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[ROOD]

00 (Windows) RODODODODODODOODODOOODOOD

00 (UnixO0)0SOOOOOODDDD % R [return]

00 (Windows) D0 O000O00O0O00O0OODDODMOOOODDDODOODOODOOOODODOOOOOOO
oobo0ooo0ooboOooo0oduoooo.rpatal000O0O0O0OO0O0OOOOOCOOODOCOODOOO
ooooooooooooooooboooo

00 (UnixO)ROODOOOOOOOO » qQ) [returnlOOODO
Save workspace image? [y/n/c]:0000 yOOOOOOOOOOOOODOO.RDataOOO
00000000000 0000000000000000UD0000 ROUDDODOODODDODOOO
0000000000OROOOOOODODOOOOOOO>O000000

00 > a<-1:100 (1,2,..,10)00000000 a000O0O

00 >a"2 O aa0000000000000
[1] 1 4 9 16 25 36 49 64 81 100

000 > plot(a,a™2)0 al a™200000000000000O0OMM

oo fo002 <- function(x) if(x>0) x else 0 DO ODOOOO

> £002(3)
[1] 3
> f002(-3)
(11 o

000 > help(for) O for 00D 0OO0O0OO0OODODODODOOODDOODODOODODDODODDODDODODOODO
0> help("for") 00OOUOOOMM> help(":") 0:000000000O

oo0ooo > 1livrary() 000000000000 OOODOODOOOODOOOODODOOOODOOO
> library(MASS) O MASSOOOOOOOOOO

00 > demo(OO0000O0D0O0O0DDOO> demo(graphics) 0> demo(image) 0O [return] 00000
ooooooooooooo

emacsO000 OESSOOO emacs000000000O0OOOOO(MxROROOOOOO)

0000000000O0O000 0UOO0OD0OO0OU0OO0OO0O0O0 http://wuw.is.titech.ac.jp/ shimo/class/ O

ooooo
[Dooo]
9 11
R R = ; . -
——————— e J000IO00O0DOO0OODODOODOO Trevor Hastie, Robert Tibshirani, Jerome H. Friedman O, The
[=][&]E]
R R Graphics: Dev 2 (xCTIVE) ElcEs Elements of Statistical Learning: Data Mining, Inference, and Prediction, 2001 O .
R R Console

R version 2.6.2 (2008-02-08)
Copyright (C) Z[IHE The R Foundat ion for Statistical Comp
ISBN 3-900051-07-0
RIZY A2tz TTBY., - BRI
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>m7wzaA557xsm <
01 1 4 8 16 25 3% 49 64 81100
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JOooO0 > foo <- function(x) sum(x"2) 000 U0O0O0O0O0OOO0OO0O0OOO fooOOOOOOODO
O foo(a) JODOOOM] 3850000000000
oooo for(i in 1:10) {...} 0i0O 1,..,100000000000000CO

> x <- rep(0,10); for(i in 1:10) x[i] <- i~2
> X
[1] 1 4 9 16 25 36 49 64 81 100
10

e ROODOOS)D0DDOOODOOOODOOOW. N. Venables, Brian D. Ripley O OModern Applied
Statistics with S 0 0O 0O O Springer-VerlagD OO OO0 O

e ROODODDODODOOOUUUOODUUOD O DMOUUODUDODODDODDODOODLODUOD—0O0O0ODODODO
0OROODODODODOOODDmMOODODOODOOOOOODOO

e 00000 UDDOOUDOUDOOD UMROUDDODDUOOUOWttp://acki2.si.gunma-u.ac.jp/
R/Rstat.pdf0 000000

] 0000000DD0DDDD0ODDODOODO http://www.is.titech.ac.jp/ shimo/class/

gakubu200603.html0

[Doooo]
000000000000 gakureki-shushou. txt

"Gakureki" "Shushou"
"Hokkaido" 7.7 1.23
"Aomori" 5.5 1.47
"Iwate" 6.1 1.56
"Miyagi" 9.6 1.39
.gooo0...
12
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R RGui
P —
ITrAl BE UAAZE  DIvED

BjE]=)

R R Console

> dal <= reaid.table("zakureki-shushou.tit ™)
> dat[1:5,]

Hokkaido
Aomor i 5.5 I

Imate B I.EE
Miyagi 9.8 1.39

& 5.6 1.43
b p\ul(dal)

Gakurek| Shushnu
3

3 f <= Im(Shushoy ~ Gakurekl, dat]
> lah\me(f cal="red”]
>

Shushou

Gakureki

R reui p

7L RE HE IO JwrD  9AuED

[=]eP=] EIE]

abline(f, ED\- “red”)
plat (dat, twpe="n")
text (dat, rawnames (dat]
abline(f, col="red”, |
summary (f )

)
tw=2]

Gall:
Im(fornula = Bhushou ™ Gakureki, data = dat)

Resldua\s
-0. 294888 -0. DAEISZ -0. UUBS\EI 0. 045892 0. SQEIUS

Coefficients:

Estimate Std. Error t value Prix[t]}
(Intercept) 1.742483  0.039973 43.582 < Ze-16 #x4
Gakureki -0.028248  0.003946 -7.158 5.94e-00 %xx

Sienif. codest 0 ‘e’ 0.001 e 0.0 %' 0.05 <.

Residual standard error: 0.09205 on 45 degrees of freedom
|| Multiple R-sguared: 0.5324, Adjusted R-syuared: D.522
F-statistic: 51.24 on 1 and 45 DF, p-value: 5.943e-09

>
«

Gakureki

gooooooooDooooooooo

ooooooo

R reui
-~
Ir BE HAAEE O1xFD

> dat <~ read.table ("gakureki-sl
> dat[1:5,]

Gakurek\ Shushuu
Hokkalda . .23

G?kurekl

plot (dat type ")
text (dat ,rownapes (dat) )
lah\me(f cal="red”, Ity=2)

Okinawa

\Yiﬁ% Siala |

I 0to
Nugala =- i
Aichi

. H]rostﬂrua
Miyal <.
%ukuoka I:Iyogo

Oﬁmama ‘Ohia .

Hokkaido

Kanagawa

= A A EERLET]
EERP T — Warning message:

In readChar (con, 5) @ can only read in bytes in a non-UTF-8 WBCS locale

88) 1= e
[l]
> dat[l 9, ]
Gakureki Shushou
Hokkaido 1.7 1.23

domar i 5.5
Iwate .
Wivagi 9.
ikita 5
>

Gakureki

ooooooooooo

goooooooooooooboooooooOoboOoOoooboooOoooooboo

> dat <- read.table("gakureki-shushou.txt") # 00000000
> dim(dat) # 00000 (U000 matrixO0O00000 data.frame0 000000000 0OO0O)

[1] 47 2

> dat[1:5,] # 000 500000
Gakureki Shushou

Hokkaido 7.7

1.23




Aomori 5.5 1.47
Iwate 6.1 1.56
Miyagi 9.6 1.39
Akita 5. 1.45

> plot(dat) # 00O

> f <- 1m(Shushou ~ Gakureki, dat) # 00000
> summary(f) # 00000

Call:

Im(formula = Shushou ~ Gakureki, data = dat)

Residuals:
Min 1Q Median 3Q Max
-0.294968 -0.048132 -0.009319 0.045992 0.326105

Coefficients:

Estimate Std. Error t value Pr(>[t])
(Intercept) 1.742483 0.039973 43.592 < 2e-16 ***
Gakureki -0.028249 0.003946 -7.158 5.94e-09 ***

Signif. codes: 0 'xxx' (0.001 '**' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.09205 on 45 degrees of freedom

Multiple R-Squared: 0.5324, Adjusted R-squared: 0.522

F-statistic: 51.24 on 1 and 45 DF, p-value: 5.943e-09

> abline(f,col="red") # 00O 00O

> plot(dat,type="n"); text(dat,rownames(dat)); abline(f,col="red",lty=2) # 000

e 000 000 =8+ x00 +e
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Fhishas
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5 S Niigatagfeait i
<] 2 N .
£ £ meRowiomiera ..
z s < | i Hiroshima
n [ Miyagi ““H
Fukuoka v F ?o
Os "
Kﬁ&amﬂh@ N Kanagawa
o~ Hokkaido Sl
o Toky:
T T T T T T T T
5 10 15 20 5 10 15 20
Gakureki Gakureki

01 00D00b0O00O0mooooooooooooooo

17 19
e 0000 fBy=1.74, B = —0.028 0000 - REditor0 0000
e 000D0ODOOO 69 =0.04, 57 = 0.004 T N ——

e J0OOOOOO po=2x10"1 p; =6 x107°

e« J000DUDDOCODUODOODONOOONOODNOOOOOD 100000000000000
0280000

¢ J00IDODOOOODOODODOONOONDODONONDONDNOONDODOOOODODOOOOOnO
000000000000 00000000000000000000000000000000

[DDO0D0D00 (Windows)]

e RConsole 00000 DOIDOODODODONDODODDODDODOODOUDODODODOODDOODOOOOO
ooooooo

eJJ0000DOOOO0DOOOODOOOOOUDOOODOODODODOOOOOODDOOODODOOODOD
ooooooooooooboooo

e JJ00OO0OOUOLOODOOOOOLODOOOOUOODOOOUUODOOOOOUOLOOO . ROUODMOOOODODOD
goooooooooooooooooobooooooooooooboobooooon

e JJ0DOIOROGUIDDODODOODODDODDOUOODODDOOUDMIOOODODODOOODOOOODO

18

M FE®ES 0012345

dat <- read.table("gakureki-shushou.txt™) # F—Rmiiaida
dat [1:5,] § BOSTHRTLTHD

f <= Im{Shushou ~ Gakureki, dal) § EEMSSIFOSET
sunmary (f) § #EOFRT

plot (dat) ¥ ersl

abline(f, col="red”) # EAER

e J000OO0OO0OOOOOOOODMUOOOUOOOOOOOODOOOOOOOODOOOODOOOOO
ROODOOOOO0OOOOOOOCOO

20



R RrGui

I7l RE  Ney—3  DA¥ED AT

R R console

aif\Rﬁ /\/’7 /
‘citation(]' EAHL

EIEREPTY — Warning nessag
In readCharicon, 5) : can only re ET‘J?LITiTL,

> Is() W " Gakureki, dat) H;’EU% 3 AT
011 “dat” " Hu%ﬂﬁi ? =
> dat [1:5, ]k plot (dat JEg)

Holkal da ur: HEE ablinelf, col="red”) § OIFE R

Aomor i -

R 20U heEETD

OO-F-» o) [mx
TrILEN): BEOEETOL1R
D7 LOEE(T): [R files (-.R)

v TANSOBE(E)

o o

e JI00O0OO0OUUODODIMOOODOOOLOODOOOOOODOOOODOOOO
e 000000 UOUDODMOOUODDOOUONUONDOOLUONDODDOUOUOUOOR ConsoleD OO0

21

o0o0o0o0o0o00oO0o00O0000000000000C0000000000O0000O000000O0O0O0O0000O0O0O0A0
000o000000O000o0oO000oO0o00OoO0oO0Oo0oOo0Oo0O0O0o00o000O0o0o0ob00o0Oo0o0oo0o0oo0o0o0a
ooobooboooooooooOoobooooooooooooooooooooooobooooooooooooa
ooobooooooooooooooooOoboooooo0oooooo0oob0oooooooooooooooooa
oo0o0oo0o0o0o0oo00oo00o0O00000000000000000000000000000O000O0D0A0
oo0oboo0o0oO00o0O000O000000D0000000O0O000O000OO00O0O000C0O0O0OOO0O0O0000O0D0A0
o0o0o00000000000000000000000O0000O00000O00C0O0O0O00O0O0O0DOOO0GC0O000000
o0o0o0o0o0000000000000000000C0000000000O0O0000000000O0O0O00O000O00O00A0
od0obooO0oo0oOo0oO0oO00ooO0o0oO0o0bOOoO00O0OO00oOO0o0o0o00—0000000000000000000
oooboOoboooooooooOoobooboooooooooooooobobooooo0oooooooooooooan
obooooooOooooooooooooboooooooooooooooobo0ooboooooooooooon
o00000000000000000000000000000O00O0O00C000O0O0O00O0M 0000000000
00-90240305000 0000

e JJ0000DOOOOOOOOOOODOOOOODODOD (DDDDD)
e JO0ODODDOOOODODODOOODODOOOODODOOODODD
e 1000DODDODOODDOOOODD (ODODODOO)

23

goooooobooooobooOooooooboo0oooo0oo@moooboooobooooooooooooDo
ooooooo

R R Console
pete0;

> dat < read.
> da«[l:i]

145
> f <= In(Shus! kureki, dat) # EERSHOET
> sumary (f) § BROET

Gall:
In(fornula = Shushou ™ Gakureki, data = dat)

Residuals:
i 19 Median 30 Max
-0.294988 -0.048132 -0.009319 0.045992 0.326105

Cosfficients:

Estinate Std. Error { value Pr(>|t|)
(Intercept) [.742483  0.039373 43.580 < e-18 #x
Gakureki  -0.026243 0003045 -7.150 5.94e-0 xas

Sienif. codes: 0 ‘e’ 0.001 e’ 0.01 ¥ 0.05 0 0.0 <7 1
fesdual standard error: 0.00205 on 45 dogrees of freedon

Multiple R-Sauared: 0.5324, _ Adjusted R-sauared: 0.522

F-statistic: 51.24 on | and 45 OF, p-value: 5.843e-09

\ t(dat) #
2ottt LETE s meaa

> |

[COOooOoooooooog]

gooooooooo obooooo

gooooooooboooooooooooo oooo
goooooboobooooobooooooooooooooooooobooooboooooooooooOoboOoobooboooobooboo

goooooooooooooooofobooooooooofdobooooodoooooooooobooooooooo
22

[Cooo ()]

2004000000
goooboooooooooooboOoOoOoooboOoboooobooOoo
ooooo0 ooooobo oooo

CHE
£

e JO000OOOODODO
- 000000000 (yOoOoooo=1000=0)

P(Y =1|z)

l _~ 7
®P(Y = 0]z)

= fo+ Prz1 + -

- 0000 (xrO0O0O0O000O0OO0OO36900)
e JOUOODOOOOOODO




[CoooOo]
047 x 12000000
ood oo od
Gakureki E09504 OO0ODOO0ODOOODOOODOO (O)
Shushou A05203 OOO0OO0OOO
Zouka  A05201 DOODODOO (O)
Ninzu A06102 ODOOOOOOOO (O:person)
Kaku  A06202 0OODODOOO (O)
Tomo  FO01503 OOOOOOO (O)
Tandoku A06205 COODOO (O)
65Sai A06301 6500000000000O0ODO (O)
Kfufu A06302 ODOOODOOOOOOODO (O)
Ktan  A06304 OOOO0O00O0O00 (O)
Konin A06601 COO0OO0O0OOOOOO
Rikon A06602 OOOOOOO0OOOOO

000000 X2000data.txt 00 12000000000000000000000O0O0OOOOOOOOO

ooooooooooo
> dat <- read.table("gakureki-rikon-12.txt") # 00 0OOO0OODO

gakureki-rikon-12.txt: 000 470000000000 0OOCOOCOD 120000000

gooo0 oog vsOOOO

gooO,0000,000,000,000,00000
oes000,0000,000,000
ooooo ooa?

ooooo,coooo,oob0,coooo,0o0o0
ooooo ooo?

oooo,000

pgoooooolooooooomoooooooOoOoOOODOODODOODOOODOOOOOOOO
goooooOooooooOooboo0oooooooooooooo0ooooooooooDoDonoo
goooooooooboooooooOobOoooooooUoooooDboOoUOoobOoOoOoooobo
goooooooooooooooono

># 00000000000000000000 xO0ydooo
> myregplot <- function(x,y,dat) {
+ e <- formula(paste(y,"~",x)) # JU000O0 yx 0O0O0O0OO

> dim(dat) # 00000 + plot(e,dat,type="n") # 00O OOO0OO0O
[1] 47 12 +  text(dat[,x],dat[,y],rownames(dat)) # 000D O0OO00OO
> pairs(dat,pch=".") # 00000000 + £ < Im(e,dat) # JODOUUDDO
> f <- princomp(dat,cor=T) # 00000 + abline(f,col="red",1ty=2) # 0000
> biplot(f) # 00DOOD +  title(sub=paste(names(f$coef),round(f$coef,4),sep="=",collapse=", "))
+ summary(f)$coef # OO D O0OO0O0OOOOO
25 27
+}
> myregplot ("Tomo", "Shushou",dat)
Estimate Std. Error t value Pr(>|tl)

22 32

25 50 4 12

IHDHEHDBDEIﬁ

iDQBHDMBHDQI

5 20 -02

20 40 6 12

Comp.2

0.4

-0.2 -0.41 0.0 0.1 0.2 0.3

-0.3

-5 0

Kagoshima

Kochi

Ktan
Kfamaguchi

a2

Hokkaido

Tandoku

u
Hyogo

Clipain

10

-5

02 000000OO0O0OO0O0O0OO0O0O0OO0O0O000OO0O0oO0@oOo0oOo0oOoOoOoUooUooUo

26

(Intercept) 1.03086343 0.091150676 11.309444 9.591410e-15

Tomo 0.01276565 0.002591909 4.925192 1.179622e-05

> myregplot ("Zouka", "Shushou",dat [-match(c("Okinawa", "Tokyo") ,rownames(dat)),])
Estimate Std. Error t value Pr(>[tl)
1.4947258 0.01599394 93.455770 2.638463e-51

-0.3117099 0.09310979 -3.347767 1.701308e-03

(Intercept)
Zouka

[DobDooooOoOoDoOooOo]
54 0

oooooO0oO0o0o0OO0OO0OO0O0 ooooOoOoOooOo 20060 100 010 000

oo0ooo0o0o0o0oOo0o0o0o0o0—000000000000000000000000000000O0O00
00o0oo0oO0ooO0boOo0oO0o0o00o0oDOo0oOo0oo0ooooo0ooo0ooo0ooo0ooDo0ooo0ooooon
oooboboOooooOoooOoooo0oboooooooo0obooooooboooooooboooooooooooon
oooo0ooO0o0b0o000000000000000b0000000000000000000mOo0oo0oo0n
00000000000000000000000000000O0O00O000O0O0O0000O0O0O0O00O000O0O00O0000A0
o0o0o0o0o0000000000000000000C0O000000C0O00O0O00O0O000O00O0O0O0O0O00O000O0O0O0A0
oo00ooO0o000O0oO000000000000000O000000000000000O000O0COO00O0O0G0000
ooo0o0ooOo0o0oO0oO0o0oOO0OO000O0OoO0o0O0O0OoO0OO00O0OO000O0O000OO000OO0000O0000

gooobooooooooomooooooobobooooooboooooom@mooooooboooobooooooboobboO
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© Miyazaki Tottonjﬁﬂaﬁ ~-._ IwateRumamolo
-] Kagqshiaak; Nagano - -~ Fu RN Kagawa Shiga
Mkumanm - 0 ‘Obliigata Okeyadusiina

Niigata -

E lég é Yamaguchi Aomori -1 N kioka
E Walgye D wa Toyama a Réxitiai Tokuéinirrgopama  Ishikawa. Aichi
& -~ Hihpagra 5
- Hﬁcgo < | Hiroshima Tl
_ FukUoka - Miy?ﬂ}
- Usaka ; 090
Kanaga\”ﬁ%@shaama Fukuoka
Hokkaido
o
= @ 4 Nara  CHtE!Shitama
Kyoto Kanagawa
okyo Hokkaido
T T T T T T T T T T T T
25 30 35 40 45 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Tomo Zouka

(Intercept)=1.0309, Tomo=0.0128 (Intercept)=1.4947, Zouka=-0.3117

03 0000000000000 MoOo00oo00oo00000o000oobOOoo0o0oobDOoo0Oo0Oo0n

00000oo00000o00000oO0O00000O00000000L0D ROUDODOODUDOOODODODODOO

Jdo0oodooOooboooobooooboooooa
> ## cp9320 000 JISOUOOUOenconding="shift-jis"0O0OO0O00OO
> X2000.item <- read.table(file("X2000item.txt",encoding="cp932"))
> dim(X2000.item) # 0000
[1] 1182 4
> X2000.item[1,] # OO0 10

Imi Tani Zenkoku Bunrui
A01101 DOOOOOOOOOOOO (@) 100 ADDOOOO 1DOOOO
> X2000.item[c("E09504", "A05203"),] # Gakureki [J Shushou [

Imi Tani Zenkoku Bunrui

E09504 D0 UD0ODUDOODDDOODODDOODDOO (M) 11.90 EODOO0 700000
A05203 goooooo 1.36 ADOOOOO 50000

[D00DD000] OO0 read.table 000000 dat 0 data.frame 00000000 matrix 000
O00000Daes.matrix0000000000000O0O0O0O0O0OOOOO0OOOOOOOOOOGOOO

gobobooooobooboboboooooobooobooboobooooboboboooobooDboDbo

> dat[1:3,] # J00O00O0O0OO0OOOOOO
Gakureki Shushou

Hokkaido 7.7 1.23
Aomori 5.5 1.47
Iwate 6.1 1.56

> datmat <- as.matrix(dat) # 00O
> datmat[1:3,] # 00000000000 0O0O00OO
Gakureki Shushou

Hokkaido 7.7 1.23

29 31
Jgooo0dooo0o0oo0o0ooOo0oo0o0oo0oU0DOo0U00oOoUO0DoD0UDOo0U0DODO00ODODODU0ODOO0UODDOO Aomori 5.5 1.47
Iwate 6.1 1.56

goooooobooooobooooooooooooooooooboboooobboOoooOoooobooobobobooDOoooDbboo
goooooooboooooooooooooooobooooobooOoooooboooobooOooooboobO0—>0000

000000000000000000 asahicomOO0O0O http://www.asahi.com/life/update/1001/001.html

[CO000O0O000000] 00D0D0D0O0O00DODO00D000DD0O00DDOD0D0000000D http:

//www.stat.go.jp/data/ssds/ 00047 00000000000D (2000000 118200)0000
jo0o00o0o0o00o0O0o00oO0oooOo0OooOoU0Oo0oU00oU00 ROUODODUODUODUODUODUODUODO
X2000data.txtO OO0 47 x 11820000000000000000000O0O0OOOOOOOCOODOO

goooooooa

> X2000.data <- read.table("X2000data.txt") # X20000 0000000000
> dim(X2000.data) # 00000

[1] 47 1182

> dat <- X2000.datal[,c("E09504","A05203")] # 0O 0OOOOO

> names(dat) <- c("Gakureki","Shushou") # D00 UJ00O000000O0O (names 0000 colnames 0000

> write.table(dat,"test.txt") # D0 D000

O0000O000D00O0000 X2000item.txt, X2000code. txt, X2000name.txt OO0 OO

[D0000000] 000000000 txt00000 Windows O (shift-jis000, CR/LFOO)00O0

O000X2000data.txt 000000000000 0O0OOODODOOO0O0OODO X2000item.txt 00000

0000000000000 000000000O0LInuxO MacOOOOOOOONkfOOOODOOOOOO
30

> c(is.matrix(dat),is.data.frame(dat)) # 0000000000
[1] FALSE TRUE
> c(is.matrix(datmat),is.data.frame(datmat)) # 0000000000
[1] TRUE FALSE
> t(datmat) 7*7 datmat # t() 0000000000
Gakureki Shushou
Gakureki 4821.940 645.1160
Shushou 645.116 102.7897
> colnames (datmat) <- c("AAA","BBB") # names 0 U000
> datmat[1:3,] # 0000000
AAA BBB
Hokkaido 7.7 1.23
Aomori 5.5 1.47
Iwate 6.1 1.56

[Cooo (]

2003000000
DNAOOOOOOOOOOOODODOOODOOOoOOOooo
ooo0o0 ooooo ooo

e JJOOOOCDO (DNAOOO)ODOOOODDDDODDODODODOO

32



heat shock induceable:

inhibiter of cell growth

ooooooooooooo

[DoDOoDO0DO0D00]

goooooooooooOOoO0 12000000000000000O0O0O0OODODOOOOOOOO
ooooooooo
00000000000000000 distO

33

Height

12

10

Cluster Dendrogram

dist(x)
helust (*, "complete”)

Height

12

10

Cluster Dendrogram

B

Sh;mjj

Tomo
X65Sai

Ninzu

e

Kaku
Rikon
Gakureki

Zouka
Konin

dist(t(x))
hclust (*, "complete”)

04 0000O000O0O0O0C0O0ODOOOOO0COOO0GOO000

35

Tandoku

Kfufu

Ktan

vV VVVvVyVvy

dat

000D00000000000000 helust()
0o0o0ogd plotQ)

<- read.table("gakureki-rikon-12.txt") # 00000000

x <- scale(dat) # 0000 MO0O0O0O0O0O0O0O0OOOOOOO

hl <- hclust(dist(x)) # 000000

plot(h1l) # 0000

h2 <- hclust(dist(t(x))) # 000000000 0O0O0OOOOOOO
plot(h2) # 0OOO

[Cooo ()

2004000000

Assessing the uncertainty in hierarchical cluster analysis via multiscale bootstrap resampling
(DDDO0O0O0O0O0OD0DO0O0ODOD0D000000D0D0D000000000oDOoOoooon)
goo0o0o0ooOo boboob obooo

00000000000o0o0on (p=73000n=916000)

34
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1 000

goooo0o0ob0 oooooooooboooobOo0oOooooooooooboOoooooOoOoooaon

gooooobo ooooooboooOoOobOoOoOooOoOoOoOoOOOOOOO0O0OOOOoOobOOobOOObCOOboOoooo
gooooooooooooOooooOoooOoOoOoOoooOoOoOooOoOoOooOoOOOoODOOCcOOODOoOooon
gobooooobooooooooobooooooooooomooooooobooooboooooboooooon
goooooooobooooooobooooooboooooooooooboooooooooooboooo

1.1 000

00000000 XO0OOOOO 20000000 f(z)00D0D00O0 g(x)OO0ODO

[D012] mODO0ODODOODO0O0O0 XOOOOOO 200000 f(#)000000 g(x)0000

B(g(X)) = / o(@) () de
ooooXooooo E(X)DDDDDDDDDDDDD V(X)DDDDDDDDDDD

X, E(Xy)
X = ) E(X) = ’ V(X) =
Xm E(Xm)

C(Xy,X1) C(X1,Xm)

C(Xnqu) C(Xm>Xm)
000000 C(Xi, X;) = E[(Xi — B(X,))(X; - E(X;)]0000X;0 X; 000000 p(X;, X;) =

C(Xi, X;)//C(Xi, X;)C(X;,X,;) 0000X,000000000000 /V(X;) 0000

[CO011] DOODDODY=¢9X)OOOOOOOOOOOOO

Bl = [ " 4@ f(x) de (L1)

—o0

[00 11 00 abeR, 00 gi(z),92(z) 00000000000000

E(agi(X) +bg2(X)) = aE(g1(X)) + bE(g2(X))
37

[0016 XOmOOOODODODDDDweR™"OODOOOOOOOOOOOOOO0OO0O0O0O0Y =w'X0O
00000000000000D0 ADDDDODD A DDODDODDODDODOOOOO

EY)=wEX), V({)=wV(X)w

[0D12] XOmOOODOODOOOOOODOOOOO0O0O B(X,)=plV(X;)=0200000000

39

[0012] XO0DOO E(X)0 (1.1)000000 g(«)00000
[0013] X000 V(X)O (1.1)000000 g(x)00000

00 14 00 (a,b),a<b0 X0OO0ODO0O Pla< X <b)0 (1.1)000000 ¢g()0000000
0000 A0DDOOD I(A)=100000 I(A)=0000000000 (indicator function) 00000

[D0 15 0O0O000OOO0O00O00000F(z)=/"_f(s)dsO (1.1)000000 0000000
0g(s)00000
011 00 (0,1)00000 X~0U(0,1)000000 f(#)=1,0<z<1,00000 f(z)=000

goxXpooooooooooooo

E(X):/Oo xf(x)dx:/olxdx:%

—oo

veo- | (@ — BX)f(a)dr = / (x— YPdr =1

—oo

F(x)z/dszx,0<x<l; Flz)=0,2<0; F(x)=1l,z>1
Jo

38

000000Y=%7,X;/m00000000w=(L,...,1Y00000000000000000C0

’m

> sx <= 0.2 # SD(X)

>m <- 1:10 # m=1,2,...,10

> sy <- sx/sqrt(m) # SD(Y)

> plot(m,sy)

[0017 XOmODODOOOOOweR™"OOOOODODODOOOOOOO X;0400000000
000000Y =vw'X00ODODwODOOD0OODOOO0OO0OO00D0O0O00O0O0O0000000 EY)OOOooo

ooooo p0000000C0DODO 100000
m
i=1

00Do00oooooo0 Vv(yY)oooooooDoooooDooooOoooooooooooooooooooo
ooo

— _ -1
w=3"1A(A'E"4) m

40




000 ®=V(X)0Oo0DOooO0Ol,=(1,...,1Y 0000000 1000 mDOO0D0000A = (E(X),1,,)
000000 mx2000000

[013] mO0D0D0D0ODOO0O0 E(X;)00000 +/V(X,)0000000000X,0 X,00000 p

0Ood00ooOooDoooooooooa
> ex <- ¢(0.2,0.15,0.1,0.05) # E(X)
> sx <- ¢(0.2,0.2,0.1,0.05) # SD(X)
> rho <- 0.3

0000 208 '0A00000C=X"4(A'S'4) ‘00000000

> m <- length(sx) # 0000000 =4

> V <~ (sx Jo) sx) * (diag(m)*(1-rho) + matrix(rho,m,m)) # Sigma
> B <- solve(V) # Sigma~(-1)

> A <- cbind(ex,1) # AOO

> C <= B ¥} A %) solve(t(A) %*) B %) A) # cOO

goooooDoooooooad E(Y):O.ISDDDD V(Y)DDDDEIDDDDDDDDDEI \/V(Y)IZI
>w <= C Y*) c(0.15,1) # DO O0OD
>t(w) # 000000

[,1]1 [,2] [,3] [,4]
[1,] 0.3850932 0.1705686 0.5035834 -0.0592451
> t(w) x4 ex # 0.1500000

[,1]

[1,] 0.15
> sqrt(t(w) J*% V %*% w) # SD(Y)

[,1]
[1,] 0.1195309

41

0.20
|
o
0.4
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0.3

0.14
|
o
0.2

sy
ey
o

0.08
|
o

T T T T T T T T T T T T
2 4 6 8 10 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

m sy

05 000000000 BO0000-0000000000
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Ey)Ooooy/V(yY)DOoUoooooooooooooooooooooo-0oooobooooooooo

0ooo

># 00 E(Y)OO Sp(y)Dooooooooo

> mysy <- function(ey) {

+  w <= C %) c(ey,1)

+  sqrt(t(w) 7*5 V %%} w)

+F

> ey <- seq(-0.1,0.4,length=100) # E(Y) 0 -0.100 0.40 10000000
> sy <- sapply(ey,mysy) # SD(Y)O OO

> plot(sy,ey,type="1")

> points(sx,ex,col="red")

[00 18] 00020 h(z)>00000E(A(X)00000000000¢>000000000000

oooooooooooo
E(h(X)) > aP(h(X) > a)

000000000000 e>000000000000000000O0OOODDDDODDOD E(X)=p0O

V(X)=02000000000

2
a
P(X-plz=%

42

[00] 00 1100000000000000 f(x)00O0O0DOO0ODOO0ODOODODODOX OODOOOOO

s0,51,...00000000000000 p(z)0000
E(g(X)):ig(Si)p(si) (1.2)
=0
0000000000000000 6(«)000000000
f(f):ip(si)fs(si)
i=0

ooo0o00oOoo (1.)0DoobOoO0ObO0O0O0O0O0OD0OD0OD0OD0OD0ODOD0ODODODODO000 fOOOOODODOOOOOO
000000 ACROOOOO f(A)=P(Xe€ADODODODDDODOOODDOODODODOOOOODOOOOODOOO

menzémwﬂM)

oooooooooooo (1.1)oooo

44



12 00000

0000000 wn,Y.,...00000000 Y, n=1,2,...0000

[OO013] 0OO0OOO0DY,00000YODOOOOO (convergence in probability) 10000000 €>0

gooo
lim P(|Y, —Y|>e) =0 (1.3)
n—oo

000000000 000Y,2YOD0O0DmMYODO0O0000000000@MZ,=Y,-Y 000000

od
Ve > 0; lim P(|Z,| >¢)=0
n—oo

[OO] DODODOOOOOODODODODODOO0O0O0000000O0OOOo

e J000IDUDOUDOOUDOOUOOODDDOODDOODODOOO, almost surely convergentd 000 O

P<MHH@0:YW»:1

n—oo
e 00000DDDO0ODODDOOODDOOOODDOOO (convergence in distribution) 00 00

Vy; lim P(Y, <y)=P(Y <y)

n—00

45

000On—ococOO0O0O0O0OOOOO

[0019] X,0000000000000000000000KE(g(X;))000000000
TR S (15)
n—niilg i .

0000000000
E(Y,) = E(9(X1)), Ya = E(9(X1))

000000,00000000D00D00D0D(1.1)0 (15 0000000000000V (g(X,))000
0000000 V(Y,) =V(g(X,))/n000000000

[0 14 DODOOX,000000 (0,1)00000 X,~U(0,1)0000000000000000

goooooooX,,...,X,0000 (DD)D r,...,x, 0000
>## 0000

> x <- runif(10000) # U(0,1) 0 100000000

> x[1:5] # 00000

[1] 0.30776611 0.25767250 0.55232243 0.05638315 0.46854928
>## 00000000000

> mean(x[1:10]) # 000 100000

[1] 0.4026008

> mean(x[1:100]) # OO0 1000000

[1] 0.51987

> mean(x[1:1000]) # 000 10000000

[1] 0.5180817

47

e 00O
000 =0000 =0000

e Levy (1937) 0000 X, k=1,2,...0000000000Y, =Y}, Xp,n=12,...00000
0000000000000

[O011] X,00000000000000D0D0O0O0O0O0O0OE(X,;)=p000000000000
oooooo

Xn = % Z Xz
=1

0000X,0000000000000000000000n —»o000000

Xo2p (1.4)

goooboboboboooooooboboooboooboooobbooboboooboooboobbooDboon
000000mMmOOD (samplesize) 00 00O0OOOODODODOODOODOOOOOOOOOOOOOOO

[00] 000000000000 2=V(X,)000000000V(X,)=02/n00000000000

poooogoo
P(|X7L7ﬂ‘2€)§@

46

> mean(x) # 10000000000 (0.5)

[1] 0.5002956

> y1 <= cumsum(x)/(1:10000) # 000 nO0OOO

> plot(y1l,log="x"); abline(h=0.5)

># 0000000000 DODOOOOOOO

> mean((x - mean(x))"2) # 0000 (1/12 = 0.833)
[1] 0.08273506

>## x0 0.1000000000000O0DO0O000O0O0DODOOODOO
> mean(x < 0.1) # P(X<0.1)=0.1

[1] 0.0941

>z <-x<0.1#00 10000000

> as.numeric(z[1:100]) # OO0 10000000
[1I]00010000000000000000000000000000000O0O0O0
[38J 0O00000000000000000000000000000000000O00O0
[751 00000100001000000000000010
> cumsum(z[1:100]) # D00 0D000O0OO0O0OOOO
[tJ]oo01111111111111111111111111111111111
[38] 1 1111111111111 11111111111111111111111
[76] 1 1111222223333333333333344
> y2 <= cumsum(z)/(1:10000) # OO0 nO0ODO
> plot(y2,log="x"); abline(h=0.1)
48
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gooooooooom

[0015] DO00p=F(q)00000 g=FY(p)=infpys,q000 (inf0 FOOOOOOODOO
000)0¢000 FOOOODO100p 0000000000F '(1-p)000 100p0000000000
00000000 F;Y(p)00000100p000000000000p=05000000 (median) 00

OOhelp(quantile) 000000 ROODODOOOOOOOOODOOOODOOOO

[O15 0ODO1400000 24,...,2, 0000000

> hist(x,prob=TRUE) # 000 000000D0OOOO
>y <-sort(x) # 000000000
> y[5000] # 00000000 (p=0.5)
[1] 0.4969066
> (y[5000]+y[5001])/2 # OO0 0ODO0OOO0O (p=0.5)
[1] 0.4969936
> quantile(x,p=0.5) # median(x) 0000
507
0.4969936
> p <= (1:10000)/10000 # 0.0001, 0.0002, ..., 0.9999, 1
> plot(y,p,pch=".") # 000000

1 10 100 1000 10000 1 10 100 1000 10000
[0 16) 000000 10000000000000000000X ~N(0,1)000000 f(z) =
Index Index
—exp(-%) 000 0rnorn 00000 Xy,..., X000 ~ N(0,1) 000000000000000000
vV, — 1§ . V., — 1L\ . ~
06 D00Y, =33, XiM00Y, =350, I(Xi <0.1) 0000000 5% 000000 25%000000000000000F,00000 FOOOOOOOO
oooooo
49 51
[00 14 0Oa4,...,2,000000000000
A 1 #(z; <)
Fule) = 310 <y = HEED) (16)
i=1
oooooooooooooono Histogram of x
R 1 &
ful@) = 2380~ (L7) e ]
i=1 2 4 L1 [ 77 (. —
00000 ¢, 0000 1/,00000000000 v | S
[001.10) 2000000F,(z)0 Xi1,...,X, 000000000000 F,(z) 2 F(z) 0000000 s e 31
nF,(z)00000000000000F,(x)00000000000 3 < |
[00] 20000 Fu(z) ® F(z) 00000000000000000000000D0O000 Glivenko- N
Canteli DOOOOOOOO °
P{ i s Fute) — Pl =0} =1 e L C——
- 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
0000000MO000000000000000000000000000000000000000 x y

gooooooooobooooooooooooooOoOoOoOooOoOooOoOoOooOooOoboOooOoooooOoooOoon
0000000000000 000000D000MDO0ODO00000DDD ¢(X)00ODO0O0ODO0o0o0OOo
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0Oy 000OOoOoO0OO0OO0OO0mOoOoOoooooo
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> x <= rnorm(10000) # N(0,1) 00O 100000 00

>mean(x) # 00000000000

[1] -0.009716994

> mean((x-mean(x))"2) # D0 0O0OO0OOOO

[1] 0.9990848

> quantile(x,p=c(0.5,0.95,0.975)) # 000000 52000 2.5%
507 957 97.5%

-0.00939972 1.62948079 1.95144043

> qnorm(c(0.5,0.95,0.975)) # 00D

[1] 0.000000 1.644854 1.959964

>#p# 000000

> library(MASS) # MASSODOOOOOODOO

> truehist(x) # D0 000000000000

> x0 <- seq(min(x),max(x),length=10000) # xO0 0000 100000

> lines(x0,dnorm(x0),col=2) # OO0 00000000 OOO

> p <= (1:10000)/10000 # 0.0001, 0.0002, ..., 0.9999, 1

> plot(sort(x),p,pch=".") # 0O 0OODO0O

> lines(x0,pnorm(x0),col=2) # 0O 0000 D0OODOODOOO

[0 1.7] 1library(MASS) DOODD truehist 000000000 DO0O0ODO nbisO00O0OO0ODODODO

0000 Scott (1979)000000OOODODO
> truehist(x) # 000000 nbins="Scott"

<environment: namespace:grDevices>
> truehist (x,nbins=nclass.scott(x)*2) # 000000 20
> truehist(x,nbins=nclass.scott(x)/2) # OO0 O0000OOO

[0 111] OO (@b, a<b0 X;,...,X, 000000 CODDO0XOOODOOOO F(z)ODOO

_ C 2
Y—WDDD pO000 c~00000

[0 112] DOOD f(x)00000000000002000000000000000000000O0O
00 A0D0D00000000DODOOO0OO0ODOO(G)z€e(a,d)0000 f(x)DOOODDYODOOO
00o0o0o0oo0ooo0oo0ooO0o0oo0o0oO0o0oO0o0oO00b—a—h0O0O0OO

B - f(0) = '@ (3 + = a)) +ou), vr) =L s opm

ooooo 00000020000

MSE(z) = V(Y) + (E(Y) — f(2))* = ['(a)? (ac -2 ; b) + % +0 (r*+n7t)

(i) 000 (a,b) 0000000

b 2
> nclass.scott # nbins 0000000 1 o fI(N2 h f(a)
function (x) b—a /a MSE(z) dz ~ f'(a) 12 + nh
{
h <- 3.5 * sqrt(stats: :var(x)) * length(x)"(-1/3) (i) 000000000000 00000000000 2000000000000
ceiling(diff (range(x))/h) oo S 2 2 oo
h f(x) h 1
Y MSE(x) dz ~ ") — + 2| de = — "(z)*dx + —
/,w @de~ | | F@img+ T d=15 [ f@ de+y
53 55
S 7 _[X <= 7 ; B -
| xx -
s T T T T 1 el T T T T T ° T T T T 1 S T T T T 1
-4 -2 0 2 4 -4 -2 0 2 4 -4 2 0 2 4 -4 2 0 2 4
X sort(x) X X

08 0O0O00O0OO0OOO0DOmMOOoDOooooo
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(vyOOOOOOOO ADDODOODDODOOOO

oo [e [rera] "

(vyODOO f(zx)0ODO0O0 0?2000000000000

oo , _ 1
/_Oof(x)2dx—W

000000h=(24y/7)B3on=1/3 2 3.490n~/0000000 Scott (1979) 000 O

13 0000000

00 (0,1)0000000000000000 Uy,Us,...~U(0,1)000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000 F(x)00000 f(z)0000 X;,X,,...00000000
000000000 (1.1)0 (1500000000000

[D013] X=FY(U)DODOOXOOOOOO F(z)00D00000O00O00000000000

[0 18] DOOD
flx)y=e", Flx)y=1-—¢€¢"

00000000000F " (p)=—-log(l—p)0000
57

## X ~N(0,1) 00000
## 00000000000 000000 rmormO0000000O0DOO0O
u0 <- 2*runif(10000)-1 # U(-1,1) 0 10000000
<- abs(u0) # U(0,1)
<- sign(u0) # +1,-10000000
-log(runif (10000)) # v ~ exp(-v) 0OOO
<-u <=exp(-(v-1)"2/2) # 00000000000 Dad0O0OOOOOOO
x <- (sxv)[a] # 0000000000000 OOOOO
length(x) # D00OO0ODOO
[1] 7575
> truehist(x) # D0 0000000 0OOOOO
> x0 <- seq(min(x),max(x),length=10000) # x00 000 100000
> lines(x0,dnorm(x0),col=2) # DO 0O0O0O0O0O0O0OOOOO

VVVVVVYVYVYVY
(SIS R -}
A
|

[0O0 115 DOOOOOOOOOmOOO0OO0000O0 X~N,@E,X)0000000000000
_ —m/2|x|—1/2 1 -1
f(@li,®) = @m) 222 exp (5@ — ' (@ - p)

U000X0000000000000mxm0O0 AODOX=AA 000000000000 A' 000
A00O0O0D0OD0DMAOUDOOUOOOOOUOOUOOOUOOUODOOUDOOUDOOOOOOOOOOOOO
00000 A0DOODOOODOOO0OODODOmOODOOOODOO Z~N,(0,1,)00000X =AZ+p0
poooobooooooooo@m@mooobooooobbobbOobbobbobooboobooOoooOoooo
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## X ~ exp(-x) 0O0O0ODO

# 00000000000000000 rexpO0000000O00OO
u <- runif(10000) # U(0,1) O 10000000

x <= -log(u) # 0000 X = F{-13(WOODO

truehist(x) # 00 000000000000

x0 <- seq(min(x),max(x),length=1000)
lines(x0,exp(-x0),col=2) # OO ODODOO

VVVVYVVYyV

[00 1.14] f(z), ¢(zx) 00000000000000U~U(0,1)0V ~gv) 00000000000
00X~ f(z)00000000000000000000000D0000000

1.0000 20 f(z)<cg(¢) 000000 ¢O000D
2.U~U(0,1)0 V~gv)yDOODOOOOODOD

3.Ugg%ﬁH]X:VDDDDDDDDDDDDD2DDDD

000000 (rejection method) 0000

[019] X~N(0,1)000000000000

1 2 1 2
f@)= =7, gla)=ge e=y/=

(z1-1)?

