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fragments definition

— small subgraphs are building blocks of networks

— subgraphs characterize local network structure

— fragments = connected subgraphs of networks [EK15]

— motifs = frequent non-induced subgraphs [MSOI+02]

— graphlets = specific induced subgraphs [PCJ04]

see mfinder and orca for implementations
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https://www.weizmann.ac.il/mcb/UriAlon/download/network-motif-software
http://www.biolab.si/supp/orca/
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motifs definition

— fragments characterize network-wise local structure

— motifs are frequent non-induced fragments [MSOI+02]

probability of motif appearing in random graph

equal or greater number of times is < 0.01

— (un)directed motifs consisting of three to five/six/seven nodes

all 13 directed three-node motifs
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motifs significance

— motif significance Z with normal distribution N(0 , 1)
– ñi is number of motifs i in random graph with variance σ̃2

i

– ni is number of motifs i in real network

Zi = ni−〈ñi 〉
σ̃i

ni − 〈ñi 〉 > 0.1〈ñi 〉

— ñ/σ̃ estimated by motif preserving randomization [MSOI+02]
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motifs examples

motif Z-scores of class software networks [VS05]

motif Z-scores of spatio-temporal crime networks [DM15]
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motifs profiles

— motif significance profile SP [MSOI+02] defined as

– Zi is significance of motif i in real network

SPi = Zi√∑
i Z

2
i

Zi = ni−〈ñi 〉
σ̃i

ni ≥ 4

— motif abundance/ratio profile RP [MIK+04] defined as

– Ai is abundance of motif i in real network

RPi = Ai√∑
i A

2
i

Ai = ni−〈ñi 〉
ni+〈ñi 〉+εi

εi = 4
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motifs families

— directed motif significance profiles [MSOI+02]

— profiles reveal (super)families of real networks

all 13 directed three-node motifs
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graphlets definition

— fragments characterize node-wise local structure

— graphlets are specific induced fragments [PCJ04]

— graphlet orbits are automorphisms of graphlets [Prž07]

— (un)directed graphlets consisting of three to five/. . . nodes

all 30 undirected two- to five-node graphlets with 73 orbits
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graphlets frequency

— relative graphlet frequency F [PCJ04] defined as

– ni is number of graphlets i in real network

Fi = ni∑
i ni

graphlet frequency in protein network and random graphs
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graphlets distribution

— i -th orbit graphlet degree distribution pik [Prž07] defined as

– p0
k is degree distribution pk of real network

– pi
k is graphlet degree distribution for i -th orbit

– p̃i
k is scaled graphlet degree distribution for i -th orbit

p̃ik ∼ pi
k/k p̃0

k = p0
k = pk

11th and 16th orbit graphlet degree distributions of protein network and random graph
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graphlets agreement

— i -th orbit graphlet agreement Ai [Prž07] defined as
– p̃i

k is i -th orbit graphlet degree distribution of first network

– q̃i
k is i -th orbit graphlet degree distribution of second network

Ai = 1 −
√

1
2

∑
k

(
log q̃i

k − log p̃i
k

)2
— arithmetic/geometric graphlet agreement A defined as

A = 1
73

∑
i Ai A =

(∏
i Ai

) 1
73

arithmetic/geometric graphlet agreement of protein networks and random graphs
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graphlets measures

relative graphlet frequency [PCJ04] graphlet distribution agreement [Prž07]

graphlet correlation matrix and distance [YMDD+14]
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