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T=HERESDE

» THRE5DL
> BEICX U TREENESDBE
> FEZERONIERERERFRZSND
> (12H\ fEDERMZEZERT DB ESDOZDIEENDE)
> AERREGHESDOVTVNDIEE
> FEOEEEIET IHNE

» 5D EICET 5%
> BIOEHE
> I3 7[CKBURIL
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ZHIBETE (summary statistics)

BARODHhOFHEEN L TRIE
» IBZRI HE:
> 15 (mean). PR{E (median). RIBE (mode)
» (F5DEERIHIE:
» #iE (range). 8K (variance). B#E(RZE (standard deviation)
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&

=9 BUE
> F13 (mean):

n
1
r = — E xT;
n

i=1

> hR{E (median): T— DEEY — k uz¢9a(:< 28

P B m DFBDOBE, m = 2r +1
median (fL‘r + l’r+1)/2 m b‘{%ﬁ@ E:l m=2r

» IR (mode): LIRBENRESLME
MBI THNE. ChSEE—

median
made

X

mode

f(x)

6

45



I\—=t 25 A1)l (percentiles)
» pth-percentile: INEWAHSEZ T p%BDIE

» median = 50th-percentile

total observations (%)

100
90
80
70
60
50
40
30
20
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——

_

0

-3

-2

-1 0 1 2 3

sorted variable x
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(FoDEZRINE

» #0F (range): RKBEER/IMEDZE
» 738X (variance):

1 n
2 =)2
g = — Ty — T
n;:l(z )

» IR#E[RE (standatd deviation): o
» T ER LRI D TEEELLEOTAE
> BERBRESDEERIDICREREDNDE
» ERDHTET—FD 68%I3 (mean + stddev). 95%l&
(mean + 2stddev) DEEICAD

) mean exp(x~2/2) —
medlian
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DHDEE
78 (variance):

CORDRXTE, —EFRZHELTHSDHESFET 20E,
TOISZVITR UTORZEESHHER

1 n
o2 = 72(501'—:2)2
nis
1 n
= 52(12_212@4_52)

i=1

ZJ} —21:Zx1+n:c
= 722572224»3?2

n . —

lz;1
= ;me—i2

i=1

3
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byTUVo

» SHERE: (FEAEDHEEFIEBREN
» YYTUYITDRREICRESD

A=Y EHRICEFR VYT VT
» BIEBER
» B5E. EARE
» )Ty bk 70—
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INTY NOY YT VT RE

v

AOVHR=RAD 1/NFVTI VT (GRERN)
» RENFHE, LIfEONTVD
» SHIENREBMEILTLUE S TGN
BRI /NG TUVD
» NIy hSECTAI0ZIRD TROS
BREICKD Y TU VY
> Bl BRRUNO 1 H%5H
» JO0—R=2RQYVTUVT
» LW O—(FHEXRNICHYTIL
» BAEO0—0/T Y MIEERIE
> JO0—DRERITHOTEE
> BICHIRR BAENEE

v

v
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BTV EREFEH
SR EHEA
» THEE (T3, BERERLE) BPHOFHEENLTE
IHIE
> HERIRSH IR (DY T I) H S BEDDOEE ZHETE0(CHER
EXS)
5% (population): £2FDT—5. Z< DBFEAF AL
> 12K (sample) B SBEFADOHUEZHTET 2UE
» T SEFORHH (BF)
> #iEH BARDSDEEE (WS EERHOEH)

population samples
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HAfHE
TEEH X OHFE B(X) (F9EXT)
> B

n
E(X)=p= Zévipi
=1

» E(c)=c

» E(X+c¢)=E(X)+c

» E(cX)=cE(X)

» E(X+Y)=EX)+E(Y)
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YN
» ZARF1 (sample mean): =

n
_ 1
x:fE T;
n-
=1

> ZARDEL (sample variance): s?

1
2 _ )2
s-n_lg(:rZ z)

=1

» BAIE#ERZE (sample standard deviation): s
» E: ZFH%Z n TEEBL (n—1) TES
» BB (degree of freedom): ZHADIRIEHIIL 2 DB DT
1E3
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REDEQ & PIvVERREE

REDEA
» TUTIVEDMEZ B ICREVVERTFY (BT CIaR <

VBRI
» TORHEICEDST (+HRBY Y TIVENBNE) ERFIIE
ELICIERARICHKED N(u,0/y/n)
» BEANERDHDBEE. n HVNS < THZOBEFRHIKIL
EXS
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RAEERZ (standard error)

THEEE: IZAFHDIEERZE (SE)
SE = 0/\/5

s BUT I n EEDT CIEENRE
 IBEERE(E 1/ /0 (2 (o< D) F
> EABER N(u, o) D SR M EATHOH TG TY [ 12k
(R SE — o/ DIEEHHERS
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IE# 5 (normal distribution)
DONREDHH. HIOZANHEBHEIND
2DDEHTER: I p. BERE o

v

vyvyVvyy

ABORIERDHICRES

BEERDH: n=0,0=1

ERDHBTRET—5D

» 68%I[d (mean £ stddev)
» 95%I(& (mean & 2stddev) DEEICA S

f(x)

