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> 0.45 == 3%0.15
[1] FALSE
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> 0.45 == 3%0.15
[1] FALSE
lslous 53 s 355 58 Lol 05,5 kb o LU ODEs! ol (dned &) S|
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> 0.45 == 3%0.15

[1] FALSE
QL,MW):Ua}-Q;;;Jf el 935 as o LB OOl (e ) e
S pten Uas (S5 5 pazd & 2 oo

AL S s Ll Sl phs 4 S5 bl T Lo s cpl ohs &
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> 0.45-3%0.15

[1] 5.551115e-17
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>7>5
[1] TRUE
>7 <5
[1] FALSE
>T7 >=7
[1] TRUE
> 7 <=5
[1] FALSE
> 7 ==
[1] FALSE
> 7 =
[1] TRUE
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dind 29355 s Shee (laauglis



sl s o soes 2ol A (585 Glaanolis 5 5ld saes boslasl b aloe s
S 1y |y SIS iz Vsene allequal() 5o

(0.5-0.3) == (0.3-0.1)

[1] FALSE

> all.equal(0.5-0.3,0.3-0.1)
(1] TRUE



sl s o s 2ol A (585 Glaanolis 5 5ld aes boslasl b aloe s
S 1y |y SIS iz Vsene allequal() 5o

(0.5-0.3) == (0.3-0.1)

[1] FALSE

> all.equal(0.5-0.3,0.3-0.1)
(1] TRUE

cor 5 and Sl Jyp s Sles

> (5> 7) & (6%7 == 42)
[1] FALSE
> (5> 7) | (67 == 42)
[1] TRUE
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> typeof (7)

[1] "double"

> is.numeric(7)

[1] TRUE

> is.integer(7)

[1] FALSE

> is.character(7)
[1] FALSE

> is.character("7")
[1] TRUE

> is.character("seven")
[1] TRUE

> is.na("seven")
[1] FALSE
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:a&ﬁocb

> as.character(5/6)

[1] "0.833333333333333"

> as.numeric(as.character(5/6))

[1] 0.8333333

> 6*as.character(5/6)

Error in 6 * as.character(5/6) : non-numeric argument to binary ope:
> 6*as.numeric(as.character(5/6))

[11 5

> 5/6 == as.numeric(as.character(5/6))

[1] FALSE
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> pi
[1] 3.141593
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Laosls & Oals (’b
i 2x a3 18 Lo Lesl s 1y L ae (OUSRL cpl 23S (MSRL 1 Laosls 0 5o
1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
OLs lp ey il @
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i 2x a3 18 Lo Lesl s 1y L ae (OUSRL cpl 23S (MSRL 1 Laosls 0 5o
1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd

OLs lp ey il @
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1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
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1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

=L < —jlewsle LS Shes

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
OLs Gl el bl g5
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b Sl
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win pn 33V B 5 Ve 5 cell VP Slasle mle @
$3,8 A5 fymile A 5 050elS Yo 1500 LT
> 60%20 + 40%8 <= 1600
[1] TRUE
> 3%20 + 1%8 <= 70
[1] TRUE
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b 1S o 55 0500l 5 ble GELES Lo 5 5V g5 3l eslisd b sl S
505 5L aYs ) 5L cele b il S e
S5 aYs 5 ¥ 5L celu £ 5elS K@
win a3 N 5V 5L el VP Dl as)le e @
OS5 a5 oedle A5 0508 Y0 0l U
> 60%20 + 40%8 <= 1600
[1] TRUE
> 3%x20 + 1*%8 <= 70
[1] TRUE

Coshr pdle 4 5 O slS Y
> 60%20 + 40%9 <= 1600
[1] TRUE
> 3%20 + 1x9 <= 70
[1] TRUE
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S5 g az oldel ool a8 5 55ks in 1y dlges ol sl (Ko codisl 55 (S @0 a0 @

> hours.car <- 40; hours.truck <- 60

> steel.car <- 1; steel.truck <- 3

> available.hours <- 1600; available.steel <- 70

> output.trucks <- 20; output.cars <- 10

> hours.car*output.cars + hours.truck*output.trucks <= available.hours
[1] TRUE

> steel.car*output.cars + steel.truck¥output.trucks <= available.steel
[1] TRUE
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S5 g az oldel ool a8 5 55ks in 1y dlges ol sl (Ko codisl 55 (S @0 a0 @

> hours.car <- 40; hours.truck <- 60

> steel.car <- 1; steel.truck <- 3

> available.hours <- 1600; available.steel <- 70

> output.trucks <- 20; output.cars <- 10

> hours.car*output.cars + hours.truck*output.trucks <= available.hours
[1] TRUE

> steel.car*output.cars + steel.truck¥output.trucks <= available.steel
[1] TRUE

blze (sla ane ol IS L S 85 (g5 3L Y ST 08 (nip JSS pl b
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> x <- c(7, 8, 10, 45)
> X

[1] 7 8 10 45

> is.vector(x)

[1] TRUE

af/\0
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> x <- c(7, 8, 10, 45)
> X

[1] 7 8 10 45

> is.vector(x)

[1] TRUE

ol S sl 0 315 6T 55 Oled L 1 lap K palie ¢f) b

A Ge)ler a1 joble aes
(3398 3 (Gl 03 &S LI5S e £ Jsb 4 I s, SO vector(length = %) ;s
g b g ole lau g i oS 0 gl ol (sdtn [ ss

weekly.hours <- vector(length=5)
weekly.hours[5] <- 8

A¥ Vo
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>y <= c(-7, -8, -10, -45)

> x+y
[1] 00O0O

a¥/\#
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>y <= c(-7, -8, -10, -45)

> x+y
[1J] 0000

O pols il (5,505 51l S )l 4l (5l i Slkes 53 1551 STesks
Ly 1SS

> x + c(-7,-8)
[1] 0 0 3 37

1595 o )),SS I 5540 sde a8 dmar N Jsb b slayls (LgS slael ol by

>x + 1
[1] 8 9 11 46
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> (x> 9) & (x < 20)

[1] FALSE FALSE TRUE FALSE
> (x> 9) & (x < 20)

[1] FALSE

all.equal & identical 31 estsusl oly ¢ g 505 55, IS L ls 0 G S amnlis (51 5
:Cﬂw\

> x == -y

[1] TRUE TRUE TRUE TRUE

> identical(x,-y)

[1] TRUE

> identical(c(0.5-0.3,0.3-0.1),c(0.3-0.1,0.5-0.3))
[1] FALSE

> all.equal(c(0.5-0.3,0.3-0.1),c(0.3-0.1,0.5-0.3))
[1] TRUE
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« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >
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« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >

J.:\J;‘jaj (eSS o) ol )\bﬁ &3 "y SOTt() L4
LS o A5 1 St S S iisi()

LS o A5 e slayls 51, sae O Jold 4> S &S summary() @
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’J/CI%:

Lowr LA)‘JJ..: ‘c‘}SJ\ Golws (35,5
« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >

Ll3 S (odics o) Lok )l S oS s0rt() @
LS o A5 1 St S S iisi()

0
LS o A5 e slayls 51, sae O Jold 4> S &S summary() @
()
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> x[c(2,4)]
[1] 8 45

> x[c(-1,-3)]
[1] 8 45

Sl

> x[x>9]
[1] 10 45
> y[x>9]
[1] -10 -45

L‘BQTJ:QLZ.A 4§ J\Ab@ djl.am.bl )\ )\Jﬁ &3 9 CM.-:‘ J}J )‘JJ..’ &3 whzch() LQJ))J
Liwas TRUE

> places <- which(x > 9)
> ylplaces]
[1] -10 -45

LA FALY



> names(x) <- c("vi","v2","v3","Hossein")
> names (x)

[1] "vi" "y2" "y3" "Hossein"

> x[c("Hossein","v1")]

Hossein v1

45 7

s s K3 names(1) dsed T 15 o3lie 31 end g ool LS C3s
(el (L ST )

> names(y) <- names(x)

> sort(names(x))

[1] "Hossein" "vi" "y2" "y3"
> which(names(x)=="Hossein")
[1] 4
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> hours <- c(hours.car,hours.truck)

> steel <- c(steel.car,steel.truck)

> output <- c(output.cars,output.trucks)

> available <- c(available.hours,available.steel)

35 Jos ) e w3sd 0 Y
> all(hours[1]*output [1]+hours[2] *output [2] <= available[1],

+ steel[1]*output[1]+steel[2] *output[2] <= available[2])
[1] TRUE

> all(c(sum(hours*output), sum(steel*output)) <= available)
[1] TRUE
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names (hours) <- c("cars", "trucks")

names (steel) <- names(hours)

names (output) <- names (hours)

names (available) <- c("hours","steel")
all(hours["cars"]*output ["cars"] + hours["trucks"]x*
output ["trucks"] <= available["hours"],
steel["cars"]*output["cars"] + steel["trucks"]*
output ["trucks"] <= available["steel"])

(1] TRUE

+ + + V V.V VYV
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needed <- c(sum(hours*output[names(hours)]),
sum(steel*output [names(steel)]))

names (needed) <- c("hours",'"steel")
all(needed <= available[names(needed)])

[1] TRUE
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> x.arr <- array(x,dim=c(2,2))
> x.arr

[,11 [,2]
[1,] 7 10
[2,1] 8 45

jjja.w.k.g-.)._g;@ R‘Urﬂ! dim .r)bd}wwﬂjbﬁdﬁdﬂgw‘.&:ﬁ‘wd:

2,85 53 O
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> x.arr <- array(x,dim=c(2,2))
> x.arr

[,11 [,2]
[1,] 7 10
[2,1] 8 45

jjja.w.l..g-.)._g}f@ R‘UVJA dim .rjsojvwwﬂjbﬁdﬁdj\gw‘.\lg‘.&;fdé

250 s o

Byl b bl dim gl ple oSl oa s ¥ slaalT Ol e

af /Y



bl sla Sis 51 (man
el

> dim(x.arr)

[1] 2 2

> is.vector(x.arr)

[1] FALSE

> is.array(x.arr)

[1] TRUE

> typeof (x.arr)

[1] "double"

> str(x.arr)

num [1:2, 1:2] 7 8 10 45

53 s e 0L | abl skl str() L das e 0L 1y wll ol ¢ 5 typeof () e

Colg 53 5 «Llodd (I il V — Y L g5 2 a8 U 33 b el (3e a0l YU Jls
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I @‘)Tgﬁtgﬂj Do b ) glacas L Ol 5 0 (o @lj&:- 4
> x.arr[1,2]
[1] 10

> x.arr[3]
[1] 10

tsl O Ao om0 el SO Gl

> x.arr[c(1:2),2]
[1] 10 45

> x.arr[,2]

[1] 10 45
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> which(x.arr > 9)
[1] 3 4

S e T Tkl 250 b @l 51 ok

> y.arr <- array(y,dim=c(2,2))
> y.arr + x.arr
(.11 [,2]
[1,] 0 0
[2,1] 0 0

S e Jos T3 O o b w8 6oy o sb 4 Koo S

> rowSums (x.arr)
[1] 17 53
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> factory <- matrix(c(40,1,60,3) ,nrow=2)
> factory
[,1]1 [,2]
[1,] 40 60
[2,1] 1 3
> is.array(factory)
[1] TRUE
> is.matrix(factory)
(1] TRUE

S el g kw035 5l byrow = TRUE 5 ncol 3 ol 5 s <!



la oo 5o

5.
’J/L:,wn

ol )T Kl ol Sl w3 O R s

> factory <- matrix(c(40,1,60,3) ,nrow=2)
> factory
[,1]1 [,2]
[1,] 40 60
[2,1] 1 3
> is.array(factory)
[1] TRUE
> is.matrix(factory)
(1] TRUE

S el g kw035 5l byrow = TRUE 5 ncol 3 ol 5 s <!
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7 ¢rwﬁj‘}éﬂﬂ{ﬁlegri;Lé%{ré‘stﬁ):D)b\)bji'uﬂL;ng&Pcgfﬁjsu o)
(J}Jdﬁ oslazul

