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• Overview 

• The existing “zero-SimRank” problem 

• Our approaches 

• SimRank*, a semantically-enhanced version 

• Two  succinct closed forms of SimRank* 

• Edge concentration for speeding up computation 

• Empirical evaluations 

• Conclusions 
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Outline 



Overview 

• SimRank plays an important part in real applications. 
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SimRank Overview 

• SimRank 

• An attractive similarity measure based on hyperlinks,  
(proposed by Jeh and Widom in KDD ’02) 

• Basic philosophy 

Two nodes are similar if they are referenced by similar nodes. 

 

• Two SimRank models 
• Basic form    (KDD ’02) 

 

 

 

 

• Matrix model     (KDD ’10) 
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damping factor 

in-neighbor set of node b 

similarity btw. 
nodes a and b 



• PageRank 

 

• Personalized PageRank 

 

 

• Random Walk with Restart  

 

 

• SimRank 
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Existing Link-based Measure 
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Motivation 

• “Zero-Similarity” Problem  

Simrank (h,d) =0  !! 
 

There are no nodes 
with equal distance 

to nodes h and d 

2 1 

2 3 



• Zero-Similarity” Problem 
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Motivation 

Simrank (ai, aj) =0   (for all |i| !=|j|) 
 

There are no nodes with equal distance to nodes ai and aj 



• Power of Adjacency Matrix A 

• The (x, j)-entry of          counts  # of paths: 

 

• The (i, x)-entry of               counts  # of paths: 

 

• The value of                                                    counts  # of paths: 

 

 

 

• SimRank series form: 
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Zero-Similarity” Problem 

 lengthl

x j  

 lengthl

i x  

 length  lengthk k

i j     



( )TrowNormQ A

Sim (i, j) = 0  if there are no nodes with equal length to (i, j) 



• SimRank : 

 

• SimRank* : 
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A Remedy for SimRank 



• SimRank* : 

 

 

• Length weights:                   is  decreasing w.r.t. l      (0<C<1) 

 

 

• Symmetry  weights:                      (binomial)  
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Two Kinds of Weighted Coefficients 

0   / 2l  l 

Longer paths should have a smaller contribution to S 

More symmetric paths should have a larger contribution to S 



• SimRank* : 

 

 

• Length weights:                    

 

 

• Symmetry  weights:                      (binomial)  
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Variations of SimRank* 

0   / 2l  l 

is not a simple form for normalization  

  Why not use                    ? 



• SimRank* : 

 

 

 

• Length weights:                    
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Variations of SimRank* 

is a simple form 
for normalization  

  Can we  use        ? 

Geometric 
version 

Exponential 
version 



• The first k-th partial sums: 

 

 

• (Geometric) convergence: 

 

 

• (Exponential) convergence: 

 

13 

Convergence of SimRank* 



 

 

 

 

 

 

 

• Geometric SimRank* has the following recursive form: 
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Recursive Form of SimRank* 

? 

SimRank series form  

SimRank* series form  

SimRank* resursion   

SimRank recursion 



 

 

 

 

 

 

 

• Exponential SimRank* has the following closed form: 

 

 

 where 
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Closed Form of Exponential SimRank* 

? 

SimRank series form  

SimRank* series form  

SimRank* closed form   

SimRank closed form 



• Iterative Model: 

 

 

• Entry-wise Form: 
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SimRank* Computation 

If                             ,   then 
 
 
can be memoized for subsequent reuse. 
                                              



• How to find      in general case for maximal sharing?  

 

 

• Edge Concentration 

• Replace bicliques with stars:      |X|*|Y|  |X|+|Y| 

• Apply Buehrer and Chellapilla’s heuristic  
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Fine-grained Memoization 



• Datasets 
• Real: CitHepTh, DBLP (D05, D08, D11), WebG 

• Synthetic:   GraphGen generator  

 

• Compared Algorithms 
• memo-gSR* :  our geometric SimRank* + fine-grained memoization 

• memo-eSR*:  our exponential SimRank* + fine-grained memoization 

• iter-gSR*:  our geometric SimRank* + conventional iteration 

• psum-SR : best-known SimRank 

• mtx-SR: SimRank + singular value decomposition 

 

• Evaluations 
• Semantics & Relative Ordering 

• Computational Efficiency  
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Experimental Settings 
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Semantic Effectiveness 
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Existence of “Zero-Similarity” Problem 



21 Time Efficiency 
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Memory Requirement 



• We have proposed SimRank*, a refinement of SimRank. 

• Resolve “Zero SimRank” issue for semantic richness 

• Geometric & Exponential SimRank* 

• Derive the closed forms and recursive forms of SimRank* 

• Fine-grained memoization for speeding up its computation 

• Empirical evaluations to show richer semantics and 
higher computation efficiency of SimRank*. 
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Conclusions 
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Thank you! 
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