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What is meant by Networks?

A network is a set of entities and a set of relations between them.

Conceptually, the entities are represented by nodes and

the relationships by edges.

The study of networks is multi-disciplinary:

– plethora of terminology
– varied objectives, multitude of frameworks

Examples:

Network Nodes Edges
WWW Webpages a link between them
Aviation System Airports a non-stop flight
River system intersections river segments
Probabilistic Models Variables dependency
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What is meant by Social Networks?

The conceptualization and analysis of a network with the objective

of understanding social structure.

social structure: a system of social relations tying distinct social

entities to one another

• Attempt to represent the structure in social relations via

networks.

• Theory relating to types of observable social spaces and their

relation to individual and group behavior.

• The data are of two forms:

– individual level information on the social entities

– relational data on pairs of entities
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• Primary interest in the nature of relationships:

– How the behavior of individuals depends on their

location in the social network

– How the qualities of the individuals influence the

social structure

• Secondary interest is in how network structure influences

processes that develop over a network

– spread of HIV and other STDs

– diffusion of technical innovations

– spread of computer viruses

• Tertiary interest in the effect of interventions on

network structure and processes that develop over a network
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Network elements and terms

• Multiple types of both vertices and edges

• nodes:

– e.g., sex, race, age

• edges:

– directed: relationship has a direction associated with it

– weighted: a discrete or continuous variable associated with it

• networks:

– directed: all relationships have direction

– undirected: all relationships do not have direction

– acyclic: graph does not contain closed “loops” of edges
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– bipartite: nodes of two types and edges only between

different types

– affiliation: bipartite with nodes either a group or a person,

and edges an affiliation of a person with the group

• networks as elements:

– time: continuous and durational

– space: localized networks with a spatial dimension

– embedding: Nested networks (Hierarchy)

latent trait (clustering)

latent class (cohesion)
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Application: Social networks of IV drug use

• Study a population of injecting drug users in Colorado Springs,

CO from 1988-1992.

• Relationship is defined as needle sharing in the last six months

• A population of about 300 in the city.

• Data from a social survey

– participants were asked to nominate sex and drug partners,

to complete a face-to-face questionnaire,

to provide a blood sample for HIV
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Some Networks types receiving attention

• Social networks

– interpersonal relations (kinship, roles, cognitive, affiliations)

– transactions

• Information networks

– WWW, citations of scientific articles, recommender systems

• Technology networks

– typically designed for distribution

– electric power grid, roads, Internet

• Biological networks

– used to represent biological systems

– metabolic pathways, genetic regulatory networks, food web
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Perspectives to keep in mind

• Network-specific verses Population-process

– Network-specific: interest focuses only on the actual network

under study

– Population-process: the network is part of a population

of networks and the latter is the focus of interest

- the network is conceptualized as a realization of a social

process

• Social relations verses Nodal Attribute index

– Interdependence/endogeneity verses atomistic essentialism

– structure verses composition
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What do social networkers study?

• Flows within Networks: diffusion, transmittal

– Topology : structure or shape of the network

∗ Connectivity : between pairs of actors

· reachability : Is there a path between given actors?

· geodesic distance: If reachable, how long is the path?

· Number of paths: How many paths of each length?

∗ Centrality : concepts of a node’s location within the network

∗ Activity : the distribution of the number of edges of each

node

– Timing: Network topology changes over time

∗ timing of edge formation and dissolution

∗ flow very sensitive to timing
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Xij =





1 relationship from actor i to actor j

0 otherwise

• call X ≡ [Xij]g×g a sociomatrix ;

call the graphical representation of X a sociogram

– a N = g(g − 1) array of binary random variables

– X represents a random network with nodes the actors and

edges the relationship

• The basic problem of stochastic modeling is to specify a distri-

bution for X i.e., P (X = x)
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Random Graph Distributions

Let X be the sample space of X e.g. {0,1}N

Any model for the multivariate distribution of X can be parametrized

in the form:

P (X = x) =
exp{θT t(x)}
c(θ)

x ∈ X

Besag (1974), Bahadur (1961), Frank and Strauss (1986)

• θ ∈ Θ ⊂ Rq q-vector of parameters

• t(x) q-vector of network statistics.

