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» 0000 (D0OO0D0OODOO0O0O0)DUOOOOoDOULoooO
goo
» 000000 (D0OO)0DOO00DU0OOOOOUOOoODOO
oo

000 (population): 0000000000000 O000
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» 00: 000000 (00)

» 00: 00000000 (D0000000)
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HRERE
0000 XO0000 E(X)(00000)

> OO0
:MZZXiPi
i=1
> OO0
E(X):p:/_OO xf(x)dx

oooooo

» E(c)=c

» E(X+c)=EX)+c

> E(cX) = cE(X)

» E(X+Y)=EX)+E(Y)
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000 (sample variance): s2

1
2 Y
s—n_lg(x, X)

i=

00000 (sample standard deviation): s
. 0000 A0000 (n—1)000

» 00O (degree of freedom): 000 0OOO0O0O0OO xO0OO0O
o100

45



goooobboogog

goood
» JO000D0OO0o0DbO0o0bboOob0booboooDDbon

gooobgo

» 000000000 (000000000000)00000
00000000000 N(u,o0?/n)

» D000 boobuoobbdnobbOoobooobbooon
RN

45



0000 (standard error)

O000: 000000000 (SE)
SE=0/vn

» 00000 0000000000
» 00000 1/y/nD0(0000)00

» 00000 N(pw,o)DOOOODDOOOODDOOOOOO wOO
00 SE=¢/y/n00000000
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0000 (normal distribution) 1/2
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0000 (normal distribution) 2/2
000000 (PDF)
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0000 (confidence interval)
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0000 (confidence interval)
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» UO0gboobobobaobod

00O (confidence level) 0 0O 0O O (significance level)

v
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a: significance level
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U000Ox00U00 ssO0000do nO00 :O0O0O
2100000000000 (1-/2)000000
» 000 95% ooo: 21_0.05/2:]..960
» 00O 90% goo: 21_0.10/2:1.645

» 0. TCPODOOOODOOSBO00

» 3.2, 3.4, 3.6, 3.6, 4.0Mbps
» 0000:x=3.56Mbps D0 O0O0OO:s =0.30Mbps
» 95%0000:

% T 1.96(s/+/n) = 3.56 7 1.960 x 0.30/v/5 = 3.56 T 0.26
» 90%0000:

X T 1.645(s/+/n) = 3.56 T 1.645 x 0.30/+/5 = 3.56 T 0.22
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» D000 boooooobooboobouoooobon
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0000t a2 0 000 (n-1)0t000000
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t(n-1) density function
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>

O0:000TCPOOOOODOODODOOONNn—1)000O0O0O
gbobobobobobo

» 05%0000 n=>5: t[1_0_05/274] =2.776
X F 2.776(s/+/n) = 3.56 T 2.776 x 0.30/1/5 = 3.56 T 0.37
> QO%D ood n=5: t[1,0.10/2’4] =2.132

X T 2.132(s/+/n) = 3.56 T 2.132 x 0.30/+/5 = 3.56 T 0.29
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0000 (hypothesis testing) 0 O O

» JO000DbOo0oboobbobobuoobboobbod
goooooooooooo

» J0: J00gooooooon

» JO000: 00000000000 Db00DbO

» J0000000000000000000 9%% 00000
gooooo

» DO0O00O00O0Db0O0O0OODbOOn

» DO0O0000O0000DbOOon
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» 05%0 00000
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100 95% 0000000000 9%%00000 N=360000
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goooobbod
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00 (precision): D0 O0O0OOOOOO
OO0 (error): DO0OOO0O0OOOOOODOOOOO

accurate, not precise
f(x) . precise, not accurate ——

true
mean

25 /45



goooood

gooog
» D000 (DO0OOOoOoOooooon)
» 00000000 00000000O

» D000 (D0O0O0DOO0OUOOoOooooon)
gooad
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goobobbboo
123000000 30 (1.225 < 1.23 < 1.235)
00

0o 0ooo
123
12.300
0.0034
1200
2.34x10*

(000 001.200x10%)

W s NOW

RN
» 000000000 00ogo
» 00000000 100000000
» 0000000 0O0ogga

goood
» J00: 0000000O0DODO0O0O00
» 1.2345.724 = 6.954 = 6.95
» 00O 000obobbbbdoouoooobn
» 4.23 x 0.38 =1.6074 = 1.6
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goooobbogogd

> integer (32/64bits)
» 32bit signed integer (GO0 000O0O0O0OO0OODOONO)
> 32bit floating point (IEEE 754 single precision): 0000 7

» sign:1bit, exponent:8bits, mantissa:23bits
» 16,000,000 + 1 = 16,000, 000!!

