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OVERVIEW
In this project, we present a novel approach to modelinghow relational data structures evolve. The core of our ap-proach is a bilinear network autoregressionmodel throughwhich we can estimate the effects of endogenous and ex-ogenous covariates, and construct a parameter space ofhow actors in this system are influencing one another.Within this framework we also provide a mechanism toassess what drives how influential certain actors are forothers in the network. We employ this approach to un-derstanding the evolution of material conflict within theICEWS dataset from March 2001 to December 2012.
NETWORK AUTOREGRESSION
Let Y = {Yt : t = 1, . . . , T} be a time series of so-ciomatrices.

M = {µi,j,t} = AỸtB
T

µi,j,t = aTi Yt−1bj =
∑
i′

∑
j′

aii′bjj′ ỹi′j′t

SOCIAL INFLUENCE REGRESSION
What characteristics of i or i′ are related to the influ-ence aii′? To answer this, we consider a linear regres-sion model for aii′ and bjj′ , given by aii′ = αTwii′and bjj′ = βTwjj′ , wherewii′ is a vector of nodal anddyadic covariates specific to pair ii′. The network au-toregression model becomes

µi,j,t =
∑
i′j′

aii′ ỹi′j′tbjj′

=
∑
i′j′

αTwii′ ỹi′j′tw
T
jj′β

= αT

∑
i′j′

ỹi′j′twii′w
T
jj′

β

= αTXijtβ

Additional variables can be accommodated by:
µij,t = θT zij,t + αTXij,tβ

In our case Y is a times series of count matrices,thus we model yi,j,t ∼ Poisson(eµi,j,t), where ỹi,j,t =
log(yi,j,t−1 + 1).
ESTIMATION
We use an iterative block coordinate descentmethod for estimation of θ, α and β. Given initialvalues of β, iterate the following until convergence:
1. Find the conditional MLE of (θ, α) given β using IWLS;
2. Find the conditional MLE of (θ, β) given α using IWLS.

INTEGRATED CRISIS EARLY WARNING SYSTEM (ICEWS): MATERIAL CONFLICT
MARCH 2001 DECEMBER 2012
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CORRELATES OF CONFLICT

Log(GDP)j,t-1

Log(GDP)i,t-1

Polityj,t-1

Polityi,t-1

Verbal
Conflictij,t-1

Distanceij,t-1

Material
Conflict ji,t-1

Material
Conflict ij,t-1

-0.4 0.0 0.4

CORRELATES OF INFLUENCE
SENDER INFLUENCE PARAMETERS

Material
Cooperationij,t-1

Verbal
Cooperationij,t-1

Allyij,t-1

Trade
Dependenceij,t-1

-1 0 1

RECEIVER INFLUENCE PARAMETERS
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INFLUENCE RELATIONSHIPS
SENDER INFLUENCE SPACE RECEIVER INFLUENCE SPACE
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PARAMETER COMPARISON
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PREDICTIVE PERFORMANCE
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OTHER NETWORK APPROACHES?
Criterion ERGM SAOM Latent SocialSpace InfluenceAble to Test

X X Xrelational theories
Heterogeneity

X XAcross Nodes
Weighted, Temporal

X XNetworks


