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Background: Ranking in a Network 
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 Network: Data are naturally networks 
 Webs are linked by hyperlink 
 Users are linked by friendship 
 Proteins are linked by interactions 

 
 Ranking without query 

 Rank all nodes based on certain 
measures, e.g., Pagerank, HITS 

 Who are most popular users? 
 

 Ranking with query 
 Find top-k most “similar” nodes for a 

query node based on certain measure, 
e.g., Personalized Pagerank, Simrank 

 Who are potential friends of Jon? 
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Ranking score 

High Low 
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Motivation: Network of Networks (NoN) 

Research Area Network of Co-author Networks 
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Motivation: Ranking in NoN 

Research Area Network of Co-author Networks 
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How to identify the importance of 

Jon in Data Mining by considering 

his overall contributions in related 

areas 



Motivation: Query in NoN 

Research Area Network of Co-author Networks 
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Which Bioinformatics researcher 

are most likely to collaborate with 

Data Mining researcher Jon 



Problem Definitions 

Domain-specific Network 𝐀i 

Domain node 
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Problem Definitions 

Main Network 𝐆 

Main node 
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Problem Definitions 

Common node 

Common node 
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CrossRank 

Problem 1: CrossRank 

 

Given: (1) an NoN, and (2) the query vectors 

𝐞i (i = 1,… , g); 
 

Find: ranking vectors 𝐫i for the nodes in the 

domain-specific networks 𝐀i (i = 1,… , g). 

𝐀1 

𝐀2 𝐀3 𝐀4 

𝐀5 

Jingchao Ni, Hanghang Tong, Wei Fan, Xiang Zhang. 

Inside the Atoms: Ranking on a Network of Networks. 

In KDD, 2014. 



CrossRank 

Regularized Optimization Problem 

𝐽 𝐫1, … , 𝐫𝑔 = 𝑐 𝐫𝑖
′ 𝐈𝑛𝑖 − 𝐀 𝑖 𝐫𝑖
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within-network 

smoothness 

query 

preference 

cross-network 

consistency 

 𝐫𝒊 is the ranking vector of the domain-specific network 𝐀𝑖 
𝑑𝑚 𝑖  is the degree of main node 𝑖 in the main network 𝐆 
𝐀 𝐢 is the symmetric normalized adjacency matrix 𝐀𝑖 
 I𝑖𝑗 is the set of common nodes between 𝐀𝑖 and 𝐀𝑗 
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CrossRank 

Matrix Form of the Objective Function 

𝐽 𝐫 = 𝑐𝐫′ 𝐈𝐧 − 𝐀 𝐫 + 1 − 𝑐 𝐫 − 𝐞 2 + 2𝑎𝐫′𝐗𝐫 
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RWR-like Update rule 

𝐗 encodes the cross-network consistency 

within-network walk cross-network walk 
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CrossQuery 

Problem 2: CrossQuery 

 

Given: (1) an NoN, (2) a query node from a 

source domain-specific network 𝐀s, (3) a 

target domain-specific network 𝐀d, and (4) an 

integer 𝑘; 

 

Find: the top-𝑘 most relevant nodes from the 

target domain-specific network 𝐀d w.r.t. the 

query node 

𝐀s 

𝐀d 

Jingchao Ni, Hanghang Tong, Wei Fan, Xiang Zhang. 
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CrossQuery 

CrossQuery-Basic 

1. Y. Fujiwara, et al., Efficient ad-hoc search for personalized pagerank. In SIGMOD, 

pages 445-456, 2013 

2. Y. Koren et al., Measuring and extracting proximity in networks. In KDD, pages 245-

255, 2006 

𝑠 𝑑 

main network 

 Idea: our RWR-like update rule allows us to apply existing fast random walk 

with restart algorithm1 where there is no accuracy loss. The candidate 

nodes can be restricted to those in the target domain-specific network. 

CrossQuery-Fast 

 Idea: given source and target domain-specific networks 𝐀𝐬 and 𝐀𝐝 of main 

nodes 𝑠 and 𝑑 respectively, prune less relevant main nodes2. Then apply 

CrossQuery-Basic on the pruned NoN. 



CrossQuery 

1. Y. Fujiwara, et al., Efficient ad-hoc search for personalized pagerank. In SIGMOD, 

pages 445-456, 2013 

2. Y. Koren et al., Measuring and extracting proximity in networks. In KDD, pages 245-

255, 2006 

𝑠 𝑑 

main network 

relevant subnetwork 

CrossQuery-Basic 

CrossQuery-Fast 

 Idea: given source and target domain-specific networks 𝐀𝐬 and 𝐀𝐝 of main 

nodes 𝑠 and 𝑑 respectively, prune less relevant main nodes2. Then apply 

CrossQuery-Basic on the pruned NoN. 

 Idea: our RWR-like update rule allows us to apply existing fast random walk 
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nodes can be restricted to those in the target domain-specific network. 



CrossRank Effectiveness 

Co-Author NoN 
Areas in the main network 

CrossRank Effectiveness 

Top ranked authors in the database area when varying 𝑎 
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CrossQuery Effectiveness 

CrossQuery Effectiveness 

Cross-area Co-authorship 

prediction results 

 

• Which DB authors are most 

likely to collaborate with a 

DM author? 
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CrossQuery Efficiency 

CrossQuery Efficiency 

Query time on DBLP NoN Query time on synthetic NoN Accuracy of CrossQuery-Fast 
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CrossRank 

CrossQuery-Basic 
CrossQuery-Fast 

CrossRank 

CrossQuery-Basic 

CrossQuery-Fast 



Candidate Gene Prediction 

Protein Interaction NoN 

Heterogeneous network structure Network of Networks structure 
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Candidate Gene Prediction 

Protein Interaction NoN 

CrossRank 
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ROC curve comparison 



Candidate Gene Prediction 

Protein Interaction NoN 
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Method 𝑝-value 

CrossRank vs. BIRW 1.82 × 10−11 

CrossRank vs. RWRH 2.04 × 10−11 

CrossRank vs. PRINCE 1.08 × 10−10 

CrossRank vs. Katz 2.32 × 10−12 

Ranking results comparison 



Conclusion 

New Data Model: Network of Networks (NoN) 

 

New Ranking Algorithm: CrossRank 

 

Efficient Query Algorithm: CrossQuery 
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Thank you! 

 

Questions? 
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