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Chris Danforth
Brian Tivnan
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Something of a plan:

» Lecture 1: Complexity; Networks, and Social Search
» Theory, Experiments.
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Something of a plan:

» Lecture 1: Complexity; Networks, and Social Search
» Theory, Experiments.

» Lecture 2: Measuring Happiness
» Big Data.

» Lecture 3: Social Contagion and Influence
» Theory, Experiments, Big Data.
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About these slides:

» Three versions (all in pdf):

1. Presentation,
2. Flat Presentation,

3. Compact version (3x2).
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About these slides:

» Three versions (all in pdf):
1. Presentation,
2. Flat Presentation,
3. Compact version (3x2).
» Presentation versions are navigable and hyperlinks
are clickable.

Complex
Sociotechnical
Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free
Networks

References

//‘“\\‘

) B3 (o]
j @ UNIVERSITY |§|
P-4 virvont 19

DA 60f98


http://www.uvm.edu
http://www.uvm.edu/~pdodds
http://www.google.com
http://www.uvm.edu/~pdodds/teaching/courses/2011-08UVM-300/
http://www.uvm.edu/~pdodds/teaching/courses/2011-01UVM-303/

About these slides:

» Three versions (all in pdf):

1. Presentation,
2. Flat Presentation,
3. Compact version (3x2).

» Presentation versions are navigable and hyperlinks
are clickable.

» Web links look like this ().
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About these slides:

» Three versions (all in pdf):

1. Presentation,
2. Flat Presentation,
3. Compact version (3x2).

» Presentation versions are navigable and hyperlinks
are clickable.

» Web links look like this ().

» References in slides link to full citation at end. [?!
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About these slides:

» Three versions (all in pdf):

1. Presentation,
2. Flat Presentation,
3. Compact version (3x2).

» Presentation versions are navigable and hyperlinks
are clickable.

» Web links look like this ().

» References in slides link to full citation at end. [?!

» Citations contain links to papers in pdf (if available).
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About these slides:

» Three versions (all in pdf):
1.
2. Flat Presentation,

3. Compact version (3x2).

Presentation versions are navigable and hyperlinks
are clickable.

Web links look like this ().
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Presentation,

References in slides link to full citation at end. !
Citations contain links to papers in pdf (if available).
60 hours of lectures — 3 hours.
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The Rise of the Data Scientist: (H)

I Overload

Exabytes

Information created

Global information created and available storage
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» Exponential

growth: ~ 60% per

year.

Big Data Science:

>

>

>

2013: year traffic on Internet
estimate to reach 2/3 ZB
(1ZB=10°EB=10°PB=10°TB)
Large Hadron Collider:

40 TB/second.

2016—Large Synoptic
Survey Telescope:
140 TB every 5 days.

Facebook: ~ 10" photos
Twitter: ~ 10" tweets

Data, Data, Everywhere—The Economist, Feb 25,

2010 (8)
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No really, that’s a lot of data

Data inflation

Unit Size What it means

Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number

AELEILa |

in computer code, It is the basic unit of computing

Megabyte (MB)  1,000KB: 2% bytes  Fr

SRR i

Terabyte (TB)  1,00068: 2% bytes  Fr

Yottabyte (YB)  1,000ZB; 2% bytes

From “large” in Greek. The complete works of Shakespeare total 5MB.
A typical pop song is about 4MB

From “giant” in Greek. A two-hour film can be compressed into 1-2GB

From “manster” in Greek. All the catalu-gued books
in America’s Library of Congress total 15TB

All letters delivered by America’s postal service this year will amount
to around 5PB. Google processes around 1PB every hour

The total amount of information in existence
this year is forecast to be around 1.2ZB

Currently too big to imagine

The prefixes are set by an intergovernmental group, the International Bureau of Weights and Measures.
Source: The Economist Yotta and Zetta were added in 1991; terms for larger amounts have yet to be established.




Basic Science ~ Describe + Explain:

Lord Kelvin (possibly):
» “To measure is to know.”
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Basic Science ~ Describe + Explain:

Lord Kelvin (possibly):
» “To measure is to know.”

» “If you cannot measure it, you
cannot improve it.”
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Basic Science ~ Describe + Explain:

Lord Kelvin (possibly):
» “To measure is to know.”

» “If you cannot measure it, you
cannot improve it.”

Bonus:
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Basic Science ~ Describe + Explain:

Lord Kelvin (possibly):
» “To measure is to know.”

» “If you cannot measure it, you
cannot improve it.”

Bonus:

» “X-rays will prove to be a
hoax.”
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Basic Science ~ Describe + Explain:

Lord Kelvin (possibly):
» “To measure is to know.”

» “If you cannot measure it, you
cannot improve it.”

Bonus:

» “X-rays will prove to be a
hoax.”

» “There is nothing new to be
discovered in physics now, All
that remains is more and
more precise measurement.”
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Whimsical but great example of real science: e

Systems

“How Cats Lap: Water Uptake by Felis catus” (H)

Reis et al., Science, 2010. pooeie
Complexity

A Study of Cat Lapping

Adult cats and dogs are unable to
create suction in their mouths and
must use their tongues to drink. A
dog will scoop up liguid with the
back of its tongue, but a cat will
only touch the surface with the
smaoth tip of its tongue and pull

a column of liquid into its mouth.
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Big Data—Culturomics:

“Quantitative analysis of culture using millions of digitized
books” by Michel et al., Science, 2011 (2]
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
2. Mechanistic Thinking (statistical physics)
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
2. Mechanistic Thinking (statistical physics)
3. Algorithmic Thinking (computer science)
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
2. Mechanistic Thinking (statistical physics)
3. Algorithmic Thinking (computer science)
4. Data Visualization Thinking (art, graphic design)
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
2. Mechanistic Thinking (statistical physics)
3. Algorithmic Thinking (computer science)
4. Data Visualization Thinking (art, graphic design)

Framing issues:
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Science in the age of Big Data:

» Goal: Match Observation with Theory with
Experiment.

» Traditional Engine: Cycle of hypothesis formation
and testing.

» The boost: Data driven detection of stories.

Four Thinkings for Big Data Storytellers:
1. Probabilistic Thinking (statistics)
2. Mechanistic Thinking (statistical physics)
3. Algorithmic Thinking (computer science)
4. Data Visualization Thinking (art, graphic design)

Framing issues:

» “Data Scientist” implies “Describes but does not
explain.”

Complex
Sociotechnical
Systems

Big Data,

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free
Networks

References

il

%

d_, ‘>o,
dt

" 4

) B O]
UNIVERSITY |gl
¥-¥ vervont 18]

DQ v 14 0of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Homo narrativus—We are story-telling

machines:

A WEIGHTED RANDOM NUMBER
GENERATOR JUST PRODUCED
A I’~IE‘«~-l BATCH OF NUMBERS.

LETS USE THEM TO
BUILD wawﬁsf

SQ%)

ALL SFORTS COMMENTARY

» Mechanisms =

Evolution equations,
algorithms, stories, ...

http://xkcd.com/904/ (E)
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Homo narrativus—We are story-telling

machines:

A WEIGHTED RANDOM NUMBER
GENERATOR JUST PRODUCED
A INE‘«»l BATCH OF NUMBERS.

LETS USE THEM TO
BuILD NH?ZRHTI\:'ES'

SQ%)

ALL SFORTS COMMENTARY

» Mechanisms =

Evolution equations,
algorithms, stories, ...

» “Also, all financial
analysis. And, more
directly, D&D.”

http://xkcd.com/904/ (E)
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Complexity Manifesto:

1. Systems are ubiquitous and systems matter.
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Complexity Manifesto:
1. Systems are ubiquitous and systems matter.

2. Consequently, much of science is about
understanding how pieces dynamically fit together.
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2. Consequently, much of science is about BgData
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3. 1700 to 2000 = Golden Age of Reductionism. The Theory of
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Complexity Manifesto:

1.
2.

Systems are ubiquitous and systems matter.

Consequently, much of science is about
understanding how pieces dynamically fit together.
1700 to 2000 = Golden Age of Reductionism.

