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10° 10° o 1 "POWER-LAW DISTRIBUTIONS IN EMPIRICAL DATA"
10" (o o g @i g (o) AARON CLAUSET, COSMA ROHILLA SHALIZI, AND M.E.J.
o A 10 NEWMAN
=3
13—4 _ quantity m {z) T Tmax Tmin & Mesil P
_||_© cifies count of word use 18855 11.14 148.33 14086 T2 1.951:2) 2068 £+ 087 0.49
10 1w 100 10t 10 protein interaction degree 1846 2.34 3.05 56 542 3.1(3) 204 + 263 0.31
o metabolic degree 1641 5.68 17.81 468 441 2.8(1) 748 + 136 (.00
1w r | Internet degree 22688 5.63 A7.83 2583 21+9 2.12(9) TT0+1124 0.29 |
10" telephone calls received 51 360423 3.88 179.09 375746 120 £+ 49 2.09{1) 102592 &+ 210 147 0.63
10° intensity of wars 115 15.70 49.97 332 21435 1.?[:2] T0+14 0.20
107 terrorist attack severity 9101 4.35 3158 2749 124+ 4 2.4(2) 547 + 1663 0.68
10—4 HTTP size [:]{i](}b}"tﬂ’:‘n:l 2246 386 7.36 h7.04 10971 36.25 4+ 22.74 2.'—18{5) 6704 £+ 2232 0.00
107 ) flares Species per genus 500 5.59 6.94 56 142 2.4(2) 233+ 138 0.10
1'|:|'] 103 103 10‘* 1 bird species sightings 591 [3384.36  10952.34 138 705 GGTO £ 2463 2.1[:2) 66 = 41 0.55
0 blackouts [X 103] 211 253.87 61031 TH00 230 £ 90 23[3] 504+ 35 0.62
10 sales of hooks (= 103] 633 | 1986.67 1396.60 19077 2400 £ 430 3?[3] 139 £ 115 0.66
107 population of cities [ * 1{}3:I 19447 9.00 T7.83 82009 52.46 + 11.88 2.37{8) 580 £ 177 0.76
i email address books size 4581 12.45 21.49 333 AT+ 21 3.5[:5) 196 % 449 0.16
10 _ forest fire size {&CI‘C‘S:I 203785 0.90 20.99 4121 6324 4 3487 22[3) 521 £ 6301 0.05
l'[l'_3 “h solar flare intensity 12773 680,41 6520059 231 300 323+ 59 1.?9{2) 1711 £+ 384 1.00
10 : quake intensity [}( IDS:I 19302 24.54 563.83 63096 0.794 + 80.198 1.5-’-11:4) 11697 £ 2159 0.00
11}4 mj 10f religious followers [X IDG] 103 27.36 136,64 1050 3.85 4 1.60 1&[1] 30426 0.42
a freq. of surnames 'I: * 1(}3} 2753 50.59 113.99 2502 111.92 £ 40.67 2.5[:2) 239+ 215 0.20
lﬂ_l’T'—'_ net worth 1:]]]i]. USDJ 400 | 2388.69 4 167.35 46 000 a00 + 364 23[1) 3024+77 0.00
10—1 citations to papers 415229 16.17 44.02 5904 160 £ 35 3.15{5) 3455 £ 1859 0.20
13_3 papers authored 401 445 7.21 16.52 1416 133 +£13 43[1) OR8 £ 377 0.90
10 hits to web sites 119724 0.83 392.52 129641 24+13 1.51{3) 50981 + 16 8398 0.00
107 — powe— links to web sites 241 428 853 9.15 106 8?1.5.‘:1" 1 lgg ?GG 3684 £+ 151 2.335[_9} 28986 £ 1560 (.00
ABLE 6.
10—:‘}0 10[ 10: Basic 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 P LR P LR P LR P 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 | -0.417 0.68 | -0.382 0.38 moderate
book sales 0.66 -0.267 0.79 | 2.70 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 | 400 0.00 | -1.82 0.07 | -5.02 0.00 with cut-off
flares 1.00 -0.803 0.42 | 13.7 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 0.11 1.75 0.08 | -0.167 0.56 moderate
surnames 0.20 -0.836 0.40 | 2.89 0.00 | -0.844 0.40 -1.36 0.10 with cut-off
wars 0.20 -0.737  0.46 | 3.68 0.00 | -0.767 0.44 | -0.847 0.19 moderate
wealth 0.00 0.249 0.80 | 6.20 0.00 | 8.05 0.00 | -0.142 0.59 none
web hits 0.00 -10.21  0.00 | 8.55 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 | -1.08 028 | -21.2 0.00 with cut-off
Poisson log-normal exponential | stretched exp. | power law + cut-ofl | 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 | 6.49 0.00 | 0.493 0.62 —1.97 0.05 with cut-off
calls 0.63 | 17.9 0.00 | —-2.03 0.04 | 35.0 0.00 | 143 0.00 | —30.2 0.00 with cut-off
citations | 0.20 | 6.54 0.00 | —0.141 0.890 | 591 0.00 | 1.72 0.09 | —0.007 0.91 moderate
email 0.16 | 465 0.00 | —-1.10 027 | 0.639 0.52 | —-1.13 0.26 —1.89 0.05 with cut-off
metabolic | 0.00 | 3.53 0.00 | —1.05 0.29 | 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 | —0.016 0.86 moderate
proteins 0.31 | 3.05 0.00 | —-0456 065 | 2.21 0.03 | 0.055 096 | —0.414 0.36 moderate
species 0.10 | 5.04 0.00 | —-163 010 | 239 0.02 | —-1.539 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 | 0395 069 | 9.09 0.00 | 413 0.00 | —0.899 0.18 good
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i Benford’'s Law
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Following Benford's L.aw, or Looking Out for No. 1
By MALCOLM W. EROWINE

