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Motivation 

• Linked data is becoming increasingly pervasive 

in the intelligence/military communities 

• Analysis of such data that goes beyond simple 

information retrieval (e.g. list all the transactions 

involving entity X) is crucial 

• Many analysis algorithms that operate on linked 

data (or data stored in an RDBMS for that 

matter) are non-transparent 
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Similarity overview 

• At a high level, “similarity” can be thought of as 
denoting any of the following: 
– Metric (e.g. Euclidian distance) 

– Divergence measure (e.g. KL divergence) 

– Kernel  

• Similarity plays a crucial role in many of the most 
important data analysis tasks: 
– Query by example 

– Anomaly/normalcy detection 

– Prediction 

– Data summarization 
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Similarity for entities in linked data 

• There are roughly two facets to similarity in 

linked data 

– Lexical (e.g. edit distance between property sets of 

two entities) 

– Structural, which involves assessing the underlying 

link structure of the graph 

• This work focuses on structural similarity 
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Related work for structural similarity 

• We base our structural similarity formulation on 
the following intuition1: 
– Two entities are similar if they relate (are linked) to 

similar entities via directed edges 

– Entities are self-similar 

• For convenience, we assume similarity scores 
are between 0 and 1 
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• sim(x,x) = 1 

• sim(s,t) > 0 

• sim(u,v) > 0 

• sim(u,v) < sim(s,t) 

• sim(u,t) = 0 

1) Jeh & Widom 2002 
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Related work for structural similarity 

• The expected meeting of two random walks from node u 

and v is (inversely) proportional to their similarity under 

the recursive definition1 
 

 

 

 

 

 

• This relationship can be exploited to develop scalable 

(web scale) approximation algorithm for recursive 

similarity systems2 
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• Walkers starting at u and v meet in two steps 

• Walkers starting at s and t meet In one step  
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1) Jeh & Widom 2002 

2) Fogaras & Racz 2005 
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Our work 

• We extend previous work in three important ways 
especially relevant for linked data 
– We account for different edge labels 

– We develop the concept of salience 

– We build an explanation framework 

 

• We experiment with data from the Linked Movie 
Database which has information about 
– Films 

– Genres  

– Actors, Writers, Directors, etc. 
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• To motivate the importance of edge labels, consider 
the following graphs: 

 

 

 

 

• Nodes u and v in the first graph should be more 
similar than u and v in the second graph because of 
the difference in v’s relationship with t 

• To account for this, we only allow walkers to meet 
when the sequence of edges they have traversed 
have the same labels 

Accounting for edge labels 
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Accounting for salience 

• As a motivating example, consider two statements about a movie X 
in a movie database 
– X is an Action movie 

– X stars Harrison Ford 

• We refer to the predicate-object pair (in red) above as a fact about X 

 

• The salience of a fact f, sal(f) is a measure of how discriminative f is 

 

 

 

 

 

• Random walks can be biased to favor more salient facts (obscure), 
less salient facts (obvious), or something in between 
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Salience cont’d 

• For a given fact f, let Sf denote the set of subjects to which f applies 

and let S denote the set of all entities  

 

 

 

• The bias of f, w(f) can be defined in various ways, such as: 

 

 

 

 

 

• How we choose to bias the random walks depends on context  
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𝑠𝑎𝑙 𝑓 = 1 −
log(|𝑆𝑓|)

log(|𝑆|)
 

w 𝑓 = 𝑠𝑎𝑙 𝑓  

w 𝑓 = 1 − 𝑠𝑎𝑙 𝑓  

w 𝑓 = 𝑠𝑎𝑙 𝑓 ∗ (1 − 𝑠𝑎𝑙 𝑓 ) 

favors obscure facts  

favors obvious facts  

favors not-too-obvious/not-too-obscure facts  
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Explanation generation 

• Explanations are generated by a small number of 

random walkers starting at each of the similar nodes 

• Walkers remember which facts they have traversed 

John Williams 

  {A New Hope, hasMusicContributor, John Williams} 

  {The Empire Strikes Back, hasMusicContributor, 

    John Williams} 

  

Harrison Ford 

  {A New Hope, hasActor, Harrison Ford} 

  {The Empire Strikes Back, hasActor, Harrison Ford} 

  

Star Wars (Film Collection) 

  {A New Hope, inCollection, Star Wars} 

  {The Empire Strikes Back, inCollection, Star Wars} 

 

  {Revenge of the Sith, hasSequel, A New Hope} 

    {Revenge of the Sith, inCollection, Star Wars} 

  {A New Hope, hasSequel, The Empire Strikes Back} 

    {A New Hope, inCollection, Star Wars} 

... 
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• Explanations can be biased 

with salience (obscure to 

obvious) 

 

• Example:  

X = “A New Hope” 

Y = “The Empire Strikes Back” 

sim(X,Y) = ……   Why? 



Preliminary results: query by example 
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Future work 

• Test our similarity metric on other standard data 

mining tasks like clustering and classification 

– e.g. by using BBN network data 

• Extend our algorithms to account for predicate 

similarity as well as node similarity 

• Combine lexical similarity measures with 

structural similarity 
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Summary 

• We have introduced a number of novel 

extensions for computing and understanding  

similarities in linked data 

– Labeled edges 

– Salience 

– Explanation 

• We have developed a scalable prototype 

implementation for our similarity metric and 

demonstrated its utility in the context of querying 

by example 
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