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Abstract— Research in the field of social network analysis 
attracting majority of the researchers nowadays. Out of many 
social network analysis problems, link prediction gaining high 
attention due to a growing number of social network users. Link 
prediction is a task to predict which new interaction is going to be 
occurring in the future.  Traditional link prediction techniques 
considered pair of node as one unit and make decisions based on 
the commonality between them. We argued that both nodes in a 
pair have their own similarity to each other. It may be that one 
person is 100  ٪  similar to another, but the other person is not the 
same as the first. Moreover, we have proposed a similarity 
measure SAM for link prediction in the social network. We have 
compared SAM similarity with four other state-of-the-art link 
prediction techniques (i.e., Jaccard, Salton Index, Salton Cosine 
and Resource Allocation). The experiments in this paper are 
performed on five different datasets (i.e., Astro, CondMat, GrQc, 
HepPh and HepTh). Our results show that SAM performs better 
than rest of the link prediction techniques on all datasets.    

Keywords—Link Prediction; Social Network Analysis; node-
Base Similarity; Topological-Based Similarity; Co-author network; 

I.  INTRODUCTION  

The growing trend towards social networking is changing 
our lives and global business on a daily basis [13], which has 
been addressed in recent research. The social network is a 
place where two or more than two people having some 
relationship come and share their information, exchange 
views, make discussion and follows each other. Social 
networks can be off-line through face-to-face contacts [14] in 
schools, universities, conferences and other public places but 
it can be on-line by using Twitter [15], Face book [16], 
Google+ and LinkedIn. Social network is a social graph where 
people are represented as nodes and their contact is the edge 
between them. The edge in the social graph means they 
communicate or interact with each other even if they are 
geographically distant from each other. From the past few 
years, the attractiveness of people towards social networks 
such as Face book and Twitter have created many 
oopportunities for researchers to study and analyze 
characteristics of social network as well as various aspects of 
human behaviourr throughout the social network. Analysis of 
social network provides help to people in identifying 

individuals with mutual interest and their respective 
communities [17]. Moreover, we can find how communities 
build and how people interact to each other in social network.  

Researchers, in the field of social network analysis, are 
facing too many problems [12]. Link prediction is one of them 
that mean predicting the unobserved or missing links in social 
network. The dynamic nature of social network makes this 
challenge more interesting. Consider a social network about 3 
persons in Fig 1, in which solid link shows that “Sobia” is 
friend of “Ali” and “Abid” at time T. Another thing, there is 
no friendship between “Ali” and “Abid” at time T. It becomes 
interesting to think up the probability that there may be link 
between “Ali” and “Abid” at T1+1. The goal of link prediction 
is here to predict the newly added friendship between persons. 

A Link prediction has been attracting the attention of 
different domain’s researchers. Researchers are researching in 
various domains, such as recommender systems which 
recommends new friends of common interest [1], 
bioinformatics in protein-protein interaction networks [2] and 
citations in citation network [3]. Additionally, link prediction 
have been used to predict future links in the networks (i.e., 
Face book), predict missing links [4], items for sale at 
Amazon [5], criminals in criminal networks [6]. Therefore, 
prediction of future links is very important for the analysis as 
well as completion of the network. 

 
Fig. 1. Link Prediction in Social Network. 

Authorized licensed use limited to: Auckland University of Technology. Downloaded on June 05,2020 at 21:29:50 UTC from IEEE Xplore.  Restrictions apply. 



  There are many link prediction techniques which use 
information of nodes and topology in the social graph to 
compute the similarity between pair of nodes to predict the 
link. The computed similarity is represented as a score, which 
is assign to a pair of node (x, y). A high score indicates more 
chances that x and y will be linked in future.  On the other 
hand, a low score represents high probability that x and y will 
not be linked in future. In the literature, state-of-the-art link 
prediction approaches [3,8,9,10,11,27,28], treat both nodes 
equally to compute the similarity score between pair of nodes, 
which are sometimes unable to predict future links. 

