Dynamic Bipartite Stochastic Blockmodel Regression for Network Data
Application to State and Intergovernmental Organization Networks
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The covariate effects align with our group labels. For instance:

= Rich, democratic states that are geo-politically aligned with the US are more likely to have
- i 1 : larger share of mixed-membership in S1.

True mixed;membership True mixed;membership Fam“y 2

a) Mixed-membership (family 1) b) Mixed-membership (family 2) ¢) Blockmodel * |GOs whose average members are more US-aligned and cross-regional are more likely to have
a larger share of mixed-membership in 13.
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a) and b): estimated mixed-membership vectors align with known values;

Sl tos ot (01 B & Rumnly 200)) c): estimated blockmodel match known values (white numbers)
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* Dynamic bipartite graph G; = (V1 ¢, V24, Y1) o Wb v o S Lo« T v (0.50) (0.47) (0.46)
" Nodes p € Vig and g € ‘,/Q:t' Yoat :,1 if an edge from p to ¢ exists at time ¢, Ypge =0 otherwise a) Mixed-membership prediction with /3 b) SE of 3 (family 1) c) SE of /3 (family 2) |deal point (Iagged) -2.70 -2.73 -0.39
= s;: latent state; A: transition matrix (O 29) (O 28) (O 25)
" Tpt, Ygr: Mixed membership; 2, 4, w4 (p, ) interaction specific group indicators a): mixed-membership predicted using estimated coefficients match prediction using true Regional 1O 0.72 0.80 O 05
= B: K x K, block matrix. B,,: log-odds of an edge forming between latent groups g and & coefficients €glona : : :
" X, X,: monadic covariates (coefficient: B,,,,, Bopn); dyy: dyadic covariates (coefficient: ~) b) and ) SIéS Scross 100 simulated networks covers Sd(ﬁA) (red crosses) well | (0.51) (0.57) (0.53)
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Family 1 Ag . Application: State-IO Network, 1965-2014 Salient 1O 016 -0.12 -0.23
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Dyads (p.q) = Data: Yearly state-IGO membership data between 1965-2014, covering 200 countries and Number of Dyads 1,833,000
s : regions and 471 1GOs (Pevehouse et al., 2020; Davis & Pratt, 2021).
ategorica
@ = Parameters: Three groups for both the state (S) and IGO (l) families. One latent state.
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= Latent states (HMM): Periods 1-25 in state 1: 26-50 in state 2 12 (Trivial IGOs): Large number of IGOs that are unlikely to instantiate links with any groups cgﬁ BLiN i S
* Covariates: of state. g 0258 : ! Bl Financial Crisis | g 0.26- | R o Y
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= 1 dyadic covariate: d,; = d,1 + e, Where e ~ N(0, 1) = |3 (Exclusive IGOs): A small number of IGOs that only interact with states in S1. 3 .00 NN ENEN 0.00- f&"—ﬁﬂl— . %@ . S 000NN
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= Difficulty levels: Easy, Medium, Hard — vary B and 3 year year year

Model recovers:

= Mixed-membership vectors, group structure, regression parameters
» Good performance across difficulty levels




