AV =Ry REHET—Y8T £ 70
R #2288

20156818



giBlOHE T 5L

% 6 [0 48B3 (5/25)
> AVSAVBEBDHYRT A
POt & XBIE
TERIRE
BE: 1868

v

v

v
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SEDT—V

£ 70 2ESHIT
> TIRYIVYT
> IOV E B (geo-location)
> RFEL)R
> ERDO
» BB REO)R
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85— HIRIf

» —ZHBRMT (univariate analysis)
» EREOEDTDMIZLTRS
» ZZEMENT (multivariate analysis)
> BHOEHZREICRD
» AVEL1—YDEKRTRE
- BRERLY RERS (F—571( =V
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3
g
N
%
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> TYRYIVY ERHIST—YERET D
> AV —RY MEBRTE RSB LYY —ERHEISITREC
» [IREWR. BHEE. ZOMS RS IBRER
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BIRILF—EAM

> BNHEOHIR: &b 5KD2RIMDEF CRE
» LYY —BERERVCBVLFIETHRNL
> ERIEEEDIIRIEH SEEDIIRIEAN
> Bl: PCHOH—DMRILET -5 DI

6 /55



PC —/NDOE(L

» PCARADEY Y —I1BERZE > 7o3hZRILHIE
» SRE. BE. EESNH. 77 VOERK
» PCH—/NDOEHHEARER
» CPU/XEY: 40%
» SEBL - BEH. 0wy - BEHIME
» BR: 25%
> DX (AC-DC, DC-DC)
» 10: 20%
» BEHEE. EBHT 1 R /SSD
» BENT 7YV 15%
> HEXREE. T7 70—t HlEHSEEL

" PRIMERGY Rx300 57 OPSBE(B) H—I(ROBHIERDEEDR

source: http://jp.fujitsu.com/platform /server/primergy/solution /power-saving/option/
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_\\

— VY DME

> TRV YRBENCHSENHEDR
» ZREAPEHORDKREN
IT s ERHSEOMR(IL. RRERKSEOFA
IR HHRREL. T7 70— - REAERET. BRBOXL, AAE
f6B&kfR: ORHEIF. RESE. DCHEE. UPS Ffb, BRIRILF—FIA

2FEREH 2FMEL. RRITHEBEHE(CBR. NREHIR. 71 R
B DIELIEE & DOFIHE

vV vyYVvYyy

[7=5ev5-a] [7=5ev5-8] [7=5ev5—c]
21 w7/ wn B =9 AT /RER ppy
1% L+ 3% 3% 1% "W
WAZH/UPS
T0% UPS L%
5% 2N,
UPs
18% T e
PDU_, 30% 12%
oy e i | TEB
CRAC g 50% pan 52%
e b
i 33% fizd
EEEEE
% pyUE=33 PUE=2.0 PUE=1.9
[
‘:‘ P PDU: Power Distribution Unit 5} %
UPS: Uninterruptible Power Supply #{$@REiR%EE

[ ®m®®% - £ofe  CRAC: Computer Room Air Conditioner 3> £ 31— % ZRZIH
source:

http://librarytaisei.jp /feature/datacenter/002/
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fl: BR.Locky

» ZEEXRE UOMHSAERELUBHARY—ER

» WIiFi B RINETOY 10 MO SIRELIEAR T T
iPhone/Android A3 App
IBIBHRN SRE D DERDEFHRZRER

» GPS/WiFi (& 2 BIEMRENG

» EEFIC. HAN SRR 2 WiFi EthSIEmEINE
ROEBRFTOEBZELHOVYRTOY

» BHIROBES AL

vy

v

— PR OBART — 5 N — 2
> 1—HiRHEI DL N
P T T pr B 7] e
TR e o
JRLFR
e Micse: 139.7661, 35.6814 £5m  oPs
HR = B s ER
GiED) &Il - HASEY I !
® @ Iy 16 18 2¢ 8 N W
ST
14 26 39 54 | |
317(H) 21:36% 0 |
Wl MR 01 14 23 34 43 54 ‘.‘ &
03 N 50@ 03 14 23 35 44 55 YRR HSER
- » RARUR b
=8 04 15 24 35 44 55 2
0 - T1YRR
04 15 24 35 44 55 x iR
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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
» RR
» BENBIBVNEEZRL
> HERSER
> SR IREEY Y —PIRESEY v AORI-TEHEEE
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BEitaZzF R Ut E B

