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Abstract 

 
This paper implements an estimated closeness centrality ranking algorithm in large-scale 
workflow-supported social networks. The traditional closeness centrality ranking algorithms have the 
time complexity problem that causes their computation time to dramatically increase according to 
network size. To solve the problem, this paper conducts performance analysis by applying 
estimated-driven RankCCWSSN(Rank Closeness Centrality Workflow-supported Social Network) and 
compares the results with the traditional algorithms’. Finally proposed the algorithm’s time - efficiency 
is much higher about 50% improved.  
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1. Introduction 

Recently, collaboration and cooperation have 
occurred frequently among various companies. 
For the reason, a size of Workflow-Supported 
Social Network has increased on a large scale. 
Workflow-Supported Social Network is a graph 
showing the relationship between actors who are 

performed workflow model. In a network, nodes 
are actors who are performed workflow model, 
edges are relationship between the actors. Such, 
the Workflow-Supported Social Network, can 
use network analysis method such as degree 
centrality, closeness centrality and betweenness 
centrality, etc.. This can be used as important 
indicators like as personnel evaluations, work 
placements, etc. for human resource 
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management. This is closely associated with job 
performance. Accordingly we can expect 
increased job efficiency. However, in case of 
evaluation closeness centrality has time 
complexity problem in large-scale networks. As 
the size of network increases, the computation 
time of evaluation closeness centrality also 
increase. This problem also causes ranking 
process in large-scale Workflow-Supported 
Social Networks. To solve such problems, this 
paper implements an Estimated Closeness 
Centrality Ranking algorithm(Ranking of 
Closeness Centrality for Workflow-Supported 
Social Network, RankCCWSSN) and analyzes  
the algorithm’s performance time. 

2. Related Works 

Research have become about log data found 
from the workflow model to extract a variety of 
information. W. van der Aaslst[2] has proposed 
process mining technique according to the event 
log and analyzed collaborative behaviors among 
workflow-supported people by converging the 
social network analysis techniques and the 
workflow discovering techniques. K. Kim[3] has 
defined Workflow-Supported Social Network 
and proposed a workflow-based social network 
intelligence discovery algorithm. If we use the 
algorithm, we can used to discovery social 
network from workflow model and apply to 
network analysis method[4] like as degree 
centralilty, closeness centrality, betweenness 
centrality, etc.. S. Park[5,6] has proposed 
workflow-based disconnected and connected 
social network closeness centrality analysis 
algorithm and defined their frameworks. So we 
can find various indicators for human resource 
management. However, through collaboration 
and cooperation between enterprises increased 
the size of enterprise’s network. For this reason, 
the closeness centrality has time complexity 
problem which is increasing the computation 
time by the network size. Finally, this paper 
proposes RankCCWSSN(Ranking of Closeness 
Centrality for Workflow-Supported Social 
Networks) algorithm and analyzes computation 
time to prove suitability in large-scale network.   

 

3. Design and Implementation of 
RankCCWSSN algorithm 

In this section, we propose RankCCWSSN 
algorithm and implement the algorithm. Process 
of implementation is estimate closeness 
centrality in workflow-supported social network, 
through estimated closeness centrality we 
calculate exact closeness centrality and 
determine the ranking the centralities. 

3.1 Estimated Closeness Centrality 
Ranking algorithm 

Workflow-Supported Social Network is a graph 
focused on people who are involved in workflow 
model. The analysis closeness centrality in 
workflow-supported social network has a  
time complexity. Therefore, it is hard to apply in 
large-scale network .  
 

 
Fig. 1.  Ranking of Closeness Centrality for 

Workflow-Supported Social Network 
 
Fig. 1 is RankCCWSSN algorithm (Ranking of 
Closeness Centrality for Workflow-Supported 
Social Networks). The algorithm gets social 
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network as input. Among the whole network we 
got a population randomly. Calculate an 
estimated closeness centrality between the 
population and whole network. We have 
evaluated exact closeness centralities to the k-th 
ranking in estimated closeness centralities using 
the traditional algorithm and sorting the exact 
closeness centralities. Output of the algorithm is 
a ranked list. In case of the traditional algorithms, 
they have evaluated closeness centralities 
between whole networks. They have the time 
complexity problem that is cause dramatically 
increasing their computation time according to 
network size. However, the proposed algorithm 
can reduce effectively the computation time by 
obtaining the closeness centralities between the 
population’s nodes and all nodes. 
 

 

Fig. 2.  Estimated Algorithm 
 

The step of estimating from the algorithm[7] as 
follow Fig. 2. The traditional algorithm have 
obtained the sum of shortest distance between 
each particular node and other nodes. And after 
takes the inverse. Such a process dramatically 
increasing their computation time according to 
network size. To solve such problem we have 
proposed the RankCCWSSN algorithm. Fig. 2 is 
different between the traditional algorithms. 
Among the whole network we get a population 
randomly. And we have evaluated closeness 
centralities through the sum of shortest distance 
between a population’s node and all nodes.  

3.2 Implementation result of 
RankCCWSSN algorithm 

As results of implementing the algorithm, we 
could obtain following results. 

 

 
Fig. 3.  The result of the execution of the 

algorithm 
 
Fig. 3 shows the result of the execution of the 
algorithm. The number of entire nodes is 1000 
and the number of population nodes is 500. The 
total number of top ranked node is 500. In Fig. 3 
the group of nodes means the nodes who got 
same closeness centralities. This is because 
increasing the size of the networks by adding the 
actor. We can evaluate each closeness 
centralities and actor group’s closeness 
centralities. The groups who are got a same 
closeness centralities. We printed a start time and 
end time and subtract start time from end time to 
evaluate algorithm’s performance time.  