0000 f(z) <cg(z) 00000 f(z)/(cg(z)) =e 2z 00000000000D00D000D00OD0
0000000D000000000 X000O0000000O
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0.6
|

0.4
|
0.2

0.2
|
0.1

0.0
L
0.0
L

0 2 4 6 8 10 12 -4 -2 0 2 4

010 00o0o0oo0oo0oOooooooooooog
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oooooooobDoooooooo

[0 110] DDODOD0OO0O0OO0 X ~Ny(u,X)00000000000

B L p
— , Y=
g M [ﬂ 1}
000 pr=5,p=0,p=050000

> S <- matrix(c(1,0.5,0.5,1),2,2) # 00 SigmaO 00O
> S #00

[,11 [,2]
[1,] 1.0 0.5
[2,] 0.5 1.0
> A <- t(chol(S)) # OO0 ODODODOOUODDOOODDO
>A#00

[,1] [,2]
[1,] 1.0 0.0000000
[2,] 0.5 0.8660254
> z <- matrix(rnorm(2¥1000),2,1000) # OO0 N(0,1) 0 2x100000
>var(t(z)) # zO0OOOOOODO

[,1] [,2]
[1,] 0.9203834 -0.0512616
[2,] -0.0512616 0.9602724
>x <A z+c(5,0) #0z000DUOODOODDODOOOODO 10000000000
>var(t(x)) # xOO0OO0OO0OO
[,1] [,2]

[1,] 0.9203834 0.4157979
[2,] 0.4157979 0.9059063
> plot(z[1,],z[2,]) # z0O0OODO
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7[2,]
o
x[2,]
0
1

-1

o,
o o
N O 8 o® D %
1 9 &> 0 0°>®o

-2
1

-3
I
o o
o]

011 00010000 zmool1o0000
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> plot(x[1,],x[2,]) # x00O0O0OO
[DD 1.16] 00 X;,X,,...000000000000000D0O000O0DOOO00OODOOOOODOOOO0O
0000 p(@i|z) 000000000000 f(z)00000000000000000 p(@e|ze) f(ze) =
p(zi|zes1)f(31) D00D00000000000 X~ f(z) 00 Xy 000000
N N
/  plovsafon) (o) do = | plarfen) (o) oy = floran)

0000 f(z)D00D0ODOO0OODOOODOO

1. 0000000 ¢(lz)00000000 X, 000 ¢=10000
2. U~U(0,1)0V~qX,)0000000000
3. 0000000

otV ) = min {1 LK)

7Q(V|Xt)f(Xz)
4 U<a(V,Xy)00 Xy =VOOO0OOODODDDODOD X=X, 0000
5. t+0000000D000 200000

[O0] DOO0O00 20000000000000 20000000000 Metrololis-Hastings 0 0 00O
00000000 f(x)D00000000ODOODOOOOOOOODOOOOOOOODODOOOOOOOO
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000000 f(v)/f(x) 0000000000000 O000000000000000 (Markov Chain
Monte CarloD 000 MCMC) 0000000000000 000000000000000000000
000000000000g(vlz) 00000 (proposal distribution) 100 000000000000000
00000000000000000000000000000000(1.1)0 (1.5)0000000000
000000 X,00000000000 NOOOOO N =100,000000000 X;,Xa,...,Xy 000
00000D000000000000000000000000M <NODOOOO M =10,0000000
00000 Xug1, Xars2,-., Xy 0000 S 0, Xe/(N-M)0DD0O (1.1) 000000000 M
00000 “purn-in” (000000000000 0000 00000 00000000000000000
00000000000000000000000000000000000)000000

[0 111] DODO11lLlOO00O0O0O0O0OO0OOMCMCOOOOOOODOOODODODOODODODDD MCMCOOOOO
0000000O0O0O000OO0oOo 1.150000000000MCMCOD0OOD ¢(vlz) DODOOODOODO
goooooooooooOooooooOoooooooooooom

_Jed)? oll) 21 < d, [v[2] - z[2]| <d
a(vlz) = {0 ooono

000000000000 (—d,d)000000000¢(v|e) = q(elv) 0000

a(v, ) :mm{ %}
64



0000000000000 0w0 000000000 0OOOOODOODOO
>N <- 1000 # OO 0O

> rho <- 0.5 #0000

> S <- matrix(c(1,rho,rho,1),2,2) # 00 SigmaO OO

>mu <- ¢(5,0) # 0000 muOO0

> Sinv <- solve(S) # SOO0OO

> myf <- function(x) exp(-0.5%(x-mu)/*)Sinvy+*%(x-mu)) # DO 000000 £(x)
>d<-0.5#000

> x <= ¢(0,0) # 000

> xs <- matrix(0,2,N) # DO QOQOQOQO0O

> fs <-rep(0,N) # f(x) 0000 O0ODOOOOOO

>cnt <-0# 00000000

> for(t in 1:N) {

+ v <= x + (2%runif(2)-1)*d # v ~ q(vlx) 00O

+ a <- myf(v)/myf(x) # alpha=min(1,a) 000000000000000O0

+ u <- runif(1) # u ~ U(0,1)

+  if(u <= a) {

+ x <-v #vUOQOQO

+ cnt <- cnt + 1 #0000

+ 3

+ xs[,t] <- x # x000

+  fs[t] <- myf(x) # £f(x) 000

+ }

> cnt/N #0000

[1] 0.819

> plot(xs[1,],xs[2,]) # 0000 xO0O000ODO

> segments(c(0,xs[1,-N]),c(0,xs[2,-N]),xs[1,],xs[2,],col="pink") # 00000
> plot(log(fs),type="1") # log(f(x)) 0000000000 0ODODO

[001.17) 0O0DO00O0OO0OO0O0O0OOO00O00O0O0O00000 KOOOOOO Op(@egrle) k=1,...,K
0000000000000000 f(z)000000 X1,X.,...00000000000000000
000000 pr(z|z) 000000000000 Y5, n=1000000000000000000
0000000000 f(z)000000000

[00] 00 1.17000000000000000000000000000000000k =
1,2,...,K,1,2,.. 00000000000 p, 000000000000 f(z)0000

[DD0 1.18)] mOO0DDDOO0OOO0 X1,X,,...00000000000000000000000
X~ f(z)00000000000000000000000mO00000 20000000 2[00
00z00 «[{)000000m—10000000 #[—]0000«(—]00000000

miali) = [ @)l

0000z[-| 0000000 (000000000

f(z)

fi(@[i] | z[—1]) = (@)

gooo

1. 000 X, 000¢t¢t=10000

65 67
2. 0004000000000
3.V~ fi(VIX[—])ODDODOOO
5.t+0000000000°20000
o° o ° .
7 S8 o [OO0] COOOOO0OO00OO00O0O00OGibbssampler) 0000000000000D0O000O00DOOOOO
0985 oo
- S%?;ue 00000000a=10000000
GO
. 7 [O0119] mOO00D0O00 X ~N,(p,X)00000YO0O0O00XO0YOOOOOOm+1000
. o® o =
g 6 8%0 o E 00000000o00o0o0oDo
T &,
o 27 X _ p, X _ E b
g e()-B v (F)-F
00000«0000000Y 0000000
? A 7 DR 5oh
o 1 2 s 4 s 5 7 o w0 w0 wo  wo 1w Vie ~ N A+ 05 (@ — ), e~ 0'577)

xs[1,] Index

012 00000 1.110 X000 log(f(X+))

66

000000000000000 X0000000000000000 e=(c—bE7'0)7}, d=—eX"'b,
A=ex Y'Y ' 00000000000OOO000000000
» b [2'+A d
A d e
68



[D 1.12] 00 110000 1.1l000000000oooooooooooooooo
X[22f1] ~ N (2 + plall] - ), 1 - p?)

oooo
>N <- 1000 # OO 0O

> rho <- 0.5 # 0000

> S <- matrix(c(1,rho,rho,1),2,2) # 00 SigmaO 00O

>mu <- ¢(5,0) # 0000 muOO0

> Sinv <- solve(S) # SOOOO

> myf <- function(x) exp(-0.5%(x-mu)%*}Sinv/*(x-mu)) # 00000000 £(x)
> x <-¢(0,0) # 000

> xs <- matrix(0,2,N) # 0000000

> fs <- rep(0,N) # f(x) 0000000 0OOOODOO

> for(t in 1:N) {

+ i <= floor(runif(1)*2)+1 # D0 OD0O0O0O0ODOOO

+ v <= mu[i]+rho*(x[-i]-mu[-i]) + rnorm(1)*sqrt(1-rho~2) # X[i]|x[-i] 000
+ x[i] <- v # 00O

+ xs[,t] <-x #x000

+  fs[t] <- myf(x) # f(x) 000

+ }

> plot(xs([1,],xs[2,]) # 0000 x00000O

> segments(c(0,xs[1,-N]),c(0,xs[2,-N]),xs[1,],xs[2,],col="pink") # 00000
> plot(log(fs),type="1") # log(f(x)) 000D O0O0OODOOO

[0 1.13] 00000 «fi], i = (1,1),...,(m,m) 00000 {+1,-1} 000000000000
00000 H(w) = =Y, *lizj)l 00000000000000000 (lsing mode)J 00000
00~ >00000000000000000000000000000000000000000
00000000000000000f(z) x exp(~H(x)) 00000000000000000000
hli) =v¥;;;®/00000000004i00000 ;000000000000 fi(v]a[—i]) o exp(vhli])

Dooooo
exp(vhli])
exp(hli]) + exp(=h[i])

00o00oooo0o0o0oo0o0oo0o00 000000000000 +1,-1000000000 40 +1

filvlz]—i]) =

ooo-10000000000O000 4100000000000 4100000000000 0ODODOO

J00000Ocf. 0000000000000 DOOO0Om

> N <- 100000 # 0O OO

>m<-50# 000000 mmO0O00

> x0 <- matrix(runif(m*m)>0.5,m,m)*2-1 # 00000 +1,-1000

> gamma <- 1.0 # gamma > 1/2.26900000

>x <-x0 #0000 x000

> xi <- function(i) x[(i[1]-1)7/m+1, (i[2]-1)}/m+1] # x[(i[1],i[2])] 00000
> dl <- ¢(1,0); d2 <- ¢(-1,0); d3 <- c(0,1); d4 <- c(0,-1) # 000O0OOOO
> for(t in 1:N) { # 00000

+ i <= trunc(runif(2)*m)+1 # 00000000000 i000O

+ a <- exp((xi(i+d1)+xi(i+d2)+xi(i+d3)+xi(i+d4))*gamma) # a=exp(h[i])
+ p <-a/(a+(1/a)) # p=f_{i}(+1 | x[-i])

+  if(runif(1)<=p) v <- 1 else v <- -1 # 00 p0 v=+1, 00 (1-p) 0 v=-1

69 71
+  x[i[1],i[2]] <- v # x[i] := v
+}
> bw <~ rev(gray((0:64)/64)) # 640000000000
> image (x0,axes=F,col=bw) # 000
> image(x,axes=F,col=bw) # NOOODOO
1.4 0O0O0O0O0ODO
7 N [00 1200 0000 QOOUOOOO YR, D;=Q00000000A00000000000000 D;
- ¥ 0o0O0O0O00oooo
A|D;)P(D;
- o @ P4 (D|A) ( | ) ( )
3 g > =1 P(A|D;)P(Dy)
T, o | 000000000000 P(A)>00000000000000000000000000
i © [D0121]] 00000000 X,YOOOOOOOOOOOOOO f(r,y) 000000000000
@ - o o ° ~ 0 f000000000000000 f(x) =" flz,y)dy, fly) = [, f(z,y)de 000000000
T T T T T T T T T T
2 3 4 5 6 7 0 200 400 600

xs[1,] Index

013 00000 1.120 X,000log(f(X+))
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f(z\y)mf(y|x)DDDDDDDDDDDDDDDDD

flylz)f(z)

Tel) = =4 iy @) de

0000000 f(y)>00000
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014 0O0ODO0oo0oOo0omooloeo00000000

73

ooooooooooo (b0 41— -1000 -1—+41)00000

L—c ylil =2l

f(y[’i]lw[i})={6 Vil 2

(i)DDDDDwDDDDDDD yooooood
Fota) x xp (13l

0000000000000 A=1log(3=)0Y,000000000000000xD 2,y000000
00000000000000000
(YzO0ODOOO

fla) xexn( > elile1j))

gooooooo 7>ODDDDE(M-)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
IxUO 0000000 DOOOOOO0OD2:00000D00000y 000000 zO00DODOO
Jaly) exp(AZw[i}y[i] - w[i]scm) (L8)
i (4,7)
000000000000 xO z000000ODOyODOOOOODODODO

[0 1.14] 00 1240 (i))00000D00000 f(ely) 00000 X1,X,,...0000000000
75

[D0] D00 «0D00000 X0ObOOOODOOYOODODODODOODDODOOOO f(e,y)DDDOODO

fly)>o00000
i@
H@ly) = T ) (o) de

0000 f(z) 000000 f(zly) DO0OO0DO0OO
[DD122] 0000 X,YDOOOOOOOOOOOOO0O0Y|z020000000Y 000000
X ~ N(0,a%), Y|z~ N(z,b%)

oooo
Xy ~ N (cy,cb?®), c=—pp

000000000000 ¢0 ()a=3,b=10 (i)e=1,b=3000000000

[D0123] 0OOOOwpu~N(,72)00000 pn00000000000000000000000MMO
0000000000000 w000 02000000000000000000 2q,...,%, ~ N(p,0%)
00000000000 Z=(z;+---+2,)/n000000p,0000000000000 72620000
oono

[00 124 00000 i]0 yli],i=(1,1),...,(m,m)00000 {+1,-1} 00000000000

000000@My00000000000000000000x0000000 e(0<e<1)000000
74

0000000000 y0OOOOO 000000000000 1.1300000000000000
D00O00H(@) = -y «lileli] - A, z[ilyll0 000 y000000000000000000
i0 M\ D00DD000000000000 f(ely) x exp(~H(z)) 0000000000000000
hiil =73l + Al 0000000000000000000 20000000burn-in0000
O000E(X|y)000000000000000000000000000000000000 +1000

0-1000200000000000000 MAPOOO@MOODOOODODDOOODODOODOOODOOOOOO
>## 0000

> N <- 300000 # OO0OO

> M <- 100000 # burn-in

>ns <- 2500 # 00O0O0OOOO0O0O

>m<-50 # 000000 mamO000O

> gamma <- 1.0 # gamma > 1/2.2690 0000

> eps <- 0.35 # 000000 357 (s00000000)

> lambda <- 0.5*log((1-eps)/eps) # 00O OOODO

> dl <= ¢(1,0); d2 <- c(-1,0); d3 <- ¢(0,1); d4 <- ¢(0,-1) # 0000000
> xi <- function(i) if(i[1]>=1 && i[2]>=1 && i[1]<=m && i[2]<=m)

+  x[i[1],i[2]] else -1 # x[(i[1],i[2])] 000000000

gooooooooobooooooo0oooooo0ooDoD@m™ooooobooooDooo

## 000000000 (OOOO0O0DOOOOOOOOOOOOO0)
y0 <- matrix(-1,m,m) # 000 y[i]=-1
for(il in 1:m) for(i2 in 1:m)
if (! (abs(i1-0.5*%m)<0.15*m && abs(i2-0.5%m)<0.15*m) &&
sqrt ((i1-0.5%m) "2+ (i2-0.5%m) "2) < 0.4*m ) yO0[il,i2] <- +1
## 000000000

V++VvVyVvyVv QO
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y<-yo#00000000
i <- runif(m*m) < eps # 0 0000000000000 0OOO0OOOOOOOOODO
yl[il <= - y[i] # 00
# 00000000O00O0O0O00OO0
myabserr <- function(x) mean(abs(x-y0)/2) # 0D 00OO00DO0OO0yo00O00D0OO0DOOODODOO
mylogf <- function(x) { # log(f(x/y)) J00DO0OO0O0O0O0Oyo00O00O0OOOOOOODOO
s <=0
for(il in 1:m) for(i2 in 1:m) {
i<- ¢(i1,i2)
s <= s + x1(i)*(xi(i+d1)+xi(i+d2)+xi(i+d3)+x1i(i+d4))
}

lambda*sum (x*y) +gamma*s/2

+ 4+ + ++++VVVVVYVY

}

goooooooooooooo
>## 00000000
>x <y #0000 xO000O
> myabserr(x) # 00O
[1] 0.35
abserrs <- rep(0,1+N/ns); logfs <- rep(0,1+N/ns) # abserr[] logf 0000000
abserrs[1] <- myabserr(x); logfs[1] <- mylogf(x) # OO0
xp <- matrix(0,m,m) # 00000000000 0O0OOO
# 0000
for(t in 1:N) {
i <- trunc(runif(2)*m)+1 # 00000000000 i000
a <- exp((xi(i+d1)+xi(i+d2)+xi(i+d3)+xi(i+d4))*gamma
+y[i[1],i[2]]*1lambda) # a=exp(h[i])
p <- a/(a+(1/a)) # p=f_{i}(+1 | x[-il,y)
if (runif(1)<=p) v <- 1 else v <- -1 # 00O pO v=+1, 00O (1-p) O v=-1

+ + + + + VVVVYyVY
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015 0000000 OooOooo0ooOoooooooon

79

x[i[1],i[2]] <- v # x[i] := v
if(t>M) xp <- xp + x # D00 x(t) 00000000
if((t %% ns) ==0) { # 00000
j <=1+t }4/% ns
abserrs[j] <- myabserr(x); logfs[j] <- mylogf(x) # 00O
3

+ 4+ + + + 4+

+ }

>xN<-x #0000

> myabserr (xN) # 00

[1] 0.0764

>zxp <-xp / (N-M) # 0000

> myabserr(xp) # 00

[1] 0.0775733

> xp2 <- sign(xp) # 00000 2000000

> myabserr(xp2) # 00O

[1] 0.0696

bw <- rev(gray((0:64)/64)) # 640000000000

image (y0,axes=F,col=bw) # 0000

image(y,axes=F,col=bw) # 0000000000000

image (xp,axes=F,col=bw) # 00O N-M OD0OOOOO

image (xp2,axes=F,col=bw) # 00000 2000000
plot(0: (N/ns),abserrs,xlab=paste("t/",ns,sep="")) # 00O
abline(v=M/ns,1ty=2) # 000000000 burn-in

plot(0: (N/ns),logfs,xlab=paste("t/",ns,sep="")) # log(f(ylx))
abline(v=M/ns,1ty=2) # 000000000 burn-in

VVVVVVYVYVY

[0 125 00O 1.1400000000000000D00D000C0C0OO0OODOOOOOOOOOOOOOO
0000000ooooooo00 e=035000000000000000000O0O0OOOOOOOOOOO
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016 OOOburn-in000000MO0O0OOO 2000000
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0.35
1
o

0.30
1

abserrs
0.20
|
logfs
3000 4000

2000
|

0.10
1

0.05
1
1000

0 20 40 60 80 100 120 0 20 40 60 80 100 120

/2500 /2500

017 000000000000 3,|X.[i]-=24]/(2m*)00M0000000000 log f(X.|y) O
000000 (1.8) 000000 expOOODOOOD
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> abserrs2[nf+1] # 00000000

[1] 0.0884

> plot(0:nf,abserrs2,xlab="iteration") # 00
> image(xf,axes=F,col=bw) # 0000 OO

15 0000O0OO0O0Oooooo

[0016] teRODOODODDODOOO XOOODOOO (moment generating function) 0 Mx (t) = E(e!)
ooono

[0 127] 0DOOOOOOD AOOOOOOOOOOOOO Mx)OOOOOOOOOOOOO

) d™Mx (t
B(x*) = dtk . t=0

[001.28] X ~N(0,1)000000 Mx()00OOD0O0D0000000 E(Xf) 0000000000
00 k=24,68000000

[D0129 XOYOOODOOOOOOOOOMy,y(t)=Mx(t)My(t)0O0D00

[D0 1300 00000000 X4,...,X,~N(0,1)00000X200000000000000000

83

goooooobooo

> mean(xp2 != y)
[1] 0.3468

[0 126 00O 114000000000000000000(G)00D00000O0OOODOOOOOOOOO
(i) 00D0DO00O0O00DO0O0(i)y0 AODODOODODOOOODOODOOODOOOODOOOOONDO MO
gobooocOoooooooooooo

[0 1.15] 0OO0O0O00O0D00O0O0O0O000DO00DOO0O0D0D0O0D0O0OD0OO0OD0O0D0O0ODO0O0ODODD
3x300000000000000000000000000000000000o0oOoOooOoOoOo9nOO

00 +100000000000500000000 4100000000000000000O0
nf <- 10 # 0000

v

> do <- ¢c(0,0) # 0000

> dl <- ¢(1,0); d2 <- c¢(-1,0); d3 <- c(0,1); d4 <- c(0,-1) # OO00OOOOO
> d5 <- ¢c(1,1); d6 <- c(-1,1); d7 <- c(-1,-1); d8 <- c(1,-1) # 00O
> xi9 <- function(i) c(xi(i+d0),xi(i+d1),xi(i+d2),xi(i+d3),xi(i+d4),
+ xi (i+d5),x1(i+d6),xi(i+d7),xi(i+d8)) # 9000000 D00