1

08

06

04

02

0

méan
median

ex|

(-X**2/2

-5
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Bl BE2MRENY SV Y DEERBEN R

F—%

» sample data from a book: P. K. Janert “Gnuplot in Action”

# Minutes Count
133 1
134 7
135 1
136 4
137 3
138 3
141 7
142 24

SEREB 2,355 ¥19:171.3 » 128 RE 14.1 PRHE: 176 »
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Bl 3HRYSY Y ORERENH (2)
EXARTSA

180

160

140

120

100

count

80

60

40

20 o1
ﬂmJHH M'HT | h " il il nio

0
120 140 160 180 200 220 240
finish time (minutes)
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Bl. H3HRYSY Y OREEEEAH (3)
SEAERFE E BRI DD

2500

2000 /

1500

rank
\

1000

500

L

120 140 160 180 200 220 240
finish time (minutes)
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TS7BBOAAMRSTY
SHFDIUIZICTE> T, PHODZWIT S T7ZBBIT D

v

>

XY $#D SN %Z=0FRE(C

XY BB D & B ZBATE(IC

BR DEREIRCESNILEM TS

WBURI7A Y ETAXZEES

BBICHKD: 0 ZRKRUCT B, HEY VRILPBRITOERGE
E5DEERY (FHIEL I TEFRH)

' 7 OEEZEYH

VOEDDT ST TH LRI

ERBZT Y ZURT B5EE. BYBRIERLZETS
O3 7RTZENRT ZDHEEE. XYBDRT—ILZzEhED
BMR(EMI S 74 3D $hR TS T (F{EH AR
BZESHE

» BRERILTHHROD XS [CEE
» JOYVIO9KRTHER (Pl ELREETD)
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SEN] oA,
THOBRZELERS
» X EH(CHFRE. Y EHCEEUE
» BRINTSOHOSHHDBE
» UBEDZEIL
» [I5DEDZEE
» ANEDETE

normalized traffic volume

0 500 1000 1500 2000 2500 3000 3500
time (sec)
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EXRTS A (1/2)
ZHDDTHDEAZRD
» T—9ZRUBOEVICHITS
» BEVDT—IRERZD
» XE:EVDE Y #:7—5%

frequency

160

140

120

100

80 -

60

40 +

20

-4 -3 -2 -1 0 1 2 3

normalized traffic volume
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EXRTS A (2/2)

ERRTSADEHNBE
> DTROPD (fIEB)
> BTEDEAD
> HHEORD
> BEOBE
> EHOE— ROBE (UHEEH D)
£ 2RSS LD
> BB VIBEESNE
s NSBEBEBLYDYYTIEARD BB
» REBEB ENBORBHDD SR
> RO DAZ VNS TIRED A L VIEDEREE UL
> AR YT ILEDNE
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HERZRERIEL (probability density function; pdf)

» BETEEN 1 EBBLS (CHIR#ZERI
» PIRYEMT — I TE> TENERICTS

> ERBERY ERZTH X N EVWSEZ & DHER
f(x) = PIX =]

0.04

0.035

0.03

0.025

0.02

pdf

0.015

0.01

0.005

-4 -3 -2 -1 0 1 2 3
normalized traffic volume
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KREDHEIEL (cumulative distribution function; cdf)
» BERK: » ZVWDSEZEHRAIT DHEXR
f(z) = P[X = a]
» REDHE: » LT OBEZERT DR
F(z) = P[X <= z]

> DHDRODKREN, GYTILENDERLN SAnEDERTE
BWEERER. ERNITSALDED

1

09 |
08 |
0.7 |
0.6 [

cdf

05 |
04 |
03 |
02
0.1

0

. . . . . .
-4 -3 -2 -1 0 1 2 3 4
normalized traffic volume
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EXTSAAE CDF DB

» CDF Oi5E. EVIBVPH Y TILBARRZZER LA TLIWL
» CDF OANMEH DD HZEER THELPI L)

1800 18

ping it —— ping it ——
1600 ‘ 16 ‘
1400 14
1200 12
£ 1000 £ 10
g g
£ £
Z 00 2 s
600 6
400 4 H
0 . bl
A
0 0 H
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
response time (msec) response time (msec)
1
09
0s
07
0s
5 o 7
04
03
02
o1 8241 samples ——
. 100 samples
30 40 500 60 700 800 %0 1000

(k) w7—% (6)100 Y7L (F)CDF
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B (scatter plots)

» 2 DDEHDOEFRZRDDICEM
» X8 ZH X
» Y ZNICHISTIDER Y OfE
> AR THN DS
» X &Y [CEENH B H
» #E1ER8. EDAEES. D18
» ANEDTEEN D ZH

Bl: () EEDHEES 0.7 () #18EF 0.0 (&) &DHEEI -0.5
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I3 78Y—I)L

> gnuplot
» ANV RSAYY—), ROUTHTEEELZWN
» http://gnuplot.info/
> grace
» EVHL GUI
> O ML E (TN TIRE

