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NE D (power-law distribution)
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Exponential Scale-free

source: Error and attack tolerance of complex networks. R. Albert, H. Jeong, A. Barabasi. Nature 406, July 2000.
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AS-level INTERNET GRAPH

copyright © 2009 UC Regents. all rights reserved.

http://www.caida.org/research/topology/as_core_network/
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— 1857 (binomial distribution)
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mean : E[X] = np,variance : Var[X] = np(l — p)

ZBAE n ARELRBERT Y UHETALTES
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7Y V5% (poisson distribution)
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IER5 70 (normal distribution) 1/2
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IER2 70 (normal distribution) 2/2
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1887375 (exponential distribution)
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JXL — 975 (pareto distribution)
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ERBRIE/7RI% (CCDF)

Complementary Cumulative Distribution Function (CCDF)
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box-muller ;AT K B IEARBLEAERK

basic form: creates 2 normally distributed random variables, z; and
z1, from 2 uniformly distributed random variables, ug and w1, in
(0,1]

v —21Inug cos(2muy)
vV —2Inwugsin(2mu;)
polar form: =AREEZEDIR VAL

ugp and uq: uniformly distributed random variables in [—1, 1],
s=ud+u? (if s=0ors>1, reselect ug,u)

20 = Rcos(f) =
(0) =

z1 = Rsin(6

—2Ins

20 = Uo

|
N
—_ »
=]
»

21 = U1
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box-muller JE(C KD IERELEENR I — K

# usage: box-muller.rb [n [m [s]]]
n = 1 # number of samples to output
mean = 0.0

stddev = 1.

n = ARGV[O0].to_i if ARGV.length >= 1
mean = ARGV[1].to_i if ARGV.length >= 2
stddev = ARGV[2].to_i if ARGV.length >= 3

# function box_muller implements the polar form of the box muller method,
# and returns 2 pseudo random numbers from standard normal distribution
def box_muller
begin
ul = 2.0 * rand - 1.0 # uniformly distributed random numbers
u2 = 2.0 * rand - 1.0 # ditto
s = ul*ul + u2%u2 # variance
end while s == 0.0 || s >= 1.0
w = Math.sqrt(-2.0 * Math.log(s) / s) # weight
gl = ul * w # normally distributed random number
g2 = u2 * w # ditto
return gl, g2
end
# box_muller returns 2 random numbers. so, use them for odd/even rounds
x = x2 = nil
n.times do
if x2 == nil
X, x2 = box_muller

else
X = x2
X2 = nil
end

X = mean + x * stddev # scale with mean and stddev
printf "%.6f\n", x
end
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» DEK[UT I CTER NI S LZERT D

#
# create histogram: bins with 1 digit after the decimal point
#

re = /(-?\d*\.\d+)/ # regular expression for input numbers
bins = Hash.new(0)

ARGF.each_line do |linel
if re.match(line)
v = $1.to_f
# round off to a value with 1 digit after the decimal point
offset = 0.5 # for round off
offset = -offset if v < 0.0
v = Float(Integer(v * 10 + offset)) / 10
bins[v] += 1 # increment the corresponding bin
end
end

bins.sort{la, bl a[0] <=> b[0]}.each do |key, valuel

puts "#{key} #{valuel}"
end
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FREBDOER TS LDTOY

set boxwidth 0.1

set xlabel "x"

set ylabel "f(x)"

plot "box-muller-histogram.txt" using 1:($2/1000) with boxes notitle, \
1/sqrt (2+pi)*exp(-x**2/2) notitle with lines linetype 3
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=
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Chip Pace Gender  Category @10km @21.1 @3
Place Time /mi # Name City ST CNT Plce/Tot Plc/Tot Category Splitl Sp11t2
12:31 5:04 6 Kipsang, Wilson Iten KEN 1/12690 1/16 MElite 31:40 1:07:
13:08 5:05 7 Geneti, Markos Addis Ababa ETH 2/12690 2/16 MElite 31:39 1:07:
14:15 5:08 11 Kimutai, Kiplimo Eldoret KEN 3/12690 3/16 MElite 31:40 1:07:
14:55 5:09 2 Ivuti, Patrick Kangundo KEN 4/12690 4/16 MElite 31:40 1:07:
15:17 5:10 12 Arile, Julius Kepenguria KEN 5/12690 5/16 MElite 31:39 1:07:
15:53 5:11 9 Bouramdane, Abderr Champs De Cou MAR 6/12690 6/16 MElite 31:40 1:07:
18:27 5:17 8 Manza, Nicholas Ngong Hills KEN 7/12690 7/16 MElite 31:39 1:07:
19:46 5:20 1 Chelimo, Nicholas Ngong Hills KEN 8/12690 8/16 MElite 31:40 1:07:
25:23 5:33 20850 Harada, Taku Nagoya-Shi  AI JPN 9/12690 1/1238 M25-29 31:54 1:09:
27:12 5:37 25474 Hagawa, Eiichi Matsumoto NA JPN 10/12690 1/1501 M30-34 32:46 1:12:

Chip Time: SEREHE
Category: MElite, WElite, M15-19, M20-24, ..., W15-29, W20-24,
"No Age” EE> TWBADWDDTER
Country: 3-letter country code: e.g., JPN, USA
UK'HRU>TWBDTER
TEEEBELUILS. BENE>TVWBIHFIVvITBRIE
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S0On&EE: CCOF D70V k
twitter 21— D following/follower DD 7H#% CCDF (70w +

—%: Kwak 5(C & 2009 & 7 B®D twitter data

» http://an.kaist.ac.kr/traces/ WWW2010.htm|
» twitter APl Z{E> T2 — (4000 HLLE) Z crawl

» APIZRE, 1—HBHICK > T BETEEFRGW

» ZIH5. 1D following/follower ZEHE L. 1 HAZ
HyYTIL

% head -10 twitter_degrees-10000.txt
# id followings followers

2058
11097
12329
596043
638173
643423
659943
698823
730013

1

5
375
63
407
2
1958
503
23

1

4
1132
97
428
18
1294
344
13

% ./make_ccdf.rb twitter_degrees-10000.txt > followings-ccdf.txt
% ./make_ccdf.rb -c 3 twitter_degrees-10000.txt > followers-ccdf.txt
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SEOEY: CCDOF DFOv k ()
» CCDF B7—% = follow 81 A% RIEAZ CDF CCDF

% cat followings-ccdf.txt

0 1407 1407
1 1586 2993
2 787 3780
3 513 4293
4 403 4696
5 302 4998
6 275 5273
7 242 5515
8 202 5717
9 158 5875
2134 1 9991
2167 1 9992
2510 1 9993
2512 1 9994
2657 1 9995
3410 1 9996
5042 1 9997
6605 1 9998
11350 1 9999
12335 1 10000

[eleleleNeNeNeNeoXe el

H O OOO0OO0OOOO0OOo

.1407
.2993
.3780

4293

.4696
.4998
.5273
.5515
L5717
.5875

.9991
.9992
.9993
.9994
.9995
.9996

9997

.9998
.9999
.0000

O OO O0OO0OO0OO0OO0O O

[elelNelNeNeNeNeNeoRe e}

.0000
.8593
.7007

6220

.5707
.5304
.5002
L4727
.4485
.4283

.0010
.0009
.0008
.0007
.0006
.0005

0004

.0003
.0002
.0001
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CCDF Z#&5t9 2 R0 VU ~: make_ccdf.rb

#!/usr/bin/env ruby

# create ccdf: usage: make_ccdf.rb [-c n] file
#

require ’optparse’

re = /7 (\d+)\s+(\d+)\s+(\d+)/

col_no = 2 # column no (1 origin)

OptionParser.new {loptl|
opt.on(’-c VAL’, Integer) {lvl col_no = v}
opt.parse! (ARGV)

}

counts = Hash.new(0)
n=0
ARGF.each_line do |linel
if re.match(line)
val = $”[col_no].to_i
counts[val]l += 1
n+=1
end
end

cum = 0
cdf = 0.0
total = counts.length
counts.sort.each do |key, valuel

comp = 1.0 - cdf

cum += value

cdf = Float(cum) / n

printf "%d\t%d\t%d\t%.4f\t%.4f\n", key, value, cum, cdf, comp
end
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CDF M%FR: gnuplot 22 U T~

set xlabel "# of followings/followers"
set ylabel "CDF"

set key bottom

set xrange [0:100]

plot "followings-ccdf.txt" using 1:4 title ’followings’ with lines, \
"followers-ccdf.txt" using 1:4 title ’followers’ with lines 1t 3

CDF

0.1

followings
followers

0 . . .
0 20 40 60 80 100

# of followings/followers
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CCDF MZFR/R: gnuplot 2 U~

set logscale
set xlabel "# of followings/followers"
set ylabel "CCDF"

plot "followings-ccdf.txt" using 1:5 title ’followings’ with lines, \
"followers-ccdf.txt" using 1:5 title ’followers’ with lines 1t 3

followinés
- followers
AN
01t N i
% \
3 0.01 F N\ E
N
0.001 | \ E|
\
0.0001 - - - =
1 10 100 1000 10000 100000

# of followings/followers
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Ruby official site. http://www.ruby-lang.org/
gnuplot official site. http://gnuplot.info/
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