?¢@@;.sevens <- matrix(rep(7,6) ,ncol=3)
> six.sevens
[,11 [,2]1 [,3]
[1,] 7 7 7
[2,] 7 7 7
> factory %*% six.sevens # [2x2] * [2x3]
[,11 [,21 [,3]
[1,] 700 700 700
[2,] 28 28 28
> six.sevens x*} factory # [2x3] * [2x2]
Error in six.sevens %*% factory : non-conformable arguments
> output <- c(10,20)
> factory %*J output
[,1]
[1,] 1600
(2,1 70
> output %*% factory
[,11 [,2]
[1,] 420 660

qf /v



feom e sls Shes ol
s
> t(factory) # Matrix transpose
(,11 [,2]
(1,1 40 1
[2,] 60 3
> det(factory) # Matrix determinant
[1] 60
> diag(factory) # Extracting or replacing the diagonal
[1] 40 3
> diag(factory) <- c(35,4) # Change it
> factory # See that it changed
(,11 [,2]
(1,1 35 60
(2,1 1 4
> diag(factory) <- c(40,3) # Set it back for later



1g(c(3,4)) # Creating a diagonal matrix
[,1]1 [,2]
[1,] 3 0
[2,] 0 4
> diag(2)
[,1]1 [,2]
[1,] 1 0
[2,] 0 1
> solve(factory) # Inverting a matrix
[,1] [,2]
[1,] 0.0500 -0.7500
[2,] -0.0125 0.4375
> factory %*% solve(factory)
(.11 [,2]
[1,] 1 0
[2,1] 0 1

5.
’J/L:,wn
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> available <- c(1600,70)

> solve(factory,available)

[1] 10 20

> factory %*J, solve(factory,available)
[,1]

[1,]1 1600

[2,] 70
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(oSt 08 ol 4 b el g B AS 0 SWS Lo g ch)\.lf(aL;

> rownames (factory) <- c("labor","steel")
> colnames(factory) <- c("cars","trucks")

> factory

cars trucks
labor 40 60
steel 1 3

> output <- ¢(20,10)

> names (output) <- c("trucks","cars"

> available <- c(1600,70)

> names(available) <- c("labor","steel")

> factory %*J, output # # But we’ve got cars and trucks mixed up
[,1]

labor 1400

steel 50

> factory %xJ, output[colnames(factory)]
[,1]

labor 1600

steel 70

> all(factory %*% output[colnames(factory)] <= available[rownames(factory)])

[1] TRUE
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> rowMeans (factory)
labor steel

50 2
> apply(factory,1,mean)
labor steel

50 2
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ey S e 1y g gen Lagsl & alie 3l slallss
> my.distribution <- list("exponential",7,FALSE)
> my.distribution

[[1]1]

[1] "exponential"

[[2]1]
(11 7

[[3]1]
[1] FALSE

Q¥ TV



i

’J/L:,%':
ey S e 1y g gen Lagsl & alie 3l slallss

> my.distribution <- list("exponential",7,FALSE)
> my.distribution

[[1]1]

[1] "exponential"

[[2]1]
(11 7

[[3]1]
[1] FALSE

.J;obulw‘ d\jsb;c}:) LACAM:}LS‘J: dﬁ)&‘&g L»’é)‘b).:d‘): Q\ﬁ&&duﬁﬁ\
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3,5 eslaud (SO Gl SOU[]] 0L [] ) Ll dils Ol g5 a0 (o s (810

> is.character(my.distribution)

(1] FALSE

> is.character(my.distribution[[1]])

[1] TRUE

> my.distribution[2]~ 2

Error in my.distribution[2]72 : non-numeric argument
to binary operator

> my.distribution[[2]]72

[1] 49

Af /YA



Cod ool 0 (oon e

’J/L:,%':
3,5 eslaud (SO Gl SOU[]] 0L [] ) Ll dils Ol g5 a0 (o s (810

> is.character(my.distribution)

(1] FALSE

> is.character(my.distribution[[1]])

[1] TRUE

> my.distribution[2]~ 2

Error in my.distribution[2]72 : non-numeric argument
to binary operator

> my.distribution[[2]]72

[1] 49

bl o Sl e (oS o3l a3 puysl g [[1] 51 sl s S
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(e

> my.distribution <- c(my.distribution,7)
> my.distribution

[111

[1] "exponential"

[[2]1]

[11 7

[[31]

[1] FALSE

[[411

[11 7

> length(my.distribution)

[1] 4

> length(my.distribution) <- 3
> my.distribution

[111

[1] "exponential"

[[2]1]

[11 7

[[31]

[1] FALSE

4 /4
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A 3,5 GOMSL Ol or 1y o S olis o b aany
> names(my.distribution) <- c("family","mean","is.symmetric")

> my.distribution

$family

[1] "exponential"

$mean

(11 7

$is.symmetric

[1] FALSE

rbﬁu\) \Jwﬂb$wy\9bo‘ﬁuu\rbbd\y@ﬂuw‘m;.))}.puﬂjé
(.L\fdo g_&J.?- \Jﬂ‘»&«)bhﬂj

> my.distribution$family

[1] "exponential"

> my.distribution[["family"]]
[1] "exponential"

> my.distribution["family"]
$family

[1] "exponential"
qF /¥



T PP W NI RN P U FC I g PR PSP R ATR
> another.distribution <- list(family="gaussian",mean=7,
+ sd=1,is.symmetric=TRUE)

> another.distribution

$family

[1] "gaussian"

$mean

(11 7

$sd

(11 1

$is.symmetric

[1] TRUE

¥ /¥



.distribution$was.estimated <- FALSE

74 distribution[["last.updated"]] <- "2011-08-30"
> my.distribution
$family

[1] "exponential"
$mean

[11 7
$is.symmetric

[1] FALSE
$was.estimated
[1] FALSE
$last.updated

[1] "2011-08-30"



.distribution$was.estimated <- FALSE

74 distribution[["last.updated"]] <- "2011-08-30"
> my.distribution
$family

[1] "exponential"
$mean

[11 7
$is.symmetric

[1] FALSE
$was.estimated
[1] FALSE
$last.updated

[1] "2011-08-30"

et b s 5 p8 e sl NULL s b OF a3 lie b cnd 53 (635)5 SO Gl

my.distribution$was.estimated<-NULL
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> a.matrix <- matrix(c(35,8,10,4) ,nrow=2)
> colnames(a.matrix) <- c("vi","v2")
> a.matrix
vl v2

[1,] 35 10
[2,] 8 4
> a.matrix$vl # The $ access operator doesn’t work on a matrix
Error in a.matrix$vl : $ operator is invalid for atomic vectors
> a.data.frame <- data.frame(a.matrix,logicals=c(TRUE,FALSE))
> a.data.frame

vl v2 logicals
135 10 TRUE
2 8 4 FALSE
> a.data.frame$vl # But $ does work on a data frame
[1] 35 8
> a.data.framel[,"v1"]
[1] 35 8
> a.data.frame[1,]

vl v2 logicals
135 10 TRUE
> colMeans(a.data.frame)
vl v2 logicals
21.5 7.0 0.5
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T a1 esls Sl b 4l G 4 1y lad e b U las 015 e cbind() 5 rhind()
13l s B sla ok 5 3l bl 3 S

> rbind(a.data.frame,list(v1=-3,v2=-5,1logicals=TRUE))
vl v2 logicals

1 35 10 TRUE

2 8 4 FALSE

3 -3 -5 TRUE

> rbind(a.data.frame,c(3,4,6))
vl v2 logicals

1 35 10 1

2 8 4 0

3 3 4 6
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> eigen(factory)
$values
[1] 41.556171 1.443829
$vectors
[,1] [,2]
[1,]1 0.99966383 -0.8412758
[2,] 0.02592747 0.5406062
> class(eigen(factory))
[1] "1list"
> str(eigen(factory))
List of 2
$ values : num [1:2] 41.56 1.44

$ vectors: num [1:2, 1:2] 0.9997 0.0259 -0.8413 0.5406
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> factory %xJ eigen(factory)$vectorsl[,2]
[,1]
labor -1.2146583
steel 0.7805429
> eigen(factory)$values[2] * eigen(factory)$vectors[,2]
[1] -1.2146583 0.7805429
> eigen(factory)$values[2]
[1] 1.443829

> eigen(factory) [[1]1]1[[2]] # NOT [[1, 2]]
[1] 1.443829
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if (x >=0) {
X

} else {
-x

}

ool FALSE G TRUE ,ldie 3413 § s dn3ls if 53 54590 b 2



if b Ses o2 ol

’%Cy%}

if (x >=0) {
X

} else {
-x

}

ool FALSE G TRUE ,ldie 3413 § s dn3ls if 53 54590 b 2
el e else b



sgmes FALSE v 3§ X950 O guien ZU%LU?"je-@‘ﬁbu‘5>J9<ﬁbux¢Ld
[fﬁj 1015 dal g Uas) 558 o 5 sdas ($3de 8 ualie ST 540

;wf?(l) {"Truth!"} else {"Falsehood!"}
[1] "Truth!"
> if(-1) {"Truth!"} else {"Falsehood!"}
[1] "Truth!"

> if(0) {"Truth!"} else {"Falsehood!"}

[1] "Falsehood!"

> if ("TRUE") {"Truth!"} else {"Falsehood!"}

(1] "Truth!"

> if ("TRUTH") {"Truth!"} else {"Falsehood!"}

Error in if ("TRUTH") { : argument is not interpretable as logical
> if("c") {"Truth!"} else {"Falsehood!"}

Error in if ("c¢") { : argument is not interpretable as logical
> if (NULL) {"Truth!"} else {"Falsehood!"}

Error in if (NULL) { : argument is of length zero

> if (NA) {"Truth!"} else {"Falsehood!"}

Error in if (NA) { : missing value where TRUE/FALSE needed

> if (NaN) {"Truth!"} else {"Falsehood!"}

Error in if (NaN) { : argument is not interpretable as logical
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> c(TRUE,TRUE) & c(TRUE,FALSE)
[1] TRUE FALSE

5L S el a oy SO g ol 4 5L asl Ysema sl sbaatl J S 51y
OS5 dmlos ) 0ol 5L 8T (G S S aeelS @ el



Sl b SO r adaw sla Sles
il s Bl 5 6oy p om cdied olus ss Sae wils | 5 & alaw s Sas
S o Jes e
> c¢(TRUE,TRUE) & c(TRUE,FALSE)
[1] TRUE FALSE

5L S el a oy SO g ol 4 5L asl Ysema sl sbaatl J S 51y
(O tlome by 0yl 5L ST (S s SeelS 4 el
Gy gz a0 285 5 oS S Cenly 4 o ) il || 5 &&¢ 51 eslizd Jo- ol
> (0>0) & ("c"+1)
Error in "c" + 1 : non-numeric argument to binary operator
> (0>0) && ("c"+1)
[1] FALSE

25 o OF 31 ROLAEL 5L lodaen olusloes o5 add go (Gl IS guzd YU Jls b
St 2 0k 2 S £ SR 20 ¢ 3 2
I OF dsloes 0 (55 |25 XS o
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> c(FALSE,FALSE) | c(TRUE,FALSE)
[1] TRUE FALSE

> c(FALSE,FALSE) || c(TRUE,FALSE)
[1] TRUE

> c¢(FALSE,FALSE) || c(FALSE,TRUE)
[1] FALSE

Lol 63555 LS w5 oS oslimal Laasls p J 8 6l 0 || 5 && 311 IS S5b
3L ol slaole ST
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if (x"2 < 1) o
x"2

} else {
if (x >=0) {
X
} else {
-X
}

}

5 S eslal switch 3 ol s o <if else sl Shee 03 5 Glolil seSuns Jos sl 4
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n <- 10

table.of.logarithms <- vector(length=n)

table.of.logarithms

for (i in 1:n) {
table.of.logarithms[i] <- log(i)

}

table.of.logarithms

&3‘}‘(\ . ’I’LL?Q_{‘)J))‘.)J::LS.{J.{JLE.A “@(llehg‘).)) ‘)OJ&)M&fQT&l’
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n <- 10

table.of.logarithms <- vector(length=n)

table.of.logarithms

for (i in 1:n) {
table.of.logarithms[i] <- log(i)

