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» —ZHBRMT (univariate analysis)
» EREOEDTDMIZLTRS
» ZZEMENT (multivariate analysis)
> BHOEHZREICRD
» AVEL1—YDEKRTRE
- BRERLY RERS (F—571( =V

41



Nl

|
3
g
N
%
N\

> TYRYIVY ERHIST—YERET D
> AV —RY MEBRTE RSB LYY —ERHEISITREC
» [IREWR. BHEE. ZOMS RS IBRER

5/41



Bl BFMED D1 I/IN—I15R
» WIDE 7’0Y 0 bH 2001 FICRBEETIT2/eA VY —RY
(NEEJERES
» 1570 BDY OV —H 5B, RE. D1 /\—BEBERZINE

> HOBWERADD A —BERAF VI T, #BHRERIRR
AL

7LD RO ®rQ

Q- O KRG Per

Jo-smw
anan

awEr:
OnL O Oss
auEsE

T
EREBKTRE

=
e
| B |

&L
TIRESE Avo-rwwn [l

/41



REAKRRXTDEH

> BIROY RF AR TS O—88E LTHIAD
> HED 3 BRICHATARERERIABINS
» KVY (R3%, BE) C&37 -8

Google Crisis R o BB ETRAMETYT
TRy IPCEETET S il 0K~ 248 DR (CBITRIROS 1B E . K IFR
R CETEBOID IOERETLTOET .

(iRt KB TR 211)

OGRS ST LT ET R 3.
RNV ST ST BIE TOT, AR

207718 Coogle. FBHWLEHT LI Honda NSSERBAT. HoRGalFIE TS L8— 2 SLEPLYSS &) (A= PEE
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source: google crisis response
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fl: BR.Locky

» ZEERF UIOHHIFER UERIIRT—ER
» WiFi BRIREZ OV T MHSIRE LIEAR P Y

» iPhone/Android FB App
> IBRIRHSRET D DERDEGLRZRER

» GPS/WiFi [C &k 2 BIFHRENG
» IS, IHRN DR XD WiFi BHFIERZINE
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GPS (Global Positioning System)

» # 30 BD GPS #E
» TRETPXYNEMNEOEERA
» HREBROICRET —FZHA 100m BEDORBEICLTLE
> 2000 FICREBANELSN. 10m ZEEDBEICRD
> SRSIXBREMARE
» h—FE. EFHRR. TINX
» AL 31BD GPS BEN S DIERED SAIBZFE
> GPS ESICREEDNE. FABHRHIEEND
» BERE(E GPS BIZN 5 DRAT—YDINHSHE
> ZERORZIFHIEDIED 4 BOREZHIRT 2LE
» KDZOBEZEHRINISHEEN @ L
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> SR IREEY Y —PIRESEY v AORI-TEHEEE

10/41



BEitaZzF R Ut E B

» IHKR(EERE LU TLWDIEMZHDH D

» BEHBAIN S BHEHRE L TLDIRRIDH D

» BERUTWER THERZZETEI2EMBIDH D
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> BIE = GHRERE + ¥ 1 —[F5EE + 20

» NIy NBIC—EDEEMSD &/ Y hRICHSEIT B
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RROVREL(E

> ISy MEEER (D1 P—RE—R)
» 1500 bytes at 10Mbps: 1.2 msec
» 1500 bytes at 100Mbps: 120 usec
» 1500 bytes at 1Gbps: 12 usec
> D74 I\—POEMRE: 9 200,000 km/s
» 100km round-trip: 1 msec
» 20,000km round-trip: 200 msec

> EDORTT
» LEO (Low-Earth Orbit): 200 msec
» GEO (Geostationary Orbit): 600 msec
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pingER project

» the Internet End-to-end Performance Measurement (IEPM)
project by SLAC
> using ping to measure rtt and packet loss around the world

> http://www-iepm.slac.stanford.edu/pinger/
» started in 1995
» over 600 sites in over 125 countries
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pingER project monitoring sites

» monitoring (red), beacon (blue), remote (green) sites
> beacon sites are monitored by all monitors

from pingER web site
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pingER project monitoring sites in east asia

» monitoring (red) and remote (green) sites

Mongolia

" o

Chongaing Ghﬁ\aﬁs.