In this paper, we have proposed a similarity measure SAM, 
which treats both nodes individually to compute similarity.   

The remainder of this paper is as follows: Section 2 
represents related work. The proposed similarity measure 
SAM is explained in section 3. The results of experiments are 
discussed in section 4. In the end, section 5 concludes the 
paper and presents some future directions. 

II. LITERATURE REVIEW 

A familiar task in prediction of link between two nodes x 
and y is to measure the similarity between them. The more 
similar nodes are, the more probability there exist a link 
between these nodes. The less similar nodes are, the less 
probability there exist a link between these nodes. To give 
accurate prediction of links between nodes in social network, 
it is preferable to use similarity measures to find out the most 
potential links. Using this approach, majority of researches 
have been done as shown below. 

Wang et al. [19] presented local probabilistic graphical 
models which can extent to large scale graphs to measure the 
chance of link existence between two nodes. Tylenda et al. 
[18] escalated the local probability model by latest similarity 
measures namely Root PageRank  and Adamic Adar (AA) 
which is denoted by time-aware link prediction. Three 
frequently used measures namely rooted PageRank, Katz and 
escape probability are used for link prediction by Song et al. 
[20]. Munasinghe et al. [21] presented the Time Score (TS) 
measure for link prediction between the pair of nodes that 
confide on nearby interaction time and the node number to 
search out the power of the relationship between strong bonds 
and engagement timestamp connected to the future. Soares et 
al. [22] presented work that computes and gives similarity 
score to every pair of detached nodes through topological 
similarity measures. Zhang and Philip [23] considered 2-hop 
for similarity computation where they proposed a edge-based 
similarity search method that computes the similarity between 
two nodes as the 2-hop similarity. Ibrahim and Chen [24] 
incorporated structure of community, centrality of node and 
temporal information in predicting possible links in social 
networks. Han et al. [25] worked on similarity between 
communities where they proposed Community Similarity 
Degree (CSD) metric to guess the degree of interest similarity 
between multiple users in a community. Murata et al. [26] 
proposed two weighted similarity scores namely WAA and 
WCN escalated from Common Neighbors [27] and Adamic 
Adar [28] respectively. Based on Murata’s work [26] , Ismail 
et al. [29] also proposed Weighted Jaccard Coefficient (WJC). 

Some more research on this road can be seen here in [30, 31, 
32, 33, 34]. 

To find new or missing contact links between humans in a 
social network is considered as a challenging problem. Wang 
et al. [35] give promising results for Graph inference problem. 
Using homophily theory with which missing edges in a graph 
can be predicted with limited knowledge of people’s social 
profile as nodes. Also using offline data they have predicted 
people contacts through their mobility patterns  and by giving 
weight  between edges representing the strength between  
contact and hence predict the missing parts of graph. Samad et 
al. [11] analyzed social profiles of humans and profiles’ 
impact on link prediction and prove that all social features of 
humans have different importance. In a graph, between two 
nodes on the edges weight represent the bonding of different 
contacts. Samad et al. [11] says on the basis of most common 
and dominated features of different profiles the weight on the 
edges must be different. In Similarity measures the best 
accuracy on Nationality feature scores 0.92. In simple words, 
humans prefer to contact with other humans belonging to 
identical language and nationality. Junuthula et al. [36] focus 
on Link prediction for online social network (OSN’s) using 
predictive power of combining friendship and interaction 
networks. Using friendship networks they improved 
predictions of future edges in interaction networks. In a 
friendship network there is a ‘follow’ link exist but in 
interaction network two nodes have conversation on a 
particular day. For predicting future interaction networks 
predictors are split into three categories, predictors that do not 
use friendships, predictors that use only current friendships 
and predictors that use predicted friendships. Results are 
incorporating current friendships does indeed result in a 
significantly better link predictor for interaction networks. 
Zhou et al. [37] worked on different algorithms for the 
problem of attacking similarity-based link prediction for 
deleted link nodes in the network. For this approach they 
define two broad classes, one is local information to make 
certain optimal attacks for CND metrics about target links in a 
group, and another is global network information for well-
motivated special cases  which uses NP-Hard metrics . To 
track these missing or deleted links they use polynomial-time 
algorithms. Lim et al. [38] worked on hidden links prediction 
using criminal network. They have explored that supervised 
machine learning metrics required large datasets for training 
and testing. Therefore, predicting hidden links they have used 
the application of deep reinforcement learning (DRL) for 
reconstructing criminal networks. In their experiments, they 
have concluded that link prediction through DRL presents 
better performance than supervised machine learning. 
Moreover, Lim et al. [39] compared performance of DRL with 
supervised machine learning in terms of predictive accuracy 
and computing power.  

