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Social Networks

Could be three things

1. Network representations of the structure of the
interrelationships of human beings in a social community

2. Representations of the pattern of communications among
particles in a particle swarm population

3. An online network of interconnected users such as
Facebook, Twitter, LinkedIn, etc.

The last group is simply a digitally distilled
implementation of #1



Social Networks

We are interested in the improvement of the quality of information as it spreads
from one individual to another, whether human beings or particles.
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So I'm told by a reputable person they
have killed Osama Bin Laden. Hot damn.
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Influence: Trust, Attention, Information, Audience

AKeith Urbahn wasndét the first to sj
but he was the one who gained the most trust from the

network. And with that, the perfect situation unfolded, where

timing, the right social-professional networked audience, along

with a critically relevant piece of information led to an
explosion of public affirmation of I

SocialFlow
http://bit.ly/jwXkoU



Social Networks

We will consider the theoretical view that the state of the individual

I n a particle swarm or human soci et

structural position in a graph of acquaintanceships or pairwise
message-sharing.



The Monad

Victor of Aveyron (I'Enfant Sauvage )

First seen 1797

Itard: "Under these circumstances his ear was not
an organ for the appreciation of sounds, their
articulations and their combinations; it was
nothing but a simple means of self-preservation
which warned of the approach of a dangerous
animal or the fall of wild fruit."

Monads: Solitary confinement, sensory deprivation, lost or marooned, etc.



The Monad

Language

There is no private language (Wittgenstein)

A Twins and siblings may develop idiosyncratic language

A Lone children do not (the sound of one hand clapping)

Language does two things

A Symbol encoding and processing

A Social communication between embodied human beings

These two functions are not separable: they are the same thing! a

| t6s hard to argue that thinking 1Is
Symbolic cognition requires Aculture

Truly monadic social units lack this

Note: GOFAI originally assumed isolated, hermetically-sealed thinkers



The Monad

Particle swarms without influence (N=3)

The algorithm for moving a particle in the usual way, except
they do not inform one another -- (p;-x;) only.

It is incapable of reliably solving any problem

EEEEEERERE

Noncommunicating particles given 2-d sphere function to optimize.



The Dyad

I, ego ], other

O channel O

Dyad consists of
1. a person i, the ego or point of view taken
2. an other person j, and

3. a communication channel between them (not necessarily bidirectional)

Building block: the most complicated social network is made up of dyads.

Nodes, vertices, individuals
Links, edges, connections, communications

Acquaintances, friends, lovers, business associates, neighbors, club members 1



The Dyad

I, ego ], other

O channel O

Each individual has a unique experiential history
Can report the effect of its history to the other, e.g., its current state

Even in humans, you can talk about what you remember but it is a current
memory you are describing, not a past event

The channels between individuals are extremely rich T this is where social
network science is weakest. It is usually reduced to a binary knows /
d o e sknodvtstate, often bidirectional

--still informative



Dyads

An individual participates in multiple dyads.
(i,j) and (i,k) are connected dyads, (j,k) is not

(Reciprocity of 0 ks Owilkihalvgy iDFrend?0 Me 0 N e € )



Triads

nP | i kes X and

Balanced if X and O like
each other

Fritz Heider, 1946, 1958 (Gestalt theorist): Balance theoryT i POX Tr i ad s c

P = Person
O = Other
X = Some other person or thing

Connections are positive or negative

Anot her ex. : AMy enemyo6s enemy is my f



POX TriadsT Heil der 0s Bal ance TI

+

SRS

Top row triads are balanced = stable, attractive states
Second row triads are unbalanced = unstable, seek change

(The Al ove triangleo does not fit this



POX Triads T Balance Theory
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Cartwright and Harary (1956) i graph theorists i the products of the
balanced triads are positive, the products of unbalanced ones are
negative (with the triple negative triad being ambiguous).



POX TriadsT Heil der 0s Bal ance TI

Corresponds to a certain kind of crisp binary logic

=0 P=O PI O PIO

o

Consistent systems

O=X O X Ol X 0=X Balanced

P=X Pi X P=X PIi X

PIO P=O P=O PIO Inconsistent systems
O=X Ol X O=X Ol X Unbalanced

P=X P=X Pi X PI X

Emotion and logic follow the same rules: balance
Interpersonal dynamics follow these same rules

There is some inherent tendency to achieve balance; this led to other
cognitive consistency perspectives, ¢
Dissonance, which underlies, to some degree, nearly all social psychology
sincethemid-1 950 0 s



Parallel Constraint Satisfaction Networks

Connectionist networks T a current type of psychological model
Follows from Balance Theory

Find node activations that maximize the products of pairs of nodes
and their connection weights.



