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Abstract: As a result of exponential growth of social networking sites, huge population on earth is now connected with 
others through social media and form a global e-society. With every instance of time new relationships are initiate and 

links are getting established and therefore new nodes are added to any online social network. There is natural yearning 

among the people for the prediction of new relationship in the society, the imitation of which is also obtainable in e-

society. Social analytics is an area which is now a day becoming popular among the researchers due to availability of 

open repositories containing terabytes of data generated by the social networking portals. Link prediction in social 

network is one of most popular research problem among the knowledge workers and researchers. In last, decade many 

empirical models for link predication are proposed. This is a survey paper presenting a comprehensive survey of 

techniques for link prediction based on their approaches, applications and performance in various kind of electronic 

social networks. 
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I. INTRODUCTION 

 

Social Network 

Social Networks can be defined as the collection of the 

people, and the ways how they are related to each other. 

Social Network sites are that can allow to individual: 

 create a public profile within the system 

 Make a list of users with whom the person can have 

the connection 

 Can view the list of connections which made by the 

others within the system. 
 

A Social Network is there which consists of a given 

directed graph G = (V, E) and a set of the attributes for 

each node in V(for address, name, phone no, native place) 

and a set of attributes for each edge in E(for instance, type 

of  relationship). 

 

A social network is a composition of persons, which are 

attached by single or further particular types of 

interdependency such as friendship, interest, dislikes, 

home town. In Recent years as we noticed that the online 
social networks have been growing so faster and 

exponentially.  The term Social network is known as a 

structure that consists of personal or organizational 

groups. As the nodes in these networks are connected to 

each node with another node or by some other 

dependencies.  
 

It is the best or the popular way of model to interact 

among various different types community or group. As the 

community or group can be visualize this interactions as 

graph, where each vertex correspond to an individual or 

several collection of groups and an edge correspond to 

various form of relationship between the equivalent 

persons or nodes.  Although Social network is the most 

popular way to grow latest opportunity or to do 

friendships, distribute ideas and doing business online. As  

 

 

Online social media services such as facebook, twitter and 

flicker, these are just some names that have become part of 

our daily life of millions of people around the world. Now 

a day it is difficult to find relationship between people in 

social networks as each data in the social network needs 

some methods to analyze. 

 

Link Prediction 

Link prediction can be known as the problem of predicting 
the future links among two individuals. We can consider 

the attributes/features of the dataset and other observed 

links. We can be predicting the relations among people in 

social networks such as to predict the future friendship, 

guessing the contribution of people in the events. After 

that we will find some new links which have a more 

occurrence to built a new links with its other members in 

near future. It can be known as the problem of link 

prediction. 

 

Here a network is there known as time t1 and a future time 

is there which is known as tz, now the problem arises here 
is to calculate the new relations(link) of friendship that are 

expected to come into the network within the given time 

interval as [t, t′].As Liben-Nobell and Kleinberg[] defines 

that, the problem of link predication is about to what level 

the social networks can be designed  using characteristics 

which is inherent to network . The below figure 

demonstrate the simple link prediction as : 

 
Fig 1:  Definition of Links Prediction 
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Literature Survey: 

Liu et.al.[13] presented two algorithms LRW and SRW for 

Link Prediction Problem based on local random walks on 

simple networks. The network they considered is defined 

as follows: Let G(V, E) be a simple network, where V is a 

set of nodes and E be the set of links. Numerous links and 

self-relations are not allowed. A random walk can be 

described as a Markov chain which describes the sequence 

of nodes visited by a random walker. The algorithms were 

experimentally compared to previously proposed 

algorithms. The comparisons were based on two measures 
AUC and precision.  

 

Algorithm SRW had the best performance on 4 of the 5 

datasets based on AUC. Algorithm SRW had the best 

performance on 2 of the 5 datasets and SRW had the best 

performance for 1 of the 5 datasets when compared based 

on Precision. In the cases where the algorithms did not 

show the best result, the result was still very close to the 

best. Mohammad et. al.[14] discussed the supervised 

machine learning algorithm for Link Prediction. They 

have converted the network into graph. They have used 
binary classification method. They applied many learning 

algorithm for link prediction task and did comparative 

analysis. They also evaluated the attribute rank based on 

various factors and judge their strength for link prediction. 
 

David et. al.[16] considered five network data from 

arxiv.org and implemented all the existing technique like 

chart distance predictor, as prediction based on node-

neighbourhood, Predictors based on lane topology and 

Meta approaches. They have shown the comparative 

analysis and as a result there is no particular winner 

among all the techniques. But some techniques performed 

well. Giovanni Z[2] introduced  a game theoretical 

approach which is based on graph Transduction game. 

They have tested the proposed work on real world data 

from Tuenti OSN and compared with standard local 
measures. The proposed technique performs better than 

the standard local measures. 

 

Lars B[1] developed a technique based on supervised 

random walks. They combined the information from 

network structure with node and edge features. They 

assigned the score to the edges and introduced training 

algorithm for learning edge strength estimation function. 

They have taken facebook and co-authorship network 

data. The result shows good improvement in predicting the 

future links. 
 

Mathematical Description of Link Prediction 

The problem of link prediction can be defined as: Consider 

a social network G = (V, E) which contains two sets: i) set 

of vertices V and ii) set of edges E.  
 