III. RESEARCH METHODOLOGY 

Five different co-author social networks, represented by 
undirected graph G= (V, E), are discussed in this paper. In the 
social graph, E denotes the set of links between authors and V 
is set of nodes that represent the authors.  Our work is to give 
a score, S(x; y), to each pair of nodes (x; y). The possibility of 
a link between nodes is indicated by the given score. The 
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higher S(x; y) represents the higher possibility that there is a 
link between node x and y for a pair of nodes (x; y). 

A. Dataset Description 

In this paper, we have used 5 different datasets [7] (i.e., 
AstroPh, CondMat, GrQc, HepPh and HepTh) containing co-
author network. These datasets covers research participation 
between authors and derived from e-print arXiv. If an author x 
co-authored a paper with author y, the graph contains an 
undirected edge between x and y. if there are z co-authors on a 
paper, this generates completely (sub) graph on z nodes. 
Moreover, detailed statistics of datasets are given in Table 1. 

TABLE I.  DATASETS STATISTICS 

Dataset 
Properties  

Nodes Edges Triangles 

AstroPh 18772 198110 1351441
CondMat 23133 93497 173361 
GrQc 5242 14496 48260 

HepPh 12008 118521 3358499 
HepTh 9877 25998 28339 

 

B. Jaccard Coefficient 

Jaccard Coefficient [11] considered both total and common 
number of neighbors for similarity computation between pair 
of nodes.  Jaccard Coefficient between two nodes u and v is 
computed as follows using Equation 1. ܿܬሺݑ, ሻݒ ൌ |߬ሺݑሻ ∩ ߬ሺݒሻ||߬ሺݑሻ ∪ ߬ሺݒሻ|										ሺ1ሻ 

Here in this Equation 1, τ(u) means set of nodes that are 
adjacent to node u and |τ(u) ∩ τ(v)| is number of common 
neighbors between pair of nodes u and v 

C. Sorensen Index 

Sorensen similarity [9] measures are defined as Equation 
2. It’s considered the size of the common neighbors and also 
points out that lower degree of nodes would have higher link 
likelihood. ܵܫሺݑ, ሻݒ ൌ |߬ሺݑሻ ∩ ߬ሺݒሻ||߬ሺݑሻ| ൅ |߬ሺݒሻ|									ሺ2ሻ 
D. Sorensen Cosine 

Salton cosine [9] is common cosine metric that is used to 
compute similarity between pair of nodes. This metric is 
defined as Equation 3. ܵܿሺݑ, ሻݒ ൌ |߬ሺݑሻ ∩ ߬ሺݒሻ|ඥ|߬ሺݑሻ| ∙ |߬ሺݒሻ|									ሺ3ሻ 
E. Resource Allocation 

Resource allocation is proposed by Zhou et al. [8], and 
punishes the higher degree nodes more heavily. This similarity 
measure performs better for the network which has high 
average degrees. Another most interesting fact about resource 
allocation is that it uses not only neighbors but also neighbor 

of neighbors. Similarity between pair of nodes using resource 
allocation is computed as follows by Equation 4. ܴܣ	ሺݑ, ሻݒ ൌ 	 ෍ 1|߬ሺݖሻ|௭ఢ|ఛሺ௨ሻ∩ఛሺ௩ሻ| 			ሺ4ሻ 
F. Sam Similarity 

