Small worlds anao
degrees of separation

Seminars in Social Networks and Markets
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The first notion of “small world”

e “The population of the Earth is closer together
now than they have ever been before”

At most 6 links to get from
you to anyone else on the planet?
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In popular culture

* Inspired “Six Degrees of
Separation’

e play by J. Guare, 1990
 movie by F. Schepisi, 1993

e TV series, 2006

Will Smith’s Dramatic Debut

DEGREES OF
SEPARATION




Kevin Bacon game

www.oracleofbacon.org
Actor collaboration graph

How many steps to reach Kevin Bacon?

Example:

Sleepers (1990)

Kevin Bacon



Erdds numbers

e Paul Erdds (1913-1966), Hungarian mathematician

 Mathematics collaboration graph

« How many steps to reach Paul Erdds?

e Example:

My Erdos number is 3

VINCENZO Bonitacl
:
Kurt Mehlhorn
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- Dieter Kratsch

l
Paul Erdds


http://www.ams.org/mathscinet/collaborationDistance.html

Giant component
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The small-world experiment

e Study by sociologist Stanley
Milgram in 1969 (with
SRICVES)

* Milgram’s question:
“Given two individuals



The small-world experiment

« 296 people asked to dispatch a parcel to a single individual (target)
e Jarget: a Boston stockholder

e Starting population:

~+ 100 random Boston inhabitants
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The small-world experiment

The chains progress from the starting
position (Omaha) to the target area
(Boston) with each remove. Diagram
shows the number of miles from the
target area, with the distance of each
remove averaged over completed
and uncompleted chains.




The small-world experiment

* Average distance was 6.2 (5.4, 6.4, 6.7 for group 1, 2, and 3 resp.)
* Distance 6.7 = 5.7 degrees of separation (origin of the “six degrees” notion)

* 29% of the parcels reached the target



Still relevant?

* \WWhat about today’s online social networks?

e Facebook:
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How do people find the next hop”

* The experiment demonstrates two facts:

1. short paths abound in social networks
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The graph diameter problem

* The diameter of a graph can be computed in

time O(n(m+n)) by computing all pairwise
distances

* Itcan also be apprommated in time O(m+n)
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Clustering coetficient




Measuring triadic closure

* Clustering coefficient of a node u is the
probability that 2 random friends of u are friends

* Global clustering coefficient is the fraction of
length-2 paths that can be extended to a
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Alternative formulation

+# of closed triplets
# of connected triplets

G

_ 3 # of trla,ngles
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Social networks have high C




Computing the clustering coefficient

# of closed triplets

oo +# of connected triplets

e Both numerator and denominator can be
computed in time O(n3)

T A & & - - -..‘_l 4 A} % YR a X
p Y N el e i, Eitrn by ¢ - ¥

oyl P Jo - ) » . e T} ¢ @ b « S y Lrarineil PR g3 0 » ® e . . T
o 4 R v e A T b o o8 Tl ¢+ i - ol ohges (UL 2 aa o E oy S § Y,
# S AR A S o 1 Y e i FS § " %, B4 e b PN » - S 4o J4N - o _)L‘,\,- Al
BT I 1 T e P S e A e i A LI, Y -'J.P'?.“'""m E ‘I LN L PR NI K ..f"'- G 1L 2 vin L adll Cuf ey i
" % - ! * G 'Y - e G y Pt A f ‘ ] ) AL g

gl



