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Six degrees of separation



Six degrees of separation

Frigyes Karinthy, Chain-links, 1929:
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Six degrees of separation

Frigyes Karinthy, Chain-links, 1929:

"There hag to be something of crucial importance,’ |
eaid in the middle of debate [...]: Planet Earth hag
never been ag tiny ag it is now = relatively epeaking,
ot courge - due to the quickening pulse of both
physical and verbal communication.



Six degrees of separation

Frigyes Karinthy, Chain-links, 1929:

P

One of ug suggested to gelect any person from the 1.5
billion inhabitante of the Earth.

He bet ug that, uging no more than five other individualg,
he could contact the gelected individual uging nothing
except the network of personal acquaintances.
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Six degrees of separation

Frigyes Karinthy, Chain-links, 1929:

- "An interegting ideal" — gaid a friend - "Let's give it
a try. How would you contact Selma Lagerlot?”




Selma Lagerlof  Guetay of Sweden

Friend
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Six degrees of separation...

1N MOVIies
In 1994, Kevin Bacon commented that he had worked with

everybody in Hollywood or gomeone who'e worked with
them.




Six degrees of separation...
In Movies

The of an actrege or an actor ig the
che or he hag with Kevin Bacon.

For example: what ig the ot Ryan Gogling?



Ryan Gogling Kevin Bacon

Crazy Stupid Love

The Bacon number of Ryan Gogling ig |.



Six degrees of separation...
In Movies

What ie the of Natalie Oortman 2



Natalie Port

w v

ma Robert de Niro
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The Bacon number of Natalie Portman ic 2 (becauge ghe didn’t ehoot
with Bacon).



Cf oracleothacon.org !



http://oracleofbacon.org

Six degrees of separation...
in mathematics



Six degrees of separation...
1IN science

The of a mathematicain ig the . in

terme of mathematical collaboration, ghe or he hag with Paul Erdoe.



Six degrees of separation...
1IN science

The of a mathematicain ie the . in
terme of mathematical collaboration, ghe or he hag with Paul Erdoe.
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?" = Oaul Erdoe (1913-1996) wrote more
N E”‘ 4 than (1500 articles with more than
| | 500 collaboratora!
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The of a mathematicain ie the . in
terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

What ie the of Natalie Oortman 2
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1IN science

The of a mathematicain ie the . in

terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

The of Natalie Portman ig 5:
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The of a mathematicain ie the . in
terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

The of Natalie Portman ig 5:
- Natalie Portman wrote an article with Abigail A. Baird ;
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1IN science

The of a mathematicain ie the . in

terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

The ot Natalie Portman ig 5:
- Natalie Portman wrote an article with Abigail A. Baird ;

- Abigail A. Baird wrote an article with Michael S. Gazzanioa ;
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- Abigail A. Baird wrote an article with Mic
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Six degrees of separation...
1IN science

The of a mathematicain ie the . in

terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

The ot Natalie Portman ig 5:
- Natalie Portman wrote an article with Abigail A. Baird ;

- Abigail A. Baird wrote an article with Michael S. Gazzaniga ;

- Michael S. Gazzaniga wrote an article with Jonathan D. Victor ;
- Jonathan D. Victor wrote an article with Joseph Gillie.
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of a mathematicain ig the
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of Natalie Portman ig 5:
- Natalie Portman wrote an article with Abigail A. Baird ;

- Abigail A. Baird wrote an article with Michael S. Gazzaniga ;

- Michael S. Gazzaniga wrote an article with Jonathan D. Victor ;
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Six degrees of separation...
1IN science

The of a mathematicain ie the . in

terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

My

- [ have written an article with Céline Abraham;



ESAIM: PROCEEDINGS AND SURVEYS, October 2015, Vol. 51, p. 133-149

A. Garivier et al, Editors

RANDOM MAPS

CELINE ABRAHAM'!, JEREMIE BETTINELLI?, GWENDAL COLLET? AND IGOR
KORTCHEMSKI?