• For a “saturated” model q = 2N − 1

• c(θ) distribution normalizing constant

c(θ) =
∑

x∈X
exp{θT t(x)}
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Simple models for social networks

• Bernoulli graph

– Xij are independent but have arbitrary distributions

P (X = x) =
exp

{∑
i,j θijxij

}

c(θ)
x ∈ X

ti,j(x) = xij, i, j = 1, . . . , g q = N

θij = logit[P (Xij = 1)]

c(θ) =
∏

i,j

[1 + exp(θij)]
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• Homogeneous Bernoulli graph (Renyi-Erdos model)

– Xij are independent and equally likely

with log-odds θ = logit[P (Xij = 1)]

P (X = x) =
e
θ
∑
i,j xij

c(θ)
x ∈ X

where q = 1, t(x) =
∑
i,j xij, c(θ) = [1 + exp(θ)]g

• homogeneity means it is unlikely to be proposed as a model for

real phenomena
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Some history of models for social networks

Holland and Leinhardt (1981) proposed a general dyad independence

model

– Also an homogeneous version they refer to as the “p1” model

P (X = x) =
exp{ρ

∑
i<j xijxji+ θx++ +

∑
iαixi+ +

∑
j βjx+j}

c(ρ, α, β, θ)

where

– θ controls the expected number of edges

– ρ represent the expected tendency toward reciprocation

– αi productivity of node i; βj attractiveness of node j

• Much related work and generalizations

– Wasserman (1980), Fienberg, Meyer, and Wasserman (1985),

Wasserman and Faust (1994), Wasserman and Pattison (1996)

– Frank and Strauss (1986)
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Models based on the degree distribution only

P (X = x) =
exp{

∑g−1
k=1αkdk(x)}
c(α)

x ∈ X

where

– dk(x) = the proportion of actors with exactly k relationships

– α g-vector of degree parameters

• Long-history in social network community

– Wasserman (1977), Wasserman and Faust (1994), Snijders

(1991)

• Recent focus

– Barabási & Albert (1999), Newman, Strogatz and Watts

(2001)

• Further direct parametrization of the degree distribution

– Forms with power-law behavior: Albert and Barabási (1999)
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A more realistic model for social networks

P (X = x) =
exp{xTZβ+

∑g−1
k=1αkdk(x) + θT t(x)}
c(α, β, θ)

x ∈ X

where

– x is the N-vector of the unique elements of X

– Z = {zij}N×p matrix of (exogenous) covariates on the ijth dyad

– dk(x) = the proportion of actors with exactly k relationships

– t(x) q-vector of additional network statistics

– β p-vector of regression parameters

– α g-vector of degree parameters

– θ q-vector of network structure parameters
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Usually the additional statistics kept “simple”

– e.g., clustering or transitivity

If we add the proportion of triangles amongst triads

t(x) =
1
(
g
3

)
∑

{i,j,k}∈(g3)
xijxikxjk

these are the homogeneous nodal Markov graphs of Frank and

Strauss (1986):

– edges in X that do not share an actor are conditionally

independent given the rest of the network

⇒ analogous to nearest neighbor ideas in spatial statistics
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A smattering of other models

• Models of individual behavior that incorporate network

characteristics

– Network regressive-autoregressive models (Doreian)

– Peer influence models (Friedkin)

• Spatial Models of Large-Scale Social Networks

– Butts (2002)

• Measurement error models for informant reports

– Killworth and Bernard (1976), Bernard et al (1984)

– Romney and Faust (1982), Krackhardt and Kilduff (1999),

Butts (2003)

• Random effects models: positing latent social structure

– Latent class models: Nowicki and Snijders (2001)

– Latent space models: Hoff, Raftery and Handcock (2001)
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Models for dynamic social networks

• Continuous-time Markov models

– Wasserman (1977), Holland and Leinhardt (1977)

– Leenders (1995)

• Actor Oriented: fusion of rational choice and

Continuous-time Markov models

– Snijders (1996) (1977), Leenders (1995)

• Models of Network Growth

– Motivated by Simon (1955)

– Citation networks: Price (1965; 1976)

– WWW: Albert and Barabási (1999)
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