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Abstract - Identifying potential missing links in complex networks has attracted the attention of many researchers in recent years 
due to the wide range of its applications. Link prediction algorithms need to be efficient from a computational point of view in 
order to be scalable to networks with a large number of nodes and/or edges. In this paper, we propose, FastLP, a fast and scalable 
method based on a hidden variables model for solving the link prediction problem in large networks. Recent studies suggest that 
real networks have an underlying hidden metric space that explains their structural characteristics. The proposed approach 
computes the geodesic distances between unconnected nodes using the estimated distances between the connected nodes in the 
hidden metric space and subsequently use these distances to infer the probability of connection. The results show that this method 
can handle large networks while still keeping high prediction performance. 
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I. INTRODUCTION 
 

Many complex systems play essential roles in our daily 
lives, for instance the Internet, WWW, social networks and 
biological systems. Individual objects in these systems are 
generally not isolated, but rather connected through 
relationships. Such systems can be represented as complex 
networks, where nodes represent objects, and links refer to 
relationships, interactions or influences that exist between 
nodes [1]. 

In most systems, it is not possible to observe all 
relationships, either due to limitations in the data collection 
process or because certain relationships have not yet been 
established [2]. The process of identifying missing links 
within a network by predicting which nodes are likely to be 
connected is known as link prediction. Predicting new 
friendships or collaborations in social networks [3] or 
discovering previously unknown interactions in biological 
networks [4] are few examples showing the importance of 
link prediction.  

Recent studies suggest that real networks have an 
underlying hidden metric space that explains their structural 
characteristics. In [5] and [6], the authors propose a model 
that takes into consideration the hidden meric space 
underneath real networks. In the remaining sections, we 
refer to this model as the Hidden Metric Model (HMM). 
Here, we propose an approach for predicting missing links 
by computing the probability of connection between 
unconnected nodes based on HMM.  

The remainder of this paper is organized as follows. 
First, the problem of link prediction and a summary of the 
related work are presented in Section II. The Hidden Metric 
Model is described in Section III. The proposed approach is 
explained in details in Section IV. The experiments and the 
obtained results are presented in Section V. Finally, Section 
VII concludes the paper. 

II. RELATED WORK 
 

Given an undirected network, G(V;E), where V is the set 
of nodes and E is the set of observed edges (positive links), 
and given U the universal set that contains all possible links, 
the goal of link prediction algorithms is to discover which 
elements of the set U  E are missing from the network or 
are likely to appear in the future [7]. If N denotes the total 
number of nodes in the graph (i.e. N = jV j), then the set U 
contains N(N  1)=2 elements, which represents the 
maximum number of edges in the graph. U  E is the set of 
non-existent links (negative links). Loops and multiple 
edges connecting two nodes are not permitted. 

In the majority of real-networks, similar nodes tend to 
connect with each other. Ranking-based approaches for link 
prediction begin by computing the degrees of similarity 
between each unconnected pair of nodes i and j which 
subsequently determine the score Sij associated with the 
non-observed link (i; j). All non-observed links are ranked 
in descending order based on the score and the top ones are 
considered to be connected [7]. Liben-Nowell and 
Kleinberg [8] investigated the usefulness of topological 
similarity measures, such as the number of common 
neighbors, Adamic=Adar and Jaccard coefficient, for 
predicting links in co-authorship networks. Comparing to a 
random predictor, they concluded that topological 
information improves link prediction performance. Hasan et 
al. [3] proposed to model link prediction as a classification 
problem, where positive instances are the connected node 
pairs and negative instances are the disconnected node 
pairs. They used, in addition to the topological features, 
non-topological features such as proximity features and 
aggregated features which improved the accuracy of the link 
prediction. 



RUWAYDA ALHARBI et al: SCALABLE LINK PREDICTION IN COMPLEX NETWORKS USING A TYPE OF . . 

DOI 10.5013/IJSSST.a.18.01.15                                            15.2                            ISSN: 1473-804x online, 1473-8031 print 

 



RUWAYDA ALHARBI et al: SCALABLE LINK PREDICTION IN COMPLEX NETWORKS USING A TYPE OF . . 

DOI 10.5013/IJSSST.a.18.01.15                                            15.3                            ISSN: 1473-804x online, 1473-8031 print 

 



RUWAYDA ALHARBI et al: SCALABLE LINK PREDICTION IN COMPLEX NETWORKS USING A TYPE OF . . 

DOI 10.5013/IJSSST.a.18.01.15                                            15.4                            ISSN: 1473-804x online, 1473-8031 print 

 



RUWAYDA ALHARBI et al: SCALABLE LINK PREDICTION IN COMPLEX NETWORKS USING A TYPE OF . . 

DOI 10.5013/IJSSST.a.18.01.15                                            15.5                            ISSN: 1473-804x online, 1473-8031 print 

 



RUWAYDA ALHARBI et al: SCALABLE LINK PREDICTION IN COMPLEX NETWORKS USING A TYPE OF . . 

DOI 10.5013/IJSSST.a.18.01.15                                            15.6                            ISSN: 1473-804x online, 1473-8031 print 

 