Acquaintanceship Networks

Bidirectional, binary edges

Each node has some number of neighbors = degree

Degree of nodes in figure

T F)
|7j Q Sum=15 1

N=9
Mean degree=15/9 = 1.6667
Diameter=5 (longest shortest path)

C




A Social Network: Romantic and Sexual
Relations at a US high school

The Structure of Romantic and Sexual Relations at "JefTerson High School"
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Fach circle represents a student and lines connecting students represent romantic relations occuring within the 6 months
preceding the interview, Numbers under the figure count the number of times that pattern was observed (1.¢. we found 63
pairs unconnected to anyone ¢lse)

Giant component
N=280

Couples
N=126
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Social Network: A Project Team .
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The social graph above shows the email flows amongst a large project team. Each person on the team is represented
by a node. Each node is colored according to the person's department -- red, blue, or green. Yellow nodes are
consultants and other specialists hired to work on this project. Grey nodes are not formal team members but are
external experts consulted during the project.



Social Network: Egocentric View

Student ego network ¢

Shows an individual and his acquaintances, and their acquaintances, and so on



Social Networks

Some questions for swarm researchers

1. Attraction of individuals toward good problem solutions
2. Improving solutions through combining them interestingly
3. Creativity or value added by individuals

The flow of information from the individual level

What information does individual j transmit?

What information does individual i receive?

How does | choose to accept | O0s
How does i integrate new information with existing schemata?

Note about humans

| uses social information about j to determine what to accept and how
to use information from j

Particles do not usually have this kind of information (neglected in
swarm research?)



Social Networks

Some Important Measures

Individual measures

Degree: how many neighbors does i have
Clustering: how many of 1 0s neigh
Distance: minimum number of edges traversed getting from i to j

Global measures

Mean, variance, and distribution of degree
Mean clustering
Di ameter: the fnlongest shortest p



An Explosion of Network Theory

Graph theorists had some observations 7 E r d IR particular
Interest in random graph properties

Two Big Developments

A Watts and Strogatz (1998) Small worlds (Watts, D.J.; Strogatz, S.H. (1998).
"Collective dynamics of 'small-world' networks.". Nature 393 (6684): 40971 10.)

A Albert-Laszl6 Barabasi (1999, etc.) Emergence of scaling in random

networks (Barabasi, Albert-Laszl6; Albert, Réka. (1999). "Emergence of scaling in
random networks". Science 286 (5439): 5091 512.)

Led to generalizations about all kinds of networks, from cellular
proteins to the Internet to galaxy clusters

A great amount of new technology depends on understanding the
properties of networks, this research has wide application



Small-World Networks

AWe find that these systems ¢
clustered, like regular lattices, yet have small
characteristic path | engths,
Watts & Strogatz 1999

Milgram, 1967

Watts and Strogatz
A average shortest path length similar to random graph
A large clustering coefficient

Between completely regular and completely random

Tend to have hubs, cliques

Adding random edges to a ring lattice reduces distance

Also -- The Strength of Weak Ties i Granovetter (1973)



Small-World Networks
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Albert-Laszlo Barabasi : Complex Networks

Scale-free: Many small hubs held together by a few hubs. Power law of
degree: P ( k) ®awherétypically 2<2<3

Small World: Short paths between any two nodes

get richer o)
Competition: Nodes with high fitness become hubs

Robustness: Resilience against random errors; fragility to attacks (Achilles
Heel)

Communities: Groups form a hierarchical structure

Evol uti on: Hubs emerge through gr ow




Social Networks in Particle Swarms

Communication topology controls the spread of good solutions through the
population

Too fast A premature convergence on local optima
Too slow A reduced collaboration, poorer solutions can beat out better ones

|deally you want a population that searches the entire search space in parallel
for the best region, and searches the best region for the best point

Social networks in particle swarms can be
A Fixed
A Randomly dynamic
A Adaptive

(The very first ones were Euclidean)



Social Networks in Particle Swarms

Usually not a terrible amount of complexity i N < 100
Power laws, small worlds not really relevant

(May become important with huge networks, not
common yet.)

Original PSO T two types of social networks
Gbest i fully connected topology

Lbest T ring lattice, adjacent neighbors

Remember, i is only affected by its best neighbor, so
even a fully connected network is like having one
neighbor, though that neighbor may change with
iterations



Social Networks in Particle Swarms

The square or von Neumann network

—0—0—0—
—0—0—0—
—0—0—0—

Population is laid out in a grid
Each individual connected to neighbors above, below, left, right
Wrapped

Denser than Lbest but still distributed, parallel search



Social Networks In Particle Swarms

Mendes, 2004: 1,343 fixed networks designed to specs

Specify N, mean degree, clustering,
variance in degree, etc, and let a simulated
annealing program design the network




