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it, allows me to understand where it is “really” made (and hence
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When we talk about the length of a path (or distance of two
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several months: (only) 11 of them
die
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The “old school” approach to epidemics

In general: geographically identify, and delimit, the outburst.
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=⇒ analyze the network of air traffic!

We can answer questions such as:

I “How much/how quickly do we expect it to spread?”

I “Where is monitoring most important?”
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Application 3: searching the World Wide Web

Over 1 billion websites, tens of billions of pages.

(And thousands to millions for many keywords)

How do you search among them?
Until around 1998: Lycos, Yahoo, Altavista, Metacrawler, Infoseek,
Netscape Search

I look how many times a keyword appears in a page,
I . . . possibly introduce specific rules (“this website is

important, I tell you”)

. . . then came. . .

. . . with the PageRank algorithm.
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How the PageRank works
I Core idea: backlinks are a measure of importance of a page

. . . but this alone would not work: I could create 10 000
dummy pages linking to mine. We need something smarter.

I Consider a “random surfer”, going from one page to the
other, randomly clicking links. Forever.

I A page is “important” if he often ends up on it
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Global banking network:

Strongly, and increasingly, connected.
Opportunity for growth. . . but also for contagion of financial losses,
or even just risks.
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The diffusion of a financial crisis
I Sept. 15, 2008: Lehman Brothers files for bankruptcy, due to

losses of around $10 billions.

I The financial crisis explodes, with the S&P 500 index (500
largest U.S. companies) loosing more than $10 trillions in the
next two months.

What happened? Again, contagion.

Sept. 12, 2008:
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Who is responsible for a contagion?

Or: which banks should the regulators mostly regulate/monitor?

. . . most central banks.

(And indeed, they are now routinely examined by simulating
contagion of financial losses over the network of banking
relationships)
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Application 5: social marketing

If I want to put some ad/product on Facebook, who should I aim
at?
Maybe central profiles in the network? It depends.

I Looking for viral marketing? Go for centrality!

I Looking for specific user bases?

You might prefer to

Information is more precious when it is scarcer
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Main concepts, VI: clustering and small worlds

Friends of my friends are often my friends.

Clustering = “how common are triangles”

I Low for a network created randomly

I High for Facebook (and the “people you might know” feature
is aware of this!)

“Small world” network = “no two nodes are very far away”

(“six degrees of separation”)

Facebook is also a small world!
Mainly because. . . of most central nodes.
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Another (global) small world: the Erdős number

Paul Erdős (1913-1996): famous Hungarian
mathematician

I more than 1500 publications

I more than 500 co-authors

Your Erdős number is:

I 0 if you are Paul Erdős

I 1 if you co-authored a publication with
Erdős

I 2 if you co-authored a publication with
someone having Erdős number of 1 (but
not with Erdős) - at least 5500 authors

I . . .
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not with Erdős) - at least 5500 authors

I . . .



Another (global) small world: the Erdős number
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not with Erdős) - at least 5500 authors

I . . .



Another (global) small world: the Erdős number
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not with Erdős) - at least 5500 authors

I . . .



Another (global) small world: the Erdős number
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Another (global) small world: the Erdős number

It is a small world:

I most mathematicians have Erdős number below 5 (average of
Fields medalists: 3.52),

I most researchers in general have Erdős number below 10
(average of Nobel laureates in physics: 4.42; in economics:
4.91)

(My Erdős number is 6: Paul Erdős - László Lovász - Herbert E Scarf -

Kenneth J Arrow - Kaushik Basu - Luca Stanca - Pietro Battiston)
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Six Degrees of Kevin Bacon

Game: trace collaboration paths to the
famous actor
(more than 80 movies, hundreds of
collaborators)

The game started in 1994 and Bacon
initially disliked it
(he now runs http://www.sixdegrees.org )

Again: small world (usually below 6 for
actors who can be linked to Bacon)
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. . . and we can elaborate. . .

Erdős-Bacon number: sum of Erdős number and Bacon number!

Actress Natalie Portman co-authored in 2002 the article
Frontal Lobe Activation during Object Permanence: Data from
Near-Infrared Spectroscopy
. . . which gives her an Erdős number of 5, and an Erdős-Bacon
number of 7!

. . . visit http://erdosbaconsabbath.com if you want more
(spoiler: Natalie Portman has a Erdős-Bacon-Black Sabbath
number of 10)
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Back to Facebook
For the first time in history, it is relatively easy (for a Facebook

engineer) to calculate degrees of separation

. . . and they did it:

“Each person in the world (at least among the 1.59
billion people active on Facebook) is connected to every
other person by an average of three and a half [3.57]
other people.”

(From https://research.fb.com/three-and-a-half-degrees-of-separation)

Decreasing since 2011, when it was 3.74. Within the US: 3.46

“The majority of the people on Facebook have averages
between 2.9 and 4.2 degrees of separation.”

https://research.fb.com/three-and-a-half-degrees-of-separation
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