» IHKR(EERE LU TLWDIEMZHDH D

» BEHBAIN S BHEHRE L TLDIRRIDH D

» BERUTWER THERZZETEI2EMBIDH D
» BN Z0REREZREITZIV-—ERBERE
» ERTHRATIEE

» ffEICH. BR. IRABREICELD P TO—FHHEHE
» GPS DB EIC L2 EERLE
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19—y ~OFHE

BEULNILOEHE
» @REE. 2IL—Tv
> BHE
» Iy
» /Wy ROR
BIEFE
» 7074 758 ping &, SHRIIT v REEA
» )V I TEHAL SRR/ v R EBEDRN
» 2 [CEAIL TLEER
» TCP DEENHEN SHER
» DY RR— MEBERZE TIEIRINGE
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EFE

> SERERLSY

> BIE = GHRERE + ¥ 1 —[F5EE + 20

» NIy NBIC—EDEEMSD &/ Y hRICHSEIT B
» BEMNRBONE, BERGKREE + o
> EFESTR
» RTT(round trip time) §H8I: /{7 v ~DOFEERE
—AEREESHR: Wi RIEAD HE

> SEIEDTY
BRAEE: fIZIE —fRICESFREEE 400ms LITHRE
Vv BEEDESDE

>

>

UPILE A LBETDINY 77 Y1 XDRE
» TMIBOXE: ERTOBEX, 1—YUxRybDIUY3VE

=
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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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N7y ROR

Ty RORK
> )\Ty RO SVYYALACEETZERBENEORKREFT
(MIAYs
» —ERBROTO—TTIEDHSELVMERG)
» N—REWZOR: Ny D 7ENE
» )Ty RRICEKZEL: SETOEY 8D
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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 packet loss

» packet loss observed from SLAC in the west coast
> exponential improvement in 15 years

100 Loss seen from SLAC to regions of the world

1998 2001 2004 2007 2010 2013

from pingER web site
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pinger minimum rtt

» minimum rtts observed from

Min Round Trip Time (ms)

1.000

900

800

700

Afghanistan| Liberla| (oo
Congo, Dem. Rep.
Sierra Leone
Eritrea
Guinea

Solomon Islands.

~.SouthAtriea .. ——
Pakistan

Turkmenistan
India

from pingER web site

Satellite Link

Turkey

Spain| | Australla| (France| Gpina

SLAC in the west coast

Regions 7

WAsica

WEast Asia, S E. Asia and Oceania
W Europe and Balkans

WLatin Amenca

WMiddle East

Whoh America

WRussia and Central Asia

W South Asia

United Kingdom
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#RIZ[F (linear regression)

> T—YC—REAKELTEIDS
» BR/INZFK (least square method): REDZFENER/NCT S

A 500
400 -
o
[
3
£ .
9 i
2
o
@ 200
o ¥
<
<
a
100 F Wt
VAIV6 rits
> o # ) ) 9.28 + 1.03*x
X 0 100 200 300 400 500

IPv4 response time (msec)
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FR/IN_ZE% (least square method)
RED_FENZR/NCT B2—REHZEKRDD

f(z) =bo+ b1z

IR EEEDRDF
b — 2ty
S a2 —n(z)?
bo = § — 17
ZZT
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= —_ N >
W’J\—%/fa)ﬁfﬂj
i BEEDOEBDIRE e; = yi — (bo + bizi). n DOSRCHFBREDFHI
O o N — 7 — b — bz
€= n;61 = nii:(yz (b()"l‘blxz)) =Y b() b1z
REFIN 0 [CRDEKSCTDE bo =9 — b7

bo % by CKRIBITDE e =Y —yJ+bT—brx; = (yi — g) — bl(iti — i)
REDIER SSE (&

SSE="e? =3 "[(yi — 9)* — 2b1(yi — §)(w; — &) + b3 (z; — 2)?]
i=1 i=1

NECEBEEBET
SSE 1 . ¢ _ 2l )2
T E;(yi*y) 2 ;(yi*y)(xi*$)+b E;(m*x)