In this paper, we have proposed Sam similarity measure, 
which considered similarity of X towards Y as well as 
similarity of Y towards X. It divides the task of similarity 
computation into two parts. First, it gets know that how much 
u is similar with v using Equation 5. Second, it computes 
similarity from v towards u using Equation 6. Finally, uses 
both results from Equation 5 and 6 using Equation 7. Here we 
punish higher degree nodes in order to find the links between 
higher degree nodes and lower degree nodes. In the literature, 
most of the techniques ignore link between higher degree and 
lower degree nodes. Our technique punishes heavily to higher 
degree nodes and creates more chances for lower degree nodes 
to link with higher degree nodes. Moreover, state-of-the-art 
traditional link prediction techniques considered pair of node 
as one unit and make decisions based on commonality 
between them. We argued that both nodes in a pair have their 
own similarity to each others. It may be that one person is 
100% similar to another, but the other person is not the same 
as the first. ܵܽ݉ሺݑ௩ሻ ൌ 	 |߬ሺݑሻ ∩ ߬ሺݒሻ||߬ሺݑ| 					ሺ5ሻ ܵܽ݉ሺݒ௨ሻ ൌ 	 |߬ሺݑሻ ∩ ߬ሺݒሻ||߬ሺݒሻ| 				ሺ6ሻ ܵܽ݉ሺݑ, ሻݒ ൌ ሺܵܽ݉ሺݑ௩ሻ ൅ ܵܽ݉ሺݑ௩ሻሻ 2ൗ 				ሺ7ሻ 

For example, consider a social network shown in Fig 2; 
“Abid” is husband of “Sobia” which are friends to each other. 
On the other hand, “Sobia” is mother of “Ali” and connected 
by edge to each other. If we predict the link between “Ali” and 
“Abid”, state-of-the-art techniques gives low similarity score 
as they did not support the real world scenarios most of the 
time. After applying Jaccard we gets 0.14 score which shows 
that “Abid” and “Ali” are 14% similar to each other. On the 
other hand, after applying Sam Equation 5 and 6, “Abid” is 
100% similar to “Ali” and “Ali” 14% similar to “Abid”. Using 
Equation 7, we can say that both are 57% similar.  

G. Generating Lists of Edges 

We have performed experiments over 5 social networks of 
co-authors. In order to predict links from existing social 
network we have randomly picked 3 different sets (i.e., Edges-
1, Edges-5 and Edges-10) of edges for each dataset.  

• First, we randomly picked 1000 edges from 
Astro dataset and formed edge list called Astro-
Edge-1. 

• For the second edge list, 5000 edges are 
randomly picked for prediction and formed 
another edge list Astro-Edge-5.  

• For the third edge list, we have picked randomly 
10000 edges in order to predict them. We called 
this list as Astro-Edge-10.   
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After applying above 3 steps for remaining datasets, we 
have obtained more 12 edges lists (i.e., CondMat-Edge-1, 
CondMat-Edge-5, CondMat-Edge-10, GrQc-Edge-1, GrQc-
Edge-5, GrQc-Edge-10, HepPh-Edge-1, HepPh-Edge-5, 
HepPh-Edge-10, HepTh-Edge-1, HepTh-Edge-5, HepTh-
Edge-10) for the prediction.  

H. Evluation 

In order to compare our technique with state-of-the-art link 
prediction techniques, we have checked the percentage of 
predicted social links. Moreover, Accuracy measure (ratio of 
correct predictions to the total number of input edges) is used 
to evaluate similarity measures.  ݕܿܽݎݑܿܿܣ ൌ 1 െ ሻߛܩሺܧ ൅ ሻߩܩሺܧ െ ߛܩሺܧ2 ∩ ,ሻߛܩሺܧሺݔܽܯሻߩܩ ሻሻߩܩሺܧ 								ሺ8ሻ 

Here in Equation 8: 

• E represents the Edges of social graph, 

• Gγ represents the original social graph, 

• Gρ represents the predicted social graph, 

• Max function will return the maximum number of 
edges from the original and predicted graph.   