> 64bit floating point (IEEE 754 double precision): 0O 00 15
> sign:1bit, exponent:11bits, mantissa:52bits
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O0o0O00d: WebOODOOOO ODOO0OOOO

apache log (combined log format)
gobooboooboooon

0000000000 000000 webserverd OO0
ftp0 000000 0http 0000

0 14MB(bzip2 0 0)0 OO0 OO 280MB

1/10 sampling
ooobOooIPOO0O0OOOO0OOODOODOODOO0
(1-to-1 mapping)

vV V. VvV V. v VY

access log for 24 hours:
http://www.iijlab.net/"kjc/classes/sfc2012s-measurement/sample_access_log.bz2
test data (first 100 lines):
http://wuw.iijlab.net/"kjc/classes/sfc2012s-measurement/test-100lines
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gooot.gdgooobbogd

143.207.214.239 - - [18/Jul/2010:23:59:563 +0900] "GET /pub/mozilla.org/firefox/releases/3.6.6/\
update/mac/de/firefox-3.6.6.complete.mar HTTP/1.1" 206 300371 "-" "Mozilla/5.0 (Macintosh; U;\
Intel Mac 0S X 10.6; de; rv:1.9.2.3) Gecko/20100401 Firefox/3.6.3" ftp.jaist.ac.jp

161.42.4.49 - - [18/Jul/2010:23:59:20 +0900] "GET /pub/PC-BSD/8.0/i386/PCBSD8.0-x86-DVD.iso\
HTTP/1.1" 206 58970 "http://ftp.jaist.ac.jp/pub/PC-BSD/8.0/i386" "Mozilla/4.0 (compatible;\
MSIE 6.0; Windows NT 5.1; SV1; .NET CLR 1.1.4322; .NET CLR 2.0.50727)" ftp.jaist.ac.jp

150.107.216.201 - - [18/Jul/2010:23:59:56 +0900] "GET /pub/mozilla.org/firefox/releases/3.6.6/\
update/win32/en-GB/firefox-3.6.6.complete.mar HTTP/1.1" 206 300368 "-" "Mozilla/5.0 (Windows;\
U; Windows NT 6.0; en-GB; rv:1.9.2.3) Gecko/20100401 Firefox/3.6.3 (.NET CLR 3.5.30729)"\
ftp.jaist.ac.jp

22.32.128.50 - - [19/Jul/2010:00:00:00 +0900] "HEAD /project/clamav/clamav/win32/ClamAV-0.96.1\
-64bit-beta.zip HTTP/1.0" 200 302 "http://jaist.dl.sourceforge.net/project/clamav/clamav/\
win32/" "Wget/1.10.2 (Red Hat modified)" jaist.dl.sourceforge.net

137.29.144.83 - - [19/Jul/2010:00:00:00 +0900] "GET /pub/mozilla.org/thunderbird/releases/\
2.0.0.24/update/win32/en-US/thunderbird-2.0.0.24.complete.mar HTTP/1.1" 200 65845 "-"\
"Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.8.1.22) Gecko/20090605 Thunderbird/\
2.0.0.22" ftp.jaist.ac.jp

22.32.128.50 - - [19/Jul/2010:00:00:00 +0900] "HEAD /project/clamav/clamav/win32/Clamunrar-\
0.96.zip HTTP/1.0" 200 298 "http://jaist.dl.sourceforge.net/project/clamav/clamav/win32/"\
"Wget/1.10.2 (Red Hat modified)" jaist.dl.sourceforge.net

209.235.74.175 - - [18/Jul/2010:23:59:52 +0900] "GET /pub/mozilla.org/firefox/releases/3.6.6/\
update/win32/en-US/firefox-3.6.6.complete.mar HTTP/1.1" 206 300368 "-" "Mozilla/5.0 (Windows;\
U; Windows NT 6.1; en-US; rv:1.9.2) Gecko/20100115 Firefox/3.6" ftp.jaist.ac.jp