}

table.of.logarithms

&3‘}\ (\ . nb&g‘).}))‘.}ﬁ&fﬁbm “4{ (Zlehﬁ‘).)) b OJQ)M&ﬁfO’r‘\E.l?
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’%Cy%:

x <= ¢(-5,7,-8,0)
y <- vector(length=length(x))
for (i in 1:length(x)) {

if (x[i] >=0) {

y[il <= x[i]
} else {
y[i] <- -x[i]

}

}
y # now c(5,7,8,0)

if 5 for 55

15 sy aiks plpll gl Sl 5 g ) ar s
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while (x > (1+1e-06)) {
x <- sqrt(x)

}

3L TRUE/FALSE S5 Js slaie SGif a8l LU while 55 35 0 b,



b S5 while

5.
’J/CI%:

while (x > (1+1e-06)) {
x <- sqrt(x)

}

3L TRUE/FALSE S5 Js slaie SGif a8l LU while 55 35 0 b,
Dbl g FALSE b,% 53555 dsggc\bl.a aal>~
Sy LSS LI G ail> (il TRUE aécer b,s 31 @



b S5 while

5.
’%Cy%:

while (x > (1+1e-06)) {
x <- sqrt(x)
+

A3 TRUE/FALSE S5 s sldie o if d5le b while 53 5550 b3
Dbl g FALSE b,% 53555 dsggc\bl.a aal>~

Syd e 185 LI G ail> (3L TRUE aiven b, 51 @
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f'/gfe”at {
print("Help! I am hba, trapped in an endless loop!")
}
) 25 D0 4 OF 31 Sk |
repeat {
if (watched) {
next ()
}
print("Help! I am Dr. Morris Culpepper, trapped in an endless lo
if (rescued) {
break ()
}
}

ASL TRUE ol rescuedjf\ub- ‘ﬁfido%;)b)l.g S Pl aden
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repeat {
print("Help! I am hba, trapped in an endless loop!")
}
) 25 D0 4 OF 31 Sk |
repeat {
if (watched) {
next ()
}
print("Help! I am Dr. Morris Culpepper, trapped in an endless lo
if (rescued) {
break ()
}
}

ASL TRUE ol rescuedjf\ S s ail> 5515 )b S Pl aden
'”)fd"ﬁ aal> o
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533 s A3 3 g0 )
o o ool O Jay b 5 0l 518 adsl b S5 85 0 50 b Ol 30 @
Aj;f Cawd @ (Lad C;
factory <- matrix(c(40,1,60,3),nrow=2,
dimnames=1ist(c("labor","steel"),c("cars","trucks")))
available <- c¢(1600,70); names(available) <- rownames(factory)

slack <- c(8,1); names(slack) <- rownames(factory)
output <-c(30,20); names(output) <- colnames(factory)
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5.
246,321

passes <- O # How many times have we been around the loop?

repeat {

passes <- passes + 1

needed <- factory %x) output # What do we need for that output level?
# If we’re not using too much, and are within the slack, we’re done
if (all(needed <= available) &&

all((available - needed) <= slack)) {

break()

}

# If we’re using too much of everything, cut back by 10%

if (all(needed > available)) {

output <- output * 0.9

next ()

}

# If we’re using too little of everything, increase by 10%
if (all(needed < available)) {

output <- output * 1.1

next ()

}

# If we’re using too much of some resources but not others, randomly
# tweak the plan by up to 107

output <- output * (1+runif(length(output),min=-0.1,max=0.1))
}



i 105008 Y0 5 Jen Bl Yo b, 5l s 5

> round(output, 1)
cars trucks

10.4 19.7

> round(needed,1)
[,1]

labor 1596.1
steel 69.4

> passes

[1] 3452

Vol Sl L 1) anesd 5 AS s ol DL YYOY | adsl b coddand o U
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c <- vector(length(a))
for (i in 1:length(a)) {
c[i] <- al[i] + Dbl[il

}

S pazr oa b lo 55 Soskr R

c <- atb
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abs(x) # Absolute value of each element in x
log(x) # Logarithm of each element in x

vifelse() b silw b b

ifelse(x<0,-x,x) # Pretty much the same as abs(x)
ifelse(x"2>1,abs(x),x"2)
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> expand.grid(vi=c("lions","tigers"),v2=c(0.1,1.1))

vl v2
1 lioms 0.1
2 tigers 0.1
3 1lions 1.1
4 tigers 1.1

;.A.:fjs‘..al:.b Laesls 51 3slas gl 5l ddl 5 o S (Gsb a4 LS o A g esls Hlsle
LS



o) S5 okl b L]

elois
il el LG ezpand. grid() b Wb, 51 s palis ©LS 5 ans

> expand.grid(vi=c("lions","tigers"),v2=c(0.1,1.1))

vl v2
1 lioms 0.1
2 tigers 0.1
3 1lions 1.1
4 tigers 1.1

;.A.“SJS‘..&\:.\) Laesls 51 3slas gl 5l ddl 5 o S (Gsb a4 LS o A g esls Hlsle
LS

Sl ol (63555 410 2 ST 2



outer :x S sl sy S

i ser(c(1,3,5),c(2,3,7),'*")
[,11 [,2]1 [,3]

[1,] 2 3 7

2,] 6 9 21

(3,] 10 15 35

e e w3l b Sae gl
5,5 o3kl 345 Lo gaies Shas 31 05 o YU s gl a2l

c(1,3,5) %o% c(2,3,7)

1! .SJ..:)K J.:L; LO)‘-L&.A 93 c.l.\ivd)‘.}):: C::b Bl outer Lj

> outer(c(1024,1000),c(2,10),log)
[,1] [,2]

[1,] 10.000000 3.0103

[2,] 9.965784 3.0000
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@@@ das e plal L iz 1) 0SS il 5 S treplicate)
éwﬁgKe a sample of size 1000 from the standard exponential
rexp(1000,rate=1)

# Take the mean of such a sample

mean (rexp(1000,rate=1))

# Draw 1000 such samples, and take the mean of each one
replicate(1000,mean(rexp(1000) ,rate=1))

# Plot the histogram of sample means
hist(replicate(1000,mean(rexp(1000,rate=1))))

# Equivalent to that last, but dumb
sample.means <- vector(length=1000)
for (i in 1:length(sample.means)) {
sample.means[i] <- mean(rexp(1000,rate=1))

3

hist(sample.means)
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my.clever.function <- function(an.argument,another.argument) {
# clever calculations
return(important.result)

}

# "Robust" loss function, for outlier-resistant regression
# Inputs: vector of numbers (x)
# Outputs: vector with x”2 for small entries, 2|x|-1 for large ones
psi.1 <- function(x) {
psi <- ifelse(x”2 > 1, 2*abs(x)-1, x"2)
return(psi)

> z <- ¢(-0.5,-5,0.9,9)
> psi.1(z)
[1] 0.25 9.00 0.81 17.00
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# "Robust" loss function, for outlier-resistant regression

# Inputs: vector of numbers (x), scale for crossover (c)

# Outputs: vector with x”2 for small entries, 2clx|-c”2 for large ones
psi.2 <- function(x,c=1) {

psi <- ifelse(x"2 > c”2, 2*c*abs(x)-c”2, x"2)

return(psi)

¥

> identical(psi.1(z), psi.2(z,c=1))

[1] TRUE

w8 0 ) 463 palie s b OF 3 eslinl 55 Wb 5le ST G pb azulr
> identical(psi.2(z,c=1), psi.2(z))
[1] TRUE

P G5 b 03y 5 oz el sk 4 4l el saole ST
Gl o3l LG

> identical(psi.2(x=z,c=2), psi.2(c=2,x=z))
[1] TRUE

Dac
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> psi.2(x=z,c=c(1,1,1,10))
[1] 0.25 9.00 0.81 81.00

> psi.2(x=z,c=-1)

[1] 0.25 -11.00 0.81 -19.00

u\:\mfy LAQLA}?)T‘U;L)::‘ QJ;&?‘-QQ‘JJJG}MGM 4:.&}_» J\f).} é.w\g

psi.3 <- function(x,c=1) {

# Scale should be a single positive number
stopifnot (length(c) == 1,c>0)

psi <- ifelse(x72 > c72, 2*c*abs(x)-c”2, x72)
return(psi)

¥
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>x <=7

>y <= c("A","C","G","T","U")

> adder <- function(y) { x<- x+y; return(x) }
> adder (1)

(1] 8

> x

(11 7

>y

[1] "A" "cv "G" T Myn
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ol
> circle.area <- function(r) { return(pi*r~2) }
> circle.area(c(1,2,3))
[1] 3.141593 12.566371 28.274334
> truepi <- pi
> pi <- 3
> circle.area(c(1,2,3))
[1] 3 12 27
> pi <- truepi # Restore sanity
> circle.area(c(1,2,3))
[1] 3.141593 12.566371 28.274334
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maximum.iterations <- 100

deriv.step <- 1/1000

step.scale <- le-12

stopping.deriv <- 1/100

iteration <- 0

deriv <- Inf

a <- 0.15

while ((iteration < maximum.iterations) && (deriv > stopping.deriv)) {
iteration <- iteration + 1

mse.1 <- mean((gmp$pcgmp - 6611*gmp$popa)”2)

mse.2 <- mean((gmp$pcgmp - 6611*gmp$pop” (at+deriv.step)) 2)
deriv <- (mse.2 - mse.l)/deriv.step

a <- a - step.scalexderiv

}

list(a=a,iterations=iteration,converged=(iteration < maximum.iterations))




sl 5 IS Wi

) IS s 33,5 a1 0T b @ sl ads) o S (51 i0blam] LG8 @
);b:—‘ b QTo)lfjbjb;%_&S

b2 Ul sl



o.L.Z«';.J:j.: S YK*MA:’

1y A8 s 55,5 2ol 1y 0T b a sl sl el i 1 1Sl G5 @
3;‘J.>-‘ b Q\o)lfjéjbjs%_&s

03bso Szl 5 els 03bsd b (ST 30 00l 48 pazes azsilinr s 03 S ST @
Lolods (’l’U| ey Lhui'.f\ﬂj LON.Y r.:.fab Sladal o > g €L>u\

A ol i e NSk ) OT 038 g 5 b ST e Sl s L

b2 Ul sl



NS sl

estimate.scaling.exponent.1 <- function(a) {
maximum.iterations <- 100

deriv.step <- 1/1000

step.scale <- le-12

stopping.deriv <- 1/100

iteration <- 0

deriv <- Inf

while ((iteration < maximum.iterations) && (abs(deriv) > stopping.deriv)) {
iteration <- iteration + 1

mse.1l <- mean((gmp$pcgmp - 6611*gmp$pop~a)"2)

mse.2 <- mean((gmp$pcgmp - 6611*gmp$pop” (a+deriv.step)) 2)
deriv <- (mse.2 - mse.l)/deriv.step

a <- a - step.scalexderiv

}

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)

}
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estimate.scaling.exponent.2 <- function(a, y0=6611, maximum.iterations=100,
deriv.step = 1/100, step.scale = le-12, stopping.deriv = 1/100) {
iteration <- 0

deriv <- Inf

while ((iteration < maximum.iterations) && (abs(deriv) > stopping.deriv)) {
iteration <- iteration + 1

mse.1 <- mean((gmp$pcgmp - yO*gmp$pop~a) 2)

mse.2 <- mean((gmp$pcgmp - yO*gmp$pop” (atderiv.step)) 2)

deriv <- (mse.2 - mse.l)/deriv.step

a <- a - step.scalexderiv

}

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)

}
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estimate.scaling.exponent.2 <- function(a, y0=6611, maximum.iterations=100,
deriv.step = 1/100, step.scale = le-12, stopping.deriv = 1/100) {
iteration <- 0

deriv <- Inf

while ((iteration < maximum.iterations) && (abs(deriv) > stopping.deriv)) {
iteration <- iteration + 1

mse.1 <- mean((gmp$pcgmp - yO*gmp$pop~a) 2)

mse.2 <- mean((gmp$pcgmp - yO*gmp$pop” (atderiv.step)) 2)

deriv <- (mse.2 - mse.l)/deriv.step

a <- a - step.scalexderiv

}

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)