 

 
Fig. 2. Example of Social Network. 

IV. EXPERIMENTS AND RESULTS 

Five co-author datasets (i.e., Astro, CondMat, GrQc, 
HepPh, and HepTh) are used in experiments. Initially, these 
datasets contains a social graph of authors with different 
number of nodes and edges as stats are shown in Table 1. 
First, we extracted 3 edges lists for each dataset. The 
experiments are performed on these 15 edge lists. Secondly, 
we remove these edges from every social graph and applied 
similarity measures on every pair of node in each social graph. 
After applying similarity measures, we have applied some 
thresholds on similarity between each pair of node and created 
100 predicted social graphs, 20 for each similarity measure 
and dataset on four different thresholds. Finally, we have 
checked the accuracy of every similarity measure.    

A. Comparisons using Astro Dataset 

For computing similarity, 16 thousand edges are used for 
prediction from Astro dataset. These edges are divided in three 

edge lists, where first edge list (i.e., Astro-Edge-1) contains 
1000 edges, second (i.e., Astro-Edge-5) contained 5000 and 
last edge list (i.e., Astro-Edge-10) contained 10000 edges. 
Figures 3, 4 and 5 are showing the results from Astro dataset.  
Results from Astro-Edge-1 are shown in Fig 3, where 
threshold is shown on X-axis and percentage of prediction in 
the form of accuracy is shown on Y-axis. The same pattern is 
followed in all figures. Resultant thresholds showed that at 
threshold 0.1, Sam achieved the highest results with 93% 
predicted links.  In detail, the minimum accuracy achieved by 
Sam is 18% and maximum is 93%. Moreover, Sam, Salton 
Cosine and Resource Allocation achieved good results on all 
thresholds. On the other hand, Jaccard and Salton Index could 
not obtain reasonable results. Overall, the minimum accuracy 
achieved by Jaccard, Salton Index, Salton Cosine and 
Resource Allocation is 9%, 6%, 16% and 16%.   

Similarly, Fig 4 addresses the prediction results of 5000 
edges (i.e., Astro-Edge-5) and Fig 5 showing 10,000 edges 
(i.e., Astro-Edge-10) from Astro dataset. At threshold 0.1, in 
both Fig 4 and Fig 5, Sam obtained maximum 93% predicted 
links. Similarly, at threshold 0.1, the maximum result obtained 
by Salton Cosine and Resource Allocation is 90% and 90%. 
On the other hand, Jaccard and Salton Index predicted 
maximum 70% and 66% links correctly. Overall, using Astro 
dataset, the accuracy of Sam is better than remaining link 
prediction techniques.     

B. Comparisons using CondMat  Dataset 

For the purpose of similarity computation, 16 thousand 
edges out of 93497 are used for prediction from CondMat 
dataset. We have divided edges in three edge lists (i.e., 
CondMat-Edge-1, CondMat-Edge-5 and CondMat-Edge-10). 
Where first edge list (i.e., CondMat-Edge-1) contains 1000 
edges, second (i.e., CondMat-Edge-5) contained 5000 and last 
edge list (i.e., CondMat-Edge-10) contained 10000 edges. 
Figures 6, 7 and 8 are addressing the results from CondMat 
dataset.  

Fig 6 addresses the results of CondMat-Edge-1, where 
threshold is shown on X-axis and percentage of prediction in 
form of accuracy is shown on Y-axis. At threshold 0.1, Sam 
achieved the highest results with 90% predicted links. 
Moreover, the minimum accuracy achieved by Sam is 18%. At 
thresholds 0.1 and 0.3, Sam, Salton Cosine and Resource 
Allocation achieved good results. On the other hand, Jaccard 
and Salton Index again could not obtain suitable results. 
Overall, the minimum accuracy achieved by Jaccard, Salton 
Index, Salton Cosine and Resource Allocation is 6%, 3%, 12% 
and 14%.  In the case of thresholds 0.5 and 0.7, although all 
similarity measures unable to produced better results but we 
can see better results from Sam than others.  