D tr. Theodore . Hill asks his mathematics students at the Georgia Institute of Technology to go home and etther flip a coin 200 times and record the results,
merely pretend to flip a com and fake 200 results. The following day he runs hiz eye owver the homeworl: data, and to the students' amazement, he easily fin
nearly all those who fakeed their tosses.

"The truth 13," he said in an nterview, "most people don't know the real odds of such an exercise, so they can't fake data conwncingly "

There 15 more to this than a classroom trick. Dow Mustrates Benfords's L

To illustrate Benford's Law, T

Dir. Hill 1z one of a growmg number of statisticians, accountants and mathematicians who are comnnced that an astomshing I Nigrirs offere this sxample

mathematical theorem known as Benford's Law 15 a powerful and relatively simple tool for pomting suspicien at frauds,
embezzlers, tax evaders, sloppy accountants and even computer bugs, "Ifwe think of the Dow Jone:
average as 1,000, out first dig
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datal: http://www.u-tokyo.ac.jp/gen03/kouhou/1325/n01325.pdf
REREXFPFPNLEHN0.1325(FAE A FRBREDIER) &Y. R1—1151—4D

T—A%
data2: http://www.u-tokyo.ac.jp/fin01/pdf/H17zaimusyohyou.pdf
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Fig. 1. The distribution function of connectivities for various large netwarks. (A) Actor collaboration

ph with N = 212,250 vertices and average connectivity (k) = 28.78. (B) WwwW, N =
325,729, (k) = 5.46 (6). (C) Power grid data, N = 4941, (k} = 2.67. The dashed lines have
slopes (A) Yopee = 2.3, (B) Yy = 21 and (C) Tpowsr ~ 4.

Comparing Random and Scale-Free Distribution

In the random netwark, the five nodes with the most links (in red) are
connectad to only 27% of all nodes (green). In the scale-free network,
the five most connecled nodes (red) are connected to B0% of all nodes

(green)

RANDOM/EXPONENTIAL

Soutce: the joumnal Nature
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