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Combing Density and Overlap (CoDO)
Assumptions

An overlap is significant if ...

1. It is at least as dense as the containing graphs

2. It is “large enough”
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Combing Density and Overlap (CoDO)
Formal Statement

Definition

pCoDO = Pr[|Â∩B̂| ≥ |Z | ∩ δ(Â ∩ B̂) ≥ δ(Z )]

where Z is the set of vertices in the overlap subgraph and δ() measures

the density of a graph, i.e. |E |
C(|V |,2) .
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Combing Density and Overlap (CoDO)
Expansion

By conditioning on the size of the overlap, we can get an explicit formula
for this p-value in terms of hypergeometric tails:

pCoDO =

min{|Â|,|B̂|}∑
j=|Z |

Pr
[
|Â∩B̂| = j

]
· Pr

[
δ(Â∩B̂) ≥ δ(Z )

∣∣|Â∩B̂| = j
]
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Combing Density and Overlap (CoDO)
Example
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HGT = 8.77e−01, ERD = 1.00e+00, CODO = 8.77e−01

(a) Insignificant Overlap/In-
significant Density
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HGT = 8.77e−01, ERD = 3.29e−70, CODO = 4.45e−03

(b) Insignificant Overlap/Sig-
nificant Density
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HGT = 8.33e−04, ERD = 1.00e+00, CODO = 8.33e−04

(c) Significant Overlap/In-
significant Density
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HGT = 8.33e−04, ERD = 2.44e−183, CODO = 1.05e−10

(d) Significant Overlap/Signif-
icant Density
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Combing Density and Overlap (CoDO)
Application– Social networks
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HGT (AUC = 0.779)

ERD (AUC = 0.834)

CoDO (AUC = 0.870)

(e) Facebook
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HGT (AUC = 0.761)

ERD (AUC = 0.655)

CoDO (AUC = 0.763)

(f) Google+
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HGT (AUC = 0.820)

ERD (AUC = 0.772)

CoDO (AUC = 0.878)

(g) Twitter

Definition

Ego Net is the induced subgraph among friends (alters) of a given user (ego)
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Combing Density and Overlap (CoDO)
Application– Biological networks

Immune Response

DNA Replication and Repair

Drug Metabolism

Cancer Signaling Pathways

Overlap among KEGG pathways is an indicator of pathway cross-talk
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