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Network Motifs: Why 

• Complex networks appear in all areas of 

science  

• Share global properties: power-laws, small 

world, long tail. 

• We want to uncover their structural design 

principles. 

– Use local sub-structure 

R. Milo et al. Network motifs: Simple building blocks of 
complex networks. Science, 298:824--827, 2002. 
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Definition 

• Network motifs: patterns of 

interconnections occurring in complex 

networks at numbers that are significantly 

higher than those in randomized networks.  

Z= (Nreal-Nrand)/S.D. 
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Graphlets 

A large complex 

networks has many 

small subgraphs: 

• How many ? 

• How many ? 

• How many   ? 

Counting All possible Graphlets 
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All 3-node Directed Graphlets 

 

199 4-node directed connected graphlets 

 

5 nodes:         9364  

6 nodes: 1,530,843 
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Motifs in Biological Networks  

Some motifs are clearly significant Z= (Nreal-Nrand)/S.D. 

The Gene regulation 

network of Escherichia coli 

[Shen-Orr et al., Nature Genetics 2002] 
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Motif Appearance in Subnetworks 

E. coli transcription network 
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The IP Interface Graph 

IP Interface Graph 

Traceroute create graphs which tend to have many small bi-partite. 

WHY? 

[Feldman & Shavitt, Globecom 08] 
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The IP Interface Graph 

Using Bi-Fan to find Internet PoPs 
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We use Bi-Fans to Auto-find PoPs 

 

[Feldman, Shavitt, & ZIlberman, Comp. Net. Feb. 2012] 
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Comparing Networks by Local Structure 

Zi= (Nreali
-Nrandi

)/std(Nrandi
) 

Significance Profile: 𝑆𝑃𝑖 =
𝑍𝑖

 𝑍𝑖
2𝑛

𝑘=1

 

Motifs in large graphs tend to have higher Z scores. 

The normalization emphasizes the relative 

significance of subgraphs, rather than the absolute 

significance.  

Superfamilies of Evolved and Designed Networks, 

Ron Milo et al., Science 2004. 
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Correlation Matrics 

 

Undirected Graphs 

There are only 2 triads. 

Use also tetrads. 
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Subgraph Ratio Profile (SRP) 

• Unlike triads, the normalized Z scores of tetrads 

show a significant dependence on the network size.  

• Therefore, instead of an SP based on Z scores, we 

use the abundance of each subgraph i relative to 

random networks: 

i= (Nreali
-Nrandi

)/ (Nreali
+Nrandi

+) 
 ensures that |Δ| is not 
misleadingly large when 
the subgraph appears 
very few times in both. 

Here,  = 4. 

𝑆𝑅𝑃𝑖 =
𝑖

 𝑖
2𝑛

𝑘=1
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Comparing Networks 

• Given two networks how to compare there 

are identical? Similar? 

– Measure degree dist., CC, graphlet distribution 

• Good to show that two graphs are different 

• New definition 

– Degree distributions: how many nodes have k 

edges attached to them 

– Graphlet distribution: how many nodes have 

graphlet Y attached to them 

[Pržulj, Bioinformatics 2007] 

Graphlets and  

Automorphism Orbits 

 