}
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estimate.scaling.exponent.3 <- function(a, y0=6611, maximum.iterations=100,
deriv.step = 1/100, step.scale = le-12, stopping.deriv = 1/100) {
iteration <- 0

deriv <- Inf

mse <- function(a) { mean((gmp$pcgmp - yO*gmp$pop~a)~2) }

while ((iteration < maximum.iterations) && (abs(deriv) > stopping.deriv)) {
iteration <- iteration + 1

deriv <- (mse(atderiv.step) - mse(a))/deriv.step

a <- a - step.scalexderiv

¥

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)

}
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estimate.scaling.exponent.4 <- function(a, y0=6611, response=gmp$pcgmp,
predictor = gmp$pop, maximum.iterations=100, deriv.step = 1/100,
step.scale = le-12, stopping.deriv = 1/100) {

iteration <- 0

deriv <- Inf

mse <- function(a) { mean((response - yO*predictor®a)~2) }

while ((iteration < maximum.iterations) && (abs(deriv) > stopping.deriv)) {
iteration <- iteration + 1

deriv <- (mse(atderiv.step) - mse(a))/deriv.step

a <- a - step.scalexderiv

¥

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)
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estimate.scaling.exponent.5 <- function(a, y0=6611, response=gmp$pcgmp,
predictor = gmp$pop, maximum.iterations=100, deriv.step = 1/100,
step.scale = le-12, stopping.deriv = 1/100) {

mse <- function(a) { mean((response - yO*predictor~a)~2) }

for (iteration in 1:maximum.iterations) {

deriv <- (mse(atderiv.step) - mse(a))/deriv.step

a <- a - step.scalexderiv

if (abs(deriv) <= stopping.deriv) { break() }

¥

fit <- list(a=a,iterations=iteration,

converged=(iteration < maximum.iterations))

return(fit)

}
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# Predict response values from a power-law scaling model
# Inputs: fitted power-law model (object), vector of values at which to make
# predictions at (newdata)

# Outputs: vector of predicted response values
predict.plm <- function(object, newdata) {

# Check that object has the right components

stopifnot("a" %in’% names(object), "yO" %in’% names(object))
a <- object$a

yO <- object$y0

# Sanity check the inputs
stopifnot(is.numeric(a),length(a)==1)

stopifnot (is.numeric(y0),length(y0)==1)

stopifnot (is.numeric(newdata))

return(yO*newdata~a) # Actual calculation and return

}




# Plot fitted curve from power law model over specified range
# Inputs: list containing parameters (plm), start and end of range (from, to)
# Outputs: TRUE, silently, if successful

# Side-effect: Makes the plot

plot.plm.1 <- function(plm,from,to) {

# Take sanity-checking of parameters as read

yO <- plm$y0 # Extract parameters

a <- plm$a

f <- function(x) { return(yO*x~a) }

curve (£ (x) ,from=from, to=to)

# Return with no visible value on the terminal

invisible (TRUE)

}
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plot.plm.2 <- function(plm,...) {

yO <- plm$y0

a <- plm$a

f <- function(x) { return(yO*x~a) }

# from and to are possible arguments to curve()
curve(f(x),...)

invisible (TRUE)
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plot.plm.3 <- function(plm,from,to,n=101,...) {
x <- seq(from=from,to=to,length.out=n)

y <- predict.plm(object=plm,newdata=x)
plot(x,y,...)

invisible (TRUE)

}
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planner <- function(output,factory,available,slack,tweak=0.1) {
needed <- plan.needs(output,factory)

if (all(needed <= available) && all(available-needed <= slack)) {
return(list (output=output,needed=needed))

¥

else {

output <- adjust.plan(output,needed,available,tweak)
return(planner (output,factory,available,slack))

}

}

plan.needs <- function(output,factory) { factory %x) output }
adjust.plan <- function(output,needed,available,tweak) {

if (all(needed >= available)) { return(output*(1-tweak)) }

if (all(needed < available)) { return((i+tweak)) }
return(output*runif (n=length(output) ,min=1-tweak,max=1+tweak))
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> # tose some coins
> sample(0:1, size=10, replace=TRUE)
[1] 0011011010
> # choose some lottery numbers
> sample(1:100, size=6, replace=FALSE)
[1] 53 33 12 91 3 89
> # sample from a multinomial distribution
> x <- sample(1:3, size = 100, replace = TRUE,
prob = c(.2, .3, .5))
> table(x)
X
1 2 3
18 40 42
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dbinom(x, size, prob, log=FALSE)

pbinom(q, size, prob, lower.tail
gbinom(p, size, prob, lower.tail

FALSE)
FALSE)

TRUE, log.p
TRUE, log.p

rbinom(n, size, prob)
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Fy'(u) =inf{z: Fx(z) = u}, + <u<\.

4$€%ﬁ6\ﬂ0l§jg(]~ U(',\)Jf\
P(F\(U) < 2) = P(inf{t : Fx(t) = U} < 2) = P(U < Fx(z)) = Fx(x)
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fx(@z)=ya", « <z <.

Fx(z)=12" — Fy'(u) = u'/"
> n <- 1000
> u <- runif(n)
> x <- u”(1/3)
> # density histogram of sample
> # main = expression(f(x)==3*x"2)
> hist(x, prob = TRUE, main = bquote(f(x)==3%x"2))
>y <- seq(0, 1, .01)
> lines(y, 3%y~2) #density curve f(x)
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Fx(V) =V Fx(1)=f(") =V —puxlzts X ~ Ber(p=1+/¥) L5 ;54
Fi'(u) =+ cu <o /58 Sy s Fy'(u) = Vol eu > v /5 51 ol by

n <- 1000

p <- 0.4

u <- runif(n)

x <- as.integer(u
##H#

mean (x)

[1] 0.399

> var (x)

[1] 0.240039

> ## rbinom(n, size = 1, prob = p)

> ## sample(c(0,1), size = n, replace = TRUE, prob = c(.6,.4))

Vv

0.6) #(u > 0.6) is a logical vector
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> n <- 1000

>p <-0.25

> u <- runif(n)

> k <- ceiling(log(i-u) / log(i-p)) - 1
> # more efficient

> # k <~ floor(log(u) / log(i-p))
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n <- 1000

p <- 0.25

u <- runif(n)

k <- ceiling(log(1-u) / log(i-p)) -1
# more efficient

# k <- floor(log(u) / log(1i-p))
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rlogarithmic <- function(n, theta) {
#returns a random logarithmic(theta) sample size n
u <- runif(n)
#set the initial length of cdf vector
N <- ceiling(-16 / loglO(theta))
k <- 1:N
a <- -1/log(1-theta)
fk <- exp(log(a) + k * log(theta) - log(k))
Fk <- cumsum(fk)
x <- integer(n)
for (i in 1:n) {
x[i] <- as.integer(sum(ul[i]l > Fk)) #F {-1}(u)-1
while (x[il == N) {
#if x==N we need to extend the cdf

#very unlikely because N is large

logf <- log(a) + (N+1)*log(theta) - log(N+1)
fk <- c(fk, exp(logf))

Fk <- c(Fk, Fk[N] + fk[N+1])

N<-N+1

x[i] <- as.integer(sum(ul[i] > Fk))




> n <- 1000
> theta <- 0.5
> x <- rlogarithmic(n, theta)
> # compute density of logarithmic(theta) for comparison
> k <- sort(unique(x))
> p <- -1/ log(1l - theta) * theta"k / k
> se <- sqrt(p*(1-p)/n) # standard error
> round(rbind(table(x)/n, p, se),3)
1 2 3 4 5 6 8 9
0.713 0.194 0.060 0.019 0.009 0.002 0.001 0.002
p 0.721 0.180 0.060 0.023 0.009 0.004 0.001 0.000
se 0.014 0.012 0.008 0.005 0.003 0.002 0.001 0.001
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n <- 1000
k<=0 #counter for accepted
j <=0 #iterations
y <- numeric(n)

while (k < n) {
u <- runif(1)
j<-3+1
x <- runif(1) #random variate from g
if (x * (1-x) > w {
#we accept x
k<-k+1
y[k] <- x
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p <- seq(.1, .9, .1)

Qhat <- quantile(y, p) # quantiles of sample

Q <- gbeta(p, 2, 2) # theoretical quantiles
se <- sqrt(p * (1-p) / (n * dbeta(Q, 2, 2)72))
round (rbind(Qhat, Q, se), 3)

10%  20% 30% 40% 50% 60% 70% 80%  90%
Qhat 0.193 0.287 0.373 0.450 0.516 0.577 0.629 0.701 0.788
Q 0.196 0.287 0.363 0.433 0.500 0.567 0.637 0.713 0.804
se 0.010 0.010 0.010 0.011 0.011 0.011 0.010 0.010 0.010

V V. V V V

M;ugbﬂ[)gfgrao-%gg¢3>a¢$j4{6bf

> round(rbind(Qhat, Q, se), 3)

10% 20% 30% 40% 50% 60% 70% 80% 90%
Qhat 0.198 0.292 0.370 0.439 0.504 0.573 0.641 0.719 0.804
Q 0.196 0.287 0.363 0.433 0.500 0.567 0.637 0.713 0.804
se 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
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U, V~UGLY)— Zy=+—YlogUcos(Yn V), Zy = @
VvV—Ylog Vsin(YrU) ~ N(+,V)
log V
U,V r~ U(.7 \) — X = I-\ + log(\f%\—e)
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L o5

U ~ Gamma(r,\), V ~ Gamma(s,\) — X = v_ . Beta(r, s)
U+V

n <- 1000

a <-3

b <-2

u <- rgamma(n, shape=a, rate=1)

v <- rgamma(n, shape=b, rate=1)

x<—u/ (u+v)

q <- gbeta(ppoints(n), a, b)

qgplot(q, x, cex=0.25, xlab="Beta(3, 2)", ylab="Sample")
abline(0, 1)
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S )5

> n <- 1000

theta <- 0.5

<- runif(n) #generate logarithmic sample

<- runif (n)

floor(1 + log(v) / log(l - (1 - theta)~w))

<- 1:max(x) #calc. logarithmic probs.

<- -1 / log(1 - theta) * theta"k / k

se <- sqrt(p*(1-p)/n)

p.hat <- tabulate(x)/n

print (round (rbind(p.hat, p, se), 3))
(,11 [,21 ,31 [,41 ([,51 [,61 [,71 [,8] [,9]

p-hat 0.729 0.171 0.062 0.029 0.005 0.003 0.000 0.000 0.001
0.721 0.180 0.060 0.023 0.009 0.004 0.002 0.001 0.000

se 0.014 0.012 0.008 0.005 0.003 0.002 0.001 0.001 0.001
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rlogarithmic <- function(n, theta) {
stopifnot(all(theta > 0 & theta < 1))
th <- rep(theta, length=n)
u <- runif(n)
v <= runif(n)
x <= floor(l + log(v) / log(l - (1 - th)~w))
return(x)
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ol ol

c=optimize (f=function(x){dbeta(x,2.7,6.3)},
interval=c(0,1) ,maximum=T)$objective

aE;A S b g b pudy y‘5>g;;ﬁﬂﬂ¢1»¢ﬁ[#tf.Jixi;Jﬁs,;;,Lutw|¢;;gg;gb ngb
ex U< f(y)
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BB 5 s b o ol Jlozl JEs b STl s 0 YL 0187 oS S
ol ol

c=optimize (f=function(x){dbeta(x,2.7,6.3)},
interval=c(0,1) ,maximum=T)$objective

oS ya 3505 0 by ygség;iﬁﬂﬂiin¢ﬁ[ﬁtg.JixS;JLQJJJ)LU&M‘CL&L#;fb 96
ex U< f(y)

