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Geometry on Networks
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Spheres

The sphere S(x)
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Examples of Networks
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Duncan Watts

in "Six Degrees"

"In the world of networks, sociologists,
economists, mathematicians, computer
scientists, biologists, engineers and physicists
all have something to offer each other and
much to learn.”

Saturday, April 7, 12



Sociology

Sociologist: Morris Zeldich

Saturday, April 7, 12

1969 Zeldich:

rhetorical
question:

Can you really
study an army in
a laboratory!?

2011: Christakis:

"Nearly half a
century later, the
answer appears to
be yes."

he Trouble With Common
ense,

Nicholas Christakis,
NYT June 24, 2011
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Word changes
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ARPA NETWORK, LOGICAL MAP, SEPTEMBER 1973 973
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Fullerene
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Tic Tac Toe Chess



Games: 4 wins

Rules: Each player picks one or
two. The one who gets the last
ohe, wins.

NIM: taking the last, loses
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Swarm intelligence




Puzzles
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Rubik

The diameter
- of the Rubik
. network is 20

{
1
{
[
1
i
1

Superflip

God Number (cube20.org)
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What 1s Geometry?




Antiquity

i |

Geodesy. Measure length and area
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Euclid

Axiomatics of planimetry

points

circles

angles

lines

Saturday, April 7, 12



Descartes 1591650

Geometric objects can be defined algebraically

y=ax+b

(x-a) +(y-b)’ = r’
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Klein 1849-192

Geometry is defined by the group of
symmetries of the Geometry.

Conformal geometry
Affine geometry
Projective Geometry
Topology

Differential geometry
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Rieman s2-1sss

Riemannian manifold.Intrinsically
defined metric without embedding. / i F\ ;
. chart
map e ®

Manifold: space equiped with atlas



Some geometric
questions 1n Network



The Triangonal lattice

AY 4

4
A







Saturday, April 7, 12 |



Spheres A

AVA«




‘Intersection of Spheres
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Growth of Circle
Length

IS(r)|" positive: hyperbolic
IS(r)|" =0 flat

IS(r)|" negative grows polynomially: elliptic
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elliptic

hyperbolic
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|. Line between EUCIid'S AXiOmS
two points Of Planimetry

2. Extend line

3.Build
Circle

.
-
-
-
-
-
-
-
-
-
“
-

\ "“"
4. Right angles congruent Axiom
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|. Line between
two points
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2. Extend line
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3.Build
Circle
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4. Right angles congruent
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5.Parallel
Axiom
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Birth of Topology
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Story of Math |l
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Euler Characteristic
X= V-E+F
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DAVID S. RICHESON

THE POLYHEDRON
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Rubber Geometry




Sources

Steven Strogatz: Ted talk: "How things in nature tend to sync up”, 2008

Duncan Watts, Six Degrees. The Science of a connected age, 2003
Clip from movie: The Social Network, 2010
Inner Life of the Cell, BioVisions, Robert Lue ,Alain Viel, Harvard, 2007
Pickover, The Math Book, 2009
The Story of Maths, BBC, Marcus du Sautoy, 2008
Clip from press statement of Manoharan Lab at Stanford, 2012
Clip from movie "The fabric of Cosmos", Brian Green, 201 |
Clip from Spiegel report on work of Van VWedeen at Harvard 2012
Clip from cube20.org 2010
Dimension, Movie, by Jos Leys, Etienne Ghys,Aurelian Alvarez 2008
Nova clip from Elegant universe 2007
Vijay Kumar: Ted Talk"Robots that fly and Coorporate 2012
Movie clip by Max-Planck Institut fuer Gravitationsphysik 2012

Molecules and Words from Mathematica 8
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[iterature

"Accpssibla and engaging. . . . A good introduction to the topic.” —Nature
\
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DEGREES

The Hidden Patterns Behind Everything We

From Your Email to Bloody Crusades

THE SCIENCEOF
A-CONNECTED AGE

WITH A'TNEW,CHAPTER

DUNCAN,Jy WATTS

With A New Afterword
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A NEW YORK TIMES BUSINESS BESTSELLER “An engaging mix of business, sociology, organizational theory,

and rechnology writing and fits the mold of Malcolm

“As entertaining and thought-provoking as The Tipping Point by @ Gladwell's perennial best seller The Tipping Point."
Eve ryt hi ng Else and What It Means for Malcolm Gladwell. . . . The Wisdom of Crowds ranges far and wide.” Newsuweek

How Everything Is Connected to

. a A —The Boston Globe s
Business, Science, and Everyday Life Q

Linked THE WISDOM GROWDéOURcINc

OF CROWDS T KN BSWR TIE RO

IS DRIVING THE FUTURE OF BUSINESS

JAMES LS
SUROWIECK] |

WITH A NEW AFTERWORD BY THE AUTHOR

-

@

"“Linked could alter the way we think about all of the

networks that affect our lives.” —The New York Times
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Structure, Robustness and Function

NICHOLAS A. CHRISTAKIS, MD, PhD
AnD JAMES H. FOWLER, PhD

DAVID S. RICHESON

shlomo Havlin and Reu N etWO rkS

An Introduction

How small groups of friends
are the key to influence
on the social web

Connecdted

The Surprising Power of Our Social Networks

and How They Shape Our Lives

PAUL ADAMS

THE POLYHEDRON FORMULA
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