Abstract. This is a quick survey on some recent works done in the field of random maps, which,
very roughly speaking, are graphs embedded without edge crossings in a surface. We present the main
results and tools in this area then summarize the original contributions presented during the conference
JournAles MAS 2014.




Six degrees of separation...
in mathematics

The of a mathematicain ie the . in
terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

My
- [ have written an article with Nicolag Curien;
- (Céline Abraham hag written an article with Jean-Francoie Le Gall;



J. Eur. Math. Soc. 20, 2951-3016 © European Mathematical Society 2018
DOI 10.4171/JEMS/827

Céline Abraham - Jean-Francgois Le Gall J E MS

Excursion theory for Brownian motion
indexed by the Brownian tree

Received September 24, 2015

Abstract. We develop an excursion theory for Brownian motion indexed by the Brownian tree,
which in many respects is analogous to the classical Itd theory for linear Brownian motion. Each
excursion is associated with a connected component of the complement of the zero set of the tree-
indexed Brownian motion. Each such connected component is itself a continuous tree, and we intro-
duce a quantity measuring the length of its boundary. The collection of boundary lengths coincides
with the collection of jumps of a continuous-state branching process with branching mechanism

v (u) = +/8/3 u3/2. Furthermore, conditionally on the boundary lengths, the different excursions
are independent, and we determine their conditional distribution in terms of an excursion measure
My which is the analog of the Itd measure of Brownian excursions. We provide various descrip-
tions of Iy, and we also determine several explicit distributions, such as the joint distribution of
the boundary length and the mass of an excursion under M. We use the Brownian snake as a
convenient tool for defining and analysing the excursions of our tree-indexed Brownian motion.

Keywords. Excursion theory, tree-indexed Brownian motion, continuum random tree, Brownian
snake, exit measure, continuous-state branching process




Six degrees of separation...
in mathematics

The of a mathematicain ie the . in
terme of mathematical collaboration, ghe or he hag with Paul Erdoe.

My
- [ have written an article with Nicolag Curien;
- Nicolage Curien hag written an article with Jean-Francoie Le Gall;

- Jean-Francoie Le Gall hag written an article with Samuel J. Taylor;



stochastic
processes
and their
applications

ELSEVIER Stochastic Processes and their Applications 39 (1995) 1-20

The packing measure of the support of super-Brownian
motion

J.-F. Le Gall?, E.A. Perkins®, S.J. Taylor®*

3 Laboratoire de Probabilites, Universite Pierre et Marie Curie, 4, Place Jussicu,
73232 Paris 05, France
b Department of Mathematics, University of British Columbia, Vancowver, B.C., Canada V<T 122
¢ Department of Mathematics, University of Virginia, Charloutesville, Virginia 22903, USA

Received 21 June 1994; revised 9 February 1995

Abstract

Our object is to obtain more information about the fractal properties of super-Brownian motion.
For d =2 the closed support S(Y,) of super-Brownian motion has zero Lebesgue measure and
fractal dimension 2. The exact Hausdorfl measure properties of S(Y;) are also known. In this
paper we show that, for d >3 there 1s no measure function ¢ such that the packing measure
® — p(S(Y,)) is finite and positive, and give an integral test which distinguishes those ¢ which
makc the packing measure 0 or +00. Incomplete results are also obtained for d = 2.
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SOME PROBLEMS CONCERNING THE STRUCTURE
OF RANDOM WALK PATHS

By
P. ERDOS (Budapest), corresponding member of {he Academy,
and S. ]. TAYLOR (Birmingham)

1. Introduction. We restrict our consideration to symmeiric randonr
walk, defined in the following way. Consider the lattice formed by the points
of d-dimensional Euclidean space whose coordinates are intcgers, and let a
point Sa(n) perform a move randomly on this lattice according to the rules:
at time zero it is at the origin and if at any time n—1 (n=1,2,..)) it is
at some point S of the latlice, then at time n it will be at one of the 24
lattice points nearest S, the probability of it being at any specified one of

these being =
> 2d

[n the present note we cxamine in some detail the structure of the path
formed by the points Sa(0), Sa(l),..., Sa(n), ... . We will sometimes be inter-
ested in the first n points of the path, and at others in some property of
the infinite path obtained as n-»occ. Our results will depend to a large
extent on those obtained in [2]; for convenience we shall use a notation which
is consistent with that paper. In Section 2 we summarise the notations used
and obtain some preliminary results which will be needed in the sequel.
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How can we explain the
phenomenon of six degrees of
separation?



