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Motivation

• Influence Maximization 

• find k seeds that maximizes the influence spread

Img credit: stlouisfed.
org

https://research.stlouisfed.org/publications/employment-research/how-does-networking-affect-your-job-search
https://research.stlouisfed.org/publications/employment-research/how-does-networking-affect-your-job-search


Motivation

• Application



slow, non-scalable

cannot guarantee performance aligned with the specific diffusion model

Li, Yuchen, Ju Fan, Yanhao Wang, and Kian-Lee Tan. "Influence maximization on social graphs: A survey." IEEE Transactions on 
Knowledge and Data Engineering 30, no. 10 (2018): 1852-1872.

Motivation



slow, non-scalable

cannot guarantee performance aligned with the specific diffusion model

The proposed method: 
light-weighted plugin

Motivation

Li, Yuchen, Ju Fan, Yanhao Wang, and Kian-Lee Tan. "Influence maximization on social graphs: A survey." IEEE Transactions on 
Knowledge and Data Engineering 30, no. 10 (2018): 1852-1872.



Select 4 seed nodes to spread

Observation 1: Nodes 1, 2, 3 have high interactions among them.  

Observation 2: Node 4 has little interaction with the other nodes.

Motivation



Select 4 seed nodes to spread

Motivation

• Local methods such as LIME and Grad-CAM ignore global effect.

• Marginal contribution fails to distinguish first- and higher-order effect.

• Shapley value will be discussed later.

Related work:
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Motivation

• Local methods such as LIME and Grad-CAM ignore global effect.

• Marginal contribution fails to distinguish first- and higher-order effect.

• Shapley value will be discussed later.

Related work: The proposed method: 
Sobol Indices for

Higher-order Decomposition
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What is Sobol Index?

• Analysis of Variance-based (ANOVA) Method

• Decompose a function into different orders.

  

Saltelli, Andrea, Paola Annoni, Ivano Azzini, Francesca Campolongo, Marco Ratto, and Stefano Tarantola. "Variance based sensitivity analysis 
of model output. Design and estimator for the total sensitivity index." Computer physics communications 181, no. 2 (2010): 259-270.



What is Sobol Index?

• First-order effect: 

• Variance accounted for one single variable only.

• Higher-order effect: 

• Variance brought by the interactions among variables.

• Total effect: 

• Combines first- and higher-order effects



Comparing with Shapley

• Why Sobol indices work better here?

Sobol index:
Better for node selection

Shapley value:
Better for contribution decomposition

Owen, Art B. "Sobol'indices and Shapley value." SIAM/ASA Journal on Uncertainty Quantification 2, no. 1 (2014): 245-251.



Sobol Indices

• First-order effect: 



Sobol Indices

• For a variable set: 
 

 



Sobol Indices

 
• Higher-order effect: 
• We have:



Sobol Indices

• Total effect: 
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Explanatory Method

• Define node selection as binary variables.

• Variance from the uncertainty in the influence process.



Explanatory Method

• Define node selection as binary variables.

• Variance from the uncertainty in the influence process.



Explanatory Method

• Original first-order Sobol index of single variable:

• IM first-order Sobol: contribution of single seed: 

                                   where  



Explanatory Method

• Original first-order Sobol index for a variable set:

• IM first-order Sobol: pure contribution of a seed set:



Explanatory Method

• Higher-order contribution of a seed: 



Explanatory Method

• Original total effect Sobol of single variable:  

• IM total effect Sobol: global contribution of a seed: 
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Proposed Model: SIM

 

Collecting



Pruning

Pruning: 

Extra nodes with lower Sobol total 

index need to be removed, one at a 

time.

Proposed Model: SIM



Pruning

Time complexity: 

Proposed Model: SIM
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Experimental Setup

• Datasets:

• Five real-world networks

• Planetoid: Cora, CiteSeer, PubMed

• Amazon Computer, Amazon Photo

• Two synthetic networks

• BA power-law graphs 

• ER graphs



Experimental Setup

• Six baselines:

• GRD (oracle model)

• simulation-based greedy algorithm (Kempe et al., 2003) on Cora only. 

• Heuristics

• degree and Eigen-centrality on both LT and IC.

• Proxies designed for IC:

• Discounted Degree (Chen et al., 2009)

• Sigma (Yan et al., 2019)

• Pi (Zhang et al., 2022)



Results

Without SIM. With SIM.

• Effectiveness: 
• SIM boosts spread by 7% over DD
• SIM almost reaches the same level of GRD 

• Efficiency: 
• GRD: 34871.65 seconds
• SIM+DD: 965.03 seconds, accelerating by 36+ times 

Performances on Cora with IC comparing to GRD. 



Results

IM performance (i.e., influence spread) with (W) and without (W/O) SIM under IC model. 

Combining the degree discount heuristic with SIM always achieves the 
best or the second-best performance among the algorithms.



Results

• The time cost of pruning extra nodes does not scale with the graph size.
• SIM runs faster on more sparse graphs.



Results

The Legitimacy of Each Seed's Relative Contribution.

The second-order Sobol indices vs. distance.

Baptista, Ricardo, and Matthias Poloczek. "Bayesian optimization of combinatorial structures." In International Conference on Machine Learning, pp. 
462-471. PMLR, 2018.

“second-order models provide an excellent trade-off in practice”

• Sobol total has a strict and 
positive correlation with 
marginal contribution.

• Pair of nodes that far away 
from each other has low 
interaction identified by the 
second-order Sobol effect.



Q&A

Thank you!

Code Here ↓ My Website ↓
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