J:J);bw‘djuﬁcc‘)}o‘g)ﬂm‘) UNU(',\)J:-S}SKJ\:\SCABQ

U~ U(rc)

ys=runif (1000)

us=c*runif (1000)

val=seq(0,1.,.01)
valf=dbeta(val,shapel=2.7,shape2=6.3)
plot(val,valf,type="1",xlab="x",ylab="density",1lwd=2)
polygon(c(val,rev(val)),c(valf,O*valf),col="gold2")
points(ys,us,cex=.4,pch=20)
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testl=function(){
U=runif (3*x1074)
U=matrix(data=U,nrow=3) # matrix for sums
X=-1log(U) # uniform to exponential
X=2*apply(X,2,sum)
return(X)
}
#i#
test2=function(){
X=rchisq(10°4,df=6)
return(X)
3
##
> system.time(test1());system.time(test2())
user system elapsed
0.11 0.00 0.08
user system elapsed
0.00 . 0.00 _ 0.01
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Z Xy, Y ~ N(VANY) — Z4 YT~ xI(N).

rnchisq = function(n,p,lambda){
z = rchisq(n,df=p-1)

y = rnorm(n,sqrt(lambda),1)
X = z+y~2

return(x)

}

> xx = rnchisq(1000,3,3)

> mean(xx) # theoretical value is (p+lambda)=6
[1] 6.114251

> var(xx) # theoretical value is 2(p+2lambda)=18
[1] 18.25124
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Histogram of s Histogram of x

n <= 1000 g9 [
x1 <- rnorm(n, 0, 1) 2
x2 <- rnorm(n, 3, 1) 8
s <= x1 + x2 # the convolution m
u <- runif(n) B z 2
k <- as.integer(u > 0.5) # vector of O's and 1's & 2
x <- k * x1 + (1-k) * x2 # the mixture 2
par (mfcol=c(1,2)) # two graphs per page g
hist(s, prob=TRUE) g | °
hist(x, prob=TRUE) <
par (mfcol=c(1,1)) # restore display s | s
-2 0 2 4 6 8 -2 0 2 4 6
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Jor adl> S 5H L OB Gl 6l oS LSSk n b YL ad e 93 L &5 n S sl
AL LT ) @ gad e Sl Ll 4 350 03l

b iy 3Ll Slslows



23,5 5L S3lasls b g5 e 4 0l b YL oS
4{‘5),19@@,{4;,36@&;\»!;\\,k:(k\,...,kn)gswasﬁ. o
5 IS 1 &gl ol g A5 &5 XS s GaSedn K[1] cpl 0l L P(R) = Oy
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RCI )\kﬂ.ﬂ.bdjl;-af&{ﬁléi ndsb Ly rate s, @
OS5 WP e 4 Gl gal rate S 5 ¥ USSRl b rgamma sgees b @

n <- 5000
k <- sample(1:5, size=n, replace=TRUE, prob=(1:5)/15)
rate <- 1/k
x <- rgamma(n, shape=3, rate=rate)
# plot the densities of the mixture alongside the components
plot(density(x), x1im=c(0,40), ylim=c(0,.3),
1wd=3, xlab="x", col="red", main="")
for (i in 1:5)
lines(density(rgamma(n, 3, 1/i)))
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(ples) JUo s adesl slans 5

Sl b Ol o 5 o slaes b sz glam) s Jold L bag) 55 51 6ok
2,8 A o bl

Fx(z) = YN(=Y,\)+ /¥N(+, V) + </ YN(Y,))

<- 10000
<- ¢(-2,0,2) # Means
c(.3,.4,.3) # Probabilities
<- c(1, 1, 1) # Standard deviations
<- ¢bind( rnorm(n, m[1], s[1]),
rnorm(n, m[2], s[2]),
rnorm(n, m[3], s[31) )
a <- sample(1:3, size=n, prob=p, replace=TRUE)
y <- x[ 1:n + nx(a-1) ]
par (mfrow=c(2,1))
qgnorm(y,
main="Gaussian QQ-plot of a mixture of gaussians")
qqline(y, col="blue", 1lwd=3)
hist(y, col="light blue", probability=TRUE,
ylim=c(0,.25),
main="Mixture of gaussians")
curve (dnorm(x, mean=mean(y), sd=sd(y)),
add=TRUE, col="red", lwd=3, lty=2)
lines(density(x), col="blue", lwd=3)
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Gaussian QQ-plot of a mixture of gaussians
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Theoretical Quantiles
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The three gaussian distributions Mixture of gaussians




U&WT‘)J L;Kg— )\Dj.o.; ('..w)
JSC8 sl b (Ll sl s 0l g & bl J&s w5 o 51
oS i m R > mb S 0l w1 f(2) = 20, 0ifi(w)

f <- function(x, lambda, theta) {
# density of the mixture at the point x
sum(dgamma (x, 3, lambda) * theta)
}

c«dgamma &G 5> A8 033 S s dales o Gl @ |y el I I &b o
anl g lambda dsb ol Jsb b 5150 s (Gl ) A3l ik ke G 1S
0 53 b 1B aer Sl e (A (), (7)) o o

x <- seq(0, 8, length=200)

dim(x) <- length(x) # need for apply

# compute density of the mixture f(x) along x
y <- apply(x, 1, f, lambda=lambda, theta=p)
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#plot the density of the mixture -
plot(x, y, type="1", ylim=c(0,.85), lwd=3, col="red",
ylab="Density")

for (j in 1:5) { z L |
# add the j-th gamma density to the plot s
y = apply(x, 1, dgamma, shape=3, rate=lambdal[j])
lines(x, y) o

u
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/ . T . T -
A Ol 35 & ol Poisson(N) &gl s s )l ] SO (e (glabe 5 L
el LS s sl

X|N = X ~ Piosson(\); N~ Gamma(r, ),

X ~ NB(r,p= %)

# generate a Poisson-Gamma mixture
n <- 1000
r <-4
beta <- 3
lambda <- rgamma(n, r, beta) #lambda is random
# now supply the sample of lambda's as the Poisson mean
x <- rpois(n, lambda) #the mixture
# compare with negative binomial
mix <- tabulate(x+1) / n
negbin <- round(dnbinom(0:max(x), r, beta/(1+beta)), 3)
se <- sqrt(negbin * (1 - negbin) / n)
> round(rbind (mix, negbin, se), 3)

[,11 [,21 ,31 [,4]1 [,81 [,6]1 [,71 [,8]
mix 0.316 0.328 0.196 0.087 0.048 0.014 0.008 0.003
negbin 0.316 0.316 0.198 0.099 0.043 0.017 0.006 0.002
se 0.015 0.015 0.013 0.009 0.006 0.004 0.002 0.001

DA




teos

X|ly~ N(+,v/y) & YNX;,—>X~ T,.

Nsim=10"4

nu=9

y=rchisq(Nsim,df=nu)
x=rnorm(Nsim,0,sqrt (nu/y))
hist(x,main="",freq=F,col="grey",breaks=40)
z = seq(-6,6,length.out=200)
lines(z,dt(z,nu),lwd=2,col="sienna")

> mean(x) # the mean of a t variable is O
[1] 0.007723547

> var(x) # the variance of a t-variable is nu/nu-2=1.2857
[1] 1.294373
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Z ~ Ny, ) — CZ+ b~ Ny(Cpu+b,CxCT)
Z ~ Ny0,15) — CZ + b~ Ng(b, CCT).

T = CCT S0 0 O il S slp b bl mile il 1S 05 U
Jgoe (.:‘5 @52
CZ 4 p ~ Na(p, X).
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Z ~ Ny, ) — CZ+ b~ Ny(Cpu+b,CxCT)
Z ~ Ny0,15) — CZ + b~ Ng(b, CCT).

T = CCT S0 0 O il S slp b bl mile il 1S 05 U
Jgoe (.:‘S @52
CZ 4 p ~ Na(p, X).

S sz i (b @it Gl iy abws @ Ol 1 T sl 5L 2, e 4520
1o el (SVD) o35 slais 4325 b «(Choleski)
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Z ~ Ny, ) — CZ+ b~ Ny(Cpu+b,CxCT)
Z ~ Ny0,15) — CZ + b~ Ng(b, CCT).
T = CCT S0 0 O il S slp b bl mile il 1S 05 U

Jgoe (.:‘S @52
CZ 4 p ~ Na(p, X).

S sz i (b @it Gl iy abws @ Ol 1 T sl 5L 2, e 4520
2o sl (SVD) o525 51k 4525 b (Choleski)

.svd 5 «chol ceigen 3l X3,Le R 45 ol bl =l
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Z ~ Ny, ) — CZ+ b~ Ny(Cpu+b,CxCT)
Z ~ Ny0,15) — CZ + b~ Ng(b, CCT).

T = CCT S0 0 O il S slp b bl mile il 1S 05 U
Jgoe (.?S @52
CZ 4 p ~ Na(p, X).

S sz s (b iz ey abaws @ Ol 1 T sl 3L 3y se a5
1o el (SVD) o535 slais 3525 b «(Choleski)

.svd 5 «chol ceigen 3l X3,Le R 45 ol bl =l

Il ol s ks syl Jle i 3lesle  dslias

X=2Q+Ju",

AL e VS, K T QTQ =X 0l 5§

b iy 3Ll Slslows
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el Na(p, X) 5 26 ndped G A5l
=S A5 ol J i i nd Jold o7 on X d e Sle SG @
23l LT = QT Qus @
S AL X =2Q+ Ju” s @
b sl o eitadizy o G (sladsgad Ol gl o S L X ddn b X sl @
il S
2S5 Ll cse ol Ryl X =2Q+ JuT Lis

Z = matrix(rnorm(n*d), nrow = n, ncol = d)
X = Z¥x%Q+matrix(mu, n, d, byrow=TRUE)
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b By bl e Sl 4

3 e AT s &8 TV/T = PAYTPT 5l el (ibslasS o sle pss 4ty
s Fors sl o Glad e & ol o 5le Py ol T a5l o35 palie b
ol Ol oj::jﬂbu.al.)

SV = PNTPT ipls s P = PT ol 525 ol s

QZ Z\/V 443J.>r:: Uf‘)b u;"‘)-’l-‘-’

5SS e 5 o (ke 1 Lo sitass Jlop 5 3 500 A5 Jle Ol

. \/~ ./4\
r= [~/‘\ \/~]

# mean and covariance parameters
mu <- c(0, 0)
Sigma <- matrix(c(1, .9, .9, 1), nrow = 2, ncol = 2)

= = & o
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rmvn.eigen = function(n, mu, Sigma) {
# generate n random vectors from MVN(mu, Sigma)
# dimension is inferred from mu and Sigma
d = length(mu)
ev = eigen(Sigma, symmetric = TRUE)
lambda = ev$values

V = ev$vectors
R = V *% diag(sqrt(lambda)) %*% t(V)
Z = matrix(rnorm(n*d), nrow = n, ncol = d)
X =2Z %*% R + matrix(mu, n, d, byrow = TRUE)
X
¥

##

X = rmvn.eigen(1000, mu, Sigma)

> print(colMeans (X))

[1] -0.06803006 -0.06935001

> print (cor(X))

[,1] [,2]
[1,] 1.0000000 0.8969038
[2,] 0.8969038 1.0000000
o = 5 o
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plot (X, xlab = "x", ylab = "y", pch = 20)
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rmvn.svd =

M XN T WA HH

function(n, mu, Sigma) {

generate n random vectors from MVN(mu, Sigma)
dimension is inferred from mu and Sigma

= length(mu)

= svd(Sigma)

S$u %xY, diag(sqrt(S$d)) %x*% t(S$v)
matrix(rnorm(n*d), nrow=n, ncol=d)
Z %*% R + matrix(mu, n, d, byrow=TRUE)
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QN2 8 cal X = QTQ )50 & St poms 03l oy ile G (S 325
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ST =5 & gy5b ol §ails e YU o 5le K

rmvn.Choleski = function(n, mu, Sigma) {

#
#

< XN o Q

generate n random vectors from MVN(mu, Sigma)
dimension is inferred from mu and Sigma

length (mu)

chol(Sigma) # Choleski factorization of Sigma
matrix(rnorm(n*d), nrow=n, ncol=d)

Z %*% Q + matrix(mu, n, d, byrow=TRUE)
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iris swesls ) (S g2 w2

y <- subset(x=iris, Species=="virginica")[, 1:4]
mu <- colMeans(y)
Sigma <- cov(y)