4. Performance analysis of 
RankCCWSSN 

 
Fig. 4.  Performance of the Algorithm 

by network size 
 

Fig. 4 is a graph showing computation time of 
RankCCWSSN algorithm and the traditional 
algorithm. The horizontal axis of the graph is the 
number of all nodes. The vertical axis of the 
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Fig. 5.  The Performance of the Algorithm by population size 
 
graph shows algorithm computation time, in 
seconds. As experimental condition, invreased 
the whole network size 100 to 2500(increasing 
50 measures). In case of RankCCWSSN 
algorithm, we fixed the number of population 
50% in whole network size. We have fixed all of 
the ranking size is ten. In case of the size of 
network in 100 to 400, the computation time of 
RankCCWSSN algorithm is equal to the 
traditional algorithm. However, as the number of 
node’s increases seems a great difference in the 
computation time between the traditional 
algorithm and RankCCWSSN algorithm. We 
analyze the slope of Fig. 4. In case of using the 
traditional algorithm, the slope closely to the 
vertical axis. However, in case of using the 
RankCCWSSN algorithm the slope is gentler 
than the traditional algorithm. Infact, we were 
able to verity 128 seconds earlier than the 
traditional algorithm in node size 2500. Fig. 5 is 
differenced the size of the population when using 
RankCCWSSN algorithm. They have different 
network size according to color of the line. The 
horizontal axis is the number of the population 
nodes. The vertical axis is the computation time 
of RankCCWSSN algorithm, in seconds. We 
have setting up the size of the population to grow 
to the size of the enitre network by increments of 
50. In case of the total  number of nodes 500, 
they have shown a difference in the computation 
time for 2 seconds. However we can know 
increased the computation time by increasing 
network size. These things have shown to us, 
decision of the population’s size is interrelated 
with the computation time of RankCCWSSN 
algorithm. The algorithm can be seen that 
computation time proportional to the size of the 
population. Therefore, the key point is decision 
that is the size of the population for decreasing 

algorithm computation time. Though the 
traditional algorithm computation time increased 
exponentially, the RacnkCCWSSN algorithm 
has shown increased almost linearly. . 

5. Conclusions 

In this paper, we have proposed an estimated 
closeness centrality algorithm in large-scale 
workflow-supported social networks. The 
traditionial algorithm was shown a result which 
is increasing exponentially computation time by 
network size. Such problem doesn’t fit in 
large-scale network and also causes ranking 
process in large-scale workflow-supported social 
network. To solve this problem we have 
proposed and implemented a Ranking algorithm 
of Closeness Centrality for Workflow-Supported 
Social Network (RankCCWSSN). Therefore, we 
have proved the RankCCWSSN algorithm 
time-efficiency. Such a result can be used to 
indices of performance appraisal for human 
resource management. As a future work, we need 
to obtain meaningful population in order to 
enhance the analytical value. In the process of 
obtain population apply degree centrality or 
eigenvector centrality. This can be expect to 
increase the accuracy of the RankCCWSSN 
algorithm 

Acknowledgement 

This research was supported by the contents 
convergence software research center at 
Kyonggi University funded by the GRRC 
program of Gyeonggi Province, South Korea. 

References 
[1] Jawon Kim, Hyun Ahn, Hyunah Kim, 

Minjae Park,  Kwanghoon Kim, 



The 10th Asia Pacific International Conference on Information Science and Technology(APIC-IST) 2015, July 2015                           85 

"Performance Analysis of an Estimated 
Closeness Centrality based Ranking 
Algorithm in Large Scale 
Workflow-supported Social Networks", 
Korean Society For Internet Information, 
Vol. 15, no. 2, pp.169-170, 2014. 

[2] Wil M. P. Van Der Aalst, Hajo A. Reijers, 
Minseok Song, "Discovering Social 
Networks from Event Logs", Computer 
Supported Cooperative Work, Vol. 14, no. 6, 
pp.549-593,  2005. 

[3] Kwanghoon Kim, "A Workflow-based 
Social Network Intelligence Discovery 
Algorithm", Journal of Korean Socieity 
Internet Information, Vol. 13, no. 2, 
pp.73-86,  2012. 

[4] David Knoke, Song Yang, SOCIAL 
NETWORK ANALYSIS - Edition, Series: 
Quantitative Applications in the Social 
Sciences, SAGE Publications, 2008. 

[5] Seong Joo Park, Kim Hyun Ah, 
Kwanghoon Kim, "Workflow-based Social 
Network Closeness Centrality Analysis 
Algorithm", Korean Society For Internet 
Information, Vol. 13, no. 2, pp.41-42, 2012. 

[6] Seong Joo Park, Hakcung Kim, Hyunah 
Kim, Minjae Park, Kwanghoon Kim, "A 
Closeness Centrality Analysis Method for 
Disconnected Workflow-supported Social 
Networks", Korean Society For Internet 
Information, Vol. 14, no. 2, pp.107-108, 
2013. 

[7] David Eppstein, Joseph Wang, "Fast 
Approximation of Centrality", Journal of 
Graph Algorithms and Applications, Vol. 8, 
no. 1, pp.39-45, 2004. 