» Atoms!, sub-atomic particles, DNA, genes, people, ...
. Understanding and creating systems (including new

‘atoms’) is the greater part of science/engineering.
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Complex

Complexity Manifesto: Socitecricl
1. Systems are ubiquitous and systems matter.
2. Consequently, much of science is about Big Data,
understanding how pieces dynamically fit together. e
3. 1700 to 2000 = Golden Age of Reductionism. s,

» Atoms!, sub-atomic particles, DNA, genes, people, ... o ..icunen

4. Understanding and creating systems (including new Rettuog el
‘atoms’) is the greater part of science/engineering.

Scale-Free
Networks

5. Universality: systems with quantitatively different
micro details exhibit qualitatively similar macro
behavior.
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Complexity Manifesto: Sociateehnical

Systems

1. Systems are ubiquitous and systems matter.

2. Consequently, much of science is about BgDam
understanding how pieces dynamically fit together. S
3. 1700 to 2000 = Golden Age of Reductionism. 10k Thecry

» Atoms!, sub-atomic particles, DNA, genes, people, ...

Play and Crunch
4. Understanding and creating systems (including new metpie
‘atoms’) is the greater part of science/engineering.

Scale-Free
5. Universality: systems with quantitatively different St
micro details exhibit qualitatively similar macro it
behavior.
6. Computing advances make the Science of
Complexity possible: d @ .
Jdt

&/

) B O]
UNIVERSITY |§|
¥-¥ vervont 18]

“Da v 16 of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Complexity Manifesto:

1.
2.

Systems are ubiquitous and systems matter.

Consequently, much of science is about
understanding how pieces dynamically fit together.
1700 to 2000 = Golden Age of Reductionism.

» Atoms!, sub-atomic particles, DNA, genes, people, ...
. Understanding and creating systems (including new

‘atoms’) is the greater part of science/engineering.

. Universality: systems with quantitatively different

micro details exhibit qualitatively similar macro
behavior.

. Computing advances make the Science of

Complexity possible:

6.1 We can measure and record enormous amounts of
data, research areas continue to transition from data
scarce to data rich.
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Complexity Manifesto:

1.
2.

Systems are ubiquitous and systems matter.

Consequently, much of science is about
understanding how pieces dynamically fit together.
1700 to 2000 = Golden Age of Reductionism.

» Atoms!, sub-atomic particles, DNA, genes, people, ...
. Understanding and creating systems (including new

‘atoms’) is the greater part of science/engineering.

. Universality: systems with quantitatively different

micro details exhibit qualitatively similar macro
behavior.

. Computing advances make the Science of

Complexity possible:

6.1 We can measure and record enormous amounts of
data, research areas continue to transition from data
scarce to data rich.

6.2 We can simulate, model, and create complex
systems in extraordinary detail.
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Revolution: Big Data & Complex Networks

» Many complex systems
can be viewed as complex networks
of physical or abstract interactions.

» Opens door to mathematical and numerical analysis.

» Mindboggling amount of work published on complex
networks since 1998...
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Revolution: Big Data & Complex Networks

» Many complex systems
can be viewed as complex networks
of physical or abstract interactions.

» Opens door to mathematical and numerical analysis.

» Mindboggling amount of work published on complex
networks since 1998...

» Why all this ‘new’ research on networks?
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Revolution: Big Data & Complex Networks

>

» Opens door to mathematical and numerical analysis.

Many complex systems
can be viewed as complex networks
of physical or abstract interactions.

» Mindboggling amount of work published on complex

networks since 1998...

» Why all this ‘new’ research on networks?

» Answer: Incredible Amounts of Data.
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Revolution: Big Data & Complex Networks Sociteohnial

Systems
» Many complex systems o
0 ig Data,
can be viewed as complex networks e
g 7 o Complexity
of physical or abstract interactons. =7
The Theory of

v

Opens door to mathematical and numerical analysis. """
Play and Crunch

» Mindboggling amount of work published on complex L e
networks since 1998... Search

» Why all this ‘new’ research on networks? ot

» Answer: Incredible Amounts of Data. bkl

» ... largely due to your typical theoretical physicist:

» Piranha physicus

» Hunt in packs.

» Feast on new and interesting ideas gu.. 5
UNIVERSI'I'Y |§|
(see chaos, cellular automata, ...)
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Systems

Popularity according to Google Scholar: St

Big Data,

Measurement, and
Complexity ™™~~~
“Collective dynamics of ‘small-world’ networks” '] T Rt
Anything
» Watts and Strogatz Play and Crunch
Nature, 1998 Distributed Social
Search
» Cited 16,1 57 times (as of June 19, 2012) SRl
Networks
“Emergence of scaling in random networks” °! R

» Barabasi and Albert
Science, 1999

» Cited 13,984 times (as of June 19, 2012)
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Networks and creativity: Sociteohnial

Systems

Big Data,

Mwb:\l » Guimera et al., Science ¢
2005 [15] “Team The Theory of

g Anythi
B P, Assembly Mechanisms
& o) Determine

Play and Crunch
o0

;p o (530 . . Distributed Social
Collaboration Network ~ Seareh
B o Scale-F
J Structure and Team s
Performance References

» » Broadway musical
Fig. 2. Modeling the emergence of collaboration networks in creative enterprises. (A) Creation of a I n d U St ry

team with m — 3 agents. Consider, at time zero, a collaboration network comprising five agents, all

incumbents (blue mr(les) ‘Along with the incumbents, there is a large pool of newcomers (green

circles) available to participate in new teams. Each agent in a team has a probability p of hemg H 4 .
rann rom the pol of ncumbents and 3 probabity T of beng raw rom the pol of g » Scientific collaboration
comers. For the semﬂd and subsequent agents selected from the incumbents’ pool: (i) with prohzmhty

g, the new agent is randomly selected from among the set of collaborators of a randomly selected

incumbent already in the team; (i) otherwise, he or she is selected at random among all incumbents in H H

e A e (e in Social Psychology.
team (leftmaost box). Let us also assume that the second agent is an incumbent, too (center-left box). In I
this example, the second agent is a past collaborator of agent 4, specifically agent 3 (center-right box). .

Lastly, the third agent is selected from the pool of newcomers; this agent becomes incumbent 6 E E I

(fetmos bow e boves and i the following panels and fures, b ne ndcte newcomer- conomics, Ecology,
newcomer collaborations, green lines indicate newcomer-incumbent collaborations, yellow lines indi-

cate new incumbent-incumbent collaborations, and red lines indicate repeat collaborations. (B) Time

evolution of the network of collaborations according to the model for p = 05, g = 05, and m = 3 an d Ast ronom y
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The Evolution of Economies:

» Hidalgo et al.s
“The Product
Space Conditions
the Development
of Nations”!"®!

» How do products
depend on each
other, and how
does this network
evolve?

» How do countries
depend on each
other for water,
energy, people
(immigration),
investments?

-~ cereals
fishing A y
@ ol 3
o .-
tropical 4
agriculture ‘ 4 » ° e forest
@ 'S A products
\/ I\ @ s
garments / vehicles/machinery
o,
9 .
metallurgy 4 % o electronics
?g&%‘ =l

textiles \. E

animal

agriculture
nnnnnn node
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Networks of diseases: e

Systems

0 0 Big Data,
» The human disease and disease gene networks Weasurement, and

(Goh et al., 2007): =
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Disease contagion: SULAE

.~ Systems
“Modeling the Worldwide Spread of Pandemic Influenza: ‘ ‘
Baseline Case and Containment Interventions” Colizza et al., Big Data,
i Ai 10 Measurement, and
PLoS Medicine 2007. 1 Eeestienent.and
The Theory of
Anything
Play and Crunch
Distributed Social
Search
R Scale-Free
- sa i st :::rvf,;;i:wo . Networks
I wecmt countien - . ’ . References
Il ancoric orgin |‘ | - _ 7
South Pacific ‘“1“0:‘(;(:0 )
I ot infocted countrios per 100,
S - A B 9
= - Powsn @

I poncomic origin
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Social Contagion: gzﬁﬂzéhmm
i ystems

Controversial work by Fowler and Christakis et al.
on social contagion of: Big Data,

The Theory of
Anything

Play and Crunch
> ObeSIty 8] Distributed Social
S k Search
» Smoking Ny
Cessanon [9] N(Ce?weorgse

References

» Happiness!'?!
» Loneliness!”!

