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Societies
Hollywood

Internet (virtual)
Internet (Physical)
Research

Cellular Metabolism
Epidemics

Health Disorders
Nervous Systems
Economic Systems

People

Actors

Web Pages
Routers

Papers
Molecules

Hosts

Diseases
Neurons
Business Entities

Friendships

Movies

Links

Communication Lines
Citations

Biochemical Reactions
Infections

Genes

Synapses

Loans
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Six Degrees of Separation
6 RDEf=Y

Stanley Milgram (1967)
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Increasing randomness
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Erdos and Renyi (1959)
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Erdos and Renyi (1959)
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10 10° e 10° "POWER-LAW DISTRIBUTIONS IN EMPIRICAL DATA"
10" (m o i W] g7 (@) AARON CLAUSET, COSMA ROHILLA SHALIZI, AND M.E.J.
107 ) 107 NEWMAN
= 107 ’ -
10 _ quantity n | {x} ) Tmax Tmin i Tleail P
|l © cities coumt of word use 18 855 11.14 148.33 14086 T+2 1.95(2) 2958 + 987 0.49
10 1w’ 100 10t 1w protein interaction degree 1846 2.34 3.05 56 542 3.1(3) 204 £+ 263 0.31
. metabolic degree 1641 5.68 17.81 468 1+1 2.8(1) T48 + 136 0.00
o | Internet degree 22 688 5.63 37.83 2583 21+9 2.12(9) TT0+ 1124 0.29 |
w0 telephone ealls received 51360423 3.88 79.09 375746 120 4+ 49 2.09(1) 102592=210147 | 0.63
- 107 intensity of wars 115 15.70 49.97 382 21435 1.7(2) TOX+14 0.20
a, I terrorist attack severity a101 4.35 31.58 2749 1244 2.4(2) 547 £+ 1663 0.68
w0 HTTP size (kilobytes) 226 386 7.36 57.94 100871 36.25 4+ 22.74 2.48(5) 6794 + 2232 0.00
107 o flares Species per genus 500 5.50 6.94 56 442 2.4[;2) 233+ 138 0.10
10t 107 10° 10t 1 bird species sightings 501 | 338436 10952.34 138705 G670+ 2463 2.1(2) GG+ 41 0.55
o blackouts | x 107%) 211 | 25387 610.31 T500 230+ 90 2.3(3) 59+ 35 0.62
10 sales of books (x10%) 633 [ 198G6.67 1396.60 19077 2400 % 430 3.7(3) 139+ 115 0.66
1w population of cities (x107) 19447 0.00 T7.83 8009 5246+ 11.88 2.37(8) 580 £ 177 0.76
R 107 email address books size 4581 12.45 21.49 333 5T+121 3.5[26) 196 = 449 0.16
4 _ forest fire size (acres) 203785 0.90 20.99 4121 6324 4+ 3487  2.2(3) 521 £ 6801 0.05
10° qﬁ-ﬁ_ solar flare intensity 12773 | 689.41 6520.59 231300 323+ 89 1.79(2) 1711 &+ 384 1.00
10 : quake intensity (x10%) 19 302 24.54 563.83 63 096 0.794 4+ 80.198 1.64(4) 11697 = 2159 0.00
10t 1 10° religious followers (x 10%) 103 27.36 136.64 1050 3.85+1.60 1.8(1) 39126 0.42
s freq. of surnames (x 1'[}'1) 2753 50.59 113.99 2502 111.92 £ 40.67  2.5(2) 239+ 215 0.20
m_l“"-'f,T'—'_ net worth (mil. USD) 400 | 2388.69  4167.35 46 000 900 4 364 2.3(1) 302 L 77 0.00
11}_1 citations to papers 415229 16.17 44.02 8904 160 + 35 3.16(6) 3455 £ 1859 0.20
® :g_g papers authored 401 445 T.21 16.52 1416 133 +£13 4.3(1) 088 L+ 377 0.90
= 10 hits to web sites 119724 0.83 302,52 129641 2413 1.81{3] 50981 + 16308 0.00
107 — links to web sites 241 428 853 0.15 10687165 1199466 3684 4+ 151 2.336(9) 28086 % 1560 0.00
10t o authors TaBLE 6.1

101 10: Basie parameters of the data sets described in this section, along with their power-law fits and the corresponding p-value [statistically significant values are
denoted in bold).
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"POWER-LAW DISTRIBUTIONS IN EMPIRICAL DATA"
AARON CLAUSET, COSMA ROHILLA SHALIZI, AND M.E.J.