>xf <-y#0000000000000O

> abserrs2 <- rep(0,nf+1); abserrs2[1] <- myabserr(y) # 00

>## 000000000 OOO0O0OOOOO

> for(t in 1:nf) {

+ x <- xf

+  for(il in 1:m) for(i2 in 1:m) xf[i1,i2] <- median(xi9(c(i1,i2)))
+  abserrs2[t+1] <- myabserr(xf)

+}
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0.25
|

abserrs2

0.20
|

0.15
|

0.10
|
o

iteration

018 000000000000 Oo0OU0Oo0UOo0DOo0OoOoOoOoOoOooOoUooooo
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V,=X2?+.--+X2000000 My,() 00000000 20000000 Y ~x2000000

00000000 YDOOD0D00 My()00000My,()000000

D0 17] +eROOD0O0OD000 X0O0O00D (characteristic function) 0 px () = E(e¥) 000

[00] 00000 ¢x(t) =Mx(it)00D00 i=+/-100000000000000000000000
0000000000000 00000000000000000000000000000000¢x(t)0
00000000 fO00000DDODDDDD0O0O0O000Df(x)0000000000 px(t)OOOO
gobooooooooooooooooooboooooon

F(t) = F1(t) = /°° i f(a) dz,  f(z) = F fla) = /°° o F(1) dt

—o0 2m —o0

00000 ex(t) = f(—)000 Mx(t) 000000 ox(t)00000000000000000000
00000D00000000000

[0018 ODOO0OO0DOOOOOOXOOOOD-1<z:<100000X0000000 GX(z)zE(zX)
oooo

85

[D0132] mOO0DODO0OO0 XO0O0DO0O0OO00O B(X)=wpOV(X)=X0000000D0DO00000
Y =AX+b00000000000000 A0 kxmO00b0 KkOD0OD0ODODOD

[0 133 0OOO0OO0OO0 XODOO0OD000000 X~N,@,X)000000000000YOOOOOOO
ooo

[0 1100 COOOOY,00000YOOODODODDODDDODDOOO gODOOO

lim E(g(Yy)) = E(9(Y)) (1.9)

n—oo

000000Y,0 YOOOOOOOOOOOOO00000000000Y, $yooooyoooo F
o0vY,%Foooooooooo

[D0] 0DOO0O0 Y,000000 £,(y)00000 YODDOOOO f(y) DDDOOY, SYoooo
0f, — f000000000000 g(z) =I(ze ADDDD (1.9) 0 lim,_o fn(4) = f(A)ODOO
A= (—00,y) 000000000000 limy_e Fp(y) = F(y)0OODO F(y) 0000000 y0OOO00
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[00] DOODO Gx(e') = Mx(t)00000000000000 XO0000 Gx(2) 00000000
000D00D00D0Mx(t)00000000000000

[0 131] 0000 XO0O0O0O0OOn>0000000<p<10000000000000YOOOOO
0000 A>000000000000000O0000O0O0DO<Sz<n,y>0000000

n! e\

px(r) = mpw(l -p)"7, pyly) = )

oooooooooo
n
)

My (t) = (pet r(1- p)> My (t) = exp(/\(et - 1))

ooooooooo

[0019] mO00D00000000 X =(Xy,...,X,)/0m000000 ¢=(t,...,4,) 0000
000000 Mx(t)=E(*X)00000000'/0000000000000000
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oooyY,Avyoooo

[D012 X,0000000000000000000000E(X;)=00V(X,)=1000000
0000000 000000

1 n
Yo=—> X;
i
000000 1.100000000Y, =+/nX,000000000n—o0o0000
Y, % N(0,1) (1.10)

goboboooooooboboooooo

[00] 00 E(X) =p0V(X))=0?00 Z,=(X,—p)/c000000 Z, 0000000000
0000+vnZ, % N(0,1)0n000000000 vnZ, 00OO0O N(0,1)00000000000000
O (asymptotic normality) 0000 +/nZ, ~ N(0,1) 0000000000000000Z, ~ N(0,1/n)0
X, ~ N(p,0?/n)00000 E(X,)=p0V(X,) =0¢?/nm000000X,00000000000000
0000000000000 0000000000000

[DO0] 0000000 E(XF),k=1,2,..00000000000X,000000 ey, () = E(eX) =
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U B(XE) =1L L E(X3) + LEX)) +--- 0000000000000

v ) = [ox /)" = 1= 5 = G B + 5 B0+ = |12 -0 +0)

000000 limpe @y, (£) = e~¥/20

[O 1.16]

> ## myclt: n000000000000 pOOOOO

>#¢# 00 : n=00000000p=0000000000CO0O0OOO

># 00 : pOOOOO0OO0OOOOOOO

> myclt <- function(n,b) {

+ X <- matrix(runif(n*b),n,b) # nxb 000 U(0,1) 000

+ a<-rep(l/n,n) # 1/n0 n00000000ODOO

+ y<-azX#bO0OOOODO

+  x0 <- seq(min(y),max(y),length=1000) # yO O OO0 100000
+ truehist(y) # 000000000 0O0OOOO

+  lines(x0,dnorm(x0,mean=0.5,sd=sqrt(1/120)),col=2) # 00O OO00O00OO
+}

> myclt(5,10000)

> myclt(10,10000)

0oooo 190

[0 1.17]

> ## myclt2: n000000000 (00O pO 1000 1-p0 0) 000 bOODOOO
># 00 : n=00000000p=+10000p=00000000000000O0
>## 00 : pO000000O00O0DOOO

89

n

> myclt2 <- function(m,p,b) {

+ X <- matrix(as.numeric(runif (n*b)<p),n,b) # nxb0 00 1000 o000

+ a<-rep(l,n) # 10 n000000000OO

+ y<-axp,X#bO00O0O0DOOO

+ x0 <- seq(from=min(y)-0.5,to=max(y)+0.5) # U000 0.50000000

+  truehist(y,breaks=x0) # 0000000

+  x0 <- seq(from=min(y),to=max(y)) # 0000000

+  points(x0,dbinom(x0,size=n, prob=p)) # D000 OOO

+  points(x0,dpois(x0,lambda=n*p),col=3) # D0 OO0 O0OOO

+  x0 <- seq(from=min(y)-0.5,to=max(y)+0.5,length=10000) # 0000 100000
+  lines(x0,dnorm(x0,mean=n*p,sd=sqrt(n*p*(1-p))),col=2) # OO 0OOOOO
+

> myclt2(10,0.05,10000)

> mycl1t2(10,0.5,10000)

oooo 200

[00 134 00000000RO000000p000000 X0OO0O0OO00000(G) 00A>0000
O0p=A/n000000n—o00000 XO0OOOADODOODOOOOOO0O00D000000000
000000000000 00 1.310000000000Mx(t) — My(t)0000000(i)0<p<1D
0000 n—oo000000(X —np)/y/n000 0000 p(l-p)00000000000000000
00000000000000000000000000

00135 X,000000000000mO0000000000E(X)=00V(X)=X=(0;)00

n000000000@0MO0O0r=50000000000000000n=100000000000

02 n00000000000000MMOOR =10,p=00500000000000M000
n=10,p=050000000000




000o0o0o0o0o0o0o0o X,=3",X,/n0000000000
VX, % N, (0,%) (1.11)

0000000 N, 0D000000000000000000 E(XM ... Xkn) ky,... k,>000000
00000000000000000 ¢ 4g(t)=EEE™*X)0000000000
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[D022] 0000 f(2;0) 0000000000 6, €®000000¢=f(56,) 00000000
NO0000000000000@MO000:000000000000000¢(x)= f(x;600)0

[00] DOOOOOO0ODOO0O0O0DO0O0O0OO0O00OO0O0O0OO0DOO0OO0DOO0O0ODO0O0OODO0OODOOOODOOn
ooooocoooooo

[D21 0O00D00OODOOO X ~N(poe?)000 6= (u0?),p=20m0000000000 X ~
Np(p,2)000 0= (p, %), p=m(m+3)/20000

[022] k0O0O0O0O0OOODD:ODODODODODOOODODOODODOODODOOO X~ fi(x;6,)000000000
00000 k0000D0O0O0000O00ODO0O000D0O0O0O00DOODO¢0000D0DDOODOO0ODOO
p(i)=7r¢>0DDDDZ;€:17Q=1[DEIDDEIEIDDDDXDDDDiDDDDDDDDDDDDDDDD

f(,1;0) = fi(x;0;)m;

0000000 6 = (m,...,m-1,61,...,6;) 0000 f(z,i;0) = f(z]i:0)p(i;:6) 00000000000

00000040 X ~N(u;,02)0000086; = (u4,02)0 fi(z;0;) = \/;ﬁexp(—%)ﬂ

[023 D2200000X0000000000000000000000OOOOGODODODDOD XO
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2 00O

00000000 0000000000000 O0D0D0OD0DEMODOODOOODOOOOOOOO
gooooo ooooooooooooooooo0oooooooooo@moooooooooDoooOooon
0000000000000 000000OFsher 000000000

21 00000

mO00000 XO0O00000 ¢x) 000000 X ~q(2)000000 ¢(x) 0000000000000
00000000000000 X~¢O0000000000000000000000000000000
00000000000 mOO00000 Xy,...,X,00000000 g(¢)000 (i.i.d.=independently
identically distributed) 000000 X4,...,X, ~¢(x) (iid) 0000, 00000000000000
00000000000 X = (@,...,%,) 0000

[0 21 0000 ¢xO000000000pO0O00DOODOAe®CRFOODOOODOOOOOOD
flz;0) 00000000000 DOOOODOOOOOOOODOOODOOODOOOO
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gooooooOo0oOoOoOooOoooOOOD0OO0O0O0 XOOoOoooooooooooooo

k
f(a:0)=>" fi(z;0,)m;
1=1

[0 23] 023000000000000000000000000O0OOOOOODOOOOOOOOO
0000000000 (mixture distribution)00000000000000000000O00OODOOOO
00o0o0o0oO (normal mixture model) 0000

[00] DOOOOOOOOOO0OO0O0O0O0O0000000000000000 020000000004
00 z000000000000D0D0¢00200000000000000 f(z)¢9)ODOOODODOO (OO
0000000000000 0000000 p(y) 000000000000 j0000000000000
0000ooo0o0D f(z)4,y)DOODOOO0OO0O0O0O040 jO00000000 2000000000ODDOO
gooooooooooooooooooooooooboooooooooooooOobOoooooboobOooo
0000000000000 0000000000000D0ODO00D0D0OD0000000D (0DDODD X)OoOo
goooooooooooooooooboooooobooooooboooooobooooooooOoobOooo

goobooooboboboobooobooboboooooooobooboobooobooboboOoooobOoboOoooog
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ooooooooooo

[0 24 0OOOODODODOD230000000000000000 ny =100, k=3,

st :0.5,71'2 =0.3,7T3 :0'2711'1 :O,Mg :4,M3 = —3,0’1 = 1,0’2 :270'3 =1.

## 0000000000000
# 0000000 : n1

# 000 : k

## 00 : pr[1],...,pr[k-1]
## 00 : mu[1],...,mu[k]
## 00 : ss[1],...,ss[k]

# O00D000000xx1000
nl <- 100; k <- 3
pr <- ¢(0.5,0.3); mu <- ¢(0,4,-3); ss <- ¢(1,2,1)°2
prlk] <- 1 - sum(pr)
# OO00D0O0DOO0O0DOODODOODOD
## x0=0 00000 x00 (k,pr,mu,ss)=00000000000co1=0
drawnormmix <- function(x0,k,pr,mu,ss,col) {
## 0 i0 £(x0[t]]i)*p(i),t=1,2,.. 000
fi <- matrix(0,length(x0),k) # fi(xt), i=1,...,k, t=1,...,n
for(i in 1:k) fi[,i] <- pr[i]*dnorm(x0,mean=mu[i],sd=sqrt(ss[i]))
## £(x0[t]),t=1,2,...000
f <- apply(fi,1,sum) # f(xt), t=1,...,n
## 00
if(col != FALSE) {
matlines(x0,fi,col=col,lty=1) # 000000
lines(x0,f,col=col,lty=2,1wd=2) # 0000

+++++++++VVVVVVVVVVYVVY

[1] 1.0881641 1.8268178 0.8969115
> drawnormmix (x0,k,prl,mul,ssl1,"red") # 00000000

ooooooOoooo0OobO0oo0oo0oOoo0O0oOO0O0ooO0O0ODOU0O0D0OO00D0D M OO0OD0O00 X =
{(x¢,34),t=1,...,m}000000000C00C00O00OCOOCOOOOOOOOOOOOO

lOg L(9|Xl) = Z 10g (flt (‘Tt; eit)ﬂ-it)

t=1

goobooooooobooooooooooobooOooooOobooooooo0ooooobooooDo
22 0J0OOOOOOOODOO

[0D25] 023000000000020000000:00000 p(ifz)O

(g = 1120
N FT)

goooooooooood«:000000oOooO0U00oDOooUUOoDOOoOoUUbODoOobOoUOooDoo
%(x;@):argvnllaka(a:;e)
i=1,...,

DDDDDzDDDD%(z;@)DDDDDDDDI:II:IEIEIEIDDDDDDDDDDDDDDDDDDDDDDD
00 6#00000000000000000000000 A00000000000000000000O
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+ F o0oo0ooo0ooo0ooO0o0oOoooO00OO00O00OO0OO0O0OO0DOOO0OOO0OOO00OOB0OO
+ invisible(list(f=f,fi=fi)) # 00000000000 B
+} 000000000000000000000000000000 0000000000000 i.i.d.

>## 0J000O0O0O0DOD

> iil <- sample(k,nl,replace=TRUE,prob=pr) # 00000000000

> ii1[1:30] # 00000000 OOOOOO

[1] 112111312123112211122222112321

zz1 <- rnorm(nl) # N(0,1) 000

xx1 <- zzl*sqrt(ss)[iil] + mu[iil] # 000000

x0 <- seq(min(xx1),max(xx1),length=400) # 0O 0000000000000 ODOOO0O 40000
hist (xx1,nclas=10,prob=T) # 000000

rug(xx1) # 0000000000000

f0 <- drawnormmix(x0,k,pr,mu,ss,"darkgreen")$f # 00O 0OD0O (foO00D0OO0DOOOO)

0oo0ooo0o0o0ooo0ooOo0o0O000 (v 00000O0ODODOOOOO:=1,...,k000000000

gooooooooood

>## J00000pr1,mul,ss1 000

prl <- mul <- ss1 <- rep(0,k) # 000

for(i in 1:k) {
pri[i] <- sum(iil==i)/length(iil) # D00 i000000000O00O0OOOOOOO
x <- xx1[iil==i] # 000 i00000O00OOO
mul[i] <- mean(x) # 00O OO
ss1[i] <- mean((x-mul[i])"2) # O0O0OO

}

>pr1 #0000 pr

[1] 0.50 0.32 0.18

>mul #0000 mu

[1] -0.07201132 3.86638323 -3.16861588

> sqrt(ss1) # 0000 sqrt(ss)

vV VVvVvyvVvyv

+ 4+ 4+ + + VvV
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poooooooOo0ooooobooooOoOoO0OO0OO0O0O0O0bObOooOooOOOO0OOO0O0O0O0m

[026] 0240n,=3000000000000000000000000000O0O0O ac[ll]l]l]i(x;é)
000000000000 0O0000DOO0O0Ob0O0OO0O 240000000 (2,4,) 00000DOO0ODOODO

JMoooodoo0 ;0000000000000

>## 0000000 : n2

# 000000000xx2000

n2 <- 300

ii2 <- sample(k,n2,replace=TRUE,prob=pr) # 00000000000

ii2[1:30] # 00000000 OOOOOO

[1] 323213122313111222221223132223

zz2 <- rnorm(n2) # N(0,1) 000

xx2 <= zz2¥sqrt(ss)[ii2] + mu[ii2] # OOOODODO

hist (xx2,nclass=15,prob=T) # 0O 0000

rug(xx2) # 0000000000000

drawnormmix (x0,k,pr,mu,ss, "darkgreen") # 000000

## i000000000ii2000000xx200000000 (QOO0O0O0OO0 xx10 ii100000000

a <- drawnormmix(xx2,k,prl,mul,ss1,FALSE) # n1000000000000000000ODOO

round(t(a$fi[1:10,]),3) # f(xx2[t][i)+*p(i) OO0 100 ODO0OODOOOODOOOOOODOO
[,11 [,2] [,3]1 [,41 [,51 [,61 [,71 [,8] [,9] [,10]

[1,] 0.000 0.032 0.00 0.007 0.168 0.040 0.180 0.000 0.177 0.016

[2,] 0.000 0.041 0.00 0.057 0.011 0.000 0.009 0.062 0.010 0.000

[3,] 0.014 0.000 0.05 0.000 0.000 0.033 0.000 0.000 0.000 0.060

> round(a$£f[1:10],3) # f(xx2[t]) OO0 100

vV VvV Vv Vv

vV VVVVYVYVYV
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[1] 0.014 0.073 0.050 0.064 0.179 0.073 0.189 0.062 0.186 0.076

> pr2x1 <- a$fi / a$f # p(ilx) 000

> round(t(pr2x1[1:10,1),3) # 000 1000000000000000DO0O0O0O
[,11 [,21 [,31 [,4] [,5]1 [,61 [,7]1 [,8] [,9] [,10]

[1,] 0.001 0.44 0.005 0.112 0.937 0.548 0.954 0 0.948 0.210

[2,] 0.000 0.56 0.000 0.888 0.063 0.006 0.046 1 0.051 0.002

[3,] 0.999 0.00 0.995 0.000 0.000 0.446 0.000 0 0.000 0.788

>## 000 (UDO)O0D0OD0O0: dii2x1 Opr2x1 00000 a$fi 00000000

> i1i2x1 <- apply(pr2x1,1,function(p) order(-p)[1])

> ii2x1[1:30] # 0000000000000 DOOO

[1]323211121313111222221223112223

> sum(ii2x1 == ii2)/length(ii2) # 00O

[1] 0.9033333

[0 27 0DODOODOODOOOOOOODOOOD A=20000:=00000000000 (ham)O
t=10000000 (spam) 0000000000000 DOOOOMDOOOOOODDOOD MODODOO
ooooooo j=1,...,m00000000000 2)j]=100000000 «)jj]=000004000
0000000000 p(x) 00000000 OOOOOOOO

fi|i; 0;) = p(x[1]|i)p(z[2][3) - - - p([m]|i)
000:0000000000000000000000000 «f5]=100 p[j]li)=6:[jl0«[j]=00

0 p(zf]li)=1-6,j)000000000000000006 = (11,600[1],...,600[m],04[1],...,0:[m]) O
000000000000000000000000000000000000000000000000
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0000000000000 00000D0D000ONaive Bayesh OOODODOD0OOODOOOODOOOODOO
0 0 O Spambase 00 00O O OO UCI Repository of machine learning databases http://wuw.ics.uci.edu/
“"mlearn/MLRepository.html 00 0000000000000 O0000O0O00O00O0OO0OO0OOODOO

gooboobooooboobobooobo

>#p#¢ O O0O0ODOOO

> load("spaml.rda") # datl.train,spam.train,datl.test,spam.test
> dim(datl.train) # 000000 n=3601, m=54

[1] 3601 54

> t(datl.train[1:20, 0]) # 000 200000001000000000
3 9 10 11 12 13 14 15 16 17 18 1
0 0 0 0 0 0 1 0 0

N

(o)
QOO DD

1:

1
Iword_freq_make 0
Iword_freq_address 0
Iword_freq_all 0
Iword_freq_3d 0
Iword_freq_our 0
Iword_freq_over 0
Iword_freq_remove 0
Iword_freq_internet O
Iword_freq_order 0
Iword_freq_mail 0
> spam.train[1:20] # spam=1, h
[1] 1100111000110
> dim(datl.test) # 0000000
[1] 1000 54
> ### U000 thetaDOO
>## x :0,1000 (00dat)
>##y :0,10000 (OO spam)

1
2
0
1
1
0
1
1
1
1
0
1

HOROORORKROO
QOO R OO0 R OOWU
H OO
QOO OO RO RO
jelleoelellele e e le)

OO OO R OO OO

M e O R R RORO
jelleeNoleBolleNele}

OR QOO R OOO
jelleelelele e lBele)
QOO R O O RO

H OO R OROR R

QO R K KRKORO

M OOORRKRORKROOO

4
0
0
0
0
0
0
0
0
0
1
1

| ORI Ok KKOHRKKKRK-N

6
0
0
1
0
0
0
0
1
0
0
am
1

0
011

~

00

103

Histogram of xx1

Histogram of xx2

0.15
|
0.15
|

Density
Density

0.05
1
0.05
|

2 4 6 8

xx1 Xx2

021 0000000000000 DODDO0000000M (2,4),t=1,...,nn 000000000000
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myMLE <- function(x,y) {
pyl <- mean(y) # p(y=1)
px0 <- apply(x[y==0,],2,mean) # p(x[jl=1]y=0)
pxl <- apply(x[y==1,],2,mean) # p(x[jl=1ly=1)
list(pyl=pyl,px0=px0,px1=px1) # 0O 00 thetaOODO
}
### 0000000 p(y=1/x) 000
## th : list(pyl,px0,px1)
## x : 0,1000 (O0Odat)
myPP <- function(th,x) {
x <- as.matrix(x) # x0O0O0OO0O0OO0O0OOO0OOOOOOOOOOOOOOO
x0 <- x1 <- x
for(j in seq(ncol(x))) { # 00 j=1,...,m0000
a<-x[,jl+1# 0000000 ¢t=1,...,n0000000 jOOO=2,00=10000
x0[,j] <= c(1-th$px0[j],th$px0[j]) [a] # p(x[j]ly=0)
x1[,j] <= c(1-th$px1[j],th$px1[j]) [a] # p(x[j]ly=1)
}
pO <- apply(x0,1,prod) # p(x|y=0)
pl <- apply(x1,1,prod) # p(x|y=1)
th$py1+p1/(th$pyi*pl + (1-th$py1)+*p0) # p(y=1/x)
}
### 000000000
myPPplot <- function(spam,pp,pth) {
## 0000000O0O0OOOOO0O00OO0
def.par <- par(no.readonly = TRUE); on.exit(par(def.par))
layout (matrix(1:2,2,1))
## spam/ham 00 0000000000000 D0OO0OODOOOO
sp <- spam==1 # spam=TRUE, ham=FALSE (OO0
pO <- mean(pp[!sp]>pth) # hamO 000 spam 0000000