> mu

Sepal.Length Sepal.Width Petal.Length Petal.Width
6.588 2.974 5.552 2.026

> Sigma

Sepal.Length Sepal.Width Petal.Length Petal.Width
Sepal.Length  0.40434286 0.09376327 0.30328980 0.04909388
Sepal.Width 0.09376327 0.10400408 0.07137959 0.04762857
Petal.Length  0.30328980 0.07137959  0.30458776 0.04882449
Petal.Width 0.04909388 0.04762857  0.04882449 0.07543265
X <- rmvn.Choleski(200, mu, Sigma)
pairs(X)
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1ib:
1ib:
n =
d <
N <
mu
##
> s
>

+

v

rary (MASS)
rary (mvtnorm)

100 # sample size
- 30 # dimension
- 2000 # iterations
<- numeric(d)

et.seed(100)
system.time(for (i in 1:N)
rmvn.eigen(n, mu, cov(matrix(rnorm(n*d), n, d))))
user system elapsed
4.02 0.00 4.07
set.seed(100)
system.time(for (i in 1:N)
rmvn.svd(n, mu, cov(matrix(rnorm(n*d), n, d))))
user system elapsed
5.05 0.00 5.12
set.seed (100)
system.time(for (i in 1:N)
rmvn.Choleski(n, mu, cov(matrix(rnorm(n*d), n, d))))
user system elapsed
3.74 0.02 3.76
set.seed(100)
system.time(for (i in 1:N)
mvrnorm(n, mu, cov(matrix(rnorm(n*d), n, d))))
user system elapsed
3.88 0.02 3.93

set.seed(100)
system.time(for (i in 1:N)
rmvnorm(n, mu, cov(matrix(rnorm(n*d), n, d))))
user system elapsed
4.82 0.00 4.87
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library(MASS) #for mvrnorm
# ineffecient version loc.mix.0 with loops
loc.mix.0 <- function(n, p, mul, mu2, Sigma) {
# generate sample from BVN location mixture
X <- matrix(0, n, 2)
for (i in 1:n) {
k <- rbinom(l, size = 1, prob = p)
if (k)
X[i,] <- mvrnorm(l, mu = mul, Sigma) else
X[i,] <- mvrnorm(1l, mu = mu2, Sigma)
}

return(X)
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#more efficient version

loc.mix <- function(n, p, mul, mu2, Sigma) {
#generate sample from BVN location mixture
nl <- rbinom(1l, size = n, prob = p)
n2 <- n - nl
x1 <- mvrnorm(nl, mu = mul, Sigma)
x2 <- mvrnorm(n2, mu = mu2, Sigma)
X <- rbind(x1, x2) #combine the samples
return(X[sample(l:n), 1) #mix them

}
x <= loc.mix (1000, .5, rep(0, 4), 2:5, Sigma = diag(4))
r <- range(x) * 1.2
par (mfrow = c(2, 2))
for (i in 1:4)
hist(x[ , i], xlim = r, ylim = c(0, .3), freq = FALSE
main = "", breaks = seq(-5, 10, .5))
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data(airquality)
x <- airqualityl[,4]
hist(x, probability=TRUE, breaks=20, col="light blue")
rug(jitter(x, 5))
points(density(x), type='l', 1lwd=3, col='red')
f <- function(t) {
dnorm(t, mean=mean(x), sd=sd(x) )
}
curve(f, add=T, col="blue", lwd=3, lty=2)
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Normal Q-Q Plot

x <- airqualityl[,4]
qqnorm(x)
qqline(x, col="red", 1lwd=3)

Sample Quantiles
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y <= rnorm(100)~2 y <- rnorm(100)

qqnorm(y, main="Non gaussian variable") qqnorm(y, main="Gaussian random variable")
qqline(y, col="red", 1lwd=3) qqline(y, col="red", 1lwd=3)
Non gaussian variable Gaussian random variable
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(1) Log—normal distribution (3) Opposite of a log—normal variable
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(2) Square of a gaussian variable (4) Uniform distribution
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(5) Cube of a gaussian r.v. (7) Two peaks, farther away
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Reading a qqplot

x <- seq(from=0, to=2, length=100)
y <= exp(x)-1
plot( y ~ x, type = '1', col = 'red’',
xlim = C(_Q’Z)’Ayhm = C(_?’z)’ . — less concentrated on the left
xlab = "Theoretical (gaussian) quantiles", more concentrated on the left
ylab = "Sample quantiles") - _—
lines( x~y, type='l', col='green') -
X <= -x ///
y < -y
lines( y~x, type='l', col='blue', )
lines( x~y, type='l', col='cyan')
abline(0,1)
legend( -2, 2,
c( "less concentrated on the right",
"more concentrates on the right",
"less concentrated on the left",
"more concentrated on the left"
),
1wd=3,
col=c("red", "green", "blue", "cyan") a4
) ) . . . T T T T T
title(main="Reading a qqgplot") o 1 0 J 2

= less concentrated on the right
—— more concentrates on the right

Sample quantiles
0
1

Theoretical (gaussian) quantiles




op <- par()
layout( matrix( c(2,2,1,1), 2, 2, byrow=T ),
c(1,1), c(1,6),

) Reading a qqplot
S | I — :
# Zhelgé“ [ e [ I e 4
n <
I I I 4
y <- rnorm(n) I 5
x <- qnorm(ppoints(n)) [order (order(y))] °
par (mar=c(5.1,4.1,0,2.1)) o
plot( y ~ x, col = "blue", ® -
xlab = "Theoretical (gaussian) quantiles", °
ylab = "Sample quantiles" ) 0°°
y1 <- scale( rnorm(n)~2 ) o

x <- gnorm(ppoints(n)) [order (order(y1))]
lines(yl~x, type="p", col="red")

y2 <- scale( -rnorm(n)~2 )

x <- qnorm(ppoints(n)) [order (order(y2))]
lines(y2~x, type="p", col='"green")
abline(0,1)

# The legend

par(bty='n', ann=F)

g <- seq(0,1, length=10)

e <- g"2

f <- sqrt(g)

h <- c( rep(1,length(e)), rep(2,length(f)), rep(3, 1qut
par (mar=c(0,4.1,1,0))

boxplot( c(e,f,g) ~ h, horizontal=T,

Sample quantiles

border=c("red", "green", "blue"),
col="white", # Something prettier?
xaxt='n', X
yaxt='n‘ s Theoretical (gaussian) quantiles
)

title(main="Reading a qgplot")

par (op)

nax = E = 5 =}
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qq <- function (y, ylim, quantiles=qgnorm,

main = "Q-Q Plot", xlab = "Theoretical Quantiles", Q-Q Plot

ylab = "Sample Quantiles", plot.it = TRUE, ...)
{
y <= yl[!is.na(y)]
if (0 == (n <- length(y)))
stop("y is empty")
if (missing(ylim))
ylim <- range(y) 2
x <- quantiles(ppoints(n)) [order (order(y))] E
if (plot.it) E
plot(x, y, main = main, xlab = xlab, @
ylab = ylab, ylim = ylim, ...) g
# From qqline @
y <- quantile(y, c(0.25, 0.75))
x <- quantiles(c(0.25, 0.75))
slope <- diff(y)/diff(x)
int <- y[1] - slope * x[1]
abline(int, slope, ...) 3
invisible(list(x = x, y = y)) T T T T T T
} 0.0 02 04 06 0.8 1.0

y <- runif (100)

qq(y, quantiles=qunif) Theoretical Quantiles
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Point cloud
120 4 o
100 +
8
— ° o
£ 80 [}
data(cars) 3 o
plot(cars$dist ~ cars$speed, s °, o °
xlab = "Speed (mph)", 3 60 - °
ylab = "Stopping distance (ft)", 2 ° ° 9 o
las = 1) g ° . ° o
title(main = "Point cloud") [ o ©°°°% .
o o
[ele} o
o o
20 4 ° o g 0 0O
o © o o
) )
04° °
T T T T T
5 10 15 20 25

Speed (mph)
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cars data
120 +— o
100 4
= <]
= ° o
plot(cars$dist ~ cars$speed, % ° o
xlab = "Speed (mph)", % o o
ylab = "Stopping distance (ft)", k] o ©
las = 1) E ¢ o ° 9 o
title(main = "cars data") 'é o 9
rug(side=1, jitter(cars$speed, 5)) UQ) ° 600 °
rug(side=2, jitter(cars$dist, 20)) ° 0 © o
oo o
R 0%8000
o ©°0°¢
o
o
o
1l \H‘ T 1T T \‘ [T HH‘H Il HIH‘
5 10 15 20 25

Speed (mph)
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cars data

layout( matrix( c(2,1,0,3), 2, 2, byrow=T ), 0120 | 19
c(1,6), c(4,1),
)
100

par (mar=c(1,1,5,2))
plot(cars$dist ~ cars$speed,

xlab='"', ylab='",

las = 1)
rug(side=1, jitter(cars$speed, 5) )
rug(side=2, jitter(cars$dist, 20) )
title(main = "cars data")

ey
TTT

Stopping distance (ft)

par (mar=c(1,2,5,1))
boxplot (cars$dist, axes=F)
title(ylab='Stopping distance (ft)', line=0)

[
°

par(mar=c(5,1,1,2)) 0 \‘ il L1 ‘H ([THAT HHH‘\ LU I\‘ W1 HH‘\
boxplot (cars$speed, horizontal=T, axes=F) 5 10 15 20 25
title(xlab='Speed (mph)', line=1) L e [E— — 4

Speed (mph)
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"cars" data and regression line

plot(dist ~ speed, data = cars,
main = "\"cars\" data and regression line")
abline(lm( dist ~ speed, data = cars), col = 'red')

dist
40 60
I I

20
I

speed
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"cars" data and loess curve

120 o

plot(cars, xlab = "Speed (mph)",
ylab = "Stopping distance (ft)",
las = 1)
r <- loess(dist ~ speed, data=cars)
lines(r$x, r$fitted, col="red")
title(main = "\"cars\" data and loess curve")

Stopping distance (ft)

Speed (mph)
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x <- c(15, 9, 75, 90, 1, 1, 11, 5, 9, 8, 33, 11, 11,

20, 14, 13, 10, 28, 33, 21, 24, 25, 11, 33)
clock.plot <- function (x, col = rainbow(n), ...) {

if( min(x)<0 ) x <- x - min(x)

if ( max(x)>1 ) x <- x/max(x)

n <- length(x)

if(is.null(names(x))) names(x) <- 0:(n-1)
m <- 1.05

plot (0,
type = 'n', # do not plot anything
xlim = ¢(-m,m), ylim = c(-m,m),
axes = F, xlab = '', ylab = '', ...)

a <= pi/2 - 2#pi/200%0:200

polygon( cos(a), sin(a) )

v <= .02

a <- pi/2 - 2*pi/n*0:n

segments ( (1+v)*cos(a), (1+v)*sin(a),
(1-v)*cos(a), (1-v)*sin(a) )

segments( cos(a), sin(a),

col = 'light grey', lty = 3)

DA T <E =) «F> <O

ca <- -2%pi/n*(0:50)/50
for (i in 1:n) {

a <- pi/2 - 2%pi/n*(i-1)

b <- pi/2 - 2*pi/n*i

polygon( c(0, x[il*cos(atca), 0),
c(0, x[il#sin(a+ca), 0),
col=col[il )

v <= .1

text ((1+v)*cos(a), (1+v)*sin(a), names(x)[i])