2 2 2 2
oy —2bioy, +bioy

SSEZR/NCTB by (. CORZE by D2 RAEAT by [CDVWTHAHLTO EEL

1 d(SSE) ) ,
— =-2 2b =0
n db Tay T 2010%
o2, > xy—nxy
IiH5 b = o%y = Zz2:’in<f)y2
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FED DT (principal component analysis; PCA)
ERDDITDER
» BHOZHEORBRZ. PEOEWIIRIIBZERE (B7)

Tl
HAOBUTIIOBEREREE UTHEITS
ERMD D DISA

- RITHLD
» FEROREVIRICERDZND. FERDNE VR (SHET
TED
- ERAD SIS
» IRDDBHRERNS. TORRZEHHALD
TR
> BET, E5OEOREVHNEREL T
» ELICBBOBRMUNESHEEER
- BN BERE ST CE BENBFETHIN, ZNT
RO TE BRTIEAL
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AT OB
EETHROEANS 2 RITTORTERAT D&
» THDESOENREREVARIICELZTBIER (F1E
) =351 <
> B1ERPBWCER U, RICESDEHNKEVAMBICE 2 AR
el <
> [EIRRICEE 3 ERDELIEZSI<
BIZIE, TBR & K&, =7 MKOKEZ) & TKDES) [CEi,
S, v T RETHHIIBZX THRIE

X2

x1
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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

ZNE cou(Y) [EHBITA (STHEAMIT)., D P FBERF (P! = PT) EWSHIKNDS & TR
Y OHHBETIIE
cov(Y) = EYY' =E(@P"'X)(P"X)"1=E(P"X)(Xx"P)
PTEXXTIP =P cov(X)P
L7ieht>T
Pcov(Y) = PPTCO’U(X)P = cov(X)P
P#%d x 1{ITH< &
P =[Py, Pa,..., Pq]

Efey cov(Y) BRAITH (BEEAMRIL) BDT

A1 e 0
cov(Y) =
S
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 TOVEERITI P AME5N3
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2 1 R/IIUILY SV Y 2014 SEERBDHROTOY ~
> RSV EF—IDNSHHEAND
> F—%: 2014 FOR/ILILR SV Y DEH
> http://www.pseresults.com/events/647 /results
» FEEH 21,815 A
> REES
1. 2TEE. BUREE. IEREEBZNZTNO. TERKBOF
19, BERE. PREIE
2. ZFNZNOREFEDERA RIS A
» 3DDERNITSLZERNZDRICEL
» EVIBIE 10 2CT B
» 32070V ~MIHETED LS ICEBEREZEGHEDZE
3. #Fh2no CDF 0w ~
» DEDORIIE3ID2DOTOY hEEL
4. ATV 3y
» FRBPERIO COF ’Ov hRE B8
5. ER
> TIDSHEAEND I EETIR
> RBEFER: LIR—~ZEUVEDD PDF 774 JLICLT SFC-SFS h 5i2E
> RBEXY): 2015 F 58278
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RNV YT—H

T=HI7x—3v bk

Place Num Chip Lname Fname Country Division Div Div Sex Sex 10Km 21Km 30Km 40Km Pace
Time Plc Tot Plc Total

1 3 2:15:35 Chebet Wilson  KEN MElite 1 8 1 11507 0:31:50 1:08:45 1:37:47 2:09:49 5:11
2 6 2:16:04 Lonyangata Paul KEN MElite 2 8 2 11507 0:31:50 1:08:45 1:37:47 2:10:05 5:12
3 7 2:16:27 Abraha Geb ETH MElite 3 8 3 11507 0:31:49 1:08:44 1:37:46 2:10:24 5:13
4 5 2:16:37 Kolum Benjamin KEN MElite 4 8 4 11507 0:31:50 1:08:44 1:37:47 2:10:32 5:13
5 4 2:17:54 Adhane Yemane ETH MElite 5 8 5 11507 0:31:50 1:08:45 1:37:47 2:11:06 5:16
6 2 2:17:59 Chelimo Nicholas KEN MElite 6 8 6 11507 0:31:51 1:08:46 1:37:48 2:11:32 5:16
7 25151 2:27:26 Harada Taku JPN M30-34 1 1218 7 11507 0:32:26 1:11:15 1:43:20 2:20:27 5:38
8 8 2:28:23 Arile Julius KEN MElite 7 8 8 11507 0:31:51 1:08:44 1:38:39 2:19:39 5:40
9 30300 2:29:52 Ito Tatsuya JPN M30-34 2 1218 9 11507 0:34:36 1:13:04 1:44:37 2:22:16 5:43
10 F9 2:30:23 Chepkirui Joyce KEN WElite 1 9 1 10308 0:34:37 1:13:07 1:44:50 2:22:43 5:45