153.42.115.45 - - [18/Jul/2010:23:59:56 +0900] "GET /pub/mozilla.org/firefox/releases/3.5.10/\
update/win32/pl/firefox-3.5.10.complete.mar HTTP/1.1" 206 300368 "-" "Mozilla/5.0 (Windows;\
U; Windows NT 6.0; pl; rv:1.9.1.5) Gecko/20091102 Firefox/3.5.5 (.NET CLR 3.5.30729)"\
ftp.jaist.ac.jp
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gooob.gogoooboooooon

» 0000 WebOODOOOODOO
» D000 boobooobooobosoboooon
» JOoooon

% ruby parse_accesslog.rb sample_access_log > access-bmin.txt
% more access-bmin.txt
2010-07-18T16:55 1 600572285

2010-07-18T23:55 463 2128020418
2010-07-19T00:00 4123 1766135158
2010-07-19T00:05 3963 1857342919
2010-07-19T00:10 3871 2171231118
2010-07-19T00:15 3965 4378143224

% gnuplot
gnuplot> load ’access.plt’
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00000 : extract request counts and transferred bytes
with 5 minutes bins

#!/usr/bin/env ruby
require ’date’

# regular expression for apache common log format
# host ident user time request status bytes
re = /7(\S+) (\S+) (\S+) \[C.*?)\1 "(C.*?)" (\d+) (\d+|-)/
timebins = Hash.new([0, 0])
count = parsed = 0
ARGF.each_line do |linel
count += 1
if re.match(line)
host, ident, user, time, request, status, bytes = $”.captures
# ignore if the status is not success (2xx)
next unless /2\d{2}/.match(status)
parsed += 1
# parse timestamp
ts = DateTime.strptime(time, ’%d/%b/%Y:%H:YUM:%S %z’)
# create the corresponding key for 5-minutes timebins
rounded = sprintf("%02d", ts.min.to_i / 5 * 5)
key = ts.strftime("%Y-%m-%dT/%H: #{rounded}")
# count by request and byte
timebins[key] = [timebins[key][0] + 1, timebins[key][1] + bytes.to_i]
else
# match failed
$stderr.puts("match failed at line #{count}: #{line.dump}")
end
end
timebins.sort.each do |key, valuel
puts "#{key} #{value[0]} #{value[1]}"
end
$stderr.puts "parsed:#{parsed} ignored:#{count - parsed}" .



O00000: plot graphs of

bytes

requests/sec

traffic (Mbps)

20
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T T
requests

O Il
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250

200
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:0006:0008:0010:0012:0014:0016:0018:0020:0022:00

time (5-minute interval)

traffic

0
00:0002:0004:

0006:0008:0010:0012:0014:0016:0018:0020:0022:00
time (5-minute interval)

request counts and transferred
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00000 : gnuplot script

» multipot D000 200000000000

set
set
set
set
set
set

set

set
set

xlabel "time (5-minute interval)"

xdata time

format x "JH:JM"

timefmt ") Y-Y%m-%dT%H:%M"

xrange [’2010-07-19T00:00°:°2010-07-19T23:55°]
key left top

multiplot layout 2,1

yrange [0:20]
ylabel "requests/sec"

plot "access-6min.txt" using 1:($2/300) title ’requests’ with steps

set
set

yrange [0:300]
ylabel "traffic (Mbps)"

plot "access-5min.txt" using 1:($3%8/300/1000000) title ’traffic’ with steps

unset multiplot
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go: oboggad

» 00000 Oo0booooon

>

0000000000000 (rubyO rand00)0000O0
b uwboobo sboobgoboobboobooboo

» JO0O00ooooog

>

gboboobOoboooobobooooobooooooon
ubobooboboobooboooood

» JOgooon

>

obooobOobooooobooooobooooonoo
gbooobobooobooboooobooboeo, 0000 10
O0000O0000D0b0 100000000000 n =4,
8, 16, 32, 64, 128, 256, 512, 1024, 20480 0000000
ooooooboooogoon
ob01oo0oooboooboooboobooobooooon
00000 9%% 000000 "+ 1.960s/sqrt(n)’ OO OO0
0000ooDbDo0o0ooooDooObo0oO0no Xgooooo
oo0ydobOooooooooboooooobooooooo
oooooooooogo
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box-muller OO OO OOOOOO

