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Six Degrees of Kevin Bacon

Create a network of Hollywood actors * | ;
Connect two actors if they co-
appeared in the movie

Bacon number: number of steps to
Kevin Bacon

As of Dec 2007, the highest (finite)

Bacon number reported is 8 o Scsnen 1569 |
Only approx. 12% of all actors Sz Cactin |
cannot be linked to Bacon Gy Steg 7065; |

FesiBacxw |
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The Small-world experiment

* Can't measure, need to probe explicitly A

| | | [Stanley P a
Milgram ’67] 3

Picked 300 people at random oo

Ask them to get a letter to a by passing it
through friends to a stockbroker in

Boston




The Small-world experiment

6.2 on the average, thus
“6 degrees of separation”

People what owned stock B b
had shortest paths to the stockbroker than
random people: 5.4 vs. 5.7

People from the Boston area have even closer
paths: 4.4



Milgram: Further observations

_fpclebrokend

N -

People use different networks:

Funneling:

31 of 64 chains passed through 1 of 3 people
ass their final step =2

Choice of starting points and the target were non-random
People refuse to participate (25% for Milgram)

People in the experiment follow

some strategy (e.g., geographic routing) mstead uf
furwardmg the letter to everyone. |

There are not many samples.
People might have used extra information resources.

dre Leskoves, Man'ond (5224 Socia nd In'orrmaton Network Analys



[Dodds-Muhamad-Watts, ‘03]

Columbia small-world study

In 2003 Dodds, Muhamad and Watts
performed the experiment using email:

18 targets of various backgrounds
24,000 first steps (~1,500 per target)
65% dropout per step

384 chains completed (1.5%)

E_ 15 o s ——y

e |7 ; Avg chain length = 4.01
< - :OBLEM: Huge drop-out rate, i.e.,
50 H | longerchains are less likely to co mp!ete
AR
{ 2 3 4 5 8 7 B 9 10

Chain length, L

DFF I il Luife Leskdvee . Stan'edd U521 28W- Soethal and 1A' 6f mitan Nelwiark Adalvis



Correcting for the drop-out rate

Longer chains don’t complete
- Let:

f; = true (unobserved) fraction of chains that would
have length j

N = total # of starters
N; = # starters who reached target in j steps

Then: f," :=N/N

Assume drop-out rate 1-a in each step, so j; :=)j. a’
D1 > S =1

Observe f;°, calculate the average dropout rate 1-o

and W ;4 :r%,;'OC-




Small-world in soc. networks

Cc

\ 15000 | — ~ _l_f“
| | | %13}}3 — __3*---"'4;;,.:-.1‘%;
Typical path length L=7 - o J w

1 £ 3 4 5 &6 7 8 8 1

Hfzgﬁﬁ T.J:-.ﬂ.r_«;

Ve
some target’s friends Q HISH Eouea Ton

are more likely to be the final step.

' Conjecture: High reputation/authority — 2

LCWEe ST7VUs

structurally why are high-status
target easier to find

* Conjecture: Core-periphery net structure




18 target persons: Status/Authority

Fur b ki I n .24 4
Y ock 1 0500 LE
T ks ki
o k bomrmah 4, T i
I e M “lsizan )4 L”{.-‘;"
:'._I-ul ._T_‘-‘ vell Coniuii 0 i) £ 5:-
1takoe % TSR Pl L) L LA C ! ﬂr{gj
Vel ol o L] 3] 18
] 45 U=
W Lend K
1 alhinn Sl | B "
%Sl hes: il L
| o (Z:) ™ *N... # people assigned
T—— . to correspond to target
Conenaion *N....# completed
Ala et il (X chains
al ¥ " i or... frac. of people who
- Loadkie ” & - did not forward
- — - ... mean path length



18 target persons: Status/Authority

Fur b ki I n .24 4
Y ock 1 0500 LE
T ks ki
o k bomrmah 4, T i
I e M “lsizan )4 L”{.-‘;"
:'._I-ul ._T_‘-‘ vell Coniuii 0 i) £ 5:-
1takoe % TSR Pl L) L LA C ! ﬂr{gj
Vel ol o L] 3] 18
] 45 U=
W Lend K
1 alhinn Sl | B "
%Sl hes: il L
| o (Z:) ™ *N... # people assigned
T—— . to correspond to target
Conenaion *N....# completed
Ala et il (X chains
al ¥ " i or... frac. of people who
- Loadkie ” & - did not forward
- — - ... mean path length



6-degrees: S De sUrprisec

Assume each human is connected to 100 other
people:

In step 1 she can reach 100 people
In step 2 she can reach 100*100 = 10,000 people
In step 3 she can reach 100*100*100 = 100,000 people
In 5 steps she can reach 10 billion people

What’s wrong here?
Many edges are local (“short”): O~ --0
friend of a friend
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Gt faster, better and more relevant results with FISN

saarch

= Contact (buddy) list
= Messaging window



= Data for June 2006
« Log size:
150Gb/day (compressed)
« Total: 1 month of communication data:
4.5Tb of compressed data
= Activity over June 2006 (30 days)
* 245 million users logged in
= 180 million users engaged in conversations
» 17,5 million new accounts activated
= More than 30 billion conversations
* More than 255 billion exchanged messages
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1 billion conversations

93 million users login

65 million different users talk (exchange
messages)

1.5 million invitations for new accounts sent
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= Buddy graph

* 240 million people (people that login in June '06)
* 9.1 billion buddy edges (friendship links)

« Communication graph (take only 2-user
conversations)

* Edge if the users exchanged at least 1 message

= 180 million people

* 1.3 billion edges

* 30 billion conversations
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Number of steps
between pairsof -
people -

5 10 15 20 25 30
distance (hops)

Avg. path length 6.6

90% of the people can be reached in < 8 hops
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