}

}
clock.plot(x,
main = "No. of visitors to a web site for each hour")
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Number of visitors to a web site for each hour of the day
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# Polar plot to spot seasonal patterns
x <- as.vector (UKgas)
n <- length(x)
theta <- seq(0, by=2*pi/4, length=n)
plot(x * cos(theta), x * sin(theta),
type = "1",
xlab = "", ylab = "",
main = "UK gas consumption")
abline (h=0, v=0, col="grey")
abline(0, 1, col="grey")
abline(0, -1, col="grey")

circle <- function (x, y, r, N=100, ...) {

theta <- seq(0, 2%pi, length=N+1)

lines(x + r * cos(theta), y + r * sin(theta), ...)
}

circle(0,0, 250, col="grey")
circle(0,0, 500, col="grey")
circle(0,0, 750, col="grey")
circle(0,0, 1000, col="grey")
circle(0,0, 1250, col="grey")
segments( x[-n] * cos(theta[-n]),
x[-n] * sin(theta[-n]),
x[-1] * cos(theta[-1]),
x[-1] * sin(theta[-1]),
col = terrain.colors(length(x)), lwd = 3)
text (par("usr") [2], 0, "Winter", adj=c(1,0))
text (0, par("usr")[4], "Spring", adj=c(0,1))
text (par("usr") [1], O, "Summer", a (0,0))
text (0, par("usr")[3], "Autumn", adj=c(0,0))
legend("topright", legend = c(1960, 1973, 1986), fill = terrain.colors(3))
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data(iris)
pairs(iris[101:150,1:4])
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panel.d <- function(x, ...) {
usr <- par("usr")
on.exit(par(usr))
par(usr = c(usr[1:2], 0, .5))
lines(density(x))
}
x <- scale(iris[101:150, 1:4])
pairs(x, diag.panel = panel.d, xlim = range(x),
ylim = range(x))
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library(lattice)

splom(iris[101:150, 1:4]) # plot 1
splom(iris[,1:4], groups = iris$Species) # plot 2
splom(~iris[1:4], groups = Species, data = iris,
pch = c(1, 2, 3), cex = c(.5,.5,.5)) #plot 3
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library(lattice)

y <- cars$dist

x <- cars$speed

X <- equal.count(x)
histogram(~ y | X)
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bwplot(~ y | vitesse, layout=c(1,6))
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densityplot(~ y | X, aspect='xy')
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densityplot(~ y | X, layout=c(1,6))
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bwplot( ~ count | spray, data

InsectSprays, layout=c(1,6))
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£ <- function(x,y) {
z <= (1/(2%pi)) * exp(-.5 * (x72 + y~2))
}
y <= x <- seq(-3, 3, length= 50)
z <- outer(x, y, f) # compute density for all (x,y)

persp(x, y, 2) # the default plot N
persp(x, y, z, theta = 45, phi = 30, expand = 0.6, X ““ R
ltheta = 120, shade = 0.75, ticktype = "detailed", SRS

ORI

xlab = "X", ylab = "Y", zlab = "f(x, y)")
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lattice y5 as s,y
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library(rgl)
demo (bivar)
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lattice 5 e gy
S ) L3155 e o lattice e 5> wireframe @B b 1) by,
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S sl (7, 2) bl
U5 & Gosb 4 oS bl Jlad (G 4w Pl G L1851l s 51 ool b
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LS
library(rgl)
demo (bivar)

library(lattice)

x <- y <- seq(-3, 3, length= 50)

xy <- expand.grid(x, y)

z <= (1/(2*pi)) * exp(-.5 * (xy[,1172 + xy[,2]172))
wireframe(z ~ xy[,1] * xy[,2])
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contourplot GL‘: 3,05 5525 R awwn 555 55 &S graphics < ,3 contour @l: 93
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# contour plot with labels
contour(volcano, asp = 1, labcex = 1)
# another version from lattice package 0 |
library(lattice) °
contourplot(volcano) # similar to above
< |
]
wn
S




image(volcano, col = terrain.colors(100), axes = FALSE)
contour (volcano, levels =

seq(100,200,by = 10), add = TRUE)
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filled.contour(volcano, color = terrain.colors, asp = 1)
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levelplot(volcano, scales = list(draw = FALSE),
xlab = un’ ylab = ||||)

F 200
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r 100
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library(fields)

data(lennon)

x <- lennon[201:240,201:240]

par (mfrow=c(2,1))

image(x, main="image(O")
image.plot(x, main="image.plot(O")
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n <- 100
m <- matrix( rnorm(5*n)+c(1,-1,3,0,2),
nr = n, nc = 5, byrow = TRUE )

matplot(1:5, t(m), type = '1',
xlab = ""’ ylab = nn)
title(main = "Parallel plot: Homogeneous cloud")
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Parallel plot: Homogeneous cloud




n <- 50
k <- 2
m <- matrix( rnorm(5*k*n) +
runif (5%k, min = -10, max = 10),
nr = n, nc = 5, byrow = TRUE )
matplot(1:5, t(m), type = 'l', xlab = "", ylab = "")
title(main = "Parallel plot: two clusters")

Parallel plot: two clusters




n <- 50
k <- 5
m <- matrix( rnorm(5*k*n) +
runif (5%k, min = -10, max = 10),
nr = n, nc = 5, byrow = TRUE )
matplot(1:5, t(m), type = 'l', xlab = "", ylab = "")
title(main = "Parallel plot, 5 clusters")

Parallel plot, 5 clusters
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Lajla sl ol L5 61 Ol o lattice > parallel MASS ;5 parcoord &5
.b; oslaul

library(lattice)
parallel(~iris[1:4], groups = Species, iris)
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Fourier (Andrew) curves

o _|

x <- seq(-pi, pi, length=100)
f <- function (u) ul1]/sqrt(2) + ul[2]*cos(x) +
ul3] * sin(x) + ul4] * cos(2*x)

y <- apply(as.matrix(iris[,1:4]), 1, f)
matplot(x, y,

o

type = "1",

1ty = 1,

col = as.numeric(iris[,5]),

xlab = "', ylab = "",

main = "Fourier (Andrew) curves")
o -
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ch=function(la){
integrate(function(x){x~(la-1)*exp(-x)},0,Inf)$vall}
plot(lgamma(seq(.01,10,1e=100)),log(apply(as.matrix(
seq(.01,10,1e=100)),1,ch)) ,xlab="log(integrate(£f))",
ylab=expression(log(Gamma(lambda))) ,pch=19,cex=.6)
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m <- 10000

X <= runif(m)

theta.hat <- mean(exp(-x))
> print(theta.hat)

[1] 0.6327615

> print(1 - exp(-1))

[1] 0.6321206
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m <- 10000

x <- runif(m, min=2, max=4)
theta.hat <- mean(exp(-x)) * 2
> print(theta.hat)

[1] 0.1180278

> print(exp(-2) - exp(-4))

[1] 0.1170196
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z <- seq(.1, 2.5, length = 10)
m <- 10000
x <- rnorm(m)
dim(z) <- length(z)
p <- apply(z, MARGIN = 1,
FUN = function(z, x) {mean(x < z)}, x = x)
Phi <- pnorm(z)
> print(round(rbind(z, p, Phi), 3))
[,41 ,21 f[,31 f(,41 [,81 ([,6e1 [,71 [,8] [,9] [,10]
z 0.100 0.367 0.633 0.900 1.167 1.433 1.700 1.967 2.233 2.500
P 0.525 0.627 0.718 0.803 0.871 0.919 0.952 0.973 0.988 0.994
Phi 0.540 0.643 0.737 0.816 0.878 0.924 0.955 0.975 0.987 0.994
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z <- 2

m <- 10000

x <- rnorm(m)

g <- (x < z) #the indicator function

cdf <- mean(g)

v <- mean((g - mean(g))"2) / m

> c(cdf, v)

[1] 9.769000e-01 2.256639e-06

> c(cdf - 1.96 * sqrt(v), cdf + 1.96 * sqrt(v))
[1] 0.9739557 0.9798443
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Jle

S aloes [+ V] 3L 53 15 0T IS s h(z) = [cos O+ + sin Y+ 2] &b sl

h=function(x){(cos(50*x)+sin(20%*x)) 2}
par(mar=c(2,2,2,1) ,mfrow=c(2,1))

curve (h,xlab="Function",ylab="",1wd=2)

> integrate(h,0,1)

0.9652009 with absolute error < 1.9e-10

x=h(runif (1074))

estint=cumsum(x)/(1:1074)

esterr=sqrt (cumsum((x-estint)~2))/(1:1074)
plot(estint, xlab="Mean and error range",type="1",lwd=2,
ylim=mean(x)+20*c (-esterr[1074] ,esterr[1074]) ,ylab="")
lines(estint+2*esterr,col="gold",lwd=2)
lines(estint-2*esterr,col="gold",lwd=2)
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set.seed(21351)

x=2

Niter=10"4

co=rnorm(Niter,mean=x)

x1=co/(1+co~2)

x2=1/(1+co"2)

> mean(x1)/mean(x2)

[1] 1.2729

th=rcauchy (Niter)

di=th*dnorm(th,mean=x)

d2=dnorm(th,mean=x)

> mean(d1)/mean(d2)

[1] 1.27617

estinti=cumsum(d1)/(1:Niter)

esterri=sqrt (cumsum((di-estint1)~2))/(1:Niter)
plot(estintl,type="l",xlab="iteration",ylab=“",
col="gold")
lines(estint1-2xesterrl,lty=2,1wd=2)
lines(estintl+2*esterrl,lty=2,1wd=2)
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x <- seq(0, 1, .01)

w <- 2

f1 <- exp(-x)

f2 <- (1 / pi) / (1 + x72)
£3 <- exp(-x) / (1 - exp(-1))
f4 <-4 / ((1 + x72) * pi)

g <- exp(-x) / (1 + x72)

b iy (3Ll Slsloes



par (mfrow=c(1,2))

## figure (a)

plot(x, g, type = "1", main = "", ylab = "",
ylim = ¢(0,2), 1lwd = w)

lines(x, g/g, 1ty = 2, col = 2, 1lwd = w)

lines(x, f1, 1ty = 3, col = 3, 1lwd = w)

lines(x, £f2, 1ty = 4, col = 4, 1lwd = w)

lines(x, £3, 1ty = 5, col = 5, lwd = w)

lines(x, f4, 1ty 6, col 6, lwd = w)

legend("topright", legend = c("g", 0:4),
lty = 1:6, lwd = w, inset = 0.02)

# figure (b)

plot(x, g, type = "1", main = "", ylab = "",
ylim = ¢(0,3.2), lwd = w, lty = 2)
lines(x, g/fl, 1ty = 3, col = 3, 1lwd = w)

lines(x, g/f2, 1ty = 4, col = 4, 1lwd = w)
lines(x, g/f3, 1ty = 5, col = 5, 1lwd = w)
lines(x, g/f4, 1ty = 6, col = 6, 1lwd = w)
legend ("topright", legend = c(0:4),

lty = 2:6, lwd = w, inset = 0.02)
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m <- 10000
theta.hat <- se <- numeric(5)
g <- function(x) {
exp(-x - log(1+x72)) * (x > 0) * (x < 1)

}
x <- runif(m) #using fO
fg <- g(x)

theta.hat[1] <- mean(fg)

se[1] <- sd(fg)

x <- rexp(m, 1)  #using f1

fg <- g(x) / exp(-x)

theta.hat[2] <- mean(fg)

se[2] <- sd(fg)

x <- rcauchy(m)  #using f2

i <- c(which(x > 1), which(x < 0))

x[i] <- 2 #to catch overflow errors in g(x)
fg <- g(x) / dcauchy(x)

theta.hat[3] <- mean(fg)

se[3] <- sd(fg)

u <- runif(m) #£3, inverse transform method
x <= - log(l - u *x (1 - exp(-1)))

fg <- g(x) / (exp(-x) / (1 - exp(-1)))
theta.hat[4] <- mean(fg)

se[4] <- sd(fg)

u <- runif(m) #f4, inverse transform method
x <- tan(pi * u / 4)

fg <- g(x) / (4 / (1 + x72) * pi))
theta.hat [6] <- mean(fg)

se[5] <- sd(fg)

### Results

> rbind(theta.hat, se)