Likewise, Fig 7 showing the prediction results of 5000 
edges (i.e., CondMat-Edge-5) and Fig 8 showing 10,000 edges 
(i.e., CondMat-Edge-10) from CondMat dataset. In the case of 
threshold 0.1, in both Fig 4 and Fig 5, Sam obtained maximum 
91% predicted links. In the same way, at threshold 0.1, the 
maximum result obtained by Salton Cosine and Resource 
Allocation is 89% and 87%. On the other hand, Jaccard and 
Salton Index predicted maximum of 67% and 64% links 
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correctly. Overall, using CondMat dataset, the accuracy of 
Sam performed better than other link prediction techniques. 

TABLE II.  RESULTS OF ALL SIMILARITY MEASURES FOR ALL DATSETS. 

C. Comparisons using GrQc  Dataset 

For link prediction, three different sets of edges are picked 
from GrQc dataset. Furthermore, these edges are divided in 
three edge lists, where first edge list (i.e., GrQc-Edge-1) 
contains 1000 edges, second (i.e., GrQc-Edge-5) contained 
5000 and last edge list (i.e., GrQc-Edge-10) contained 10000 
edges. Figures 9, 10 and 11 are showing the results from GrQc 
dataset.  

 Results from GrQc-Edge-1 are shown in Fig 9. Resultant 
thresholds showed that at threshold 0.1, Sam achieved the 
highest results with 88% predicted links.  In detail, the 
minimum accuracy achieved by Sam is 39% and maximum is 
88%. Moreover, Sam, Salton Cosine and Resource Allocation 
achieved good results on all thresholds. On the other hand, 
Jaccard and Salton Index obtained a maximum of 74% and 
73% which are a little bit good than obtained in the previous 
two datasets (i.e., Astro and CondMat). The same behavior is 
followed by Salton Cosine and Resource Allocation as they 
obtained maximum 87% and 81% predicted links. Overall,   
the minimum accuracy achieved by Jaccard, Salton Index, 
Salton Cosine and Resource Allocation is 23%, 15%, 32% and 
36% which is better as compared with previous two datasets 
(i.e., Astro and CondMat).   

Similarly, Fig 10 addresses the prediction results of 5000 
edges (i.e., GrQc-Edge-5) and Fig 11 showing 10,000 edges 
(i.e., GrQc-Edge-10) from GrQc dataset. Again Sam 
outperformed than other similarity measures on all thresholds. 
At threshold, 0.1, in both Fig 4 and Fig 5, Sam succeed in 

getting maximum 87% predicted links. Similarly, at threshold 
0.1, the maximum results obtained by Salton Cosine and 
Resource Allocation are 86% and 82%. On the other hand,  

 

Jaccard and Salton Index predicted maximum 72% and 
70% links correctly. Overall, using GrQc dataset, Sam 
predicted links more than rest of the techniques. 

D. Comparisons using HepPh  Dataset 

 For the purpose of similarity computation, 16 thousand 
edges out of 118521 are used for prediction from HepPh 
dataset. We have divided edges in three edge lists (i.e., 
HepPh-Edge-1, HepPh-Edge-5 and HepPh-Edge-10). Where 
first edge list (i.e., HepPh-Edge-1) contains 1000 edges, 
second (i.e., HepPh-Edge-5) contained 5000 and last edge list 
(i.e., HepPh-Edge-10) contained 10000 edges. Figures 12, 13 
and 14 are showing the results from HepPh dataset.  

