibilities 
efficiently?

Can we do better?

https://www.youtube.com/watch?v=aMorr1h4Egs


Chess Problem:
https://www.youtube.com/watch?v=aMorr1h4Egs
Place 5 queens on a 5x5 board so that 3 pawns can be safely placed.

How should we explore
all the possibilities 
efficiently?

What does this remind
you of?

https://www.youtube.com/watch?v=aMorr1h4Egs


• Seen canonical forms before: solving polynomials!

• Generalizing linear algebra:                   . Difference is that we have constraints on the variables 
and we have a linear function we wish to minimize. Over or under-determined?









Power of Duality:



https://www.youtube.com/watch?v=oYIHLUxzRr8https://www.youtube.com/watch?v=r-C82iNY8jk

https://www.youtube.com/watch?v=oYIHLUxzRr8
https://www.youtube.com/watch?v=r-C82iNY8jk




What can Linear Programming handle?

• Are we above / below a threshold.

• Logical operations: and, if-then, or, xor.

• Trunctation.

• Max/min and absolute values.



Efficient Programming

How many constraints to check?



Efficient Programming
How many constraints to check?



Linear Programming: Harder than Non-Linear

Traveling Salesman Problem



Greedy Algorithm issues….
• Timothy J. Pennings: Do dogs know calculus? 

http://www.math.pitt.edu/~bard/bardware/classes/0220/dkc.pdf

• Roland Minton and Timothy J. Pennings: Do dogs know bifurcations? 
https://www.maa.org/sites/default/files/pdf/upload_library/22/Polya
/minton356.pdf

http://www.math.pitt.edu/%7Ebard/bardware/classes/0220/dkc.pdf
https://www.maa.org/sites/default/files/pdf/upload_library/22/Polya/minton356.pdf
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