Let we have a dataset which can be organized in the social 

network 𝐺 = (𝑉, 𝐸) form, where 𝐸 is defined as the set of 

boundaries(edges) and V is known as the set of the 

vertices then the task to guess how likely an unnoticed link 

𝑒ij∉𝐸 exists among every pair of nodes 𝑣i , 𝑣j in the data 

network. 

Classification of Link Prediction Techniques: 

 
 
There are various techniques for Link Prediction: 

a)Predictor based on Graph distance: 

The crucial method for calculating node similarity in 

social networks is by calculating the graph variation 

among them i.e. we have to discover the pair (x, y) having 

the length i.e. the direct(short) path by linking them in 

graph. So the direct(short) path interpreter that selects a 

random subset of two-distance pairs. 

Name Score(x, y) 

Common Neighbours 

[10] 
|𝚪 𝐱  ∩  𝚪 𝐲 | 

Jaccard 

Coefficient[9] 

|𝚪 𝐱  ∩  𝚪 𝐲 |

|𝚪 𝐱  ∪  𝚪 𝐲 |
 

Adamic/Adar[1]  𝟏/𝐥𝐨𝐠|𝚪 𝐳 |
𝐳 ∈ 𝚪 𝐱  ∩ 𝚪 𝐲 

 

Preferential 

Attachment[15] 
|Γx|. |Γy| 

 
c) Path Topology based predictors 

 
 

Higher Level Approaches: There are some meta 

approaches that can be used for Link Prediction. 
 

a) Low Rank Approximation:  

We use the adjacency matrix for representing the graph G. 

We generally have mapping for each node x to its row r(x) 

in matrix and defining the score to be inner product of r(x) 

and r(y). We will choose a small number k and calculate 
the rank k matrix. We can use singular value 

decomposition method for this. 
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2)     Unseen Bigrams: 

We can define Link Prediction in language modelling as to 

predict frequencies for unnoticed bigrams i.e. pair of 

words that co-occur in testing corpus but can not occur in 

training data. We can increase the estimate of score(x, y) 

by using the value of score(z, y). 
 

a) Clustering: 

We can have the quality of Link Prediction technique by 
deleting the weak edges in graph with the clustering 

process. Consider a graph and calculate the score(x, y) for 

all the edge. Then identify the weak edges and delete from 

the graph. Recompute the score(x, y) for the graph, then 

we will have more accurate result for future links. 
 

II. MACHINE LEARNING APPROACHES 
 

Machine learning approaches need to design the program 

which learn from past data and then to predict the future 

links of testing data. It is broadly classified into two types: 

Supervised and unsupervised learning. Supervised 

learning algorithms need training set where as it is not 

required in unsupervised learning. There are various 
techniques under supervised learning: Bayesian 

classification, Neural Network, Markov based model and 

pattern discovery. These techniques have been used in past 

for Link Prediction. Mohammad et. al.[15] Considered 

two data set BIOBASE and DBLP and extracted the 

features from the dataset. They evaluated the effectiveness 

of the features and implemented the classification 

model(Decision Tree, SVM(Linear Kernel), SVM(RBF 

Kernel), K-nearest neighbors multilayer perceptron, RBF 

network, Naïve Bayes, Bagging). They calculated various 

performances metrics like Accuracy, Precision, Recall, F1-

ratio. Ryan N.[5] used the supervised classification 
scheme. Supervised algorithms have the capability of 

capturing important relationships between the topology in 

the network. As they examined the factor by encouraging 

the use of supervised framework in the network and 

proposed a high performance framework for Link 

Prediction task. Nesserine B.[4] have introduced new 

variation of topological attributes for evaluating the 

similarity of two nodes in near future. As they have taken 

two data sets: DBLP Bibliographical database and another 

is the Bipartite graph 8 years history of transactions. There 

is clear improvement in the proposed prediction model. 
Hially R.[3] did the analysis of supervised learning 

algorithms for weighted networks. They have analyzed 

supervised Link Prediction for with and without co-

authorship network. The result shows the satisfactory 

results for weighted co-authorship network. 
 

III. DISCUSSION AND CONCLUSION 

 

Among all the approaches machine learning approaches 

gives the better result. Although the classifier needs to be 

trained with the data. Machine learning approach has a 

tendency to require significant computing time for Link 

Prediction. It is critical to make the balance between 

training dataset and available resource to train data. It 

requires effort of making the balance between 

functionality and effectiveness. Support vector machine 

are computationally expensive. We presented a 

comprehensive survey of various approaches used for Link 

Prediction in Social Network inclusive of traditional and 

emerging approaches. We have observed that there is a 

battle between supervised and unsupervised approach. 

Link Prediction has become very popular area in academia 

and industry due to the impact of network topology and 

node attributes on link prediction.  We noticed that the 

above mentioned approaches have been successful in link 

prediction in different scenarios. It may depend upon the 
type of network. One approach outperformed than the 

other for one network. We observed that neuro-fuzzy 

approach has not been used for link prediction. A neuro-

fuzzy approach could be used in combination with the 

techniques for achieving the better accuracy. We can 

explore the combination of genetic and evolutionary 

approaches for better accuracy. This survey may help the 

researchers to have knowledge about the various 

techniques for Link Prediction and may give the idea for 

future work. 
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