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All extracted groups are statistically significant at 1% level.

3

179 4

7
12

18

10
11

2

16

19

13

15 141

8

20
5

6

  1. DelegateDoubleMatrix1D
  2. DenseDoubleMatrix1D
  3. DenseDoubleMatrix2D
  4. DenseDoubleMatrix3D
  5. DoubleMatrix1D
  6. DoubleMatrix2D
  7. RCDoubleMatrix2D
  8. RCMDoubleMatrix2D
  9. SelectedDenseDoubleMatrix1D
10. SelectedDenseDoubleMatrix2D
11. SelectedDenseDoubleMatrix3D
12. SelectedSparseDoubleMatrix1D
13. SelectedSparseDoubleMatrix2D
14. SelectedSparseDoubleMatrix3D
15. SparseDoubleMatrix1D
16. SparseDoubleMatrix2D
17. SparseDoubleMatrix3D
18. TridiagonalDoubleMatrix2D
19. WrapperDoubleMatrix1D
20. WrapperDoubleMatrix2D

Software dependency

Social network

Groups in real-world networks
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Internet overlay

What are characteristic groups of nodes in real-world networks? Network (type) dependent. 
What portion of network links is explained by the group structure? Between 60% and 90%.
What portion of network nodes is included in the group structure? More than 50%.

1. A simple formalism and criterion for general groups of nodes.
2. An adequate extraction procedure for statistically significant groups.
3. Characterization of the group structure of different real-world networks.

Contributions

Group extraction
A sequential extraction [2] of groups that can be overlapping, nested etc.
(1) Find S and T that optimize criterion W (e.g., tabu search).
(2) Extract only the explained links between S and T (and isolated nodes).
(3) Repeat until W is larger than expected in a random graph (by simulation).

S  T

Group formalism
Let S be a group of nodes, T the linking pattern and τ the group parameter.

Complex real-world networks contain characteristic groups of nodes with common linking pat-
tern like densely linked communities [1]. These were the focus of most recent work and have di-
verse applications. However, many real-world networks also contain other groups of nodes that 
can be overlapping and other, whereas some parts of the networks reveal no significant groups.

Background

Let W be the group criterion, L the number of links and µ the (harmonic) mean size.

W is a local asymmetric criterion that favors the links between S and T, and penalizes for the 
links between S and TC. (Note, however, that W disregards the links with both endpoints in SC.)
For S = T,  W is consistent with a wide class of other models (e.g., stochastic blockmodel). [2]

Group criterion

Group examples

Community
S = T (τ = 1)

Module
S ≠ T (τ = 0)

Hub & spokes
ǀTǀ = 1 (τ = 0)

Core & periphery
S ⊂ T (τ < 1)

Mixture
Other (τ � ½)
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