LB g% .

Kunging  Gyjieng. 3
[

) .

from pingER web site
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pingER packet

loss

» packet loss observed from N. Ameria

> exponential improvement in 10 years

7o 1055

Packet Loss Seen From N. America

100

00071 #
Mar-87 Jul-g8 Dec-93 Apr-01 Sep-02 Jan-04 May-05 Oct-06

from pingER web site
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pinger minimum rtt

» minimum rtts observed from N. America

» gradual shift from satellite to fiber in S. Asia and Africa

800
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Min RTT from N.America to World Regions
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From SLAC PingER Project
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from pingER web site
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#RIZ[F (linear regression)

> T—YC—REAKELTEIDS
» BR/INZFK (least square method): REDZFENER/NCT S
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FR/IN_ZE% (least square method)
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FED DT (principal component analysis; PCA)
ERDDITDER
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T > ANAN N
ERDAM (BFIT)
ERDDEMNRD MLIEE, HPFITIIOBBRD MLELTRED
X Z dROEH. INEERD Y [CEHRTS d x d DEXRITIIP ZRHB
y=P'X

TNE cov(Y) BRATTH (SEYAMIT), HD P RERTH P~ = PT) &WSHI0L & TR
Y OHHBETIIE
cov(Y) = EYY' =E(@P"'X)(P"X)"1=E(P"X)(Xx"P)
PTEXXTIP =P cov(X)P
Lieht>T
Pcov(Y) = PPTCO’U(X)P = cov(X)P
P#%d x 1{ITH< &
P =[Py, Pa,...,Pq]

Efey cov(Y) BRATH (BEEAMRIL) BDT

A1 e 0
cov(Y) =
b
BEEYE
[AMP1,X2P2, ..., AqP4] = [cov(X) Py, cov(X)Pa, ..., cov(X)Py]

X P; = cov(X)P; IEBWT, P; & X OHHBITIOBENRS ML THBZ ENHND
Lo T, BENY MLEBDHNERD TOWEERITI P AME5N3
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BE1 ML RISV YSEERRBOZTOY

» RSV EF—IDSDHZAND
> T—5: 2012 FDIR/JVILR S Y Y DECEHR
» http://results.sportstats.ca/res2012/honolulumarathon_m.htm
» SEREE 24,070 A
> RYEIEE
1. 2%EE. BUTES. INTEZEZNZTNOD. TEFKBOF
19, BERE. PEIE
2. ZNZTNOFZEFBOER TS A
» 3DDERRISLZERLZDRIZEL
> EVIBIE 10 2T B
» 32070y MIHBRTERLSICEREEEDEDZL
3. Zh2no CDF Oy ~
» OEDORIE3DOTOY hEEL
4. ATV 3V
» FRBIPEBIDO CDF 70w hMaEBHB
5. ER
> TIDSHEIEND EEEHR
» BEFR: LIR—kZV&EDD PDF 774 )LICLT SFC-SFS
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» BEXY): 2013F 58168
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RNV YT—H

O OO NOG D WN R

=

—974-vhk
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 1:07:07 1
13:08 5:05 7 Geneti, Markos Addis Ababa ETH 2/12690 2/16 MElite 31:39 1:07:02
14:15 5:08 11 Kimutai, Kiplimo Eldoret KEN 3/12690 3/16 MElite 31:40 1:07:02
14:55 5:09 2 Ivuti, Patrick Kangundo KEN 4/12690 4/16 MElite 31:40 1:07:02
15:17 5:10 12 Arile, Julius Kepenguria KEN 5/12690 5/16 MElite 31:39 1:07:02
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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g 1 [ 1 13, 1I2ERE. PREDSTE

» DEAUTOFE (WEXTIOIEERIDUERD)

