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» —ZHBRMT (univariate analysis)
» EREOEDTDMIZLTRS
» ZZEMENT (multivariate analysis)
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- BRERLY RERS (F—571( =V
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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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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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EEEEE
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[ ®m®®% - £ofe  CRAC: Computer Room Air Conditioner 3> £ 31— % ZRZIH
source:

http://librarytaisei.jp /feature/datacenter/002/
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fl: BR.Locky
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iPhone/Android A3 App
IBIBHRN SRE D DERDEFHRZRER
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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
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» NIy NBIC—EDEEMSD &/ Y hRICHSEIT B
» BEMNRBONE, BERGKREE + o
> EFESTR
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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



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

Min RTT from N.America to World Regions
760 From SLAC PingER Project
700 4 hitp pm slac stanford edupinger
850 - ——
800 4 Africa
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550 ( =
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g a0

E 400 ;
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A i

£ 350 -

= j
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300 A L\ ‘ :

=
= foc Poslens B

Europe
T

L America
100

50 4 =
MNorth America

0 T T T
Mar-97  Ju-88  Dec-88  Apr-01 Sep-02  Jan-04  May-05 Oct-08
from pingER web site




#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)
RED_FENZR/NCT B2—REHZEKRDD

f(z) =bo+ b1z

IR EEEDRDF
b — 2ty
S a2 —n(z)?
bo = § — 17
ZZT
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FED DT (principal component analysis; PCA)
ERDDITDER
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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)

30/42



RIODEE: HRRKOFERI T

#!/usr/bin/env ruby

# regular expression for matching 2 floating numbers

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

sum_xx = 0.

sum_yy = 0.0 # sum of y~2

sum_xy = 0.0 # sum of xy

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

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:
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2.

3.
3.

5
0
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0
0

NN N R AN

OO O U1l o Uy,
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- 3.5
3.0 4.0
2.0 3.0

- 5.0

- 4.0

a
0
0
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5
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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
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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 36 /42



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
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/
@i}

\
i}y

/

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
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£ 70 2ESHIT
> TIRYIVYT
> IOV E B (geo-location)
> RFEL)R
> ERDO

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