» http://plasma-gate.weizmann.ac.il/Grace/
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RICDEE: S1YBENOYRTZTOTSA
BT P ANDSAVEENIY TS

filename = ARGV[0]

count = 0

file = open(filename)

while text = file.gets
count += 1

end

file.close

puts count

count.rb EWS 77 AIICTDTS LA%EENTEST

$ ruby count.rb foo.txt

HE5HU Ruby 5UKEL &

#!/usr/bin/env ruby

count = 0O

ARGF.each_line do |linel
count += 1

end

puts count
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BE: BNMSTEDEE

> 15
- R
> PRIE

» MRYSVYDT—3%ES: L8R P. K. Janert “Gnuplot in
Action”

http://web.sfc.keio.ac.jp/ kjc/classes/sfc2013s-measurement/marathon.txt
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Y

BB FHOHE
» BTH S, TERRE (D) EARZEZHHEET RRCHEHETES

# regular expression to read minutes and count

re = /~(\d+H)\s+(\d+)/

sum = O # sum of data
n = 0 # the number of data
ARGF.each_line do |linel
if re.match(line)
min = $1.to_i
cnt = $2.to_i
sum += min * cnt
n += cnt
end
end

mean = Float(sum) / n

printf "n:%d mean:%.1f\n", n, mean

% ruby mean.rb marathon.txt
n:2355 mean:171.3
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BE: REREDIE
» PILTURL: 02 =150 (2 — )2

1=
# regular expression to read minutes and count

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

data = Array.new
sum = 0 # sum of data
n = 0 # the number of data
ARGF.each_line do |linel
if re.match(line)
min = $1.to_i
cnt = $2.to_i
sum += min * cnt

n += cnt
for i in 1 .. cnt
data.push min
end
end

end
mean = Float(sum) / n
sqsum = 0.0

data.each do |il
sqsum += (i - mean)**2
end
var = sqsum / n
stddev = Math.sqrt(var)
printf "n:%d mean:%.1f variance:%.1f stddev:%.1f\n", n, mean, var, stddev

% ruby stddev.rb marathon.txt

n:2355 mean:171.3 variance:199.9 stddev:14.1
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. IEEREDHEDHAR
» PILTUXLERR: 02 =130 22 — 22

# regular expression to read minutes and count

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

sum = 0 # sum of data
n = 0 # the number of data
sqsum = 0 # su of squares
ARGF.each_line do |linel
if re.match(line)
min = $1.to_i
cnt = $2.to_i
sum += min * cnt
n += cnt
sqsum += min**2 * cnt
end
end

mean = Float(sum) / n
var = Float(sqsum) / n - mean**2

stddev = Math.sqrt(var)

printf "n:%d mean:%.1f variance:%.1f stddev:%.1f\n", n, mean, var, stddev

% ruby stddev2.rb marathon.txt
n:2355 mean:171.3 variance:199.9 stddev:14.1
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RS PREDFE
> BEBDY A LERFICANY — k., PREEROET

# regular expression to read minutes and count

re = /~(\d+)\s+(\d+)/
data = Array.new

ARGF.each_line do |linel
if re.match(line)
min = $1.to_i
cnt = $2.to_i
for i in 1 .. cnt
data.push min
end
end
end

data.sort! # just in case data is not sorted

n = data.length # number of array elements
r=n/ 2 # when n is odd, n/2 is rounded down
ifn%21!=0

median = datalr]
else

median = (datalr - 1] + datalr])/2
end

printf "r:%d median:%d\n", r, median

% ruby median.rb marathon.txt
r:1177 median:176 37 /45
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: gnuplot

» gnuplot Zf> CTREBRI S T7%EEL

38/45



EXNTS A

» TRYSYVYVDTEY 1 LADDTH

plot "marathon.txt" using 1:2 with boxes

I57%Bv9<33 (6)

set boxwidth 1

set xlabel "finish time (minutes)"
set ylabel "count"

set yrange [0:180]

set grid y

plot "marathon.txt" using 1:2 with boxes notitle

160

“marathon.txt" using 1:2 1

140 -

120 -

100 -

80

60 -

120 140 160 180 200 220 240

count

180

160

140

120

100

80

60

120 140 160 180 200 220 240
finish time (minutes)
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BE: FTTERBO CDF OIER

[p—

TT—5:

# Minutes Count
133 1
134 7
135 1
136 4
137 3
138 3
141 7
142 2

REE 80

# Minutes Count CumulativeCount
133 1 1

134 7 8

135 1 9

136 4 13

137 3 16

138 3 19

141 7 26

142 24 50
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BE: CDF (2)

ruby code:
re = /7 (\d+)\s+(\d+)/
cum = 0
ARGF.each_line do |line]
begin
if re.match(line)
# matched
time, cnt = $”.captures
cum += cnt.to_i
puts "#{time}\t#{cnt}\t#{cum}"
end
end
end

gnuplot command:

set xlabel "finish time (minutes)"

set ylabel "CDF"

set grid y

plot "marathon-cdf.txt" using 1:($3 / 2355) with lines notitle

41
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MRV S YV Y DEERME CDF

CDF
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JBE: gnuplot [CK2T 5 7iEE

v
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v
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v
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