> "No Age” (IBLHIICEFEHTLVZL

n mean stddev median

all 24,070 369.1 94.2 357
men 12,532 350.5 93.2 338
women | 11,537 389.3 91.0 381
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T—YMERARO VT ~F

# regular expression to read chiptime and category from honolulu marathon data

re = /\s*x\d+\s+(\d{2}:\d{2}:\d{2})\s+.*((7: [MW] (7:ELlite|\d{2}\-\d{2}) INo Age))/
filename = ARGV[0]

open(filename, ’r’) do |iol
io.each_line do |linel
if re.match(line)
puts "#{$1}\t#{$2}"
end
end
end
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B 13 CDF 7OV~

» OEDORIC3IDOTOY REEL
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RIDDEE: HERBDE

» T—YDOEBEREESET S

» correlation-data-1.txt, correlation-data-2.txt

80 100

80

60

a0

20

0 0
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140

data-1:r=0.87 (left), data-2:r=-0.60 (right)
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RIODEE: HRRKOFERI T

#!/usr/bin/env ruby

# regular expression for matching 2 floating numbers
= /([-+12\d+(7:\ . \d+H) ) \s+([-+] ?\d+(7:\.\d+) ?) /

sum_x = 0.0 # sum of x
sum_y = 0.0 # sum of y
sum_xx = 0.0 # sum of x72
sum_yy = 0.0 # sum of y~2
sum_xy = 0.0 # sum of xy

= 0 # the number of data

ARGF.each_line do |linel
if re.match(line)
= $1.to_f
= $2.to_f
sum_x += x
sum_y += y
sum_xx += x*%*2
sum_yy += y**2
sum_xy += X * y
n+=1
end
end

r = (sum_xy - sum_x * sum_y / n) /
Math.sqrt((sum_xx - sum_x**2 / n) * (sum_yy - sum_y**2 / n))

printf "n:%d r:%.3f\n", n, r
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SO0EE: RELROSE
> FIEOT -9 EEVDRERESET S

» correlation-data-1.txt, correlation-data-2.txt

f(.l‘) =bo + b1x

b — oy — NIy
T Y @2
bo=9y—b1%

80 100
5.75+0.45* x

72727038 x

80

60

40

20

0 0
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140

data-1:r=0.87 (left), data-2:r=-0.60 (right)
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B OREROFAERIVT

#!/usr/bin/env ruby

# regular expression for matching 2 floating numbers

re = /([-+]17\d+(?7:\.\d+) ?)\s+([-+]1?\d+(?:\.\d+)?)/

sum_x = sum_y = sum_xx = sum_xy = 0.0
n=0
ARGF.each_line do |linel|
if re.match(line)
x = $1.to_f
y = $2.to_f

sum_x += X
sum_y +=y
Sum_xx += X*k*2
sum_xy += x * y
n+=1
end
end

mean_x = Float(sum_x) / n
mean_y = Float(sum_y) / n
bl = (sum_xy - n * mean_x * mean_y) / (Sum_xx - n * mean_x**2)
b0 = mean_y - bl * mean_x

printf "b0:%.3f b1:%.3f\n", b0, bl
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N/
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BmNICO)RERZENZ S

set xrange [0:160]
set yrange [0:80]

set xlabel "x"
set ylabel "y"

plot "correlation-data-1.txt" notitle with points, \
5.75 + 0.45 * x 1t 3

38 /41



XED

B 70 ZREREMN
» TYRYIVT
> #REENE
> ERDOM
» RS REL)R

39 /41



REITFE

% 8 [0 FFRINFT—2 (6/5)
> 1YY=y ~EFH
» RYRND—=D54ATOKI
> BFRIIBRMT
» BT BRIIRT
> %8 2

R TE
> 6/19 (7K) 6 B8 (18:10-19:40) A13
> 7/17 (K) 4 BR (14:45-16:15) €12
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Ruby official site. http://www.ruby-lang.org/
gnuplot official site. http://gnuplot.info/
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