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Problem Definition
• Given a graph 𝐺 = 𝑉, 𝐸

– 𝑣! ∈ 𝑉: the user in the social network
– (𝑣!, 𝑣") ∈ 𝐸: two users are friends in the social network

• We aim to measure 𝐓𝐅𝐂 (Topological Friendship 
Closeness) for each friend pair 𝑣!, 𝑣" ∈ 𝐸.



Application Scenario
• Friendship-enhancing event in Tencent’s Games

– source 𝑣!: the user who sent the invitation
– target 𝑣": the user who received the invitation

• TFC is applied for (i) user behavior understanding and (ii) 
target recommendation.

Friend Invitation Panel
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Existing Solutions
a. Individual-level measures

– Tie strength, # common friend
– Personalized PageRank, similarity between node embeddings

b. Group-level measures
– Structural diversity, user-group tie strength

a: lack of group 
information 

b: inadequate group 
information 

sourcetarget

our objective: explore 
more in-group information 



Proposed Measures: Theory support
• Social identity theory (SIT)

– The inclination that a target endorses behaviors of users inside the 
same group is affected by psychological factors.

– Novelty: import psychological factors for TFC measures
– Challenge: how to reflect these factors by structural information? 



Proposed Measures: Overview

• Social categorization
– Candidate group = CC in the ego network of the target.

• SIT-based measure definition
– Define quantitative measures to describe each factor.

• Inclination inference
– Supervised learning via XGBoost.



Proposed Measures: Definitions

• (C: the group that the given source and target are in)
• Abstract the edge as a spring

– tie strength w as the stiffness constant.
– similarity 𝛿 as the displacement.  

• UGT (solidarity, self-stereotyping)
– The average attractive force from users in C to the target.

• IGT (ingroup-homogeneity)
– The average attractive force among users in C.



Experiments: Datasets and Setup

• Individual-level competitors:
– tie strength (Tie); #common friend (COM); Personalized PageRank 

(PPR); similarity between Node2vec embeddings (N2V)

• Group-level competitors:
– Structural diversity (#CC); user-group tie strength (GT); in-group 

edge density (GD)

• UGT,IGT: w: Tie; 𝛿: N2V.



• Predictions for target adoption and source invitation
• SIT outperforms all competitors on two datasets in 

terms of two prediction tasks and three evaluation metrics. 

Experiments: Behavior Prediction



• Conversion rate: fraction of inviters/adopters in given rank.
• The conversion is more sensitive to #CC, GPR, GPPR, UGT 

Experiments: Conversion analysis



• E2E rate: target friends adopting the invitations
source users seeing the event .

• SIT improves the best competitor by up to 34.2%. 

Deployments: Target Recommendation



Conclusion
• We propose six new TFC measures based on the social identity theory.

• The SIT-based measures are sensitive to user behavior conversion.

• The SIT-based measures can experimentally outperform the competitors.

• The SIT-based measures have been deployed to more than 10 friendship-
enhancing events up till now.
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