Chip Time: FEEFR
Category: MElite, WElite, M15-19, M20-24, ..., W15-29, W20-24, ...
> "No Age” £ TWBANNSDTEE
» Country: 3-letter country code: e.g., JPN, USA
> TEBZBE LS. BEDE>TLWBHFIVvITRIE

28 /55



#Ret 1 freskA

BETE: BRERICINELL

ERRTSA: X#F 10 PEVOTERB. Y BEEEYOTEEH
CDF 70w b: X #H(35EERR. Y #(d CDF [0:1]

R=—IH: 3-6 R—YIBE (V—RI—REZERZW)

vyvyyvyy

Chip Time ZiREHITH Y TI)LI—R

# regular expression to read chiptime

re = /"\d+\s+F7\d+\s+(\d{1,2}:\d{2}:\d{2})\s+/

ARGF.each_line do |linel
if re.match(line)
puts "#{$1}"
end
end
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RE LR T, EERE, PRUEDHE

» ENIETE: BREZXRICINEKIW
» DB TOE (WETEDBEEIPULERD)
» "No Age” (3" Sex Total" DEZE> THHE (B 12)

n mean stddev median

all 21,815 364.2 93.9 352
men 11,507 346.4 92.2 334
women | 10,308 384.2 91.7 373

30 /55



T—YMERARO VT ~F

# regular expression to read chiptime and category from honolulu2014.txt
re = /"\d+\s+F?\d+\s+(\d{1,2}:\d{2}:\d{2}) \s+.*((?: [MW] (?:Elite|\d{2}\-\d{2}) INo Age))/

ARGF.each_line do |line|
if re.match(line)
puts "#{$1F\t#{$2}"
end
end
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e 1 B2 TERBOERNT S A

X #(E 10 HEVDOEERRB. Y #EE LY DTESE
3DOER IS LZRARDEICEL
ViR 10 HIcT 3

3DO070v ~IHETER LS ICBEESOEDZE

>

vYvyy

count

count

count

1200
1000
800
600
400
200
0

1200
1000
800
600
400
200

1200
1000
800
600
400
200
0

- AN,

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
finish time (minutes) with 10-minute-bin

5 .l WWWWW

[ 60 120 180 240 300 360 420 480 540 600 660 720 780 840
finish time (minutes) with 10-minute-bin

: il meﬂmm

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
finish time (minutes) with 10-minute-bin

finish time histograms total(top) men(middle) women(bottom)
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histograms for all

count

1200

1000

800

600

200

60

120 180 240 300 360 420 480 540 600 660 720 780 840
finish time (minutes) with 10-minute-bin

900
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histograms for men

1200

1000 1

800 - 1

count
@
o
]
T
L

200 - 1

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
finish time (minutes) with 10-minute-bin
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histograms for women

count

1200

1000

800

600

200

60

120 180 240 300 360 420 480 540 600 660 720 780 840
finish time (minutes) with 10-minute-bin

900
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B 13 CDF 7OV~

» DEDDRIC3DDTOY hEEL
» X BhITTERMBE. Y @ CDF [0:1]

CDF

1

09
08
07 -
06 -
05 -
04
03
0.2

0.1

0
0

all
men
worqen

60 120 180 240 300 360 420 480 540 600 660 720 780 840 900

finish time (minutes)
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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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BE: BERKOHER IV T