One of many questions:
How does the (very) sparse sampling of a real social I vy [8]

o VERMONT 1Ol

network affect their findings? s
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From here (), the linking of people (roughly) according

to the Wikipedia:

s e Qs Ao o AT
Robeit A Heinlein

o AN el e o S e
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How people move around:

1 I I I
100: 200 300 400 500 600 700
Distance (km)

/

=)
S

PN
-1=1=11

Number of events

8 10 12 i
Distance (km) 4 16
Service area delimit ™o Recorded path
«Mobile phone tower +, Preferred position ¢ fg~4 ki

Omsha  Seattle Jacksonvile New York

» Study movement and

interactions of people.

» Brockmann et al.'®! “Where’s

George” study.

» Barabasi’s group: tracking
movement via cell phones "%/
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Three broad network classes:

1. Physical networks

» River networks > The Internet

» Neural networks > Road networks

» Trees and leaves

» Power grids
» Blood networks

» Distribution (branching) vs. redistribution (cyclical)
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. C |
Three broad network classes: e
.. Systems
i Big Data,
2. InteraCtlon . v Nlllgh'sa%%ment and
networks P 2 Complexty ™~~~
o . The Theory of
» Biochemical Anything
ne'[WOI’kS Play and Crunch
» Gene-protein Rl
networks Scale-Free
Networks
» Food webs: who s
eats whom
» The World Wide
Web (?)
» Airline networks
» The Media
» Paper citations
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Three broad network classes:

2 . I n‘te ract i O n The Structure of Romantic .md.Sr\mi Relations at "JefTerson High School
networks: social N S >
.~ s ',\'o“" 3. Lo
networks oS ;ﬁcﬁ
i e *'-‘:‘:":{.‘
» Snogging f;,,.’&“ ,-;g’t : N
> Friendships TR peeal¥
’ AN
J
\/ .\3;' ! ! Y Y\ \g2 A
» Boards and S S
directors { {
» Organizations
. FacebOOk (Bearman et al., 2004)
> Twitter

» ‘Remotely sensed’ by: email activity, instant
messaging, phone logs (*cough®).
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Four broad network classes: e

g ' Systems
3. Relational networks
» Consumer purchases Big Data '
t,
(Wal-Mart: > petabyte = 105 bytes) Sl
» Thesauri: Networks of words generated by meanings [ ="
» Knowledge/Databases/Ideas Play and Crunch
> Metadata—Tagging: flickr (i) bitly (i), Rettuied e
Scale-Free
. Networks
common tags cloud | list
References

community daily dictionary education encyclopedia

english free imported info information internet knowledge

learning  news reference research resource
resources search tools useful web web2.0 Wiki
wikipedia
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A notable feature of large-scale networks:
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Complex

A notable feature of large-scale networks: Reisha
» Graphical renderings are often just a big mess.
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Complex

A notable feature of large-scale networks: S
» Graphical renderings are often just a big mess.
Big Data,
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Complexity
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< Typical hairball i

Play and Crunch
» number of nodes N = 500 Distributed Social

Search

» number of edges m=1000 < ..ree
Networks

» average degree (k) =4
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A notable feature of large-scale networks: S
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A notable feature of large-scale networks:
» Graphical renderings are often just a big mess.

» And even when renderings somehow look good:
“That is a very graphic analogy which aids
understanding wonderfully while being, strictly
speaking, wrong in every possible way”
said Ponder [Stibbons] —Making Money, T. Pratchett.

Complex
Sociotechnical
Systems

Big Data,

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free
Networks

References

Iy 1]
UNIVERSITY |g|
¥-¥ vervont 18]

“Da v 30 0f 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

A notable feature of large-scale networks:
» Graphical renderings are often just a big mess.

» And even when renderings somehow look good:
“That is a very graphic analogy which aids
understanding wonderfully while being, strictly
speaking, wrong in every possible way”
said Ponder [Stibbons] —Making Money, T. Pratchett.

» We need to extract digestible, meaningful aspects.
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The Theory of Anything:

Fluids mechanics:

» Fluid mechanics = One of the great successes of
understanding complex systems.
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The Theory of Anything:

Fluids mechanics:

» Fluid mechanics = One of the great successes of
understanding complex systems.

» Navier-Stokes equations: micro-to-macro system
evolution.
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The Theory of Anything:

Fluids mechanics:

» Fluid mechanics = One of the great successes of
understanding complex systems.

» Navier-Stokes equations: micro-to-macro system
evolution.

» Yesness: Observations + Experiment + Theory
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The Theory of Anything: Sociteohnial

Systems
. 0 Big Data,
Fluids mechanics: Measuremert, and
omplexity
» Fluid mechanics = One of the great successes of The Theory of
understanding complex systems. 2nyhing
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The Theory of Anything:

Fluids mechanics:

» Fluid mechanics = One of the great successes of
understanding complex systems.

» Navier-Stokes equations: micro-to-macro system
evolution.

» Yesness: Observations + Experiment + Theory
» Works for many very different ‘fluids’:
» the atmosphere,

vV vV vy VvYyYy

oceans,
blood,

galaxies,

the earth’s mantle...

and ball bearings on lattices...?
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Lattice gas models

Collision rules in 2-d on a hexagonal lattice:

SR

i
T

Lo |

» Lattice matters... Only hexagonal lattice works in 2-d.

» No ‘good’ lattice in 3-d.

» Upshot: play with ‘particles’ of a system to obtain

new or specific macro behaviours.

<=>>\
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Hexagons—Giant’s Causeway: (H)

http://newdesktopwallpapers.info
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Hexagons—Giant’s Causeway: (F)

http://www.physics.utoronto.ca/
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Hexagons run amok:

» Graphene (H): single layer of

carbon molecules in a perfect

» Chicken wire (H) ...

hexagonal lattice (super strong).
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Symmetry Breaking Sociteohnial

Systems

Philip Anderson (fH)—“More is Different,” Science, 1972

,,,,,,,,,,,, Big Data,
Measurement, and
Complexity

Play and Crunch

> Argues against idea that  Detibued soca

. . earch
the Only real Sc_lentIStS Scale-Free
are those working on Networks
the fundamental laws. References

» Symmetry breaking —
different laws/rules at
different scales... I Q s

(2006 study — “most creative physicist in the world” (£)) 4 et
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Symmetry Breaking

“Elementary entities of science X obey the laws of
science Y”

> X > Y
» solid state or » elementary particle
many-body physics physics

» chemistry » solid state
many-body physics

» molecular biology » chemistry

» cell biology » molecular biology

vdots
> psychology » physiology

» social sciences » psychology
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More is different:

FIELDS arrANCED By PORITY
MORE PURE ~
SOCIOLOGY IS PSYCHOLOGY IS BOLOGY 15 WHICH 1§ JusT OH, HEY, T DON'T
JUST APFUED  JUST APPLIED JUST APPLED  APPLIED PHYSICS, SEE YOU GUYS ALL
PSYCHOLGGY HIOLDGY CHEMISTRY  IT'S NICE TO THE \AY OVER THERE.
BE ON TOR L
SOCIOLOGISTS — PSYCHOLOGISTS Blf-"i-%‘?Irs CHEMISTS PHYS'%TS MATHEMATICIANS

http://xkcd.com/435/ (H)
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A real theory of everything anything:
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A real science of complexity:
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A real science of complexity:

A real theory of everything anything:
1. Is not just about the ridiculously small stuff...
2. It's about the increase of complexity
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A real theory of everything anything:
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2. It's about the increase of complexity
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A real science of complexity:

A real theory of everything anything:
1. Is not just about the ridiculously small stuff...
2. It's about the increase of complexity

Symmetry breaking/

Accidents of history VS A

» Second law of thermodynamics: we're toast in the
long run.
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A real science of complexity:

A real theory of everything anything:
1. Is not just about the ridiculously small stuff...

2. It's about the increase of complexity

Symmetry breaking/

Accidents of history VS A

» Second law of thermodynamics: we're toast in the
long run.