 Fig 12 is showing the results of HepPh-Edge-1 edge list, 
where threshold is shown on X-axis and percentage of 
prediction in form of accuracy is shown on Y-axis. At 
threshold 0.1, Sam obtained the highest results with 95% 
predicted links. On the other hand, the minimum accuracy 
achieved by Sam is 50%. At thresholds 0.1 and 0.3, Sam, 
Salton Cosine and Resource Allocation achieved good results. 
On the other hand, Jaccard and Salton Index again could not 
obtain suitable results. Overall, the minimum accuracy 
achieved by Jaccard, Salton Index, Salton Cosine and 
Resource Allocation is 30%, 22%, 45% and 47%.  In case of 
thresholds 0.5 and 0.7, all similarity measures produced better 
results than previous datasets (i.e., Astro, CondMat and 
GrQc). Another interesting thing which we can see Sam 
outperformed that rest of the techniques.   

Dataset 
No of 

Edges to 
Predict  

Jaccard Salton Index Salton Cosine Resource Allocation Sam 

Max Min Max Min Max Min Max Min Max Min 

Astro 

1,000 71% 9% 68% 6% 91% 16% 92% 16% 93% 18% 

5,000 68% 9% 65% 4% 90% 16% 90% 17% 93% 19% 

10,000 70% 9% 66% 5% 90% 16% 90% 18% 93% 20% 

CondMat 

1,000 68% 6% 65% 3% 88% 12% 87% 14% 90% 18% 

5,000 67% 5% 64% 2% 89% 11% 87% 12% 91% 16% 

10,000 67% 2% 64% 2% 89% 6% 86% 6% 91% 9% 

GrQc 

1,000 74% 23% 73% 15% 87% 32% 81% 36% 88% 39% 

5,000 72% 21% 70% 17% 86% 31% 82% 34% 87% 39% 

10,000 72% 21% 70% 14% 86% 31% 82% 34% 87% 37% 

HepPh 

1,000 82% 30% 80% 22% 92% 45% 92% 47% 95% 50% 

5,000 82% 30% 80% 18% 92% 47% 92% 50% 95% 49% 

10,000 83% 31% 81% 23% 92% 48% 92% 51% 94% 56% 

HepTh 

1,000 55% 5% 52% 4% 78% 7% 71% 9% 79% 12% 

5,000 55% 5% 51% 4% 78% 7% 73% 10% 80% 7% 

10,000 54% 5% 51% 4% 78% 7% 72% 10% 79% 14% 
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Similarly, Fig 13 addresses the prediction results of 5000 
edges (i.e., HepPh-Edge-5) and Fig 8 showing 10,000 edges 
(i.e., HepPh-Edge-10) from HepPh dataset. In case of 
threshold 0.1, in both Fig 4 and Fig 5, Sam obtained maximum 
95% predicted links. In the same way, at threshold 0.1, the 
maximum result obtained by Salton Cosine and Resource 
Allocation is 92% and 92%. On the other hand, Jaccard and 
Salton Index predicted maximum 83% and 81% links 
correctly. Overall, using HepPh dataset, the accuracy of Sam 
performed better than other link prediction techniques. 

E. Comparisons using HepTh  Dataset 

For link prediction on HepTh dataset, three different sets 
of edges (i.e., HepTh-Edge-1, HepTh-Edge-5 and HepTh-
Edge-10) are picked. Where HepTh-Edge-1 is contains 1000 
edges, HepTh-Edge-5 contains 5000 and HepTh-Edge-10 
contains 10000 edges. Figures 15, 16 and 17 are showing the 
results from HepTh dataset.  

 Results from HepTh-Edge-1 are shown in Fig 9. Resultant 
thresholds showed that at threshold 0.1, our proposed 
approach Sam achieved 79% predicted links highest than rest 
of the techniques.  In detail, the minimum accuracy achieved 
by Sam is 12% and maximum is 79%. Moreover, Sam, Salton 
Cosine and Resource Allocation achieved good results on all 
thresholds. On the other hand, Jaccard and Salton Index 
obtained maximum 55% and 52% which are little bit 
unsatisfactory than obtained in previous datasets (i.e., Astro, 
CondMat, GrQc and HepPh). The same behavior is followed 
by Salton Cosine and Resource Allocation as they obtained 
maximum 78% and 71% predicted links. Overall,   the 
minimum accuracy achieved by Jaccard, Salton Index, Salton 
Cosine and Resource Allocation is 5%, 4%, 7% and 9% which 
is too lowest as compared with previous datasets (i.e., Astro, 
CondMat, GrQc and HepPh).   