# regular expression for matching 2 floating numbers

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

sum_xx = 0 # sum of x"2

sum_yy = 0 # sum of y~2

sum_xy = 0.0 # sum of xy

cc = 0.0 # correlation coefficient
n = 0 # the number of data

0.
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*¥2
sum_yy += y**2
sum_xy += X * y
n+=1
end
end

denom = (sum_xx - sum_x**2 / n) * (sum_yy - sum_y**2 / n)
if denom != 0.0
cc = (sum_xy - sum_x * sum_y / n) / Math.sqrt(denom)

end

printf "n:%d r:%.3f\n", n, cc
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—_

» T—YDRELEZETD
» TESWNTOISIVY,) 28DSET—4
» 7 AD—HOREEFHER 37 scores.txt

% cat scores.txt

# A dictionary of movie critics and their ratings of a small set of movies

’Lisa Rose’: ’Lady in the Water’: 2.5, ’Snakes on a Plane’: 3.5, ’Just My Luck’: 3.0, ’Superman Returns’:
’Gene Seymour’: ’Lady in the Water’: 3.0, ’Snakes on a Plane’: 3.5, ’Just My Luck’: 1.5, ’Superman Return:
’Michael Phillips’: ’Lady in the Water’: 2.5, ’Snakes on a Plane’: 3.0, ’Superman Returns’: 3.5, ’The Nig]
’Claudia Puig’: ’Snakes on a Plane’: 3.5, ’Just My Luck’: 3.0, ’The Night Listener’: 4.5, ’Superman Retur:
’Mick LaSalle’: ’Lady in the Water’: 3.0, ’Snakes on a Plane’: 4.0, ’Just My Luck’: 2.0, ’Superman Return:
’Jack Matthews’: ’Lady in the Water’: 3.0, ’Snakes on a Plane’: 4.0, ’The Night Listener’: 3.0, ’Superman
’Toby’: ’Snakes on a Plane’:4.5,’You, Me and Dupree’:1.0,’Superman Returns’:4.0
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> BELRHIE: T-IDDRBTED
» —BICIBEUTDELSICRD

#name: ’Lady in the Water’
3.

Lisa Rose:

Gene Seymour:
Michael Phillips:
Claudia Puig:
Mick LaSalle:
Jack Matthews:
Toby:

2.
3.
2.

3.
3.

5
0
5

0
0

NN N R AN

OO O U1l o Uy,

’Snakes on
3.0 3.5
1.5 5.0

- 3.5
3.0 4.0
2.0 3.0

- 5.0

- 4.0

a
0
0
.0
5
0
0

W wd > ww

Plane’

’Just My Luck’

’Superman Returns
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» J5 A VELEZS > TA—EOEMUETIZES

% ruby similarity.rb scores.txt

Lisa Rose: 1.
.959
.890
.921

Gene Seymour:
Michael Phillips:
Claudia Puig:
Mick LaSalle:
Jack Matthews:
Toby:

(el el NeNeNe]

000

982

.895
.708

0.
.000
.950
.874
.962
.979
.783

O O O O O -

959

OO OO r OO

.890
.950
.000
.850
.929
.967
.693

O OO OO O

.921
.874
.850
.000
.875
.816
.695

OO O OO O

.982
.962
.929
.875
.000
.931
727

O, OO O OO

.979
.967
.816

931

.000
.822

= O O OO OO

.708
.783
.693
.695
LT27
.822
.000
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EOESHER I U T (1/2)

# regular expression to read data

# ’name’: ’title0’: score0O, ’titlel’: scorel,

re = /7 (.+7)7:\s+(\S.%)/

name2uid = Hash.new # keeps track of name to uid mapping
title2tid = Hash.new # keeps track of title to tid mapping

scores = Hash.new # scores[uid] [tid]: score of title_id by user_id

# read data into scores([uid] [tid]
ARGF.each_line do |linel
if re.match(line)
name = $1
ratings = $2.split(",")

if name2uid.has_key?(name)
uid = name2uid[name]
else
uid = name2uid.length
name2uid[name] = uid
scores[uid] = {} # create empty hash for title and score pairs
end
ratings.each do |ratingl|
if rating.match(/’ (.+7)’:\s*(\d\.\d)/)
title = $1
score = $2.to_f
if title2tid.has_key?(title)
tid = title2tid[title]
else
tid = title2tid.length
title2tid[title] = tid
end
scores[uid] [tid] = score