+ 4+ + +++VV++ A+ttt A+ttt A+ FVVVV A+ o+
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+ pl <- mean(ppl[sp]>pth) # spam 0000 spam 0000000

+ # 0000000 rhamO00000O00O0O0OO0O0ODOOOOODO

+  hist(pp[!spl,col="blue",nclass=50,prob=T,main="ham mails",
+ sub=paste ("P(say spam | ham mail)=",round(p0,5)))

+ abline(v=pth,col="green")

+ # 0000000 spam00000000O0OOOOOOOOO

+  hist(pp[sp],col="red",nclass=50,prob=T,main="spam mails",
+ sub=paste ("P(say spam | spam mail)=",round(pl,5)))
+  abline(v=pth,col="green")

+ ## 000000000COOO0OO0OO0O0000O0

+ ret <- c(pth,p0,pl1)

+ names(ret) <- c("pth","p0","p1")

+ ret

+}

>### 0000000000000

>## 000000000000000OOO

> th <- myMLE(datl.train,spam.train) # 00000 thOOO

> names(th) # 00000OODODO

[1] "py1" "pxO0" "px1"

> th$pyl # p(y=1)

[1] 0.4004443

> round(th$px0[1:10],3) # p(x[jl=1/y=0) 000D O0O0O00O0O0OOO

Iword_freq_make Iword_freq_address Iword_freq_all Iword_freq_3d

0.149 0.096 0.277 0.002

Iword_freq_our Iword_freq_over  Iword_freq_remove Iword_freq_internet

0.224 0.117 0.014 0.077
Iword_freq_order Iword_freq_mail
0.076 0.171

> round(th$px1[1:10],3) # p(x[jl=1ly=1)

105

> pth <- quantile(pp.train[spam.train==0],p=0.99)
pth # 00 p(y=1/x)>pth000spam 000000

v

997

0.9992213

> myPPplot (spam.train,pp.train,pth) # 00 pth OO000O0O0OO
pth poO p1

(o)

.99922133 0.01018990 0.59778086

myPPplot (spam.test,pp.test,pth) # 00 pth DO0O00O00O0
pth pO p1

0.9992213 0.0190779 0.5714286

oo0ooo0oO0oo0o0ooO0o0booO000000000000000000000O000O0 54000000

\2

gobooooooOooooooOoOoooOooboOoOoOoOoOoOoO0oOoOoOoOoOoOoOoOooOoOoOoOoOoOoOooooboOoOon
goobooooooobcoooboooooooo

[OO0 21 0250000 20 mO000000000DO0O0DOO fi(;0;,) DOO0DOODO
Oz ~ Nu(w,%) 0000000 6, = (p,%) 0000000 40000 ;00000
mifi(z;0;) > mifi(x;0;) 00 s0000 j0000000000000 200000000000
ooooog Si(z) =log(m fi(x;0;)) 000000

[0 22 DO210000000:0000 %, =X000000000«0000000000000

[D0 23] 025000000000 8= (r,...,m—1,01,...,0,) 00000000000000000
0000000000000D000 i0000000000000000000000000000000%
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Iword_freq_make

Iword_freq_address

Iword_freq_all

Iword_freq_3d

0.354 0.342 0.621 0.022

Iword_freq_our Iword_freq_over  Iword_freq_remove Iword_freq_internet

0.618 0.383 0.426 0.342
Iword_freq_order Iword_freq_mail
0.311 0.457

>## 0000000000 O0DODDOO0OODOOOOoOOOOoO0ooO
> pp.train <- myPP(th,datl.train) # 0000
round(pp.train[1:20],3) # p(y=1/x) 0000000000

1 2 3 4 5 6 7 8 9 10 11 12 13
.966 1.000 0.999 0.000 0.250 1.000 1.000 0.000 0.002 0.002 0.751 1.000 0.000

14 15 16 17 18 19 20
.667 0.000 1.000 1.000 1.000 0.000 0.001
> myPPplot (spam.train,pp.train,0.5) # 00 0.5000000000

pth pO pl

.5000000 0.0676239 0.8196949
# 0D0000000O0OOO0O0O0DOO0OOOOOOO0O
pp.test <- myPP(th,datl.test) # 0000
round(pp.test[1:20],3) # p(y=1/x) 0000000000

1 2 3 4 5 6 7 8 9 10 11 12 13
0.114 0.064 0.000 1.000 0.000 0.000 0.000 1.000 0.002 0.000 0.000 0.601 1.000

14 15 16 17 18 19 20
0.000 0.000 0.000 1.000 1.000 1.000 0.000
> spam.test[1:20] # 000000 DO0OOOODOOO
[1]11010001010010001110
> myPPplot (spam.test,pp.test,0.5) # 00 0.5000000000

pth PO p1

0.50000000 0.06677266 0.81401617
>## 0000000 hamd spam0 0000000 0.0100000000C0O0OO

(o) v

(e}

vV v v o
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ham mails ham mails

S <
2 2
@ @
5 & g R
a =}

o o

T T T T T 1 T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
ppl'sp] pp['sp]
P(say spam | ham mail)= 0.01019 P(say spam | ham mail)= 0.01908
spam mails spam mails
z & z &
@ @
2 2
8 o 8 e
T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
pp[sp] pplsp]
P(say spam | spam mail)= 0.59778 P(say spam | spam mail)= 0.57143

022 000000000000 O00O0O00mOoooOoooOooOooooooooo
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goooooooo0o0 HMURU---UR,000000D000ze R,00000:00000000000
0oooooo R={Ry,....,R,}000000000OOODO

k

00000000000000000 R*={R},...,R;} 000000

v € R = mifi(;0;) > m;fi(x:0;),5=1,....k

0000000D00P(RY)>P(R)0O0OO0O0

23 0D0OOO0OOO

ooo X = (xy,...,z,) 00000 f(x;0) 00000 #00000000000000000000 6
0000000000 O00O0OOOOOONO0O0O0ON00000000000000000 X0000
f(z;0)000000000OOOOOO f000000000000000000000

[OO 24 (X,,...,.X,)0000000060000000O0DDOOOOOOODOOOOOOOOOD

goooo
L(0|X) :f(mﬁe)"'f(mn;O)

109

[0 25 Xi,...,Xn ~ N(p,0?) (iid) 00000000060 = (o) 0O MLOOOO fime = 7,
6%, =2 (zy—2)?/n000000000

00 26] Xi1,...,X, ~ Np(, ) (1id) 00000000060 = (0,2) 0000000 fiyy, = Z,
Svr =30 (2 — &) (z, — &) /n 000000000

[D027 kO200000000X €{1,2,...,k}000000000000000 6; =P(X =),
i=1,....,k—=100=(01,...,0, 1) 0000000 P(X=k)=1-Y''9,000 z,...,2,0 i000
0000 0000000000000 6;=2/n0000000000000(%,,...,%,)000000
0oo

[0 28] 022000000000 (z4,4),t=1,...,n,000000000 XOOOOOODOD 00O
oooooO0o0oo0o0ooO00D e0ULOOOOOO0OD ;000 4=1,...,k0000000000O0OO
gooboooooooodm, 000000000000 0DOO0O0O00OO

n
0, = arg%%X;I(iz =i)log fi(x;0;), = o

000 2z =5,,I(i:=40000000000000000000004; =>4 = i)x/z0
62 =% 1(iy =4)(z, — ;)?/0000000000000000000000000000 27000

111

[0 25 DeOOOOODOOODOOOOOODOODOOOOODOMO)OODOODOOOOOOOOD
0000 #(0]X) x L(O|X)r(#) 00000 OO0 x(|X) 00000000 MAP OO OO Maximum
A Posteriori estimator) 00 0000000000000 0OOOO

Onap = 0|x
MAP argrgleaécﬂ(\ )

oooo

00 24] Xi,...,Xu|p~N(u,1) (iid), p~N(O0,72) 0000 x00000000000000000
0000000000000000000000@M00000000000 (i) L(ulX) o« exp(—2(u—2)%)0

000 z=>,",2/n0(i) 00 MAPODODDO jimap =7 — 1575720

[OD 26 66000 LOX)ODDOODDODOODDDOODODOOODODOMaximum Likelihood

estimator) 0000000
Oy, = arg max L(0) X
ML = ATE S (01%)

O00OOMAPOOOOODODOOOOO #(@) =00 0000000000

110

ooooo Xooo 200000000000

[028] 0O0O0;0000000XO0000000000D00000 23000000 f(z;0)0000
0000000000000000000000000000000000000000 2600000 ns
0020000 (,000000600000000000000 Xy={z,t=nm+1,...,n+n} 0000

ooooooo
ni+no ni+no k
log L(O|X:) = D log f(x;0) = ) log (Z filar: eim)
t=ni+1 t=n1+1 i=1

goooooooooood
## 00000000000
#4 000 @ xx2
## 000 : k
# 000000 pr2,mu2,ss2000
# 000000O00O0ODOD
mylik2 <- function(theta) {
pr <- thetal[l:(k-1)]; mu <- thetalk:(2*k-1)]; ss <- thetal[(2*k):(3*k-1)]
prlk] <- 1 - sum(pr)
f <- drawnormmix (xx2,k,pr,mu,ss,FALSE)$f # 0000 xx2
—sum(log(£f)) # 00D 0O0OO*(-1)
}
# 0000000000 (eptimO00000OOOO
> tho <- ¢(1/3,1/3,0,2,-2,1,1,1) # 000
> opt2 <- optim(thO,mylik2,method="BFGS",control=1list(trace=1,reltol=1e-14),hessian=TRUE)
initial value 1011.863187
iter 10 value 759.738582

V+++++VVVVVY
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iter 20 value 733.979179

iter 30 value 730.918755

iter 40 value 730.913498

final value 730.913498

converged

> th2 <- opt2$par

> pr2 <- th2[1:(k-1)]; mu2 <- th2[k: (2%k-1)]; ss2 <- th2[(2*k): (3*k-1)]
> pr2[k] <- 1 - sum(pr2)

> a <- order(-pr2) # pr20 00000000

> pr2 <- pr2[a]; mu2 <- mu2[a]; ss2 <- ss2[a] # 0000
>pr2 #0000 pr

[1] 0.3853882 0.3283223 0.2862895

>mu2 # 0000 mu

[1] 0.06464457 3.91822918 -2.65935238

> sqrt(ss2) # 0000 sqrt(ss)

[1] 0.8274128 2.0351055 1.2760710

> hist(xx2,nclass=15,prob=T) # 000000

> rug(xx2) # 0000000000000

> drawnormmix (x0,k,pr2,mu2,ss2, "blue") # 00000000
> lines(x0,f0,col="darkgreen",lty=2,1lwd=2)

0000000000 6= (R1,...,/k1,01,- -,k 6%,...,02) 00000000000000000:0

00000000000000000000000000000000000000000000O00300

goooooooo

>## i0000000004ii2000000xx200000000

> a <- drawnormmix (xx2,k,pr2,mu2,ss2,FALSE) # n200 x00000000000000COO
> pr2x2 <- a$fi / a$f

> round(t(pr2x2[1:10,1),3) # 000 1000000000000000000O0O
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[0D29 OCOO0O290000000000D0D0O0DOOO0OAMDOAXO000000D0D00O0O0O0O0O0OOOO
000000000000000000000000000000060000000000000000
gooooooooooooooooooooooooboOboOoOooooObooooooOooooooobOooo

Jdo0bOO0o0doo0ooooOo0o0oDobOo0oOo0o0oobOO0o0oo0bOOo0ooOoooobOoooDobOOooooOoOoooDooa
># 00000000000

>## 000 xx1, ii1, xx2

>## 000 : k

>## 000000pr3,mu3,ss3000

># 00000000000

> mylik3 <- function(theta) {

+ pr <- theta[1:(k-1)]; mu <- thetalk:(2*¥k-1)]; ss <- theta[(2*k):(3*k-1)]
+ prlk] <- 1 - sum(pr)

+ ## 00 xx1,ii1 000

+ fi <- drawnormmix(xx1,k,pr,mu,ss,FALSE)$fi

+ f1 <- fi[seq(n1) + (iil-1)#*ni]

+ ## 00 xx2000

+  f2 <- drawnormmix(xx2,k,pr,mu,ss,FALSE)$f # 0000 xx2

+ ## 00

+ -sum(log(c(f1,f2))) # DO OO OO *(-1)

+ }

># 0000000000

> tho <- ¢(1/3,1/3,0,2,-2,1,1,1) # 000

> opt3 <- optim(thO,mylik3,method="BFGS", control=1list(trace=1,reltol=1e-14)) # 0O O0O0ODO
initial value 1372.011849

115

[,11 [,21 [,31 [,41 [,51 [,6]1 [,7] [,8] [,9] [,10]
[1,1 0 0.247 0.000 0.021 0.899 0.104 0.904 0 0.904 0.018
[2,1 0 0.750 0.001 0.978 0.074 0.011 0.056 1 0.061 0.005
[3,1 1 0.002 0.999 0.000 0.027 0.885 0.040 0 0.035 0.977
>## 000 (O0OO0)0 MAPOD @ ii2x2
> ii2x2 <- apply(pr2x2,1,function(p) order(-p)[1])
> ii2x2[1:30] # 00000000 OOOOOODOO
[1] 323213121313111222221223112223
> sum(ii2x2 == ii2)/length(ii2) # 000
[1] 0.8933333

gooooOooooooOo0ooo00 k0000 24,...,2,000000000000000000OCOOCOO
0z, 000000C000DOCOO0OCO0OO0OOOO0ODOOOO0ODOOOOOO0OOOOOOOOOODOOOOO
goooob0 -, 0000000 :000000000000O0CO0O0O0COO0OODOCOOOODODOOO
oono

[D029 0OOOODDDODDODODDOOO mOO0O00 X ={(z,i),t=1,...,m}0000000000
On 0000 Ay={ay,t=m+1,....m+n}00000000000000O00OO0DODOOOOOO
goooocooooooooon

ni ni+ng k

log L(0| X1, Xp) = log L(0]X1) + log L(0]X5) = > log (fi, (x4 0:,)mi,) + D log< fi<xz;ai)m>
t=1 t=ni1+1 =1
114

iter 10 value 1009.523874

iter 20 value 998.727891

iter 30 value 998.726049

iter 30 value 998.726049

iter 30 value 998.726049

final value 998.726049

converged

> th3 <- opt3$par

> pr3 <- th3[1:(k-1)]; mu3 <- th3[k:(2%k-1)]; ss3 <- th3[(2+¥k): (3*k-1)]

> pr3[k] <- 1 - sum(pr3)

> pr3 # 0000 pr

[1] 0.4870557 0.3082942 0.2046501

>mu3 # 0000 mu

[1] -0.08596124 4.05636269 -3.11973790

> sqrt(ss3) # 0000 sqrt(ss)

[1] 1.060265 1.917332 1.032354

hist (xx2,nclass=15,prob=T) # 000000

rug(xx2) # 0000000000 0O0OO

drawnormmix (x0,k,pr3,mu3,ss3, "orange") # D 0000000

lines (x0,f0,col="darkgreen",lty=2,1lwd=2)

## i0000000004ii2000000xx200000000

a <- drawnormmix (xx2,k,pr3,mu3,ss3,FALSE) # n1 00 (x,i) 0 n200 x0000

pr2x3 <- a$fi / a$f

round (t(pr2x3(1:10,]1),3) # D00 1000000000000000DOOOO
[,11 [,2] [,3] [,4] [,51 [,6]1 [,7] [,8] [,9] [,10]

[1,1 0 0.445 0.003 0.105 0.941 0.469 0.955 0 0.951 0.180

[2,1 0 0.555 0.000 0.895 0.058 0.006 0.042 1 0.047 0.002

[3,1 1 0.000 0.997 0.000 0.001 0.525 0.003 0 0.002 0.818

>## 000 (OO0O)DO MAPOD @ ii2x3

V VVVYVYVYVYyV
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> 1i2x3 <- apply(pr2x3,1,function(p) order(-p)[1])

> ii2x3[1:30] # 00000000000 OOOOO
[1]323213121313111222221223112223

> sum(ii2x3 == ii2)/length(ii2) # 00D

[1] 0.9033333

>### 00000000000 DOOO

> sum((c(pr1,mul,ss1)-c(pr,mu,ss))"2) # n100 (x,i1) 0000

[1] 0.5636234

> sum((c(pr2,mu2,ss2)-c(pr,mu,ss))"2) # n200 x0000O

[1] 0.6626585

> sum((c(pr3,mu3,ss3)-c(pr,mu,ss))"2) # n100 (x,i) 0 n200 x0000
[1] 0.1497713

[0DO0] 0280029000000000000000000000D0000DO0O0O0O0OROOOODOODO
optim0 0000000000000 O0O0O0O0O0O0O0O0O0O0OCOOOO0OO0O0O0O0O0COO0O0OOO0O0O0O0
00000000000 00O0000DoODO0O00DODO0O0D 2800 290 0000000000000OODO
goooooooooooooooboooOoooOoboOoOOOOOoOoOObOO0OoOoOObOOoOoOoDoOboOoooo
EMODOOODDOOOOOOOO

24 EMOOOOOO

[0210) 00DD0O0O0OO0O0O0OO0O0O0O0O0O0O00029000000000000000000000000
0oooor=0,1,2,...0000r=00000000000000000 W ooooooooo @0+Y
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00o0bDOo00000ob0000000n=n;1+n. 0000

e EDDOOD (Expectation step)J 00000 6 000000¢t=1,....,ny+n, 0000000
00 pliglay) = m(3;07) 000000
mi(x; 0 =I(=4), t=1,...,ny 00X, 00400000000
filw 0)r(”
F:6)

e MODO OO (Maximization step)J 7y,...,m 00000000000000 (000 Y,_,m =1)0

Tri(.rt;o(r>): , t=n1+1,...,n

n
TI'ET+1) = %Zm(mtﬂm)
t=1

oooob z,00000000000000

mi(zy; O(T))

W= T )y
>ty i 0Y7)

t=1,...,n
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Histogram of xx2 Histogram of xx2

Density
Density
0.10

|

0.05
1

0.05
|

0.00

Xxx2 Xx2

023 n, 002, 00000000000000@0n00 (24,3,)0ne00 2, 000000000000000M
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oooooooq+¢=1,...,k000000000000000O0O00O0DOOODDOOOUOOOOOOOO
ooo

n
W =S wgm, =1,
t=1

7

n
0-1'2(T+1) :Zwt(mtiﬁl’(j*’l))Zv tzlu"'vn
t=1

000 E0O0O0DOOMOOOOOOODOOOOODOOOOOODOOOOOOODOOOODOOODOOODOO
O00OoeptimO00000000D0O0O0O0O0O0DOOOOOOOOOOOOOOOODOOOOOOOODOOOO0

Jdo0oOO0d0ooOOoOooOoOoobOOooooOoOoooaono lOgL(B(T)‘Xl,Xg)DDDDDDDDDDDD
>## EMODO0O0ODDODOOOODOOOOOODOO
## 000 : xx1, iil, xx2
## 000 : k
## 000000 pr4,mu4,ss4000
pr4 <- ¢(1/3,1/3,1/3); mu4 <- c(0,2,-2); ss4 <- c(1,1,1) # 000
nr <- 30 # 00 00000O0O00OOOOOO
mystat <- function(pr,mu,ss) { # 0000000000000000000ODOO
lik <- mylik3(c(pr[-k],mu,ss)) # 0000
cat (format (1ik,digits=10),round(c(pr,mu,ss),3),"\n") # 000000000
c(lik,pr,mu,ss)
}
stat3 <- mystat(pr3,mu3,ss3) # D00 000optim0 mylik300 0000000000000
998.7260493 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
> stat4 <- matrix(0,1+nr,length(stat3)) # 00 000000000000

> stat4[1,] <- mystat(pr4,mué,ss4) # 00000 D].QDOD

V+ + + +VVVVyVy



1372.011849 0.333 0.333 0.333 02 -211 1
> xx <- c(xx1,xx2) # 000000000000 OOOO
> ppl <- matrix(0,n1,k); ppllseq(ni)+(iil-1)*n1] <- 1 # xx1 0000000000
> t(pp1[1:10,]) # 000DO00OO0OO
[,11 [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10]
[1,] i 1 o 1 1 1 0 1 o0 1
[2,] 0 0 1 0 0 0 0 0 1 0
[3,1 0 0 0 0 0 0 1 0 0 0
>## EMOOUOOO0OOOOOOOOO0OO0O0
> for(r in 1:nr) { # 0000 :000000000 break00D00O0
+ a <- drawnormmix (xx2,k,pr4,mu4,ss4,FALSE); pp2 <- a$fi/a$f # xx20 0000000
pp <- rbind(ppl,pp2) # xx1 0 xx2000000000000
pr4 <- apply(pp,2,sum)/(ni1+n2) # pr0 00
# wt <- pp/rep(apply(pp,2,sum),rep(ni+n2,k)) #0 00000000000
wt <- sweep(pp,2,apply(pp,2,sum),"/") # D00OO00000 sweep0 0000000
mu4 <- apply(xx*wt,2,sum) # muO0ODO
# ss4 <- apply((xx-rep(mu4,rep(ni+n2,k))) 2*wt,2,sum) # ssO 00
ss4 <- apply(sweep(matrix(xx,nl+n2,k),2,mu4,"=") "2*wt,2,sum) # 00000
cat(r,": ")
stat4([r+1,] <- mystat(pr4,mud,ss4) # 000000000000 DO0O0OO0OOOOOOO
: 1009.451812 0.352
.399