Similarly, Fig 16 addresses the prediction results of 5000 
edges (i.e., HepTh-Edge-5) and Fig 11 showing 10,000 edges 
(i.e., HepTh-Edge-10) from HepTh dataset. Again Sam 
outperformed than other similarity measures on all thresholds. 
At threshold, 0.1, in both Fig 16 and Fig 17, Sam succeed n 
getting maximum 80% predicted links. Similarly, at threshold 
0.1, the maximum results obtained by Salton Cosine and 
Resource Allocation are 78% and 73%. On the other hand, 
Jaccard and Salton Index predicted maximum 55% and 51% 
links correctly. Overall, using HepTh dataset, Sam predicted 
links more than rest of the techniques. 

F. Summary of Comparisons 

Table 2 is representing the overall results of our 
experiments. All the similarity measures performed well on 
HepPh datasets by getting maximum results. The maximum 
results achieved by Sam are 95% on dataset HepPh. On the 
other hand, Jaccard obtained maximum 83%, Salton Index 
achieved 80%, Salton Cosine obtained 92% and Resource 
Allocation obtained 92%. All similarity measures, except 
Sam, performed worst on CondMat dataset by getting low 
results. Sam achieved minimum 7% on HepTh dataset, 
Jaccard obtained minimum 2%, Salton Index achieved 2%, 

Salton Cosine obtained 6% and Resource Allocation Obtained 
6%.  

Moreover, in Table 2, second column representing the 
number of edges used for prediction from every dataset. In 
each row, maximum predicted results are represented in green 
color and minimum are in blue. For every edge list, in each 
dataset, Sam achieved maximum results and Salton Index 
obtained minimum results. In case of 1000 edges prediction, 
Sam achieved 95%, Jaccard obtained 82%, Salton Index 
obtained 80%, Salton Cosine and Resource Allocation 
achieved 92%. In case of 5000 edges, Sam obtained 95%, 
Jaccard achieved 82%, Salton Index obtained 80%, Salton 
Cosine achieved and Resource Allocation obtained 92%. 
Similarly, in case of 10000 edges, all similarity measures 
followed the same behavior.  

 

 
Fig. 3. Results of Astro dataset for the prediction of 1000 edges. 

 
Fig. 4. Results of Astro dataset for the prediction of 5000 edges. 

 
Fig. 5. Results of Astro dataset for the prediction of 10,000 edges. 
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Fig. 6. Results of CondMat dataset for the prediction of 1000 edges. 

 
Fig. 7. Results of CondMat dataset for the prediction of 5000 edges. 

 
Fig. 8. Results of CondMat dataset for the prediction of 10,000 edges. 

 
Fig. 9. Results of GrQc dataset for the prediction of 1000 edges. 

 
Fig. 10. Results of GrQc dataset for the prediction of 5000 edges. 

 
Fig. 11. Results of GrQc dataset for the prediction of 10,000 edges. 

 
Fig. 12. Results of HepPh dataset for the prediction of 1000 edges. 

 
Fig. 13. Results of HepPh dataset for the prediction of 5000 edges. 
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Fig. 14. Results of HepPh dataset for the prediction of 10,000 edges. 

 
Fig. 15. Results of HepTh dataset for the prediction of 1000 edges. 

 
Fig. 16. Results of HepTh dataset for the prediction of 5000 edges. 

 

Fig. 17. Results of HepTh dataset for the prediction of 10,000 edges.   

V. CONCLUSION 

In this paper, we have experimented on 5 different co-
authors datasets. Moreover, we have proposed Sam similarity 
measure and compared with four other state-of-the-art link 
prediction techniques. Our proposed method considers that 
nodes in pair have their own similarity to each other. Our 
results show that Sam outperformed than rest of the link 
prediction techniques on all datasets. In future, we will give 
some weights to similarity of every node in pair.  
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