42 /55
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EOESERIUT - (2/2)

# compute cosine similarity between 2 users
def comp_similarity(hl, h2)

sum_xx = 0.0 # sum of x"2

sum_yy = 0.0 # sum of y~2

sum_xy = 0.0 # sum of xy

score = 0.0 # similarity score

hi.each do |tid, scorel
SUM_XX += Score*x2
if h2.has_key?(tid)

sum_xy += score * h2[tid]

end

end

h2.each_value do |scorel
sum_yy += score*x2

end

denom = Math.sqrt(sum_xx) * Math.sqrt(sum_yy)

if denom != 0.0
score = sum_xy / denom

end

return score

end

# create n x n matrix of similarities between users
n = name2uid.length
similarities = Array.new(n) { Array.new(n) }

for iin 0 .. n -1
printf "%-18s", name2uid.key(i) + ’:’
for jin 0 .. n - 1

similarities[i] [j] = comp_similarity(scores[i], scores[j])
printf "%.3f ", similarities[i][j]
end
print "\n"
end 43/55



KOFRBHRBT—5EY

> Movielens:
http://grouplens.org/datasets/movielens/
» SRYIREDNRRAULTWBHRAT ISV Y ITRT—5
tyhk
» 1—HOBREFHE: 100K, 1M, 10M DRI7PF—%
» udata: RIPF—%
> BICHERI-TOREBERPEREOBEBEROEINTVS

% head u.data
#user_id item_id rating timestamp

196 242 3 881250949
186 302 3 891717742
22 377 1 878887116
244 51 2 880606923
166 346 1 886397596
298 474 4 884182806
115 265 2 881171488
253 465 5 891628467
305 451 3 886324817
6 86 3 883603013
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http://grouplens.org/datasets/movielens/

SO0EE: RELROSE
> FIEOT -9 EEVDRERESET S

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

f(.”L‘) =bo + b1x

b — oy — NIy
LT Y —n(@)2
bo=9y—b1%

o
E) E) 00 w0 150 o £ « E)

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

45 /55



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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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

47 /55



SEOEE 2 TEHHH
> ERANHT: RELQRICES T -5 TRIT

$ ruby pca.rb correlation-data-1.txt

PC1:

eigenval: 1.86477

proportion: 0.93239

cumulative proportion: 0.93239

eigenvector: [0.7071067811865475, 0.7071067811865475]

PC2:

eigenval: 0.13523

proportion: 0.06761

cumulative proportion: 1.00000

eigenvector: [0.7071067811865475, -0.7071067811865475]

pincipal component 1

data-1:r=0.87 (left), pca plot (right)
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ERPAIT: 3 ERDHE

cat pca-data.txt
3

N TWN OO WD
GO WO N 0o

€00 ~N©OUNOOoO R NS
N

-0.542660 0.664959
2.803897 -0.066207
0.615631  0.306325
-2.158526 0.958839
-0.931052 -1.044819
1.142388  -1.273946
0.803082 1.261879
-1.246820 -1.655638
-0.286027 -0.024512
-0.199912 0.873118

ruby pca.rb -p pca-data.txt
0.
0.348792
0.165059
0.386086
0.
0
0

035324

360013

.471245
.472342
-0.023007
0.
-1.460164

186799

$ ruby pca.rb pca-data.txt

PC1:

eigenval: 1.76877

proportion: 0.58959

cumulative proportion: 0.58959

eigenvector: [-0.642004576349, -0.686361641360, 0.341669169247]

PC2:

eigenval: 0.92708

proportion: 0.30903

cumulative proportion: 0.89862

eigenvector: [-0.384672291688, -0.0971303301343, -0.917928606687]

PC3:

eigenval: 0.30415

proportion: 0.10138

cumulative proportion: 1.00000

eigenvector: [-0.663217424343, 0.720745028589, 0.20166618906]
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BB PCA RO UT~ (1/4)