0 0.364 0.283 -0.056 3.607 -2.558 0.883 4.279 1.776
: 1004.582255 0 0.343 0.257 -0.034 3.733 -2.706 0.916 4.368 1.691
: 1002.053705 0.425 0.332 0.243 -0.034 3.825 -2.819 0.955 4.215 1.51
: 1000.541512 0.442 0.325 0.233 -0.04 3.892 -2.905 0.985 4.062 1.363
: 999.6855876 0.454 0.32 0.226 -0.047 3.94 -2.968 1.009 3.945 1.26
:999.2271227 0.463 0.317 0.22 -0.055 3.975 -3.013 1.03 3.861 1.191

: 998.9887642 0.47 0.314 0.216 -0.062 3.999 -3.044 1.048 3.803 1.147
: 998.865351 0.474 0.313 0.213 -0.068 4.015 -3.066 1.064 3.763 1.119

ONO D WN R+ + + + + + + + + +
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> plot(0:nr,stat4[,1],type="b",xlab="iteration",ylab="1ik") # 00000000

> abline(h=stat3[1],1ty=2,col="pink") # optimO0 00000000

> matplot (0:nr,stat4[,-1],type="b",xlab="iteration",ylab="parameters") # 0000000000
> abline(h=stat3[-1],1ty=2,col="pink") # optimJ 00000000

[D027 00000000 XOOOOOOOO YOOOOOOOOOOOOOOOOOOO00MmMOo
20000X = {X, X} = {&1, .+, Tnytngs 1153 T, OV = {inyg1s- -y imgmp } D000 (X,)) 000
00000000 L(A1X,Y)0X 00000000000 L(9|X) = [L(9|X,Y)dy 000000000
0 YyO0OOODOOOODOO0O0O0D0000000290000000000000000MML(A|X)000
000000 EMOOOO0O00000r=000000000000000006" 000000000
"tV oooooooooooOoono

e EDDDD (Expectation step)J0 0000 6 000000X 0000000 YOOOOOO
flxe™oooooo
L6 |x,Y)

X;0) =
fOx;077) LO0X)

00000000000 YDOOOOOOOOOOOlog(L(O|lX,Y))0000O0ODODODODO

Q0.07) = [ 1og(L(0]x. )1 (VIx:07) a

123

9 : 998.8007836 0.478 0.311 0.211 -0.072 4.027 -3.081 1.077 3.737 1.101
10 : 998.766521 0.48 0.311 0.209 -0.076 4.035 -3.092 1.088 3.718 1.09

11 : 998.748113 0.482 0.31 0.208 -0.078 4.041 -3.1 1.097 3.706 1.083

12 : 998.738132 0.483 0.31 0.207 -0.08 4.045 -3.105 1.103 3.697 1.078

13 : 998.7326863 0.484 0.309 0.207 -0.082 4.048 -3.109 1.109 3.691 1.074
14 : 998.7297025 0.485 0.309 0.206 -0.083 4.05 -3.112 1.112 3.687 1.072
15 : 998.728063 0.486 0.309 0.206 -0.084 4.052 -3.114 1.115 3.684 1.07
16 : 998.7271603 0.486 0.309 0.205 -0.084 4.053 -3.115 1.118 3.682 1.069
17 : 998.7266627 0.486 0.309 0.205 -0.085 4.054 -3.116 1.119 3.68 1.068
18 : 998.7263881 0.486 0.308 0.205 -0.085 4.055 -3.117 1.121 3.679 1.068
19 : 998.7262365 0.487 0.308 0.205 -0.085 4.055 -3.118 1.121 3.678 1.067
20 : 998.7261528 0.487 0.308 0.205 -0.085 4.055 -3.118 1.122 3.678 1.067
21 : 998.7261065 0.487 0.308 0.205 -0.086 4.056 -3.119 1.123 3.677 1.066
22 : 998.726081 0.487 0.308 0.205 -0.086 4.056 -3.119 1.123 3.677 1.066
23 : 998.7260668 0.487 0.308 0.205 -0.086 4.056 -3.119 1.123 3.677 1.066
24 : 998.726059 0.487 0.308 0.205 -0.086 4.056 -3.119 1.124 3.677 1.066
25 : 998.7260546 0.487 0.308 0.205 -0.086 4.056 -3.119 1.124 3.677 1.066
26 : 998.7260522 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
27 : 998.726051 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
28 : 998.7260502 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
29 : 998.7260498 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
30 : 998.7260496 0.487 0.308 0.205 -0.086 4.056 -3.12 1.124 3.676 1.066
>pr4 #0000 pr

[1] 0.4870391 0.3082993 0.2046617

>mu4 # 0000 mu

[1] -0.08593303 4.05631674 -3.11967172

> sqrt(ss4) # 0000 sqrt(ss)

[1] 1.060217 1.917354 1.032377

BRI
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8
8858888888888888888888888

1300

lik
1200
parameters

1100
|

66
©00000000000000000000000000000 666665666665665666666566666
T T T T T T T T T T T T T T

0 5 10 15 20 25 30 0 5 10 15 20 25 30

1000

iteration iteration
0O 24 000-logL(0™|x,x), » = 0,...,30 00000000000000 10 O

000000000 00eptin 00000000000000@MO0O0000 69 =
(w01 03,03 noooo

124




e MODOOD (Maximization step)] Q(0,0"))0 #00D0DO0DO0DO00O0

Ut = arg max Q0,6

000000000LOY)x) > Le™|x)000o

[0O] LX) = L(6|X,Y)/f(¥|¥;0) 0000000
log L(0|X) = log L(0]|X, ) — log f(V| X 0)

oooooooooo f(y|X;0m)DDDDDDDDDDDDDDDDDDDDDDDD

log L(0]X) = Q(6,0")) — H(8,0)

gooo
10,07 = [1og(f(1:0)) 1 (V1:0) Y

000000000060 H,0")<H@®O™, e")onoooooooooooe,e™)>qQe",e™)
000000 6000000000logL(A]X)>logL(6™|X)0000000000

[OO0] ()EMDODOOOOOO logL(A|X) 0000000000 DODODOOOOOOOOODODOODODOO
gobooooooobooooooobOOoOoOooOoOoOoOoOoOoOOOOO0bObOObOOOOOoOoOOoOooOoOon

EMOO0O0O0OO0O00D0O0O0000D0O0O000O0O00000O0O0000DDG)DO000D000000 i1y
125

004y, 00000000000000000000000 Gy (X) 000 Oy(zy,...,2,) 000000
000000000000000 A0D0DODO

[0028 00O f(»0)00000000000 6000 (unbiased) 00000
Eo(0(X1,....Xn) =6

oooooooooo

00 21]
00000 000000 OOONDOOONDOO

Vo(8(X1,..., X)) > 2G(6)7! (2.1)
gooooooooooboooooboooobooooboooooobooooooooon G(B)EIIZIEID

0000000000000 00000 ALBOOUOO A>BUOOODA-BOOODOOO (non-negative
definite) D0 O0OO00O0Omxm OO0 GO)ODOODOOODODODOOOO

dlog f(X;0) dlog f(X;6)
90; 00, }

Gij(0) = Es {

00 G@) O FisherDODODOODODODODOD

127

0000000000 », 0000000 legL(lX)000000000O0O0OOOOOOOOOOOOOO
gooooooooboooooooooooooboooo

[OD 2100 0000 f(z)0 g(z)0 —co<z<ooO f(z)>0,¢(x)>000000000

[ " log(g(@) () dr < / " log(f(2) /() d

J—o0 _
gooo

[0 211] 0OO0O270 EMO0ODOCO0OOCOOO0DOOOOOOOOOOOO210000000000000
goooog

265 OD0OOOOOODOO

0000000D0000000000 X ={z1,22,...,2,} O

Xl,Xg,...7XnNg($) (Ild)

000000000 g(z) 000000000 f(2;60),0 €c®©000000 mO000060=(6s,...,60,,) O
00000000MmMO00 f(;) 00000000 g(z) = f(z;0) 000000000000 X;,...,X,
000 XOOOOOD000 Ee()0OOODOO0D000000000000 Ve(-)0ODO0D0 Ce(-)00D0D0

00000 LX) = f(x1,...,20;0) = f(21;0)f(22;0) - f(2,;0) 000000000000 000D0
126

[00] GeOODOOD X, 00000000000000000000RP0000000D0000O nG(O)
0000000 FisheeDOODODOODOOOD 21400000000000000000

_9logL
0000’

nG(0) = Eg (

[D0] Ee(d(X:,...,X,)=600000000
/ / Gilar, o ) f(@r, o 20 0) g - diy = 0, i =1,....m

oooe; 000000

o il al yt 77,79 807’
/ / 0i(z1,...,2n) ng(xga_ i )f(:cl,...,:cn;O)dxl~--dzn:%
—o0 —o0 J 7

0000O0mOOOO0DOOO S(z1,...,2,;0) 0000

_ 0log f(x1,...,2n;0)

Si(x1,...,2n;0) = 20, ji=1....m
0000000X =(X;,...,X,) 0000
Ee {é(X)S(X; 0)'} =1In (2.2)
128



DDDDDDDDDDDDDDDDDéi:()izlEIEIEIEIDDDDDD
Eo{S(X;6)} =0 (23)
00000000(22)0 (23)0000000
09{ (X), 8(X; 9)}7 - (2.4)
godobOoOoOoooooooa
Ve {{ 6(x) }}: {Ve{é(X)} In }
S(X;8) I, Vo{S(X;0)}
000A=Ve{f(X)}, B=Ve{S(X;9)} 000000000000 000000000O0O0O000000
jo0oo0o0d00ooo000O0oOoOoO0U00oOo00000DO0O mMUOODOOOO @, b00000O

al' T4 I,][a
m o ’ ’
|:b} Lm B} {b:|faAa+2ab+bBb20

00000000b=-Bla0O000O0

a'Aa—2a'B'a+dB'a=d(A-B Ha>0
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000 e0i000OOOUOODOODDOOD

dlog f(z1,...,20:0) | log f(z1,... 20:6)
00 06000’

000 /000000000 iid.000000000000DOO0O0OOOOOO0

(Omr — 0) + O(||6r. — 0]*) =0

T Z o8 Tei0) _ ¢ 9) (b~ 0) - 0

ooo

0%log f(z1;0) » Olog f(X;0)\ _
60 = - Y T 2wy (TR0~ o)

ooooo0 21400@Mobooo0oo0o00000

Vit ) = Go) 173 2sesl)

ooooooooooboo

fzalogf ;0 N(O,G(O))

00000 GO)"'GO)GO)"'=GO)~100 (2500000

[00 214 0ODOODOO

5, [_PPlog f(X;0)\ _ [ 0log f(X;6) dlog f(X;6)
"{_ 2006 }_"{ 20 o6’ }
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000000A>B-'000000000Ld.00000000B=nG000000(21)000000
gooo

[0D212] 0OOOODO

Ee{%;-x;e)}:ov i=1....m

[0 213 DOOOOOOOOOOOOOOOOOOOOOOOO

[DD 2.2] 000 000000000000 6L O0O0OOO0OO0ODO eOODOOOOO %G(O)*DD
oooooooooooo
V(B(X1,..., X,) —0) 5 N(0,G(8) ") (25)

[O0] DOOOOODO0O0O0OO0O0O00000O0DODO0ODODODO0O0O0OOOOOO0OOODODODODOODOOODO
goooooooooooooooooooooo0ooooooOooOoooooboOooooDoooooboOoo
goooooooooooooobooooobooOooooboOoooooOooooooOoon

[OO] 00000000000000000006y, 0 ®e000000000000000000

810gf($1,...,$n;9)

00 (v
130

=0

00000000000 ADDOODD0D000N0NON0N0ODD0n

()= L {E‘{i(?Qlogf(X;B)Hfl N {j?logL(om‘

-1
2.
n| ? 0606’ 06006’ é} (26)

[DO215] X,00010000000P(X;=1)=a0P(X,=0)=1-x(i.id)000000000O0
0MO000000+#+=3000000000000000000000000000000

5 _ d*log L __n
dm? m(l—m)

00 216] Xy~ N(u,0?) (iid)00D000DO000O a=2062=57" ,(z:—2)?/n000000D0O
t=1
006=(p,e?) 0000000000000 0O0D00000O0O00O0000

5 _9*logL [z o0
06006’ 0 5k

[|:||:|] DDDDDDDDDDDDDDDDDDDDD(2.6)E|DDDDDDDDDDDDDDDDDD
0%log L

B _82 log L 3
0000’ ) o 0006’ 6
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[0 211] 028000000000 opt200000000
> opt2¢$par # 0000 theta=(pil,pi2,mul,mu2,mu3,ss1,ss2,ss3)
[1] 0.38538824 0.32832228 0.06464457 3.91822918 -2.65935238 0.68461192
[7] 4.14165445 1.62835724
> round(opt2$hessian,4) # 00000 2000
[,1] [,2] [,3] [,4] [,5] [,6] [,71 [,8]

[1,] 1269.3400 858.4087 65.2869 -19.2837 86.3077 -86.1234 3.1647 31.1418
[2,] 858.4087 1657.0568 107.3133 33.9383 53.6566 -3.7313 -9.7071 19.9189
[3,]1 65.2869 107.3133 92.8453 -8.0421 -12.9578 1.5661 0.1017 -0.1137
[4,] -19.2837 33.9383 -8.0421 15.5233 -0.8769 -4.2959 2.5846 -0.3016
[5,1 86.3077 53.6566 -12.9578 -0.8769 33.8974 2.9087 0.3394 -9.1353
[6,] -86.1234 -3.7313 1.5661 -4.2959 2.9087 43.9240 -0.3447 -3.3270
[7,1 3.1647  -9.7071 0.1017 2.5846 0.3394 -0.3447 1.7760 0.0395
(8,1 31.1418 19.9189 -0.1137 -0.3016 -9.1353 -3.3270 0.0395 9.8720

> round(solve(opt2$hessian),4) # 0000000000

[,11 [,21 [,31 [,4]1 [,5] [,61 [,71 [,81
[1,] 0.0062 -0.0032 -0.0011 0.0263 -0.0176 0.0134 -0.0601 -0.0240
[2,] -0.0032 0.0032 -0.0032 -0.0238 0.0017 -0.0077 0.0560 0.0015
[3,] -0.0011 -0.0032 0.0219 0.0305 0.0277 0.0002 -0.0673 0.0371
[4,] 0.0263 -0.0238 0.0305 0.2781 -0.0144 0.0712 -0.5669 -0.0131
[5,] -0.0176 0.0017 0.0277 -0.0144 0.1273 -0.0330 0.0257 0.1587
[6,] 0.0134 -0.0077 0.0002 0.0712 -0.0330 0.0536 -0.1521 -0.0366
[7,] -0.0601 0.0560 -0.0673 -0.5669 0.0257 -0.1521 1.7700 0.0239
[8,] -0.0240 0.0015 0.0371 -0.0131 0.1587 -0.0366 0.0239 0.3085
> sqrt(diag(solve(opt2$hessian))) # 00000 O0OOO
[1] 0.07893068 0.05632762 0.14791642 0.52736033 0.35678083 0.23160625 1.33043134
[8] 0.55540885
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0000000000000000 §=60+c¢000000 o000 p-O00O000000D0O0O0DOCOO
goooood

[00219] DOHODODODODODDODOOD 217000000 60=000000004#b0000000p-00

(2]

oooUo0ooO0ooooUooUooOooooOoUdo0 1-e0dOOOOOOO

p(b) =2 x

[0 —c,0+d
DDDDDDDDDDDDDDD:p(b)ZaDDD boooooooo
[IZIIZI 2.20] 002100 0000000000000 1—-a000000000O0DOODOOO0O
POecll—cl+d)=1-a
oooo

[ODO 2.21] éwN(G,V)DDI:IDVDI:IDDDDDBDDDDDDDDDDDDDDDDDDDDDDD

oo
CO)={01(6-6)V (-0 <G, (1-a) (2.9)
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26 0O0OOOOOO

goboooooooooOoooooooOooOooOoOoOoooOoboOooboooboOooo

6~ N(@B,V) (2.7)

000V =(nG6) 0000000000000 VOOOOODO000O

]

0000600 i000000006; ~N(0;,v;) 0000v; 0000 60000

o {782 log L
| 0006

[00 217 6~ N(A,0)0000v>00000000000000:=000000:0£000000
0000 000000000014 >c¢0000000000

c=vod (1 - a/2)
000000000000: P()f]>e¢f=0)=a000 ¢0000000: d-1(0.975) = 1.96 ~ 20
[ODO 218 |:||:|2.17[]DDDDDDDDDDD@DDDDDDDDp—l]l:ll:l

1—-® (%)} (2.8)
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p=2x

goooooooooOoooo0U0 G, 0000mMOO0O0O00O0OO0UO0OO0UOOOUODOMeDOOO MmO

000DmMODD0 POeC@)=1-a0000000

[00222] §~N(Av)0DO0Dv>0000000004000000000000040 000000
000000kd/v~x20000 k000000000000 —-6)/v/40000 k0¢00000000
000D00D00000000000 F,00000000MO0000:=000000:0£0000000
000 «00000000p-0000000000000000

1-F, (\'%)} (2.10)

p=2x
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3 0DO0OOO

gooooooOo ooobooooooboooooboobooooooooo
ooooo0 ooooooooooOoooooooo0oooobooooooOoo0ooooOoboooooboooOoooo

gooOooooooono a 4
3.1 O000O0O0Ooooooooo o | . Oo
o 3 o

0000000 20 y000 (2,y) 00000000000 X ={(z1,%1),...,(@n, )} 0000 L ° et of
[D3.1] gooboobobbz0y0O0D00000OOODOODO 24 ._(?0"6‘

© ©o o

Yye = Po+ Bz +e, t=1,...,n 2
DDDDﬁO,BlDDDDDDEtDDDDDDDl’DDDDDDDDDDDDDDDmyDDDDDDDDD e ‘ : : e : : :
-0.5 0.0 0.5 -0.5 0.0 0.5
000000000000 0oooo000oo00o0o000oo0o0ooooooog By =2, 4 = 0.5,
beta0=2, )1(19131 =0.5 b0=2A01993?(b1:0.51342

thU(—l,l) (i.i.d.), etNN(0,0.22) (i.i.d.)DDDDDDDDDDDD n=300000
>## 0000000000 0O0OOOO0OO 02 00000000oOoOo(ooooooooo
>n<-30#0000000

> betal0 <- 2; betal <- 0.5 #0000
>sd <-0.2# 0000000

137 139
> x <- runif(n,min=-1,max=1) # U(-1,1) oooooo gy,s000000000000000 (3.1)DDDDDDDDDDDD
> e <- rnorm(n,mean=0,sd=sd) # N(0,sd"2)
>y <- beta0 + betal*x + e [OD 32 @ = (xa, 22, &), t=1,...,n 0 mDO000000000000O00O00 (multiple
> plot(x,y) # 00000000
> title(sub=paste("betaO=",betal,", betal=",betal,sep="")) regression model) 002z 0 yOOOOOOOOOOOOO
> abline(a=betal,b=betal, col="darkgreen",lwd=2,1ty=3) # D0 0D0000OO00O

- t=1,...
000000000000000000000000000 Yo = o+ brwa + Batea - & Bnim + €1, el

s i@ D)y =9 5 D0DDDDDOOOO
51 - tz?:1(mt — .’Z')Z ) /30 =Y 511' (31)

ooooz=5%, ,o/n§j=>,,w/n000000

Z lys — (Bo + Przer +- - + ﬁmxtm)]z
t=1

># 0000000 go0ooooooooooooobooOooooooboo
> xc <- x - mean(x); yc <~y - mean(y) # 00O ~ B
> bl <- sum(xc*yc)/sum(xc”2) # betal 00 8= (XIX) IX,y (3.2)
> b0 <- mean(y) - bl*mean(x) # beta0O [ 0[O
> plotCx,y) # DOODOODD 0000D000000000000
> title(sub=paste("b0=",round(b0,5),", bl=",round(bl,5),sep=""))
> abline(a=b0,b=b1,col="red",1lwd=2) # 0000 Bo
B Zio Z11 ... Tim Y1
[OD031 0OOOOO . 8= > X=: ., oy=|:
Z [yt — (50 + ﬁlxt)]z ﬁm Tno Tpl .- Tnm Yn,
t=1

00000 XOUOOOOmOO0ODOOOO 2p=100000000

[00O0] DOOOO0O0000O0O0O000
y=XB+e (3.3)
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0000000000 |ef2—min0000X = (zg,@1,...,%,) 0000

e 000D |e)?0 0000000000000 OD0D X'XB=Xy00OOOO0OO0DO0MmMOOO
00000000000000000000000000000001(0

e 0 y0OO sp(xo, ®1,...,2,) 00000 §=XA00000000000000000000000

000oO00ooooo

« 00000y—XAIP = lly—3I°+ 9 - XA 0000000

[0 32] 0DDDOO0OO0OO0OO0OODODOOD (bostondatatxt) 00000 OODODODODO: D. Harrison and
D. L. Rubinfeld (1978). DO DO O0O0ODOODODOODOO “boston_corrected” O StatLib Datasets Archive
(http://lib.stat.cmu.edu/datasets/) 0 00 00000000000000000000000000000
goooooo0 n=5060000000000000000O000000mM=1300000002, =0
00 (Crim)02, =0000 (Zn)das =000000 (Indus)Jay =0000000000000000
(Chas)Dz; =0000000000 (Nox2)Ozg=00000000 (Rm2)02z7=1940000000000
0 (Age)lazs =000000000 (Dis)Dag=00000000000 (Rad)0ayy=00000 (Tax)D
1, =00000000 (Ptratio)0zy, =000000000000 ¢ 000 1000(a — 0.63)2(B)0 z15 =
00000000 (Lstat)Jayy =000000000000 (LogCmedv)O
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goooooooboobodd gO0OoO0o0o0ooooboooooocoooon