» So how likely is the local complexification of structure
we enjoy?
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A real science of complexity: Sociteohnial

Systems
Big Data,

A real theory of everything anything: A5k
1. Is not just about the ridiculously small stuff... ket
2. It's about the increase of complexity Play and Crunch

Distributed Social
Symmetry breaking/ : . R
ym y brez 9 VS. Universality Scale-Free
Accidents of history Networks

References

» Second law of thermodynamics: we're toast in the
long run.

» So how likely is the local complexification of structure
we enjoy?

» How likely are the Big Transitions? \/
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Complexification—the Big Transitions:

v

v

v

v

v

Big Bang.

Big Random-

ness.

Big Replicate.

Big Life.
Big Evolve.

v

v

v

v

v

Big Word.
Big Story.

Big
Number.
Big God.

Big Make.

vV VvV vV VvV VY

Big Science.
Big Data.

Big Information.
Big Algorithm.
Big Connection.
Big Social.

Big Awareness.
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Sociotechnical phenomena and algorithms:
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Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:
» Change: How do social movements begin & evolve?
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Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:
» Change: How do social movements begin & evolve?

» Performance: How does collective problem solving
best work?

» Contagion: How does information move through
social networks?
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Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:
» Change: How do social movements begin & evolve?

» Performance: How does collective problem solving
best work?

» Contagion: How does information move through
social networks?

» Elevation: Which rules give the best ‘game of
society?’
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Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:
» Change: How do social movements begin & evolve?

» Performance: How does collective problem solving
best work?

» Contagion: How does information move through
social networks?

» Elevation: Which rules give the best ‘game of
society?’
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Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:
» Change: How do social movements begin & evolve?

» Performance: How does collective problem solving
best work?

» Contagion: How does information move through
social networks?

» Elevation: Which rules give the best ‘game of
society?’

» What can people and computers do together?
(Google!)

Complex
Sociotechnical
Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social

Scale-Free
Networks

References

) B O]
UNIVERSITY |g|
¥-¥ vervont 18]

D Qv 44 0of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Complex Sociotechnical systems:

Sociotechnical phenomena and algorithms:

>

>

Change: How do social movements begin & evolve?

Performance: How does collective problem solving
best work?

Contagion: How does information move through
social networks?

Elevation: Which rules give the best ‘game of
society?’

What can people and computers do together?
(Google!)

Play Project: Use Play + Crunch (or Carbon and
Silicon) to solve problems. Which problems?
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Play and Crunch—Foldit:

Figure 1| Foldit screenshot illustrating tools and visualizations. The prevents degrees of freedom from changing. The user interface includes
isualizations include a clash i are ;i ion about the player’s current status, including score (arrow 8); a
a hydrogen bond (arrow 2); a hydrophobic side chain with a yellow blob  leader board (arrow 9), which shows the scores of other players and groups;
because it is exposed (arrow 3); a hydrophilic side chain (arrow 4);anda  toolbars for accessing tools and options (arrow 10); chat for interacting with
segment of thatis red due to high resid; (arrow5).The  other players (arrow 11); and a ‘cookbook’ for making new automated tools

players can make modifications including ‘rubber bands’ (arrow 6), which  or ‘recipes’ (arrow 12).
add constraints to guide automated tools, and freezing (arrow 7), which

» “Predicting protein structures with a multiplayer
online game.” Cooper et al., Nature, 2010."")
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Figure 1| Foldit screenshot illustrating tools and visualizations. The prevents degrees of freedom from changing. The user interface includes
STOULEEHEEECREE ; I :

are 3 about the player’s current status, including score (arrow 8); a
a hydrogen bond (arrow 2); a hydrophobic side chain with a yellow blob  leader board (arrow 9), which shows the scores of other players and groups;
because it is exposed (arrow 3); a hydrophilic side chain (arrow 4);anda  toolbars for accessing tools and options (arrow 10); chat for interacting with
segment of thatis red due to high resid; (arrow5).The  other players (arrow 11); and a ‘cookbook’ for making new automated tools

players can make modifications including ‘rubber bands’ (arrow 6), which or ‘recipes” (arrow 12).
add constraints to guide automated tools, and freezing (arrow 7), which

» “Predicting protein structures with a multiplayer
online game.” Cooper et al., Nature, 2010. "]

» Also: Chess, zooniverse (|H), ESP game (M), Yooy [9)

***************** P8 verviont 10!
captchas (H). e e
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Milgram’s social search experiment (1960s)

» Target person =
Boston stockbroker.

I MR
WOoRLD e ) » 296 senders from Boston and

Omaha.

The Life and Legacy of Stamley Milgram

u&h‘s‘cl:qc:o
-
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Tromas Brass, Pa.D.
—
http://www.stanleymilgram.com

Complex

~ Sociotechnical

Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social

Scale-Free
Networks

References

I O]
L UNvERSITY |g|
P8 vervont I3

D Qv 46 of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds
http://www.stanleymilgram.com

Milgram’s social search experiment (1960s)

THR M an Wi > Target person =
SIHOCKED THE Boston stockbroker.
WOoRLD ) = » 296 senders from Boston and
Omaha.
» 20% of senders reached
target.

» chain length ~ 6.5.

‘.n““‘tchg
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Tromas Brass, Pa.D.
—
http://www.stanleymilgram.com
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Milgram’s social search experiment (1960s)

» Target person =

\\_W W:]_ ; Boston stockbroker.
WoRLD ) » 296 senders from Boston and
Omaha.
» 20% of senders reached
target.

» chain length ~ 6.5.

Popular terms:

» The Small World
Phenomenon;

» “Six Degrees of Separation.”

“n““‘llcgg

e bl S
.

THoMas Brass, Pa.D.

—
http://www.stanleymilgram.com
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Milgram’s social search experiment (1960S)  sctechrica
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The Small World Problem:

Two features characterize a social ‘Small World'’:
1. Short paths exist.
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The Small World Problem:

Two features characterize a social ‘Small World'’:
1. Short paths exist.
2. People are good at finding them.
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Social Search—the Columbia experiment

Milgram’s small world experiment with email:

1ogin [l

sign up []
e
pe

commppuesiTy,, SRS P - R

» “An Experimental study of Search in Global Social
Networks”
P. S. Dodds, R. Muhamad, and D. J. Watts,
Science, Vol. 301, pp. 827-829, 2003. '~
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Social search—the Columbia experiment

Experiment details:

» Word of mouth + accidental global media coverage:
60,000+ participants in 166 countries.
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Social search—the Columbia experiment

Experiment details:

» Word of mouth + accidental global media coverage:

60,000+ participants in 166 countries.
» 18 targets in 13 countries including:

vV VvV vy VvVYyYy

a professor at an Ivy League university,
an archival inspector in Estonia,

a technology consultant in India,

a policeman in Australia,

and a veterinarian in the Norwegian army.
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Social search—the Columbia experiment

Experiment details:

» Word of mouth + accidental global media coverage:

60,000+ participants in 166 countries.
» 18 targets in 13 countries including:
a professor at an Ivy League university,
an archival inspector in Estonia,
a technology consultant in India,
a policeman in Australia,
and a veterinarian in the Norwegian army.

» 24,000+ search chains.
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

Complex

_ Sociotechnical

Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything
Play and Crunch

Distributed Social

Scale-Free
Networks

References

it

The O]
ﬁ( UNIVERSITY |§|

o VERMONT 1Ol

o 510f98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.

» Probability of a chain of length 10 getting through:

370 ~5x105
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.

» Probability of a chain of length 10 getting through:
370 ~5x107°

» Columbia experiment: Only 384 completed chains
(1.6% of all chains).
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.

» Probability of a chain of length 10 getting through:
370 ~5x107°

» Columbia experiment: Only 384 completed chains
(1.6% of all chains).

Upshot:
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.

» Probability of a chain of length 10 getting through:
370 ~5x107°

» Columbia experiment: Only 384 completed chains
(1.6% of all chains).

Upshot:
» Motivation/Incentives/Perception matter.
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Social search—the Columbia experiment

Participation rates:
» Milgram’s experiment: ~ 75% participation rate.