Modelling: graphs



Notion of graph




Notion of graph

A graph ig a collection of vertices and of connecting some
vertices between them.
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Notion of graph

A graph ig a collection of vertices and ot connecting some
vertices between them.

Another example of a graph:
+ the verticeg are the people in thig room

+two percong are connected by an edoe if they know each other



Distance between 2 points

The between two vertices of a graph ie the minimal number of
geparating them.



Distance between 2 points

The between two vertices of a graph ie the minimal number of
geparating them.
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The between A and Big 2.




Diameter of a graph

The of a graph ig the between two vertices who are
the farthest apart.



Diameter of a graph

The of a graph ig the between two vertices who are
the farthest apart.

. 00 \ / ~
Graph: ) o—i—
- ¢ o E\
2 2

Diameter: 6



Diameter of a graph

The of a graph ig the between two vertices who are

the farthest apart.

Graph: - ._\ /_ =
* ¢« o \

Diameter: 6 2 2

Saying that a graph gatisfies the phenomenon

amountg to gaying that itg e at mogt O!



How can we explain the
phenomenon of six degrees of
separation?



A « simulator »



Graphs and randomness

In 1999, Albert and Barabaci euggested to uge a gimulator based on
randomness and on a mechanism of popularity reinforement.



Graphs and randomness

In 1999, Albert and Barabaci euggested to uge a gimulator based on
randomness and on a mechanism of popularity reinforement.




Conclusion

The simulator of Albert and Barabagsi produces graphe that look like
thoge of the real world.

In thig gimulator, the growg (roughly) by | when one multiplies
by (O the number of vertices.

Karinthy wag partly right, partly wrong.






Digcrete mathematic

Mathematice can by roughly divided in two realm:

- the (real numberg)

- the dicerete (integer numberg)

Comparigon with watcheg:

- analog watcheg:
- digital watcheg: diecrete

Digerete mathematicg:

- provides excellent toole and modele for analyzing real-world
phenomena.
- ig the entrance to mathematics.






Mathematice

What ig euccess in mathematica?
In mathematice, the main cuccese ig a proof.
Actually, mathematics ig proofs.

A proof i an eggay in which, gtarting from axioms, an
agertion (euch ag « there are infinitely many prime numberg »)

ie incontrovertibly and univergally shown to be correct.

A main goal of thig courge ig to learn how to write proofe.

Proofe train ug to think and communicate clearly, and present our
cage logically.



Mathematice in the real world

In mathematicg, the axiome are taken for granted.

What are the axiome of the real world?



Mathematice in the real world

In order to apply mathematice in the real world, one hag to chooge a
model ( =«the axiome ») to make predictiong.

[t the model hag nothing to do with reality, one can gtill study the model,

but beware the congequences!

Quegtiong concern modele in the real world/our gociety:
- how to define happinese?
- how to define the quality of Education?



Mathematice

Oroofe train ue to think and communicate
clearly, pregent our cage logically and keep
3 critical mind.






Digcrete mathematice MAA 103

- Courge on the blackboard, following Dicerete Mathematice by

Schneierman.
- Courge webpag

e (there ie a link on the moodle):

hitp:/ /www.cmap.polytechnique.fr/~kortehemski/dmaths/

Grading:
- 50% homewo
asgignement, w

'k (each exercice cheet will containg a homework

nich hag to be handed the next week to your TA).

Yo@%ﬁ@@?é”‘aﬂé%@dp’é}b@b%w&{%@% ) diccuse the homework
oréBlofite finihexsror eetdiddndanbbigbuer, all written olutione mugt be

individually submitted and mugt not be copied from somewhere elge.



Digerete mathematice MAA 103

Work regularly and keep up the pace!

- Tutoring eggiong (only if needed)