NEWMAN
power law log-normal exponential | stretched exp. | power law -+ cut-off | support for
data set P LR 2 LR P LR P LR Iz power law
birds 0.55 -0.850 0.40 | 1.87 0.06 | -0.882 0.38 | -1.24 0.12 moderate
blackouts 0.62 -0.412 0.68 | 1.21 0.23 | -0.41%7 0.68 | -0.382 0.38 moderate
book sales 0.66 -0.267  0.79 | 270 0.01 | 3.885 0.00 | -0.140 0.60 moderate
cities 0.76 -0.090 0.93 | 3.65 0.00 | 0.204 0.84 | -0.123 0.62 moderate
fires 0.05 -1.78  0.08 | 4.00 0.00 | -1.82 0.07 | -5.02 0.00 with cut-off
flares 1.00 -0.803 0.42 | 18.7 0.00 | -0.546 0.59 | -4.52 0.00 with cut-off
HTTP 0.00 1.77  0.08 | 11.8 0.00 | 2.65 0.01 | 0.000 1.00 none
quakes 0.00 -7.14 0.00 | 11.6 0.00 | -7.09 0.00 | -244 0.00 with cut-off
religions 0.42 -0.073 094 | 1.59 O0O.11 1.75 0.08 | -0.167 0.56 moderate
surnames 0.20 -0.836 040 | 2.89 0.00 | -0.844 0.40 -1.36 0.10 with cut-off
wars 0.20 -0.737 0.48 | 3.68 0.00 | -0.767 0.44 | -0.847 0.19 moderate
wealth 0.00 0.249 0.80 | 6.20 0.00 | 805 0.00 | -0.142 0.59 none
web hits 0.00 -10.21 0.00 | 855 0.00 | 10.94 0.00 | -74.66 0.00 with cut-off
web links 0.00 -2.24  0.03 | 25.3 0.00 | -1.08 0.28 | -21.2 0.00 with cut-off
Poisson log-normal exponential | stretched exp. | power law + cut-off | support for
data set P LR P LR P LR P LR P LR P power law
Internet 0.29 | 531 0.00 | —0.807 042 | 649 0.00 | 0493 0.62 —1.97 0.05 with cut-off
calls 0.63 | 17.9 0.00 | —-2.03 0.04 | 350 0.00| 143 0.00 | —30.2 0.00 with cut-off
citations | 0.20 | 6.54 0.00 | —0.141 089 | 591 0.00 | 1.72 0.09 | —0.007 0.91 moderate
email 0.16 | 465 0.00 | —1.10 0.27 | 0.630 0.52 | —1.13 0.26 —1.89 0.05 with cut-off
metabolic | 0.00 | 353 0.00 | —1.05 029 | 559 0.00 | 3.66 0.00 | 0.000 1.00 none
papers 0.90 | 5.71 0.00 | —0.091 093 | 3.08 0.00 | 0.709 048 | —0.018 0.86 moderate
proteins 0.31 | 3.05 0.00 | —0.456 065 | 2.21 0.03 | 0.055 0.96 | —0414 0.36 moderate
gpecies 0.10 | 5.04 0.00 | —-1.68 010 | 2.39 0.02 | —1.59 0.11 —3.80 0.01 with cut-off
terrorism | 0.68 | 1.81 0.07 | —0.278 0.78 | 2.457 0.01 | 0.772 044 | —0.077 0.70 moderate
words 0.49 | 443 0.00 | 0.395 0.69 | 9.09 0.00 | 413 0.00 | —0.899 0.18 good
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