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Tractable expectation computation for PSL

Experimental evaluation
Data: Cora, Pubmed and Citeseer

Graph Neural Networks : Graph Convolutional Networks (GCN), Graph 
Attention Network (GAT), Graph Markov Neural Networks (GMNN)
Statistical Relational Learning: Markov Logic Networks (MLN), 
Probabilistic Soft Logic (PSL) 

Metric: Relative error
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Challenge

Hard to 
sample from

● Single step of Metropolis sampler inside gibbs sampler

Acceptance 
ratio

● Identify association blocks from rules using 
○ Rule weights
○ Feasible region

● Block sample RV in associated blocks

● Defined a suite of practical aggregate properties
● Proposed a novel sampling framework for PSL
● Extensive evaluation shows SRL approaches outperform GNNs 

when estimating aggregate properties

?

?

? ?

Estimate

Aggregate 
Property

Goal

?● Estimating aggregate properties when network is not 
fully observed (E.g. missing node labels)

Citation 
Network

Aggregate Property

Node labels

Number of bridges 
(Citations across categories)

Conditional distribution for Gibbs sampler

High rule weight Correlated RVs Slow convergence

Challenge 1

Challenge 2

Aggregate properties
● Aggregate property (Q): Aggregate function computed on a 

set of subgraphs that satisfy given conditions ( Q: graph → R )
○ Properties involving multiple nodes, edges and labels

Q1: Category cohesion:
# of links across documents 
that belong to same category

Q2: Category separation:
# of links across documents that 
belong to different category

Q3: Diversity of influence:
# of nodes linked to at least 
half of all categories

Q5: Interior documents
# of nodes where half the 
neighbors belong to same 
categories

Q4: Exterior documents
# of nodes where half the 
neighbors belong to different 
categories

Estimating aggregate properties

? ?
5: link(x,y) & hascat(x,c)
     -> hascat(x,c)

5: LR(x,c) -> hascat(x,c)

Q(Graph)

Point estimate 
approach

Expected aggregate  
approach

Infer missing 
values

Infer joint probability 
distribution

GNN model

SRL model

Property (Q)

Expectation

● Probabilistic Soft Logic[1] is a state-of-the-art SRL framework  
● Computing expectation is intractable due to integration  
● Monte Carlo approximation using samples from Gibbs sampler

Aggregate property estimation:

Pubmed Citeseer

Cora

Predictive accuracy Runtime

Conclusion

[1] http://psl.linqs.org


