Reshuffling of the Helicobacter pylori network

Protein interaction network (ht t p: / / www. cosi n. or g)

Random rewiring lowers OdC. The ensemble average is strictly monotoneous.

Claussen, Physica A 375, 365 (2007)

Jens Christian Claussen — p.6/8



Complexity of cell division networks

Adjacency matrix of cells of nematode C.elegans (Exp.: A. Kramer)
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Here OdC saturates when the main geometric types of cell pairs are established.:

bulk-bulk, bulk-surface, surface-surface
I.e. the degree correlation matrix consists of three clusters.

Claussen, in: Math. Mod. of Biol. Syst., ed. A. Deutsch et al., Birkhauser 2007
(arXiv:0712.4216)

Jens Christian Claussen — p.7/8



What is a complex graph/network?

The history

2003, 10t* Nov, Dresden, DDHS Three independent contributions. ..

Hildegard Meyer-Ortmanns Proposal of a complexity measure for networks  Physica A 337, 679

Jens Christian Claussen  Parameter estimation in small scale-free networks Physica A 375, 365
Thomas Wilhelm Nonbinary networks Physica A 385, 385

2006 Dresden DYONET: Claussen: “What is a complex network?”

2008 Physica A: Kim & Wilhelm: “What is a complex graph?”

2008 Norwich NETSCI: session on Graph Complexity

— Evolution of complex (SF) graphs P. Minnhagen & S. Bernhardsson .
— Beyond modularity... J. Reichardt & White NetS Cl

... InternatiorslWorkshop & Confersnce on Network Science

— From probability distributions... E. Olbrich |\ 2008

Norwich Research Park, UK

— Information-theoretic approach... A. Hintze & C. Adami "

Jens Christian Claussen — p.8/8

June 23-27 2008




All n=7 graphs

Why empty?
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Pure topological complexity for G(n=7,m



Most complex n=7 graphs
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Real world graphs

n i Co |ClesT MAg Cr adc 5TS STSD

PP Caenorhabdiris. 180 195 001 DO .01 00| .65 .08 .65 .12 .04 .14 48 34 .54 30 40 32 24 28 23
elegans®

PP Helicobacter. pylori® 710 1396 003 |02 02 01| 56 25 56 05 02 05 54 30 53 62 .64 62 46 63 47
GIN 5. cerevisiae® 203 289 004 |01 02 01 .84 .19 .84 .14 04 A8 58 35 64 55 600 54 20 40 32
Net Science” 413 948 006 |01 04 03[ .52 36 52 08 04 06 49 33 49 62 .66 .66 30 44 52
Emaild 1133 5451 007 |.04 04 04| B0 59 B0 07 03 06 51 32 51 .70 72 70 72 .73 72
MN . elegans® 453 2025 015 |06 07 O7( 95 68 95 20 07 20 73 37 Y3 72 72 72 73 .74 .74
Internet” 219 630 017 06 07 06( .88 57 .88 .20 .09 .21 69 38 .69 68 70 68 48 42 49
PP Escherichia. coli® 230 695 .0I8 |06 07 06| 80 .59 90 .23 09 .20 61 38 62 .66 70 .66 44 43 39
Terrorist’ 63 154 049 |12 .14 (13| .88 .70 .88 .40 24 36 67 46 67 69 T0 .69 46 4T 45
Word net® 112 425 051 |.I5 .15 15| 97 84 97 37 23 30 792 45 71 .73 75 73 46 55 46
Dolphins® 62 159 054 |14 A5 (14| .83 74 .83 .32 26 30 50 47 51 69 .71 68 47 48 44
Les Miserables® 77 254 063 |10 AT 15| 98 84 98 47 28 45 60 47 71 68 74 71 43 53 43
Political books® 105 441 063 18 (18 JIB[ 96 00 96 L35 27 35 65 46 64 76 76 76 .60 5B .61
Foatball® 115 613 078 [21 .21 21| 94 9% 94 .29 31 .29 23 48 24 78 .79 .79 65 062 .64
Karate club® 33 78 093 |16 200 (1B 96 B2 .96 52 39 55 T6 51 .76 68 T0 .70 44 .60 45
JazzE 198 2742 132 36 .38 38| 85 95 85 .63 47 60 75 51 76 85 B8 .86 390 .70 39
PP 5. cerevisiae® 4236 13532 001 |01 01 01 .73 31 .73 .04 01 04 T6 51 76 65 .67 65 66 67 .66
PPsl 8 cerevisiae® 720 1504 003 |02 02 02 63 27 63 08 02 07 54 30 57 62 .65 .63 4B 66 47
PPs2 8 cerevisiae® 646 1445 004 |02 03 02| 58 31 58 .07 .02 06 50 31 .51 .63 .66 .64 49 65 48
PPs3 S cerevisiae® 648 1500 004 |02 03 02| 61 32 61 09 02 06 54 31 55 64 .66 65 4B 66 48
PPsd 8 cerevisiae® 671 1617 004 |02 03 02| .62 34 62 08 02 06 53 31 .55 65 .66 .65 51 .66 47
PPs5 S cerevisiae® 503 1145 005 |02 03 02( .59 34 59 08 03 07 51 32 .52 64 .66 65 AT 44 46
PPst S cerevisiae® 82 2 007 (02 03 02) .3 19 34 .15 08 .13 51 52 40 39 46 51 32 38 57
PPs7 S cerevisiae® 681 2387 007 |03 04 04| 8B5S 51 .85 .13 04 (10 60 33 .61 67 7O 67 69 T1 .70
PPs8 8 cerevisiae® 220 433 009 |03 04 04| 62 35 62 .14 06 .12 5T 36 57 63 65 63 46 45 A7
PPsO 8 cerevisiae® 480 1577 010 |04 05 04| 85 52 85 .16 05 12 50 34 61 67 700 .67 50 T 46
PPs10 8. cerevisia® 229 506 .00 |04 05 04| 69 41 69 16 06 .13 56 36 5T 64 67 64 A8 44 46
PPsl1 §. cerevisia® 185 447 016 .05 07 .05] .80 49 .80 .20 .09 .18 .61 .38 .61 .65 .68 .65 A7 43 46
PPs12 8. cerevisia® 282 1024 019 [07 .08 07 .91 .65 .91 .21 .09 .19 .63 .38 .64 .69 .72 .69 49 47 46
PPs13 8. cerevisia® 29 36 021 103 06 05 44 32 44 25 20 .25 56 48 56 33 45 42 22 33 3
PPsl14 S. cerevisia® 133 349 025 [08 0% 08| .85 .60 .85 .28 .13 23 50 41 .61 66 6% 67 48 44 47
PPs15 8. cerevisia® 33 59 054 |11 14 12| B0 .63 80 48 30 40 55 49 59 54 63 .58 42 43 4]
PPs16 S. cerevisia® 10 11 056 103 06 06| 40 44 40 34 38 37 47 56 49 12 26 .27 00 .18 .18



Other approaches ...

* Luciano Costa et al.

Characterization of complex networks: a survey of measurements.
Advances in Physics 56 (2007) 167-242

Seeking for Simplicity in Complex Networks
http://arxiv.org/abs/physics/0702102

« A. Diaz-Guilera

Dynamical and spectral properties of complex networks



The following talks ...

 Reichardt & White
Analysis of generalized community structures in complex networks
(in clique no interesting groups of nodes)

» Minnhagen & Bernhardsson
relationship of scale-freeness and evolution

« Olbrich et al.
Application of known complexity measures to characterize
graph complexities

 Hintze & Adami
New graph complexity measure (Relative entropy, zero for clique)