» Email version (different era): ~ 37% participation
rate.

» Probability of a chain of length 10 getting through:
370 ~5x107°

» Columbia experiment: Only 384 completed chains
(1.6% of all chains).

Upshot:
» Motivation/Incentives/Perception matter.
» Distant influence in networks is hard.
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
» target’s work (65% vs. 40%)
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
» target’s work (65% vs. 40%)

...and disproportionately avoided
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
» target’s work (65% vs. 40%)

...and disproportionately avoided
» hubs (8% vs. 1%) (+ no evidence of funnels)
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
» target’s work (65% vs. 40%)

...and disproportionately avoided
» hubs (8% vs. 1%) (+ no evidence of funnels)
» family/friendship ties (60% vs. 83%)
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Social search—Algorithmic choices matter:

Successful chains disproportionately used:
» weak ties (Granovetter)
» professional ties (34% vs. 13%)
» ties originating at work/college
» target’s work (65% vs. 40%)

...and disproportionately avoided
» hubs (8% vs. 1%) (+ no evidence of funnels)
» family/friendship ties (60% vs. 83%)

Geography — Work
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Demographics are of minimal importance:

Senders of successful messages showed little

absolute dependency on

>

>
>
>
>
| 4

age,

gender,

country of residence,
income,

religion,

relationship to recipient.
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Demographics are of minimal importance:

Senders of successful messages showed little
absolute dependency on
> age,
» gender,
» country of residence,
» income,
» religion,
» relationship to recipient.
Range of completion rates for subpopulations:
» 30% to 40%
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Social search—the Columbia experiment

Basic results:
» (L) = 4.05 for all completed chains
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Social search—the Columbia experiment

Basic results:
» (L) = 4.05 for all completed chains

» L, = Estimated ‘true’ median chain length (zero
attrition)
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Basic results: T Indoly of
nything
» (L) = 4.05 for all completed chains Play and Grunch
» L, = Estimated ‘true’ median chain length (zero Sutributer] Soclal
attnt'on) Scale-Free
. Networks
» Intra-country chains: L, =5
References
» Inter-country chains: L, =7
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Usefulness: b
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Big Data,

Harnessing social search: Measurement, and
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» Can distributed social search be used for something L
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Usefulness: e
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Usefulness: e
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Big Data,

Harnessing social search: Measurement, and

Complexity

» Can distributed social search be used for something L
blg/good’) Anything

» What about something evil? (Good idea to check.) IPDZ:/:';U(:ezSUoz; :

» What about socio-inspired algorithms for information =~ &
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Usefulness:

Harnessing social search:
» Can distributed social search be used for something
big/good?
» What about something evil? (Good idea to check.)

» What about socio-inspired algorithms for information
search?

» For real social search, we have an incentives
problem.
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Usefulness: e
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Big Data,

Harnessing social search: Measurement, and

Complexity

» Can distributed social search be used for something L
b|g/gOOdO Anything

» What about something evil? (Good idea to check.) bl

Distributed Social

» What about socio-inspired algorithms for information =~ %%
) Scale-Free
SearCh & Networks
» For real social search, we have an incentives hch St

problem.

» Which kind of influence mechanisms/algorithms
would help propagate search?
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Usefulness:

Harnessing social search:

>
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Can distributed social search be used for something
big/good?
What about something evil? (Good idea to check.)

What about socio-inspired algorithms for information
search?

For real social search, we have an incentives
problem.

Which kind of influence mechanisms/algorithms
would help propagate search?

Fun, money, prestige, ... ?
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Usefulness:

Harnessing social search:

>

Can distributed social search be used for something
big/good?

» What about something evil? (Good idea to check.)
» What about socio-inspired algorithms for information

search?

For real social search, we have an incentives
problem.

Which kind of influence mechanisms/algorithms
would help propagate search?

» Fun, money, prestige, ... ?
» Must be ‘non-gameable’
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Red balloons:

A Grand Challenge:
» 1969: The Internet is born ()

» Originally funded by DARPA who created a grand
Network Challenge () for the 40th anniversary.

» Saturday December 5, 2009: DARPA puts 10 red
weather balloons up during the day.

*DARPA = Defense Advanced Research Projects Agency ().
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Red balloons:

A Grand Challenge:
» 1969: The Internet is born ()

» Originally funded by DARPA who created a grand
Network Challenge () for the 40th anniversary.

» Saturday December 5, 2009: DARPA puts 10 red
weather balloons up during the day.

» Each 8 foot diameter balloon is anchored to the
ground somewhere in the United States.

*DARPA = Defense Advanced Research Projects Agency ().
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Red balloons:

A Grand Challenge:
» 1969: The Internet is born (&)

» Originally funded by DARPA who created a grand
Network Challenge () for the 40th anniversary.

» Saturday December 5, 2009: DARPA puts 10 red
weather balloons up during the day.

» Each 8 foot diameter balloon is anchored to the
ground somewhere in the United States.

» Challenge: Find the latitude and longitude of each
balloon.

*DARPA = Defense Advanced Research Projects Agency ().
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Red balloons:

A Grand Challenge:
» 1969: The Internet is born (&)

» Originally funded by DARPA who created a grand
Network Challenge () for the 40th anniversary.

» Saturday December 5, 2009: DARPA puts 10 red
weather balloons up during the day.

» Each 8 foot diameter balloon is anchored to the
ground somewhere in the United States.

» Challenge: Find the latitude and longitude of each
balloon.

» Prize: $40,000.
*DARPA = Defense Advanced Research Projects Agency ().
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Finding red balloons: e

- Systems

The winning team and strategy: Big Data,

Measurement, and

» MIT’s Media Lab (&) won in less than 9 hours. [2'] P
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Finding red balloons:

The winning team and strategy:
» MIT’s Media Lab () won in less than 9 hours. #'!

» Pickard et al. “Time-Critical Social Mobilization,” "]
Science Magazine, 2011.
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Finding red balloons:

The winning team and strategy:
» MIT's Media Lab (%) won in less than 9 hours. [°]

» Pickard et al. “Time-Critical Social Mobilization,” "]
Science Magazine, 2011.

» People were virally recruited online to help out.
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Finding red balloons:

The winning team and strategy:
» MIT’s Media Lab (%) won in less than 9 hours. !

» Pickard et al. “Time-Critical Social Mobilization,”[*"!
Science Magazine, 2011.

» People were virally recruited online to help out.

» |dea: Want people to both (1) find the balloons and
(2) involve more people.
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Finding red balloons:

The winning team and strategy:
» MIT’s Media Lab (i) won in less than 9 hours. [#'!

» Pickard et al. “Time-Critical Social Mobilization,”[*"!
Science Magazine, 2011.

» People were virally recruited online to help out.

» |dea: Want people to both (1) find the balloons and
(2) involve more people.

» Recursive incentive structure with exponentially
decaying payout:
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Finding red balloons:

The winning team and strategy:
» MIT’s Media Lab (i) won in less than 9 hours. [#'!

» Pickard et al. “Time-Critical Social Mobilization,”[*"!
Science Magazine, 2011.

» People were virally recruited online to help out.

» |dea: Want people to both (1) find the balloons and
(2) involve more people.

» Recursive incentive structure with exponentially
decaying payout:

» $2000 for correctly reporting the coordinates of a
balloon.
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Finding red balloons: Sete

Systems
The winning team and strategy: Big Data,
Measurement, and
» MIT’s Media Lab (&) won in less than 9 hours. 2] ::’“;":X‘W :
””””””” e eory O
» Pickard et al. “Time-Critical Social Mobilization,” "] Anything
Science Magazine, 2011. L i
- . : Distributed Social
» People were virally recruited online to help out. Seaich
» Idea: Want people to both (1) find the balloons and ol
(2) involve more people. References

» Recursive incentive structure with exponentially
decaying payout:
» $2000 for correctly reporting the coordinates of a
balloon.

» $1000 for recruiting a person who finds a balloon. b
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Finding red balloons:

The winning team and strategy:
» MIT’s Media Lab (i) won in less than 9 hours. [#'!

» Pickard et al. “Time-Critical Social Mobilization,”[*"!
Science Magazine, 2011.