#!/usr/bin/env ruby

#

# usage: pca.rb [-p] datafile

# input datafile: row: variables, column: observations
# -p: convert input into principal components

# use matrix class for eigen vector computation
require ’matrix’
require ’optparse’

# nomarlize an array of array (m x n) into bb (m x n)
def normalize_matrix(aa)
m = aa[0].length
n = aa.length
bb = Array.new(n) { Array.new(m) } # normalized array of array

for i in (0 .. m - 1)
sum = 0.0 # sum of data
sqsum = 0.0 # sum of squares
for j in (0 .. n - 1)
v = aal[j][i]
sum += v
sqsum += vk*2
end
mean = sum / n
stddev = Math.sqrt(sqsum / n - meank*2)
for j in (0 .. n - 1)
bb[jI1[i] = (aaljl[i] - mean) / stddev # normalize
end
end
bb # return the new array of array
end
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PCA RO UT K~ (2/4)

# make correlation matrix from data (array of array)

def make_corr_matrix(aa)

aa[0].length

aa.length

corr_matrix = Array.new(m) { Array.new(m) }

m =
n =

for i in (0 .. m - 1)
for j in (0 .. m - 1)

end

sum_.
sum_

sum_xx

sum_yy
sum_xy

for
x
y

sum_.

x
y

k

=0.0
=0.0

0
=0.
0

o oo

in (0 .. n - 1)
aalk] [i]
aalk] [j]

X += X

sum_y += y

Sum_XX += X**2
sum_yy += y**2
sum_xy += x*y

end
cc =
deno

m

0.0
= (sum_xx - sum_x**2 / n) * (sum_yy - sum_y**2 / n)

if denom != 0.0

cc
end

(sum_xy - sum_x * sum_y / n) / Math.sqrt(denom)

corr_matrix[il[j] = cc
end

corr_matrix

end
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BB PCA 2 UTk (3/4)

do_projection = false

OptionParser.new {loptl|
opt.on(’-p’) {lv| do_projection = true}
opt.parse! (ARGV)

# read data into input (array of array)
input = Array.new
ARGF.each_line do |linel
values = line.split
if values.length > O
row = Array.new
values.each do |vl|
row.push v.to_f
end
input.push row
end
end

corr_aa = make_corr_matrix(input) # create correlation matrix
corrmatrix = Matrix.rows(corr_aa) # convert array of array into matrix class

# compute the eigenvalues and eigenvectors

# eigensystem returns v: eigenvectors, d: diagonal matrix of eigenvalues,
# v_inv: transposed matrix of v. corrmatrix = v * d * v_inv

v, d, v_inv = corrmatrix.eigensystem

# returned vectors are sorted in increasing order of eigenvals.
# so, re-order eigenvalues and eigenvectors in decreasing order
eigenvals = Array.new # array of eigenvalues
(d.column_size - 1).downto(0) do |il
eigenvals.push d[i,i]
end
eigenvectors = Matrix.columns(v.column_vectors.reverse) 52
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B PCAROUT K (4/4)

if do_projection != true
# show summaries
eig_sum = 0.0
eigenvals.each do |vall
eig_sum += val
end
cum = 0.0 # cumulative of eigenvalues
eigenvals.each_with_index do |val, il
printf "PC%d:\n", i + 1
printf "eigenval: %.5f\n", val
printf "proportion: %.5f\n", val / eig_sum
cum += val
printf "cumulative proportion: %.5f\n", cum / eig_sum
print "eigenvector: "
print eigenvectors.column(i).to_a
print "\n\n"
end
else
# project the input into new coordinate
# first, normalize the input and then convert it to matrix
normalized = Matrix.rows(normalize_matrix(input))
# projected data = eigenvec.T x normalized.T
projected = eigenvectors.transpose * normalized.transpose

projected.column_vectors.each do |vec|
vec.each do |vl|
printf "%.6f\t", v
end
print "\n"
end
end
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> TIRYIVYT
> IOV E B (geo-location)
> RFEL)R
> ERDO

» BT R O)R
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% 8 [0 FFRINT—%5 (6/8)
> 1YY=y ~EFH
» RYRND—=D54ATOKI
> BFRIIBRMT
» BT BRI
> 5RRE 2
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