9r = Bo + Brze + oz + BmTem, t=1,...,n

0000000 0000 4000000 (residual) 0000 ;000 (00 00000ODOO0O)D

et:yt_gh t=1,...,n

> haty <- X 7} beta # 000

> resy <- y - haty # U0

> plot(haty,y) ; abline(a=0,b=1) # 0000000
> plot(haty,resy) ; abline(h=0) # 00O D0ODO0O

[0033 0O032000000m=1000000310000000000D0

[D034 {1,...,n}=4,UAU---4, 000000¢t0000000000i0000000¢teA;0
0004, 000007000 (ni4---+n,=n)0000040 %, 00000 40000000000
3200000z, =1(teA)Dz; =0(t¢€A4;)0000000000000/1000000000000

DDDDDDDDDDDDDD@:ZteAiyt/mDDDDDDDDDDDD B=0....6-)'0X000

143

>## 0000000
> dat <- read.table("bostondata.txt") # 00 0000000000000
> dim(dat) # 00O OO

[1] 506 14

> colnames(dat) # D000 O0OOO0OOO "LogCmdev'DODODODODOO
[1] "Crim” ”ZH" ”Indus” ”Chas" "NOX2” Hngu
[7] I!Age " YIDisIY ”Rad” "TaX” ”PtI‘atiO” HB "

[13] "Lstat" "LogCmedv"

> y <- dat[,14] # dat[,"LogCmedv"] 0O DO

> X <- as.matrix(dat[,-14]) # "data.frame"O O[O "matrix"0 00000000
> X <- ¢cbind(1,X) # D00 100000

> beta <- solve(t(X) 7%*) X) x5 (t(X) J*j y) # 0000000

> beta # 00000

4.0

[,1]

4.057090e+00

Crim -1.017747e-02
Zn 1.216730e-03
Indus 2.859965e-03
Chas 1.018526e-01
Nox2 -5.695311e-01
Rm2 8.194266e-03
Age -4.459517e-05
Dis -4.604581e-02
Rad 1.321739e-02
Tax -6.287862e-04
Ptratio -3.597845e-02
B 4.136065e-04
Lstat -2.833569e-02
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gobooooooooooooooooooobooooooooooonboo

[00 35 00 e€,...,6,, 0000000000000 V(e)=02000000000000 ﬁDDDD
goboooooooooooooooooooboooooon

EB) =8, V(B)=o(X'X)" (34)

00o0oo0oooooooooo0o0 (33)000000000000000 2,000000000000

[0036] 003500000000 m+1000000 d=(do,ds,-..,d,)' 00000000y=d'B
0000000 4=d34000000000000000 V() =03 (X'X)"'d000000000

[D0 37 003500000y000000000 4,...,4,000000000000000000
fER'O0D0D0DODOOO fyOOOODODOOOOOO0OO00O00000O0000000O00O0000O0
0360000000000000000000000 B0 E(fly)=dpa0000000 f000 V(Ffy)
000000000 ff=X(X'X)"'doooooooooooo

e X'f=d0ODODO fO00 ||f?000000000 £ 000000000000
e 0000000000000 DDN00Df0000000000000000000
e 000D0DODODOO(f— Y =0000000|f|2=|If-F2+|f|?0000000

145

Crim -1.020433e-05 1.635833e-06 -6.025660e-08 1.150831e-07 2.115733e-06
Zn -4.205819e-06 -6.025660e-08 2.861474e-07 1.452392e-07 -2.226609e-07
Indus 7.159956e-06 1.150831e-07 1.452392e-07 5.717345e-06 -7.989261e-06
Chas -2.333587e-04 2.115733e-06 -2.226609e-07 -7.989261e-06 1.127054e-03

V(B3)=200000 (600,...,6mm)0000000V(8)=6;,0000000000000000

1-— an(mel) ( |ﬂ(;>:|

gbooo ﬁiDDDDDDDDD Vo, 00D0OD0OD0O0O¢t0000oo0o0ooou p0o0oOoooooo ;=0

~ = ﬁ-
ﬂia V Oiiy 7}7 2 X

22

000000o0oOp; <0.0500 p;4000000000000000O00O00O0OOOOOOOOOOOO

pooooOoO0oO0O0000o0oooOooOO0000000O0O0OO0O0O000000000 3.120000

> sbeta <- sqrt(diag(V)) # 0000000000000 OODOO
> cbind(beta,sbeta, # DO O0O0O0O0OO0OOO

+ beta/sbeta, # t0 00
+ 2#pt (abs (beta/sbeta) ,df=nrow(X) - ncol(X),lower=F)) # pQO
sbeta

4.057090e+00 0.1438249067 28.2085350 7.361162e-105
Crim -1.017747e-02 0.0012789967 -7.9573831 1.220186e-14
Zn 1.216730e-03 0.00056349275  2.2745693 2.336141e-02
Indus 2.859965e-03 0.0023910971 1.1960892 2.322378e-01
Chas 1.018526e-01 0.0335716323  3.0338883 2.541897e-03
Nox2 -5.695311e-01 0.1109698757 -5.1323039 4.127707e-07
Rm2 8.194266e-03 0.0012591585 6.5077320 1.882328e-10
Age -4.459517e-05 0.0005083177 -0.0877309 9.301263e-01
Dis -4.604581e-02 0.0076690524 -6.0041063 3.739856e-09
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[0DD 38 003500000800000000 FlyO0ODODOOOOO FOnx(m+1)000
E(Fy)=4000000000000000V(Fy) >V((@)000000000000000000
0MO0D0000000000F* =X(X'X)"'0000 (F-F)YF*=00000000000000
beR™1 0000 |Fb)? = |(F—F*)b||>+ |F*b|? 00000

[00 39 O003500000000000 Jef?=>r,e00000 E(le]?) = (n— (m+1))c?
0000000000000X 0000000000000 0000000000000000000
nx(n—(m+1)00 BOOOOOOOOOX'B=0,B'B=100000000000|e|2=|B'y|?
000000 V(B'y)=02I10000

[033] 03200000 BD(3.4)|:||:||:|E|DDDDDDDDDDDDDDDDD02DDDDDDDDD
gooooooooocoooo

n

oL e (3.5)

n—(m+1) =

00000000 V(8)=6%(X'X)'0000(35) 0000 n00000n—(m+1)000000000

00000000D000000EG?) =02000000

> v <- sum(resy~2)/(nrow(X) - ncol(X)) # sigma~20 000
> V <- vksolve(t(X) #*% X) # 00000000000 D00OD0
> V[1:5,1:5] # 0000000000

Crim Zn Indus Chas
2.068560e-02 -1.020433e-05 -4.205819e-06 7.159956e-06 -2.333587e-04
146

Rad 1.321739e-02 0.0025796054  5.1238039 4.308396e-07
Tax -6.287862e-04 0.0001463849 -4.2954310 2.101708e-05
Ptratio -3.597845e-02 0.0051507944 -6.9850289 9.286912e-12
B 4.136065e-04 0.0001044979  3.9580378 8.670362e-05
Lstat  -2.833569e-02 0.0019652958 -14.4180269 1.462098e-39

oobooOoooooobocooooo0o0oooo mOO0OooooOoO0Ogo

> f <- Im(LogCmedv ~ . , data=dat) # 00000 (linar model) D000 DODOOO
> summary(f) # 00000
Call:
Im(formula = LogCmedv ~ ., data = dat)
Residuals:
Min 1Qq Median 3Q Max

-0.72917 -0.09510 -0.01151 0.08944 0.86119

Coefficients:
Estimate Std. Error t value Pr(>[t])
(Intercept) 4.0570899 0.1438249 28.209 < 2e-16 ***

Crim -0.0101775 0.0012790 -7.957 1.22e-14 ***
Zn 0.0012167 0.0005349 2.275 0.02336 *
Indus 0.0028600 0.0023911 1.196 0.23224
Chas 0.1018526 0.0335716  3.034 0.00254 *x*
Nox2 -0.5695311 0.1109699 -5.132 4.13e-07 **x
Rm2 0.0081943 0.0012592 6.508 1.88e-10 ***
Age -0.0000446 0.0005083 -0.088 0.93013

Dis -0.0460458 0.0076691 -6.004 3.74e-09 **x
Rad 0.0132174 0.0025796  5.124 4.31e-07 ***
Tax -0.0006288 0.0001464 -4.295 2.10e-05 **x
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Ptratio -0.0359785 0.0051508 -6.985 9.29e-12 *x*

B 0.0004136 0.0001045  3.958 8.67e-05 ***
Lstat -0.0283357 0.0019653 -14.418 < 2e-16 **x*
Signif. codes: 0 'xxx' (0.001 '*x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.1847 on 492 degrees of freedom
Multiple R-Squared: 0.8005, Adjusted R-squared: 0.7953
F-statistic: 1561.9 on 13 and 492 DF, p-value: < 2.2e-16

[034] (x,4)00000000000000
m .
yt=Zﬁz‘J»’§+€t
i=0

0000000D000000000 o= (1,2,2%...,2 ) 000000000000000000

Bo=-1, Bi=2 [2=-05 o°=2°

gooooooooooOooooooooobooooooD

> ## 950000000

> g0 <= qt(0.975,df=n-(n+1)) # t 00000 540000 2.5400

>q0# 020000000 n-(m+1)0000000¢t00000000000DOOOOO0ODODOOO

[1] 1.984723

> 550 <- ss*apply(X0,1,function(w) t(w) 7%} A 7*) w) # x0O0OOO00O0O E(y/x) 00000
> lines(x0,X0 7*} beta + qO*sqrt(ss0),col="blue",lwd=2,1ty=3) # 00

> lines(x0,X0 7*}, beta - qO*sqrt(ss0),col="blue",lwd=2,1ty=3) # 00O

[00 3100 0O0O0O000O0D0O000 2 00000000000000000«, 0000000 ¢ 000
000 f(ylz;0) 0000000

L(81X) = f(y1]|2150) - - fynl|2n; 0) (3.6)
00000000000000 ¢~ N(0,02) (iid) 00000000000

y=XB+e €~ N,0,5I,) (3.7)

00000000000000000000000 8= (8,51,...,8m,02)00000000000000
00000000000000000000000062000000

>## 000000
> truebeta <- c(-1,2,-0.5); truess <- 2°2; n <- 100 # 0000 n
> m <- length(truebeta)-1 # 0O 0O0O0OO 52 = l Ze? (3.8)
> x <- runif(n,min=0,max=5) # x ~ U(0,5)000 ni=
> X <- outer(x,0:m,""") # X0OOOOO
> y <= X }*J truebeta + rnorm(n,sd=sqrt(truess)) # J00000000O00OO0OD0OO yOOU DDIZIIZIIZIIZIIZIEI[I(3.5)D (3.8)IZIIZI[IDDDDDDDIZIIZIIZIIZIIZIEI[IDDf(ytkct;B)EIEI
> x0 <- seq(from=min(x),to=max(x),length=300) # 000000 x0000 30000
> X0 <- outer(x0,0:m,""") # 00 X0OO Yol ~ N(Bo + Braes + - - +ﬂm$tm,02) (3.9)
>## 0J00D0000DOOOODODO
149 151
> plot(x,y) # 00O
> lines(x0,X0 J*), truebeta,col="green",lwd=2,1ty=2) # 00000000000
>## 00000
> A <= solve(t(X) 7*y X) # A=(X'X)"-1000
> beta <- A J*y (t(X) %*% y) # 00000
> ee <-y - X J*J beta # 00O
> sum(ee) # OO0OOOOO 0
[1] -2.85133e-13
> ss <~ sum(ee”2)/(n-(m+1)) # OO 0ODOOO o ° o

> round(ss * A, 4) # 000000000000
[,1] [,2] [,3]

[1,] 0.1777 -0.1442 0.0242

[2,] -0.1442 0.1736 -0.0337

[3,] 0.0242 -0.0337 0.0070

> sbeta <- sqrt(diag(ss*4)) # JO0O00O0O0OO0OO

> cbind(beta,sbeta, # D0 000000000

+ beta/sbeta, # t0 00
+ 2xpt (abs (beta/sbeta) ,df=n-(m+1) ,lower=F)) # p[
sbeta

[1,] -0.7306907 0.42152234 -1.733457 0.0861920625

[2,] 1.2922445 0.41662026 3.101732 0.0025197182

[3,] -0.3243540 0.08359933 -3.879863 0.0001905010

>## 00000000000ODO

> lines(x0,X0 J*J), beta,col="red",lwd=2) # 000 000000000OO

000 0000 E(yle) =Y,/ 000000 Y7, 42 0000000000000 wDOOO
000w@OD0000 w/3000000000 V) =6 (X'X)lw00000000000
E(ylz)0OO0D0O0OO0OO0O0O0OOO
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027 000000 (2,y)00000000000D0DOODDOO00O0OOOOODOOOODODOOOO
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ooooo

[OO 311 0DO0O31000000000000
B (78210gL> _ {%X'X 0 }
0606’ 0 D=

[00312] 003100000000000000000 8~ N(B3,0%X'X)")000000000D0
00(3500000000006°06000000000 (n—(n—(m+1)))6°/0>~x2 (., 000
000000000000 3900000 B'y~N(0,02I)0000000X'B=00000000000O
oooo

[003.13] 000000000 €,...,6,000000000000000 ¢~ N(0,02)0000000
()o?,...,02000000000000000000000000(G)00000 a,...,a,>00000
000~0000¢?=a000000000000000~ 00000000000

32 0O0OOOoOooooood

gooooooooobooooobobobte,0¢tO0000O0OO00DOODOOOOODOOODOOOOOO

0oyw=10000000 yw=000000000000000yODO0OO0O0O00OO0OOOOOOOODODOOO
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goobDoooooobooooobooOooooooDooo

-1 p
=log [ 24—
9 (p) og(l_p)
00000 (legit) DODOD0O

[0 314 O0COOOOOOOOOOOOOOOOOOOOOOOOOODOOOOODOOOO

n

log L(B|X) =Y (yelogpe + (1 — ye) log(1 — py)) (3.11)

t=1

000 p 0 (310000000
[035 000000000000000D0D00D00D000000D00008=(6,6:)00000

ﬁO = _47 ﬂl =10

000000000 rn=10000000000002:~0U(0,1)000000

### 000000

truebeta <- c(-4,10) # 0000000 (betal,betal) 000

n <- 100 # 0O000O0O0ODO

x <- runif(n) # x000

## beta=c(betal,betal) U0 p(y=1/x) 0000000000000 0O0O (xOOOOO)
mylogistic2 <- function(beta) 1/(1+exp(-(beta[l]+betal[2]*x)))

## 000 yOOO

trueprb <- mylogistic2(truebeta) # p(y=1/x) 000

y <= (runif(n) < trueprb)+0 # yO 00O 155

VVVVVYVYVYVYV

00100000039 00000000000000000000000O0

[0D031 00000004 000000 f(yle;B8) 000000000
fQle;8) =pe, fOle;8) =1—p;

ooooo
1

bt = 1+ e~ BotBrzit-+BmTim)

(3.10)

00000000000000000000000000006=8=(f,..-,53s)0

[OO] (31000000
e’ 1
1+em  1+em

g(n) =

> eta <- seq(-10,10,length=300)
> prb <- 1/(1+exp(-eta))
> plot(eta,prb,type="1")

00000000 (logistic) 0000000 280 g(—o0) =0, g(0) = 0.5, g(oo) =1 000000000
00 SOO0D00D00D00D00000000(3.10)0

m
pe=9(m), m= Zﬁﬂti
i=0
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> plot(x,y) # (x,y) 00O0O0OO0OOOOO
> points (x,trueprb,col="green") # p(y=1/x) 000000000000 DO0OOO

00 optin00000000000000(3.11)0000000000 A000000o0ptin000000
000000000000000000 (000000 hessian=TRUEDOD)D0D(26)00 V(3) 0D

gooooooOoOoOoOoOoooooOoOOOO 33pOoOooooOoOoOoOooon

>## 000000 (-1)000 (xOyOOoooo)

> mylik <- function(beta) {

+ prb <- mylogistic2(beta)

+  —sum(y*log(prb)+(1-y)*log(1-prb)) # -log L

+ }

>## 000000

> a <- optim(c(0,0),mylik,method="BFGS",hessian=TRUE, control=1list (trace=1))

initial value 69.314718

iter 10 value 35.447467

final value 35.447424

converged

> beta <- a$par # beta OO0 DI OO

> sd <- sqrt(diag(solve(a$hessian))) # beta0 0 00O

> cbind(beta, sd, beta/sd, 2*pnorm(abs (beta/sd) ,lower=F)) # 000000000
beta sd

[1,] -3.972583 0.8107357 -4.899973 9.585004e-07

[2,] 9.104391 1.7340507 5.250360 1.518022e-07

> points(x,mylogistic2(beta),col="red") # p(y=1/x) 00 0000000000O0O0O0O0O00OO

[0 36 ROOOOOgmOO00003500000000000 Im0000000glmO GLM (Genelal-
ized Linear Model) 00 OO
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000 optim000000gmO000000optim 0000000000000 00OOOOODOOFisher

Scoring0 000000000000 OD0OO0OOODOOUOUOO0OOOOUOOUOODOOOOOOUOOOD

[DD03.15] 000000

Olog L = 0%log L "
- = - %) - = 1-— Lt
aﬁl ;(pt yt)-rt 851(95] t:E 1pt( pt)xt Tt

[00] DooooOoOODOOOOD

dlog L , 0?log L ,
- =X'(p-vy), ———F =X'WX 3.12
93 (P-y) 9807 (3.12)
000D woDoooooooodoo (pu(1—p1),...,pn(1—p,))0000000000000000O0
oooo
ag’éLzo, i=0,...,m

gooboobobooobooobooboboobbooboo
-1
B+ — gk _ (X’W(k)X) X' (p® — y)

GLIMOO0OOO0O0OO0OU0O0OU0O0O0O0O00O0O00O0O0O0D0o0D0o0DO00Oo0O0OU00DOoUDooooooDooo

DI:II:I(3.12)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDBDDDDDDDDD
159

> f <- glm(y ~ x, binomial, data.frame(x,y)) # bionomial 000000000000 0OOO
> summary(f) # 000000000

Call:

glm(formula = y ~ x, family = binomial, data = data.frame(x,

y))

Deviance Residuals:
Min 1Q  Median 3Q Max
-2.5172 -0.5635 0.1384 0.5042  2.0589

Coefficients:
Estimate Std. Error z value Pr(>[z/)
(Intercept) -3.9724 0.8107 -4.90 9.59e-07 **x*
x 9.1040 1.7340 5.25 1.52e-07 ***
Signif. codes: O 'x*xx' 0.001 '#x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 136.663 on 99 degrees of freedom
Residual deviance: 70.895 on 98 degrees of freedom

AIC: 74.895

Number of Fisher Scoring iterations: 6
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(26)J000000O0ODO
V(B) = (X'WX)™!