» People were virally recruited online to help out.

» |dea: Want people to both (1) find the balloons and
(2) involve more people.

» Recursive incentive structure with exponentially
decaying payout:
» $2000 for correctly reporting the coordinates of a
balloon.
» $1000 for recruiting a person who finds a balloon.
» $500 for recruiting a person who recruits the balloon
finder, etc.
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
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Finding balloons:

Clever scheme:
» Max payout = $4000 per balloon.

» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).
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Finding balloons:

Clever scheme:
» Max payout = $4000 per balloon.

» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?
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Finding balloons:

Clever scheme:
» Max payout = $4000 per balloon.

» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.

Extra notes:
» MIT’s brand helped greatly.
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.

Extra notes:
» MIT’s brand helped greatly.

» MIT group first heard about the competition a few
days before.
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.

Extra notes:
» MIT’s brand helped greatly.

» MIT group first heard about the competition a few
days before. Ouch.
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.

Extra notes:
» MIT’s brand helped greatly.

» MIT group first heard about the competition a few
days before. Ouch.

» A number of other teams did well ().
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Finding balloons:

Clever scheme:

» Max payout = $4000 per balloon.
» Individuals have clear incentives to both

1. involve/source more people (spread), and
2. find balloons (goal action).

» Gameable?

» Limit to how much money a set of bad actors can
extract.

Extra notes:
» MIT’s brand helped greatly.

» MIT group first heard about the competition a few
days before. Ouch.

» A number of other teams did well ().

» Worthwhile looking at these competing strategies.
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The social world appears to be small... why?

Theory: how do we understand the small world
property?

» Connected random networks have short average
path lengths:

(dag) ~ log(N)
N = population size,
dap = distance between nodes A and B.
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The social world appears to be small... why?

Theory: how do we understand the small world
property?

» Connected random networks have short average
path lengths:

(dag) ~ log(N)
N = population size,
dag = distance between nodes A and B.
» But: social networks aren’t random...
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Simple socialness in a network: Sociteohnial

Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social

Need “clustering” (your  scaiefree

friends are likely to :EIWOTKS
know each other):
d_,@ >0
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Non-randomness gives clustering: S
tems
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dag = 10 — too many long paths. Wi B
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Small-world networks

Introduced by Watts and Strogatz (Nature, 1998) [°']
“Collective dynamics of ‘small-world’ networks.”
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Small-world networks e

Systems
Introduced by Watts and Strogatz (Nature, 1998) " B e
“Collective dynamics of ‘small-world’ networks.” i
The Theory of
/ Anything
Small-world networks were found everywhere: Play and Crunch
» neural network of C. elegans, St
semantic networks of languages, Scale-Free
Networks
actor collaboration graph, References

| 4
| 4
» food webs,
» social networks of comic book characters,...
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Small-world networks

Introduced by Watts and Strogatz (Nature, 1998) 1!
“Collective dynamics of ‘small-world’ networks.”

Small-world networks were found everywhere:
» neural network of C. elegans,
» semantic networks of languages,
» actor collaboration graph,
» food webs,
» social networks of comic book characters,...

Very weak requirements:

» local regularity
+ random short cuts
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Previous work—finding short paths

But are these short cuts findable?
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Previous work—finding short paths

But are these short cuts findable?

Nope...
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Previous work—finding short paths

But are these short cuts findable?
Nope...

Nodes cannot find each other quickly
with any local search method.
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Previous work—finding short paths

But are these short cuts findable?
Nope...

Nodes cannot find each other quickly
with any local search method.

Need a more sophisticated model...
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Previous work—finding short paths

» What can a local search method reasonably use?
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Previous work—finding short paths

» What can a local search method reasonably use?
» How to find things without a map?
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Previous work—finding short paths

» What can a local search method reasonably use?
» How to find things without a map?

» Need some measure of distance between friends
and the target.
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Previous work—finding short paths

» What can a local search method reasonably use?
» How to find things without a map?

» Need some measure of distance between friends
and the target.

Some possible knowledge:
» Target’s identity
» Friends’ popularity
» Friends’ identities
» Where message has been
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) |
“Navigation in a small world.”
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) !
“Navigation in a small world.”

Allowed to vary:
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) !
“Navigation in a small world.”

Allowed to vary:
1. Local search algorithm
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) !
“Navigation in a small world.”

Allowed to vary:
1. Local search algorithm
2. Network structure.
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) !
“Navigation in a small world.”

Allowed to vary:
1. Local search algorithm
2. Network structure.

Theoretical optimal search:
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Previous work—finding short paths

Jon Kleinberg (Nature, 2000) !
“Navigation in a small world.”

Allowed to vary:
1. Local search algorithm
2. Network structure.

Theoretical optimal search:
» “Greedy” algorithm.
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Previous work—finding short paths §EQ§Zéhnica.
: ystems
Jon Kleinberg (Nature, 2000) !”! P

“ : . : ” Complexit!
Navigation in a small world. 5
The Theory of

Anything
Play and Crunch
Allowed to vary: Distributed Social
Search
1. Local search algorithm Scale-Free
Networks
2. Network structure. e
Theoretical optimal search:
» “Greedy” algorithm. ! @
» Number of connections grow logarithmically (slowly) : E bae |

in space: a = d.
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Previous work—finding short paths §EQ§Zéhnica.
: ystems
Jon Kleinberg (Nature, 2000) !”! P

@ 0 0 0 ’ Complexi
Navigation in a small world. i
The Theory of

Anything
Play and Crunch
Allowed to vary: Distributed Social
Search
1. Local search algorithm Scale-Free
Networks
2. Network structure. e
Theoretical optimal search:
» “Greedy” algorithm. ! @
» Number of connections grow logarithmically (slowly) : E bae |
in space: a = d.
» Social golf.
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Previous work—finding short paths

» If networks have hubs can also search well: Adamic

et al. (2001)!"!

where k = degree of node i (humber of friends).

P(k;) o< k7
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Previous work—finding short paths

» If networks have hubs can also search well: Adamic
et al. (2001)!"!
P(k;) k,.‘7
where k = degree of node i (humber of friends).

» Basic idea: get to hubs first
(airline networks).
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Previous work—finding short paths

» If networks have hubs can also search well: Adamic
et al. (2001)!"!
P(k;) k,.‘7
where k = degree of node i (humber of friends).

» Basic idea: get to hubs first
(airline networks).

» But: hubs in social networks are limited.
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The problem

If there are no hubs and no underlying lattice, how can
search be efficient?

\ Which friend of a is closest
»b to the target b?

What does ‘closest’ mean?

- What is ‘social distance’?
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Models

One approach: incorporate identity.
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Models

One approach: incorporate identity.

ldentity is formed from attributes such as:

» Geographic location

» Type of employment

» Religious beliefs

» Recreational activities.
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One approach: incorporate identity. Complexity
The T_heory of
Identity is formed from attributes such as: Qatiipg

) . Play and Crunch
» Geographic location Distributed Social

Search
» Type of employment e
cale-rree
» Religious beliefs Networks
References

» Recreational activities.

Groups are formed by people with at least one similar

attribute. Id @
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MOdG'S gg(r:?gtlzéhnical

Systems

Big Data,
Measurement, and

One approach: incorporate identity. Complexity

The T_heory of
Identity is formed from attributes such as: A

) . Play and Crunch
» Geographic location Distributed Social

» Type of employment i?é‘tcth;
» Religious beliefs Networks
» Recreational activities. Bk
Groups are formed by people with at least one similar , @
attribute. i d_, \ .8
dt :
Attributes < Contexts < Interactions < Networks. \/
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Social distance—Bipartite affiliation networks  Sacomia
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Social distance—Context distance

occupation

education health care

kindergarten
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high school

teacher doctor
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Models

Generalized affiliation networks

geography

PR e

b

occupation

c

d

age

e

» Blau & Schwartz “l, Simmel*°/, Breiger °/, Watts et

al. [30]
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The model-results e

Systems
Big Data,
; ; Measurement, and
Milgram’s Nebraska-Boston data: e
The T_heor'y of
Model parameters: = """
12 . Play and Crunch
10 > N =108, Distibuted Social
Search
j 5 \ > Z= 300’ g = 100’ Scale-Free
E/ 6 > :1 Networks
4 b 0’ References
> a=1 H=2;
2
D e
1234567 8 9101112131415 {@E
L > <Lm0del> ~ 6.7 d @
)
> Lyua ~ 6.5 dt

&/
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Nutshell for Small-World Networks:
» Bare networks are typically unsearchable.
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» Paths are findable if nodes understand how network Play and Grunch
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. " . Search
» Importance of identity (interaction contexts). R
0 Networks
» Improved social network models.
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» Improved peer-to-peer networks.