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

zp = Rcos(f) = v/—2In ug cos(2muy)
z1 = Rsin(0) = v/ —2Inugsin(2muy)

polar form: OO O OOOOOOOO
up and uq: uniformly distributed random variables in [—1,1],
s=ud+u? (ifs=0ors>1, reselect ug,ur)

—2Ins

Zp = Up
S

—2Ins

Z1 = U1
S

36
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box-muller D OO0 OO0OOOOODOO0O

# 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 37
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goooobooogoon

» D00 boobuooboboobuooboobobooboo
gooond

» JO000o0oob 00000000000 100000000
gooooo

f(x)

0.45

04 r

0.35

03

0.25

0.2

0.15

0.1 r

0.05
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goooobbod

» 0000 10000000000000

#
# 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

39
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goooobooooobobogd

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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gobobobbbbobobbbobooobood
00000000000 00000000000

measurements

75

70

65

60

55

50

45

] ~ mean
| 95% conf!dencq |nteryal —

4 8 16 32 64 128 256 512 1024 2048
sample size

gooooOoooooooOooooonod
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U0 L ddddooooooooobooo

» 000: 000000000000
» JO00:2011000000000000O
> http://results.sportstats.ca/res2011/honolulu.htm
» OO0 19,1040
» 0000
1. 000bo0obo0oboobobobooboooboobooo
gooooooobooo
2. 00000000DOO0ODDOODOOO
goboboooooooooooooo
ooooi1ioooon
30000b0b00obOobooboboooooooooo
OO0 CbFOOCOO
oobooOooO300ooooooo
4. 0O0OooOO
» 0000000 CDFOOOOOOOO
5. 00
» JO00O0ODOO0ODOODOODbOODO
» O0000C: 0D00O0COOOOPDFOOOOODOO
SFC-SFSOO0DO

» J0O0O0: 20120 50 140

v

3. 0O

vdvyvw
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gobbobobobobood
Doooooooo

Chip Pace Gender  Category @10km @21.1 @3
Place Time /mi # Name City ST CNT Plce/Tot Plc/Tot Category Splitl Split2
1 02:14:55 5:09 1 Chelimo, Nicholas Ngong Hills KEN 1/10191 1/11 MElite 31:25 1:07:46 1
2 02:14:58 5:10 4 Ivuti, Patrick Kangundo KEN 2/10191 2/11 MElite 31:25 1:07:47 1
3 02:15:40 5:11 11 Boit, Josphat Fayetteville AR USA 3/10191 3/11 MElite 31:24 1:07:46 1
4 02:18:12 5:17 9 Kimutai, Kiplimo Eldoret KEN 4/10191 4/11 MElite 31:24 1:07:46
5 02:19:21 5:20 5 Kiptoo Kolum, B Kapsabet KEN 5/10191 5/11  MElite 31:24 1:07:46
6 02:24:40 5:32 2 Mundi, Jimmy Kangundo KEN 6/10191 6/11  MElite 31:25 1:07:49
7 02:31:41 5:48 104 Girma, Woynishet Addis Ababa ETH 1/9116 1/14 WElite 35:21 1:16:16
8 02:31:43 5:48 8189 Puzey, Thomas Laie HI USA 7/10191 1/1044 M25-29 35:20 1:16:14
9 02:31:53 5:48 106 Mekonnindemissie, M Albuqurque NM USA 2/9116 2/14 WElite 35:20 1:16:16
10 02:31:55 5:48 110 Galimova, Valentina Perm RUS 3/9116 3/14 WElite 35:21 1:16:15

» Chip Time: 0O OO

» Category: MElite, WElite, M15-19, M20-24, ..., W15-29, W20-24, ...
» "No Age" 00000000000 ODOO

» Country: 3-letter country code: e.g., JPN, USA
» "UK'000oooooooa

> JO0000000O00000DO0O0bO0OobOOoooOoooa
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god

ooooooo

» 0O0Ooooga

» 00000

» JOOooooao

» JOOooo

» 00 000o0oooood
» 001
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good

050 0000000 (5/11)

» 000000

» Web0DDDODODOOOOODOO
» 00000000

» 00: 000000
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