> X <- cbind(1,x) # 00D 0O0OO0OO

> betak <- ¢(0,0) # 00000000

>nr <- 100 # OO0O0OO

> lik <- rep(O,nr) # 0000000000000 O0DOOO0OOOOOOOOO
> for(k in 1:nr) {

etak <- X 7], betak # etal 0

prbk <- 1/(1+exp(-etak)) # p(y=1/x) 000

wk <- as.vector(prbk*(1-prbk)) # U0 wOOOOO

A <- solve(t(X * wk) Jx*) X) # = (t(X) J)*J) diag(wk) /) X)OOOO
betak <- betak - A 7*%(t(X) 7%*J (prbk - y)) # 0000000
lik[k] <- -sum(y*log(prbk)+(1-y)*log(1-prbk)) # 00 O0O0ODOO
if(k>1 && lik[k-1]-1ik[k]<le-10) break # 0O 00O

+ o+ + + + + o+

+ }
> 1ik[1:kx] # 0000000
[1] 69.31472 39.71577 35.97845 35.46445 35.44745 35.44742 35.44742
> sdk <- sqrt(diag(4)) # 0000
> cbind(betak, sdk, betak/sdk, 2*pnorm(abs (betak/sdk) ,lower=F)) # 000000000
sdk
-3.972395 0.8107003 -4.899955 9.585862e-07
x 9.103970 1.7339637 5.250381 1.517852e-07

[037] 027000000000000000000DDDOO0OOOOOODOOOOOOOODOOOOO
goooooDboOooooOooobOooDo ,@DDDDDRDDDDD gm0 0000000000000
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000000 0000000000000 0000000O0D0O 3300000000000 00 Iword_freq_meeting -2.4746 0.4899 -5.051 4.39e-07 **x
> ## spambase 0000000000000 OOO Iword_freq_original -0.9624 0.6164 -1.561 0.118438
> load("spaml.rda") # datl.train,spam.train,datl.test,spam.test Iword_freq_project -1.8310 0.4874 -3.756 0.000172 xxx*
> ## glm (Genelalized Linear Model = 0000000 0)000000DO0DOO Iword_freq_re =0.9277 0.2000 -4.637 3.53e-06 ***
> f1 <- glm(spam.train ~ ., binomial, cbind(datl.train, spam.train)) Iword_freq_edu -2.9250 0.3886 -7.527 5.20e-14 ***
> summary(f1) # 0000000000 Iword_freq_table 0.6027 0.9187 0.656 0.511780
Call: Iword_freq_conference -1.6802 0.6067 -2.769 0.005616 **
glm(formula = spam.train ~ ., family = binomial, data = cbind(datl.train, “Ichar_freq_;" -0.2049 0.2536 -0.808 0.419232
spam. train)) “Ichar_freq_(" 0.1743 0.1747  0.998 0.318371
“Ichar_freq_[" -0.2466 0.4152 -0.594 0.552647
Deviance Residuals: “Ichar_freq_!" 1.3012 0.1624  8.012 1.12e-15 #x*
Min 1Q Median 3Q Max “Ichar_freq_$" 2.0727 0.2334 8.882 < 2e-16 ***
-4.20928 -0.15042 -0.00927 0.07687  3.90505 “Ichar_freq #° -0.3522 0.3102 -1.135 0.256221
Coefficients: Signif. codes: 0 '#*x' 0.001 'x*' 0.01 'x' 0.05 '.' 0.1 ' ' 1
Estimate Std. Error z value Pr(>|z/)
(Intercept) -1.9434 0.1609 -12.080 < 2e-16 *** (Dispersion parameter for binomial family taken to be 1)
Iword_freq_make -0.5845 0.2577 -2.268 0.023304 *
Iword_freq_address -0.1196 0.2540 -0.471 0.637867 Null deviance: 4848.3 on 3600 degrees of freedom
Iword_freq_all -0.3027 0.2000 -1.514 0.130152 Residual deviance: 1224.0 on 3546 degrees of freedom
Tword_freq_3d 1.2322 0.8801  1.400 0.161470 AIC: 1334
Iword_freq_our 1.1013 0.1929  5.708 1.14e-08 **x*
Tword_freq_over 0.3230 0.2519  1.282 0.199765 Number of Fisher Scoring iterations: 10
Iword_freq_remove 2.4263 0.3097  7.835 4.68e-15 #xx 000000000 spam000000000ham O spam 000000000 0010000000000
Iword_freq_internet 0.6153 0.2856  2.154 0.031221 *
Iword_freq_order 0.8631 0.3191  2.704 0.006842 ** oooo
Iword_freq_mall. 0.3888 0.2218  1.753 0.079645 . > ppl.train <- predict(fl,datl.train,type="response") # 00O 0DOOOO
Iword_freq_receive -0.2933 0.3066 -0.957 0.338721 > round(ppl.train[1:20],3) # p(y=1/x) OO0 2000000
Iword_freq_will -0.2534 0.1779 -1.424 0.154334
161 163
Iword_freq_people -1.0419 0.2951 =-3.530 0.000415 #*x* 1 2 3 4 5 6 7 8 9 10 11 12 13
Iword_freq_report 0.9001 0.3962 2.272 0.023115 * 0.984 1.000 0.934 0.000 0.396 0.993 0.740 0.003 0.039 0.231 0.633 0.999 0.022
Iword_freq_addresses 1.7282 0.6639  2.603 0.009244 ** 14 15 16 17 18 19 20
Iword_freq_free 1.6063 0.2042 7.865 3.68e-15 #** 0.923 0.009 0.984 0.997 0.999 0.001 0.040
Iword_freq_business 0.9090 0.2805 3.241 0.001192 ** > spam.train[1:20] # spam=1, ham=0
Iword_freq_email -0.5401 0.2370 -2.279 0.022683 * [1] 11001110001101011100
Iword_freq_you 0.2260 0.1947  1.160 0.245875 > pthl <- quantile(ppl.train[spam.train==0],p=0.99) # 00 00DO
Iword_freq_credit 0.6876 0.4516  1.523 0.127841 > pthl # 00 p(y=1/x)>pth1 000 spam 000000
Iword_freq_your 0.7106 0.1944  3.655 0.000257 **x* 997
Iword_freq_font 1.2074 0.5055 2.388 0.016927 * 0.8951595
Iword_freq_000 1.5723 0.3731  4.214 2.51e-05 #** N
Iword_freq_money 1.2646 0.3328  3.800 0.000145 %% boobob poObOOODOOODDDOODDOO0O0O0 spamDO00000O
Iword_freq_hp -3.4287 0.4251 ~-8.065 7.34e-16 #** > ppl.test <- predict(fl,datl.test,type="response") # 00O DOOODO0O
Iword_freq_hpl -0.6228 0.4927 -1.264 0.206188 > round(ppl.test[1:20],3) # p(y=1/x) OO0 2000000
Iword_freq_george -5.1857 0.7839 -6.615 3.71e-11 **x 1 2 3 4 5 6 7 8 9 10 11 12 13
Iword_freq_650 2.3686 0.4711 5.027 4.98e-07 *¥* 0.886 0.781 0.045 0.999 0.000 0.008 0.000 0.998 0.268 0.122 0.000 0.005 1.000
Iword_freq_lab -0.4928 0.5398 =-0.913 0.361335 14 15 16 17 18 19 20
Iword_freq_labs 0.1928 0.5227  0.369 0.712230 0.005 0.000 0.000 0.845 0.999 0.998 0.000
Iword_freq_telnet -3.2020 1.3612 -2.352 0.018657 * > spam.test[1:20] # spam=1, ham=0
Iword_freq_857 -0.5321 1.8535 -0.287 0.774060 [1711010001010010001110
Iword_freq_data -0.7921 0.3912 -2.025 0.042880 * > myPPplot (spam.test,ppl.test,pthl) # OO0 pth 0000000
Iword_freq_415 1.4776 1.3720 1.077 0.281508 pth po pl
Iword_freq_85 -1.9679 0.6886 -2.858 0.004264 *x* 0.89515955 0.01430843 0.70619946
Iword_freq_technology  0.4962 0.3612 1.374 0.169543 0O2700000000000000
Iword_freq_1999 -1.1901 0.3173 =3.751 0.000176 #**
iggi::g:g:g;ns _é:gggg g:ZfZg _f:gi?g:géggiif [038 DODODODOOOOODOOO0DO0ODOODO0DO0O00000O00 spam00000000000
Tword_freq_direct ~0.2871 0.6091 -0.471 0.637323 00000 spambase 1000000000000 D00000D00000D (00000)000000000
Iword_freq_cs -6.2489 4.7763 -1.308 0.190768
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0000000000000 0000000000 2, 000000 2,000z, =1(z,; >000000

ooo

> ## spambase 10000000 OOOOODO

> load("spam2.rda") # dat2.train,spam.train,dat2.test,spam.test
> dim(dat2.train) # datl.train000000

[1] 3601 54

> t(dat2.train([1:10,1:5]) # 000 10000000500000000

1 2 3 4 5 6 78 9 10

word_freq_make 0 0.00 0.00 0 0.00 0.00 0.05 0 0.00 0

word_freq_address 0 0.10 0.00 0 0.00 0.00 0.30 0 0.00 O

word_freq_all 0 0.30 0.53 0 0.19 0.68 0.40 0 0.47 0

word_freq_3d 0 0.00 0.00 0 0.00 0.00 0.00 0 0.00 O

word_freq_our 0 1.02 0.53 0 0.00 0.00 0.10 0 1.91 0
## glm (Genelalized Linear Model = 000 00000)000000O0OOO

f2 <- glm(spam.train
## p(y=1lx) 000
pp2.train <- predict(f2,dat2.train,type="response") # 00000
pp2.test <- predict(f2,dat2.test,type="response") # 000000
# 0000000 hamO spamO0 0000000 0.01 000000000000
pth2 <- quantile(pp2.train[spam.train==0],p=0.99)
myPPplot (spam.test,pp2.test,pth2) # U0 pth 000000000

pth po pl

., binomial, cbind(dat2.train, spam.train))

vV VVVVYVYVYyY

ham mails ham mails
o
™
el
> o >
I g "
< g o
© 1 T T T 1 © T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
pp('sp] pp['sp]
P(say spam | ham mail)= 0.01431 P(say spam | ham mail)= 0.0159
spam mails spam mails
[=3
®
> o >
g © z &
T o 5 o
o - a =
(=} o
T T T T T 1 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

0.

9385936 0.0190779 0.5633423

0000000 00000000000000000000000000000000000000000
000000000 00000 B, 00000 spamO00000O0DDODODODODOOOOOOOOOOOO
o000 sp,amO0000C0CO0O0O0O0CODOOOCODOOOOOOOCOOCOOOOOOOOOOOOOOO
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pplsp] pp(sp]
P(say spam | spam mail)= 0.7062 P(say spam | spam mail)= 0.77089

029 0000000000 o0oooOooo0oo0ooDmuooUooooooog
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goooooooooboooooooooboOoooooooo0ooooobo0oooobOoooooboOooon

goooooooo

> f3 <- glm(spam.train ~
pp3.train <- predict(f3,cbind(datl.train,dat2.train),type="response") # 00000
pp3.test <- predict(£3,cbind(datl.test,dat2.test),type="response") # 00000

., binomial, cbind(datl.train, dat2.train, spam.train))

>
>
> pth3 <- quantile(pp3.train[spam.train==0],p=0.99)
>

0.

myPPplot (spam.test,pp3.test,pth3) # 00 pth 0000000
pth pO pl
87828914 0.01589825 0.77088949

goboooooooooooooooooo

33 00000

e JIJ0O0OU0x0000yOOOOOLODOOOOOUOOOUOOOyOOODOOOOOO=2zODDO
oooooooooooooooooo yODbOOO0O

e JOODOODO
11 .- Tim m(l)
X = n = =[z1,..., Tm]
Tpl oo- Tupm ()
N————
m

166

gooooooooooOoO0oOoO0oO0O0O0000 XOOoOoooo1ooooooooooooooo
goooooooooood
e JO000DOODOODOODDDOOOODDOOODDOODDOODDOOODDOODOODDOOODOODDOOOOOOO

goooooooog0e:e=1,...,mO00000

n
X 1
Tej < Ttg — ﬁ Tty RN (]

joooX0oD:000nO0000000 x;0n000000O1,=(1,...,1)) 0000

iz — 1,1V, 000 X<—X-1L1X

n

ROO dat <- scale(dat,scale=F) 000000000 1,X=00000
e JOOIOOOOOOODOOOOOOOOOOODOOOOOODOOOOOOOOO

n 1/2
Tyi — Tyif (nil Zﬁ) D00 @« ®i/y/ iyl
t=1
RODOODO dat <- scale(dat) 0000000000 |z]2=n—-10000

[0 3.9
goooooooooo

03200000000000000000 (bostondata.txt) 000 00D OO0OO0O0DOODOOOO
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>## 000d0o0o0oOoo
> dat <- read.table("bostondata.txt") # 00 0000000000000
> dim(dat) # 00O OO

[1] 506 14
> colnames(dat) # 000
[1] "er.m” IIZH n Ill‘ndus " ”ChaS " "NOXQ” llm2”
[7] ”Age " YIDiSIY ”Rad” ”TaX" I’Ptratio" ”B "
[13] "Lstat" "LogCmedv"

> X <- scale(dat) # 000
> round(var(X)[1:5,1:5],4) # 000000000 (OO0 6x50000)

Crim Zn Indus Chas Nox2
Crim 1.0000 -0.2005 0.4066 -0.0559 0.4013
Zn -0.2005 1.0000 -0.5338 -0.0427 -0.4626

Indus 0.4066 -0.5338 1.0000 0.0629 0.7347

Chas -0.0559 -0.0427 0.0629 1.0000 0.1008

Nox2 0.4013 -0.4626 0.7347 0.1008 1.0000

> pairs(X,pch=".") # 0000000

>## ROODO0ODOOOO0ODOOOO0ODOOOOODOOOOODOOOOODOOOOOD

> f <- princomp(dat,cor=T) # DOU00OD0: cor=TOOO0OO00O0O0DOO scaled0000O
> biplot(f,cex=0.5) # 000000

pgooooooooooopol4o000000oOooOoOOOOD40000000DODOO0ODOO0OOOOOO
ooo0o0oooO0o0o0ooO0o00oOo0o00oOoO00N4000O0O00D00O0O0000O00D0O0O000ODO
gobooooooooooooooooooooOooooboOoooooboooo

00316 mO0O0000000 v000 w000 2@, i=1,...,m000000000000 y =
Y

S vag, i=1,...,n000000«2% 0000000 4w00O0D00000000000000000

goooo
ST e — y)? = (X' X) — o'y (3.13)

i=1

goooooooOoOoOoOoOooooooOO0DODOoOOOO0ObODOD y=Xv0O0O0ODOO

[DO3.17] 003160 (3.13)000000 »00- A X'X00000D000000000000000

n—1

0000000000000000000 453" v =|y|*/(n-1)0000000000

[0032 20000000000 4X'X0000000000000000

A=A > 22 20

go0ooocoooooooooooooo

V1,V2,...,Um

0oooooopoooooog vV =(vy,...,v,) 0000000000000 X0éi=1,...,n0000
oooooo g j=1,...,mO00000O0O

m
Yij = § Tk Vkj
k=1

169 171
000000000000 y; = (y1,---,%;) 0000000000 Y = (yy,...,9,,) 00000
yj:X'Uj,j:L---vmv Y =XV
0000;000000000000000
BHofotot ot otob: (A S S S Mt N
ANOJ0IEOOREODE . i At Am
HEHMOBRBEE BB EEE EE s
o o e o o e 2 ] ) - 00318 000y, 000000 lly,/l2=X 00000000000000i#;0000 ;0
PO 2 O O I =5 3 © : :
R E O R FEFE R R E R A 8 | | y, 0000000 ﬁygyj:ODDDDDDDDDDDDDDDDDA:diag()\l,...,/\m)DDDDD
NENONEENODEONE; ¢ Ly
; ‘ £ s e LYy =A0000000
MW OVENNODDEORDE S 31 L e T | o nl
o g T
] U] o) W Ll B L L LR L e | SR [00319 DOO+-0000000000000000000C »0000000000000000
OUPI0NELYDEEOSGE w W i
b DOEEEHBHOBRE, g 1 7 [0 3100 03900000000000000000000000000000
q%m@%%%%%%%% . - ) > Sigma <- var(X) # 000000000 Signa
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> a <- eigen(Sigma) # 0000000000000
> names(a) # 0000 values, 0000000 vectorsOOODOOO
[1] "values" "vectors"
> rownames (a$vectors) <- colnames(X) # 00O 0OOO
> colnames (a$vectors) <- names(a$values) <- paste("PC",seq(along=a$values),sep="") # PC1,PC2,...
> round(a$values,4) # 000000000000 (lambda_1,...,lambda_m)
PC1 PC2 PC3 pPC4 PC5 PC6 PC7 PC8 PC9 PC10 PCi1
6.5969 1.5940 1.3118 0.9014 0.8588 0.6604 0.5521 0.4102 0.2767 0.2439 0.2209
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PC12 PC13 PC14
0.1874 0.1272 0.0582
> round (cumsum(a$values)/sum(a$values),4) # = summary(f) OOO OO
PC1 PC2 PC3 PC4 PC5 PC6 PCT7 PC8 PC9 PC10 PC11
0.4712 0.5851 0.6788 0.7432 0.8045 0.8517 0.8911 0.9204 0.9402 0.9576 0.9734
PC12 PC13 PC14
0.9868 0.9958 1.0000
> round(a$vectors[,1:5],4) # 0000000000000 vOOOO 500

PC1 PC2 PC3 PC4 PC5
Crim 0.2462 0.1467 0.3673 -0.0764 -0.0415
Zn -0.2397 0.2143 0.3850 -0.3615 -0.0297
Indus 0.3294 -0.1462 -0.0519 0.0292 -0.0150
Chas -0.0051 -0.4446 -0.0144 -0.4098 -0.7704
Nox2 0.3102 -0.2666 0.0196 -0.1862 0.1731
Rm2 -0.1943 -0.3768 0.4522 0.2846 0.1315
Age 0.2943 -0.2922 -0.1558 0.0192 0.1689
Dis -0.2951 0.3808 0.0992 -0.1443 -0.1721
Rad 0.3038 0.0380 0.4068 0.1715 -0.1877
Tax 0.3242 0.0446 0.3295 0.1154 -0.1353
Ptratio 0.2045 0.3178 -0.0981 0.5478 -0.4299
B -0.1986 -0.0799 -0.3597 0.2617 -0.2378
Lstat 0.3117 0.1750 -0.2071 -0.3062 0.0571

LogCmedv -0.2999 -0.3587 0.1383 0.2295 0.0025

> Y <= X }*% a$vectors # 00D OO0

> round(var(Y)[1:5,1:5],4) # YOOUOOOOOOOOOO 55000
PC1 PC2 PC3 PC4 PC5

PC1 6.5969 0.000 0.0000 0.0000 0.0000

PC2 0.0000 1.594 0.0000 0.0000 0.0000

PC3 0.0000 0.000 1.3118 0.0000 0.0000
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PC4 0.0000 0.000 0.0000 0.9014 0.0000

PC5 0.0000 0.000 0.0000 0.0000 0.8588

> pairs(Y,pch=".") # 00000000

> plot(Y[,1],Y[,2],type="n") # (y1,y2) 0000000

> text(Y[,1],Y[,2],seq(length=nrow(Y)),cex=0.5) # (y1,y2) 00000

[OO 3.3 oboby,000000000001000000 2,0000

J /*)\‘7_7 PR}
y» 2D
:[y17"'7ym}: 3 ZZ[Zl,...,Zm]Z :
) ()
Loy = N0 250252 =10000000 29, i=1,...,n00000 29 0000000
DO00A Y2 =diag(\{Y?,..., A/} 0000000000000

Z=YA'/?

[0D034] DO0O00ODDOO0O0 ;000000000 2,0000 ﬁw;szDDDDDD BOOOO

p
B—

=[by,...,bpn] = :
p(m)

000 @, j=1,...,p00000bY 0000000000
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[00 3200 B=VAY?000 X=2zB' 0000

[0D0] oooooooo0 29, i=1,...,n000000000006%, j=1,...,mO00000000

000000000000000000000000000000000000000004,; =260 0
ooo

[I:I3.11] g3100000000000000
> Z <= Y }*}, diag(1/sqrt(a$values)) # 0O OO0
> colnames(Z) <- colnames(Y) # 000000
> round(var(Z)[1:5,1:5],4) # 0000000
PC1 PC2 PC3 PC4 PC5

PC1 1 o o0 0 o0
pc2 0 1 o o0 o0
PC3 0 0 1 0o 0
pc4 0 0 o0 1 0
PC5 0 0 0 0 1
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> B <- a$vectors J*}, diag(sqrt(a$values)) # 00O 0O

> colnames(B) <- colnames (a$vectors) # 00 0O 0O

> biplot(Z[,c(1,2)],B[,c(1,2)],cex=0.5) # = biplot(f) 0O DODOOOO0O
> biplot(Z[,c(1,3)],B[,c(1,3)],cex=0.5) # = biplot(f,choi=c(1,3))

[O0] OOODODO0D000000000000D0OODODODOOOO0O0O0ODO0OD0OD0OD0O0DD00ODOD0O0O0O0O0O00
000000000000 0000000000000000000 p000000000¢0 2® 000

goooocooooooooon

z® = p+ FPA+ e i=1,....n (i.id.)

ooooz® 0 eP 0 moooooooof?0p00000000AD pxmO00000000000
ooo0f?0 0000000000000 0ON00O0ON00O0ONON0O00NN0N0ONONO0O0NONONOonn

gooooooooooooooooo

[D 3.12] 0300000000000 0o00oooo0oDoooooooooo
>## 0000000000 O0ODOOOODOD

> biplot.factanal <- function(f,choices=1:2,...)

+ biplot(f$scores[,choices],f$loadings[,choices],...)

>## 0000000000000 00D0OO0O00DOOOOm

> f1 <- factanal(dat,factors=2,scores="Bartlett",rotation="varimax")

> f1

Call:

factanal (x = dat, factors = 2, scores = "Bartlett", rotation = "varimax")
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Uniquenesses:
Crim Zn Indus Chas Nox2 Rm2 Age Dis
0.615 0.502 0.262 0.981 0.310 0.850 0.301 0.263
Rad Tax Ptratio B Lstat LogCmedv

0.134 0.044 0.770 0.777 0.495 0.586

Loadings:

Factorl Factor2
Crim 0.597 0.168
Zn -0.197 -0.678
Indus 0.606 0.609
Chas 0.123
Nox2 0.532 0.638
Rm2 -0.234 -0.308
Age 0.371 0.750
Dis -0.396 -0.762
Rad 0.920 0.141
Tax 0.956 0.204
Ptratio 0.459 0.140
B -0.439 -0.173
Lstat 0.469 0.534

LogCmedv -0.521 -0.378
Factorl Factor2
SS loadings 4.053  3.0567
Proportion Var 0.290 0.218
Cumulative Var 0.290 0.508
Test of the hypothesis that 2 factors are sufficient.
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The chi square statistic is 1237.22 on 64 degrees of freedom.

The p-value is 9.61e-217

> biplot(f1,cex=0.5)

>## 0000000000 0ODOOO0ODOOOOODOOOODOO

> f2 <- factanal (dat,factors=2,scores="Bartlett",rotation="promax")

> f2

Call:

factanal(x = dat, factors = 2, scores = "Bartlett", rotation = "promax")

Uniquenesses:
Crim Zn Indus Chas Nox2 Rm2 Age Dis
0.615 0.502 0.262 0.981 0.310 0.850 0.301 0.263
Rad Tax Ptratio B Lstat LogCmedv
0.134 0.044 0.770 0.777 0.495 0.586

Loadings:

Factorl Factor2
Crim 0.615
Zn -0.843 0.222
Indus 0.601 0.324
Chas 0.189 -0.160
Nox2 0.667 0.214
Rm2 -0.331
Age 0.876
Dis -0.884
Rad -0.147
Tax .029
Ptratio .465
B -0.418

.027

O R
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Lstat 0.548  0.209
LogCmedv -0.319 -0.379

Factorl Factor2
SS loadings 3.647  3.307
Proportion Var 0.260 0.236
Cumulative Var 0.260 0.497

Test of the hypothesis that 2 factors are sufficient.

The chi square statistic is 1237.22 on 64 degrees of freedom.

The p-value is 9.61e-217
> biplot(f2,cex=0.5)
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