» Construction of searchable information databases
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax and v > 1.
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax and v > 1.

» x can be continuous or discrete.
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax and v > 1.

» x can be continuous or discrete.
» Typically, 2 < v < 3.

Complex
Sociotechnical
Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free

I O
UNIVERSITY |g|
¥-¥ vervont 18]

D Qv 76 of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7
where Xmin < X < Xmax @and v > 1.
» x can be continuous or discrete.

» Typically, 2 < v < 3.
» No dominant internal scale between Xy, and Xpax.
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax @and v > 1.

» x can be continuous or discrete.

» Typically, 2 < v < 3.

» No dominant internal scale between Xu,i, and Xmax-
» |f v < 3, variance and higher moments are ‘infinite’
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax @and v > 1.

» x can be continuous or discrete.

» Typically, 2 < v < 3.

» No dominant internal scale between Xu,i, and Xmax-
» |f v < 3, variance and higher moments are ‘infinite’
» If v < 2, mean and higher moments are ‘infinite’
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Size distributions

The sizes of many systems’ elements appear to obey an
inverse power-law size distribution:

P(size =x) ~cx™7

where Xmin < X < Xmax @and v > 1.

» x can be continuous or discrete.

» Typically, 2 < v < 3.

» No dominant internal scale between Xu,i, and Xmax-
» |f v < 3, variance and higher moments are ‘infinite’
» If v < 2, mean and higher moments are ‘infinite’

» Negative linear relationship in log-log space:

logso P(x) = log c—vlogyq x
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Examples:

» Earthquake magnitude (Gutenberg Richter law):
P(M) < M—3

Number of war deaths: P(d) oc d—'8[24
Sizes of forest fires

Sizes of cities: P(n) oc n—21

Number of links to and from websites
Number of citations to papers: P(k) oc k—3.
Individual wealth (maybe): P(W) oc W2,
Distributions of tree trunk diameters: P(d) o« d—2.
Diameter of moon craters: P(d) oc d—3.
Word frequency: e.g., P(k) o< k=22 (variable)

vV V. V. V. YV VvV VY

Note: Exponents range in error;

see M.E.J. Newman arxiv.org/cond-mat/0412004v3 (H)
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Work of Yore

» 1924: G. Udny Yule *2I:

# Species per Genus
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Work of Yore

» 1924: G. Udny Yule [*?I:
# Species per Genus

» 1926: Lotka['8l:
# Scientific papers per author (Lotka’s law)
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Work of Yore

» 1924: G. Udny Yule [*?I:
# Species per Genus
» 1926: Lotka '8!
# Scientific papers per author (Lotka’s law)
» 1953: Mandelbrot 9!
Optimality argument for Zipf’s law for word
frequency; focus on language.
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Work of Yore

» 1924: G. Udny Yule [*?I:
# Species per Genus

» 1926: Lotka '8!
# Scientific papers per author (Lotka’s law)

» 1953: Mandelbrot 9!
Optimality argument for Zipf’s law for word
frequency; focus on language.

» 1955: Herbert Simon [26: 331
Zipf’s law, city size, income, publications, and
species per genus.
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Work of Yore

» 1924: G. Udny Yule [*?I:
# Species per Genus
» 1926: Lotka '8!
# Scientific papers per author (Lotka’s law)
» 1953: Mandelbrot 9!
Optimality argument for Zipf’s law for word
frequency; focus on language.
» 1955: Herbert Simon [26: 331
Zipf’s law, city size, income, publications, and
species per genus.
» 1965/1976: Derek de Solla Price % 23l
Network of Scientific Citations.
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Work of Yore

» 1924: G. Udny Yule [*?I:
# Species per Genus
» 1926: Lotka '8!
# Scientific papers per author (Lotka’s law)
» 1953: Mandelbrot 9!
Optimality argument for Zipf’s law for word
frequency; focus on language.
» 1955: Herbert Simon [26: 331
Zipf’s law, city size, income, publications, and
species per genus.
» 1965/1976: Derek de Solla Price % 23l
Network of Scientific Citations.
» 1999: Barabasi and Albert [°!:
The World Wide Web, networks-at-large.
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Not everyone is happy...

Mandelbrot vs. Simon:

| » Mandelbrot (1953): “An Informational
& Theory of the Statistical Structure of
Languages”!'?!
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Not everyone is happy...

Mandelbrot vs. Simon:

| » Mandelbrot (1953): “An Informational
& Theory of the Statistical Structure of
Languages”!'?!

» Simon (1955): “On a class of skew
distribution functions” #°!
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Not everyone is happy...

Mandelbrot vs. Simon:

i » Mandelbrot (1953): “An Informational
ﬁ Theory of the Statistical Structure of
Languages”!'?!

ﬁ » Simon (1955): “On a class of skew
. distribution functions” #°!

» Mandelbrot (1959): “A note on a class
of skew distribution function: analysis
and critique of a paper by H. A. Simon”
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Not everyone is happy...

Mandelbrot vs. Simon:

& » Simon (1955): “On a class of skew
. distribution functions” #°!

» Mandelbrot (1953): “An Informational
Theory of the Statistical Structure of
Languages”'?!

» Mandelbrot (1959): “A note on a class
of skew distribution function: analysis
and critique of a paper by H. A. Simon”

& » Simon (1960): “Some further notes on
¥ a class of skew distribution functions”
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Not everyone is happy... (cont.)
Mandelbrot vs. Simon:

1 » Mandelbrot (1961): “Final note on a
& class of skew distribution functions:
analysis and critique of a model due to
H.A. Simon”
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Not everyone is happy... (cont.)

Mandelbrot vs. Simon:

1 » Mandelbrot (1961): “Final note on a
class of skew distribution functions:
analysis and critique of a model due to

H.A. Simon”
'Q 1 . G o i)
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Not everyone is happy... (cont.)

Mandelbrot vs. Simon:

» “We shall restate in detail our 1959
' objections to Simon’s 1955 model for
e the Pareto-Yule-Zipf distribution. Our
& objections are valid quite irrespectively
of the sign of p-1, so that most of
Simon’s (1960) reply was irrelevant.”
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Not everyone is happy... (cont.)

Mandelbrot vs. Simon:

A
W

» “We shall restate in detail our 1959
objections to Simon’s 1955 model for
the Pareto-Yule-Zipf distribution. Our
objections are valid quite irrespectively
of the sign of p-1, so that most of
Simon’s (1960) reply was irrelevant.”

» “Dr. Mandelbrot has proposed a new
set of objections to my 1955 models of
the Yule distribution. Like his earlier
objections, these are invalid.”
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Essential Extract of a Growth Model

Random Competitive Replication (RCR):
1. Start with 1 element of a particular flavor at t = 1
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Essential Extract of a Growth Model

Random Competitive Replication (RCR):

1. Start with 1 element of a particular flavor at t = 1

2. Attime t =2,3,4, ..., add a new element in one of
two ways:
» With probability p, create a new element with a new
flavor

» With probability 1 — p, randomly choose from all
existing elements, and make a copy.
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Essential Extract of a Growth Model

Random Competitive Replication (RCR):

1. Start with 1 element of a particular flavor at t = 1

2. Attime t =2,3,4, ..., add a new element in one of
two ways:

» With probability p, create a new element with a new
flavor

» With probability 1 — p, randomly choose from all
existing elements, and make a copy.

