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Abstract 

Socio-economic networks are of central importance in economic life. We develop a method of 
identifying and studying motifs in socio-economic networks by focusing on “dynamic motifs,” i.e., 
evolutionary connection patterns that, because of “node acquaintances” in the net- work, occur much 
more frequently than random patterns. We examine two evolving bi-partite networks: (i) the world-wide 
commercial ship chartering market and (ii) the ship build-to-order market. We find similar dynamic 
motifs in the data from both bipartite networks during this period, even though they describe different 
economic activities. We also find that influence and persistence are strong factors in the interaction 
behavior of organizations. Influence occurs when two or more companies share the same customers. 
Probably due to information sharing, one company’s customers tend to become other companies’ 
customer as well. Persistence occurs when companies with close business ties to customers tend to 
maintain those relationships over a long period of time. 
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1. Introduction 
    Many complex physical, biological, and 
social systems can be modeled and better 
understood as complex networks. 
Socio-economic research is a 
multidisciplinary research area in which 
relationships between economic activities 
and their social environment are used to 
constitute socio-economic networks. 
Understanding patterns of economic 
organization interactions is essential if  we 
are to uncover the mechanism and the 
structure of the socio-economic environment. 
To understand the economic activity of an 
organization, one should investigate not only 
the firm itself but also the structure of its 
interactions in the socio-economic network. 
Network motif analysis is a sub-graph mining 
method proposed by Milo et al.  Motifs are 
small (usually from three to seven nodes in 
size) connected sub-graphs within a given 
structure that appear in the network more 
frequently than they would if the network 
links were completely random. Because most 

complex phenomena, including economic 
behavior, are time-varying, researchers are 
beginning to consider dynamic networks that 
evolve over time. Both network topology and 
its time evolution must be considered if we 
are to understand the dynamics of a complex 
network. Our approach to this problem is to 
develop a method that allows us to analyze 
statistically the evolution of socio-economic 
motifs. We define dynamic network motifs as 
statistically significant sub-graph patterns 
that evolve in a network. By tracking the 
occurrence of dynamic motifs in a network 
that models organizational socio-economic 
interactions, we can observe the evolution of 
local configurations. Using this model we can 
then evaluate how a socio-economic network 
influences a company’s decisions, such as 
those associated with choosing a design, 
ending a transaction with a supplier, or 
initiating a transaction with a supplier.  
2.Model 
    Since business relationships are 
naturally changeable, and the usual static 



 
  
 

 

analysis of motifs is unable to capture the 
dynamic characteristics of organizational 
interactions, we develop and analyze 
dynamic network motifs to understand the 
dynamic evolution process of a network. We 
define network motifs to be statistically 
significant recurring local structural patterns 
in networks. We use the following definition 
to abstract two deterministic elements: (i) 
The local structure is represented by a 
sub-graph with n nodes and edges. Variety of 
node sizes and connection patterns often 
produces a series of sub-graphs that are not 
isomorphic. These we regard as network 
motif “group candidates.” (ii) To evaluate the 
significance of a recurring motif candidate 
we compare it  to its counterpart in a random 
network. This is the hull model. We carry out 
a statistic hypothesis test to determine 
whether the mo- tif  candidate occurs more 
frequently than it  would in a completely 
random network. 
In a way similar to static motif analysis, we 
generate random networks R  according to the 
real network N  to compute the statistical 
significance of an evolutionary motif.  Figure 
2 shows the specific process of the 
randomization algorithm.  
3. Conclusion 
    We have empirically characterized 
dynamic organization interactions in 
socio-economic environment. Network motifs 
that have been widely used in modeling 
social networks have difficulties in capturing 
the dynamic characteristics of economic 
behavior. We proposed a dynamic motif 
model that incorporates features of social 
influence of organizations' economic 
behavior. Detecting dynamic motifs from 
firms' buyer-seller transaction data, we found 
two motifs which present organizational 
interaction patterns in different business 
networks. This suggests that we can extract 
important social effects of organizational 
interaction in socio-economic behavior. 
These findings provide a valuable insight 
into the relationship between the economic 
function and social network structure.  
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Table 6: T-test summary of evolution patterns in ship build-
to-order network. Mean value of occurrence in real network is
calculated as average value of occurrence of two periods that
are 2010 to 2011 and 2011 to 2012. Standard deviation of
occurrence in real network is calculated as the average value
of the di↵erences of occurrence of each period from the mean
value.

Evolution
pattern

Mean value of occurrence
concentration /std P-value
Real

network
Random
network

Pattern I 0.29/0.03 0.12/0.05 5⇥10�30

Pattern II 0.18/0.04 0.14/0.07 2⇥10�3

Pattern III 0.09/0.02 0.12/0.06 2⇥10�21

Pattern IV 0.10/0.01 0.13/0.05 5⇥10�34

Pattern V 0.07/0.03 0.12/0.05 10⇥10�5

Pattern VI 0.21/0.01 0.22/0.05 2⇥10�4

Pattern VII 0.06/0.02 0.15/0.05 9⇥10�12

Fig. 1: Time-varying of the socio-economic network. A bi-
partite network is shown with white nodes representing sellers
and black nodes denoting buyers. Black lines between nodes
means a contract exists between two companies at ti. Red line
represents a new link added to the network between ti and ti+1

while green dotted line means that a link disappears between
ti to ti+1.

Fig. 2: Randomization algorithm to create random network
Ri+1 that captures evolutionary characteristic of real network
evolving process from Ni to Ni+1.

Fig. 3: Seven sub-graphs of four nodes (2 buyers and 2 sellers)
in the bi-partite network.
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Fig. 2: Randomization algorithm to create 
random network 

References 
[1]  Albert  R.,  Jeong H.,  Baraba  ́si  A.L.,  

Nature(London),  401 (1999) 130. 
[2]  Cohen R.,  Erez K.,  Ben-Avraham D.,  and 

Havlin S. , ,  Phys.  rev.  let t . ,  85 (2000) 4626. 
[3]  Parshani R.,  Buldyrev S.  V.,  and Havlin S. ,  

Phys.  rev.  let t . ,  105 (2010) 48701. 
[4]  Newman, M.,  Networks: an introduction 

(Oxford Univer- si ty Press,  Oxford) 2010, p.  
720. 

[5]  Fujiwara Y.,  Aoyama H.,  Eur.  Phys.  J .  B.,  
77 (2010) 565. 

[6]  Newman M.E.J. ,  Proc.  Natl .  Acad. Sci.  
USA, 98 (2001) 404. 

[7]  Liben Nowell  D.,  Kleinberg J. ,  J .  AM. SOC. 
INF. SCI.  TEC.,  58 (2007) 1019. 

[8]  Helbing D.,  Nature(London),  497 (2013) 
497. 

[9]  Jiang Z.Q.,  Xie W.J. ,  Li M.X.,  Podobnik B.,  
Zhou W.X.,  and Stanley H. E. ,  Proc.  Natl .  
Acad. Sci.  USA, 110 (2013) 1600. 