» Elements of the same flavor form a group

Complex
Sociotechnical
Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free

) B O]
UNIVERSITY |g|
¥-¥ vervont 18]

A 82of 98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Essential Extract of a Growth Model

Random Competitive Replication (RCR):

1. Start with 1 element of a particular flavor at t = 1

2. Attime t =2,3,4, ..., add a new element in one of
two ways:
» With probability p, create a new element with a new
flavor
e Mutation/Innovation

» With probability 1 — p, randomly choose from all
existing elements, and make a copy.

» Elements of the same flavor form a group
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Essential Extract of a Growth Model

Random Competitive Replication (RCR):

1. Start with 1 element of a particular flavor at t = 1
2. Attime t =2,3,4, ..., add a new element in one of
two ways:
» With probability p, create a new element with a new
flavor
e Mutation/Innovation

» With probability 1 — p, randomly choose from all
existing elements, and make a copy.
e Replication/Imitation

» Elements of the same flavor form a group
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Random Competitive Replication

Observations:

» Competition for replication between elements is
random
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Random Competitive Replication

Observations:

» Competition for replication between elements is
random

» Competition for growth between groups is not
random
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Random Competitive Replication

Observations:

» Competition for replication between elements is
random

» Competition for growth between groups is not
random

» Selection on groups is biased by size
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Random Competitive Replication

Observations:

» Competition for replication between elements is
random

» Competition for growth between groups is not
random

» Selection on groups is biased by size
» Rich-gets-richer story
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Random Competitive Replication

Observations:

» Competition for replication between elements is
random

» Competition for growth between groups is not
random

» Selection on groups is biased by size
» Rich-gets-richer story
» Random selection is easy
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Random Competitive Replication

Observations:

» Competition for replication between elements is

v

vV v v .Yy

random

Competition for growth between groups is not
random

Selection on groups is biased by size
Rich-gets-richer story

Random selection is easy

No great knowledge of system needed
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Random Competitive Replication

» After some thrashing around, one finds:
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S””
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S””

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

Complex
Sociotechnical
Systems

Big Data,
Measurement, and
Complexity

The Theory of
Anything

Play and Crunch

Distributed Social
Search

Scale-Free

) B O]
UNIVERSITY |g|
¥-¥ vervont 18]

Qv 850f98


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:

It is the purpose of this paper to analyse a class of
distribution functions that appear in a wide range of
empirical data
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:

It is the purpose of this paper to analyse a class of
distribution functions that appear in a wide range of
empirical data—particularly data describing sociological,
biological and economoic phenomena.
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:

It is the purpose of this paper to analyse a class of
distribution functions that appear in a wide range of
empirical data—particularly data describing sociological,
biological and economoic phenomena.

Its appearance is so frequent, and the phenomena so
diverse,
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:

It is the purpose of this paper to analyse a class of
distribution functions that appear in a wide range of
empirical data—particularly data describing sociological,
biological and economoic phenomena.

Its appearance is so frequent, and the phenomena so
diverse, that one is led to conjecture that if these
phenomena have any property in common
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Evolution of catch phrases

» Yule’s paper (1924) [*2:
“A mathematical theory of evolution, based on the
conclusions of Dr J. C. Willis, F.R.S”

» Simon’s paper (1955) [*°l:
“On a class of skew distribution functions” (snore)

From Simon’s introduction:

It is the purpose of this paper to analyse a class of
distribution functions that appear in a wide range of
empirical data—particularly data describing sociological,
biological and economoic phenomena.

Its appearance is so frequent, and the phenomena so
diverse, that one is led to conjecture that if these
phenomena have any property in common it can only be
a similarity in the structure of the underlying probability
mechanisms.
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(better)
“Networks of scientific papers”
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”

» Robert K. Merton: (H) the Matthew Effect ()

» Studied careers of scientists and found credit flowed
disproportionately to the already famous
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”

» Robert K. Merton: (H) the Matthew Effect ()

» Studied careers of scientists and found credit flowed
disproportionately to the already famous

From the Gospel of Matthew:
“For to every one that hath shall be given...
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”

» Robert K. Merton: (H) the Matthew Effect ()

» Studied careers of scientists and found credit flowed
disproportionately to the already famous

From the Gospel of Matthew:
“For to every one that hath shall be given...
(Wait! There’s more....)
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”

» Robert K. Merton: (H) the Matthew Effect ()

» Studied careers of scientists and found credit flowed

disproportionately to the already famous

From the Gospel of Matthew:

“For to every one that hath shall be given...
(Wait! There’s more....)

but from him that hath not, that also which he
seemeth to have shall be taken away.
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Evolution of catch phrases

» de Solla Price (1965):??l Cumulative Advantage
(better)
“Networks of scientific papers”

» Robert K. Merton: (H) the Matthew Effect ()

» Studied careers of scientists and found credit flowed

disproportionately to the already famous

From the Gospel of Matthew:

“For to every one that hath shall be given...

(Wait! There’s more....)

but from him that hath not, that also which he
seemeth to have shall be taken away.

And cast the worthless servant into the outer
darkness; there men will weep and gnash their teeth.”
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Evolution of catch phrases

Merton was a catchphrase machine:
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Evolution of catch phrases

Merton was a catchphrase machine:
1. Self-fulfilling prophecy
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Evolution of catch phrases

Merton was a catchphrase machine:
1. Self-fulfilling prophecy
2. Role model
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Evolution of catch phrases

Merton was a catchphrase machine:

1. Self-fulfilling prophecy
2. Role model

3. Unintended (or unanticipated)
consequences
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Evolution of catch phrases

Merton was a catchphrase machine:

1. Self-fulfilling prophecy
2. Role model

3. Unintended (or unanticipated)
consequences

4. Focused interview — focus group

Bonus achievement:
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Evolution of catch phrases

Merton was a catchphrase machine:

1. Self-fulfilling prophecy
2. Role model

3. Unintended (or unanticipated)
consequences

4. Focused interview — focus group

Bonus achievement:

Robert C. Merton won the Nobel Prize
for Economics in 1997.
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Evolution of catch phrases—Scale-free networks:

» Barabasi and Albert ®'—thinking about the Web
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Evolution of catch phrases—Scale-free networks:

» Barabasi and Albert ®'—thinking about the Web

» Independent reinvention of a version of Simon and
Price’s theory for networks
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Evolution of catch phrases—Scale-free networks:

» Barabasi and Albert ®'—thinking about the Web

» Independent reinvention of a version of Simon and
Price’s theory for networks

» Another term: “Preferential Attachment”
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Evolution of catch phrases—Scale-free networks:

» Barabasi and Albert °/—thinking about the Web

» Independent reinvention of a version of Simon and
Price’s theory for networks

» Another term: “Preferential Attachment”

» Basic idea: a new node arrives every discrete time
step and connects to an existing node i with
probability o k;.
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Evolution of catch phrases—Scale-free networks:

>

>

Barabasi and Albert *)—thinking about the Web

Independent reinvention of a version of Simon and
Price’s theory for networks

» Another term: “Preferential Attachment”
» Basic idea: a new node arrives every discrete time

v

step and connects to an existing node i with
probability o k;.

Connection:

Groups of a single flavor ~ edges of a node

Small hitch: selection mechanism is now
non-random

Solution: Connect to a random node (easy)
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Evolution of catch phrases—Scale-free networks:

>

>

Barabasi and Albert *)—thinking about the Web

Independent reinvention of a version of Simon and
Price’s theory for networks

» Another term: “Preferential Attachment”
» Basic idea: a new node arrives every discrete time

v

v

step and connects to an existing node i with
probability o k;.

Connection:

Groups of a single flavor ~ edges of a node

Small hitch: selection mechanism is now
non-random

Solution: Connect to a random node (easy)

+ Randomly connect to the node’s friends (also easy)
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Evolution of catch phrases—Scale-free networks:

>

>

Barabasi and Albert *)—thinking about the Web

Independent reinvention of a version of Simon and
Price’s theory for networks

» Another term: “Preferential Attachment”
» Basic idea: a new node arrives every discrete time

step and connects to an existing node i with
probability o k;.

Connection:

Groups of a single flavor ~ edges of a node

Small hitch: selection mechanism is now
non-random

» Solution: Connect to a random node (easy)

» + Randomly connect to the node’s friends (also easy)
» Scale-free networks = food on the table for physicists
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