[,1] [,2] [,3] [,4] [,5]
theta.hat 0.5268425 0.5206398 0.5236278 0.52512375 0.5257661
se 0.2467741 0.4191347 0.9496426 0.09542621 0.1416929
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> pnorm(-4.5)
[1] 3.397673e-06
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Nsim=1000

y=rexp(Nsim)+4.5
weit=dnorm(y)/dexp(y-4.5)

plot (cumsum(weit)/1:Nsim,type="1")
abline(a=pnorm(-4.5),b=0,col="red")
## Estimated Value = 3.452e-06 vs.
## True value = 3.398e-06

cumsum(weit)/1:Nsim
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MC.Phi <- function(x, R = 10000, antithetic = TRUE) {

u <- runif (R/2)

if (lantithetic) v <- runif(R/2) else
v<-1-1u

u <- c(u, v)

cdf <- numeric(length(x))

for (i in 1:length(x)) {
g <= x[i] * exp(-(u * x[i])"2 / 2)
cdf [i] <- mean(g) / sqrt(2 * pi) + 0.5

cdf
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x <- seq(.1, 2.5, length=b)

Phi <- pnorm(x)

set.seed(123)

MC1 <- MC.Phi(x, anti = FALSE)

set.seed(123)

MC2 <- MC.Phi (x)

> print(round(rbind(x, MC1, MC2, Phi), 5))
[,1] [,2] [,3] [,4] [,5]

X 0.10000 0.70000 1.30000 1.90000 2.50000

MC1 0.53983 0.75825 0.90418 0.97311 0.99594

MC2 0.53983 0.75805 0.90325 0.97132 0.99370

Phi 0.53983 0.75804 0.90320 0.97128 0.99379
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m <- 1000

MC1 <- MC2 <- numeric(m)

x <- 1.95

for (i in 1:m) {
MC1[i] <- MC.Phi(x, R = 1000, anti = FALSE)
MC2[i] <- MC.Phi(x, R 1000)

}

> print(sd(MC1))
[1] 0.006874616
> print(sd(MC2))
[1] 0.0004392972

> print((var(MC1) - var(MC2))/var(MC1))
[1] 0.9959166
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Var(J*) = Var(J) + 8" Var(J.) + Y8Cou(T, J.).
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£ <- function(u)
exp(-.5)/(1+u”2)

g <- function(u)
exp(-u)/(1+u~2)

set.seed(510) #needed later

u <- runif(10000)

B <- f(u)

A <- g(u)

## beta™*

cor(A, B)

a = -cov(A,B) / var(B) #est of betax

> a

[1] -2.436228

## Control variate estimate

m <- 100000

u <- runif(m)

T1 <- g(u)

T2 <- T1 + a * (f(u) - exp(-.5)*pi/4)

> c(mean(T1), mean(T2))

[1] 0.5253543 0.5250021

> c(var(T1), var(T2))

[1] 0.060231423 0.003124814

# Percent of reduced variance

> (var(T1) - var(T2)) / var(T1)
[1] 0.9481199
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set.seed(510)

u <- runif(10000)

f <- exp(-.5)/(1+u"2)
g <- exp(-u)/(1+u~2)

c.star <- - lm(g ~ f)$coeff[2]  # beta[l]
mu <- exp(-.5)*pi/4
> c.star
f
-2.436228

u <- runif (10000)

f <- exp(-.5)/(1+u”2)
g <= exp(-u)/(1+u~2)

L <- 1m(g ~ £)
theta.hat <- sum(L$coeff * c(1, mu)) #pred. value at mu
> theta.hat

[1] 0.5253113

> summary(L)$sigma~2
[1] 0.003117644

> summary (L) $r.squared
[1] 0.9484514
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T 2

estimate of © = 3.146

o
n <- 50000
x <- runif(n, -1, 1) 24
y <= runif(n, -1, 1)
isInCircle <- (x72 + y™2 <= 1)
est <- 4 * sum(isInCircle) / n
- o

plot(x, y, type = "n") ©
points(x[isInCircle], yl[isInCirclel],
col = "red", pch = ".")
points(x[!isInCircle], y[!isInCirclel, o
col = "black", pch = ".") t‘T" q
title(substitute(paste("estimate of ", pi,
"= " x), list(x = est)))
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count = 0

for (i in 1:1076) {
bdays = sample(1:365, 6, replace = T)
if (length(unique(bdays)) < 6)

count = count + 1

}

> count

[1] 40754

> p = count/(1076)

> P

[1] 0.040754
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for (i in 1:10000) { 8 27
bdays = sample(1:365, 6, replace = T) =
if (length(unique(bdays)) < 6) 3 o
plil = 1 3 S
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# E ¥ X e
plot (cumsum(p) /c(1:10000), type = "1") 3 3
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count2 = 0
for (i in 1:1076) {
bdays2 = sample(1:365, 8, replace = T)
if (length(unique(bdays2)) == 7)
count2 = count2 + 1

p2 = count2/(1076)
> p2
[1] 0.072501

b2 Ul sl



TOLSS W 50y b 0 A o 51 0 95 Lads pldls il

count2 = 0
for (i in 1:1076) {
bdays2 = sample(1:365, 8, replace = T)
if (length(unique(bdays2)) == 7)
count2 = count2 + 1

p2 = count2/(1076)
> p2
[1] 0.072501
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count3 = 0

for (i in 1:1076) {
bdays3 = sample(1:365, 8, replace = T)
bdays3 = sort(bdays3)
if (min(bdays3[2:8] - bdays3[1:7]) == 1)

count3 = count3 + 1

}

count3

[1] 134238

p3 = count3/(1076)

p3

[1] 0.134238
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m <- 1000
g <- numeric(m)
for (i in 1:m) {
X <- rnorm(2)
gli]l <- abs(x[1] - x[2])
}

est <- mean(g)

> est

[1] 1.130063

> sqrt(sum((g-mean(g))~2))/m
[1] 0.02741058
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n <- 20
m <- 1000
tmean <- numeric(m)
for (i in 1:m) {
x <= sort(rnorm(n))
tmean[i] <- sum(x[2:(n-1)]1) / (n-2)
}
mse <- mean(tmean~2)
> mse
[1] 0.05571728
> sqrt(sum((tmean - mean(tmean))~2)) / m #se
[1] 0.00745855
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n <- 20
m <- 1000
tmean <- numeric(m)
for (i in 1:m) {
x <- sort(rnorm(n))
tmean[i] <- median(x)
}
mse <- mean(tmean”2)
> mse
[1] 0.07431353
> sqrt(sum((tmean - mean(tmean))~2)) / m #se
[1] 0.008613994
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set.seed(522)
n <- 20
K <-n/2 -1
m <- 1000
mse <- matrix(0, n/2, 6)
trimmed.mse <- function(n, m, k, p) {
# MC est of mse for k-level trimmed mean of contaminated normal pN(0,1) + (1-p)N(0,100)
tmean <- numeric(m)
for (i in 1:m) {
sigma <- sample(c(1l, 10), size = n,
replace = TRUE, prob = c(p, 1-p))
x <- sort(rnorm(n, 0, sigma))
tmean[i] <- sum(x[(k+1):(n-k)1) / (n-2%k)
}
mse.est <- mean(tmean~2)
se.mse <- sqrt(mean((tmean-mean(tmean))~2)) / sqrt(m)
return(c(mse.est, se.mse))

for (k in 0:K) {
mse[k+1, 1:2] <- trimmed.mse(n=n, m=m, k=k, p=1.0)
mse[k+1, 3:4] <- trimmed.mse(n=n, m=m, k=k, p=.95)
mse[k+1, 5:6] <- trimmed.mse(n=n, m=m, k=k, p=.9)

}
> n*mse
[,11 [,21 [,31 [.41 [.51 [,61
[1,] 0.9758575 0.1396680 6.229283 0.3528182 11.484562 0.4792567
[2,] 1.0194569 0.1425744 1.954048 0.1976301 4.125681 0.2871660
[3,] 1.0091575 0.1420550 1.304154 0.1614779 1.956211 0.1975056
[4,] 1.0806823 0.1470113 1.168253 0.1528290 1.577817 0.1776404
[5,]1 1.0478085 0.1446125 1.279664 0.1599728 1.452725 0.1700661
[6,] 1.1028720 0.1485146 1.395142 0.1670407 1.422924 0.1686735
[7,]1 1.3157601 0.1621938 1.348891 0.1642456 1.574427 0.1773341
[8,]1 1.3767837 0.1659384 1.503163 0.1733524 1.734379 0.1862460
[9,] 1.3815624 0.1662126 1.525009 0.1746251 1.693839 0.1840468
[10,] 1.4907734 0.1720630 1.646402 0.1814599 1.843068 0.1916661
Dac = =)« o
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n <- 20

alpha <- .05

x <- rnorm(n, mean=0, sd=2)

UCL <- (n-1) * var(x) / qchisq(alpha, df=n-1)

HOW BPgRrgIRY!
1457 (n—1)S"
P(— 5 S ¢)= p( /7 Y —1)) = +/90.
(o > 1= PO o o= = 8
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n <- 20
alpha <- .05
UCL <- replicate(1000, expr = {
x <- rnorm(n, mean = 0, sd = 2)
(n-1) * var(x) / qchisq(alpha, df = n-1)
)
# compute the mean to get the confidence level
> mean(UCL > 4)
[1] 0.95
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n <- 20

alpha <- .05

UCL <- replicate(1000, expr = {
x <- rchisq(n, df = 2)
(n-1) * var(x) / gqchisq(alpha, df = n-1)
1)

> mean(UCL > 4)

[1] o.777
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n <- 20
alpha <- .05
mu0 <- 500
sigma <- 100
m <- 10000 # number of replicates
p <- numeric(m) # storage for p-values
for (j in 1:m) {
X <= rnorm(n, mu0O, sigma)
ttest <- t.test(x, alternative = "greater", mu = mu0)
plj]l <- ttest$p.value
}
p.-hat <- mean(p < alpha)
se.hat <- sqrt(p.hat * (1 - p.hat) / m)
> print(c(p.hat, se.hat))
[1] 0.055700000 0.002293415
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n <- c(10, 20, 30, 50, 100, 500) #sample sizes

cv <- gnorm(.975, 0, sqrt(6/mn)) #crit. values for each n

>n

[1] 10 20 30 50 100 500

> cv

[1] 1.5181816 1.0735165 0.8765225 0.6789514 0.4800912 0.2147033
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sk <- function(x) {
# computes the sample skewness coeff.
xbar <- mean(x)
m3 <- mean((x - xbar)~3)
m2 <- mean((x - xbar)~2)
return( m3 / m271.5 )

}
##H#
p.reject <- numeric(length(n)) #to store sim. results
m <- 10000
for (i in 1:length(n)) {
sktests <- numeric(m) #test decisions
for (j in 1:m) {
x <- rnorm(n[il)
# test decision is 1 (reject) or 0
sktests[j] <- as.integer(abs(sk(x)) >= cv[il )
p.reject[i] <- mean(sktests) # proportion rejected
> p.reject

[1] 0.0141 0.0287 0.0358 0.0382 0.0406 0.0477
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15,5 eslimal oLl 535 Wbl 31 b S S glad ye5 1

f(n—Y)

Var(by) = CEDCEk

cv <= gnorm(.975, 0, sqrt(6*(n-2)/((n+1)*(n+3))))
> round(cv, 4)

[1] 1.1355 0.9268 0.7943 0.6398 0.4660 0.2134

>n
[1] 10 20 30 50 100 500
> p.reject

[1] 0.0540 0.0548 0.0504 0.0495 0.0491 0.0535
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n <- 20
m <- 1000
mu0 <- 500
sigma <- 100
mu <- c(seq(450, 650, 10)) # alternatives
M <- length(mu)
power <- numeric(M)
for (i in 1:M) {
mul <- muli]
pvalues <- replicate(m, expr = {
# simulate under alternative mul
x <- rnorm(n, mean = mul, sd = sigma)
ttest <- t.test(x,
alternative = "greater", mu = mu0)
ttest$p.value 1} )
power[i] <- mean(pvalues <= .05)
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par(ask = TRUE)

library(Hmisc) #for errbar
plot(mu, power, xlab = bquote(mu))
abline(v = mu0, lty = 1)

abline(h = .05, 1ty = 1)

lines(mu, power, 1lty=3)

# add standard errors

se <- sqrt(power * (l-power) / m)
errbar(mu, power, yplus = power+se, yminus = power-se,
xlab = bquote(theta))

lines(mu, power, 1lty=3)
detach(package:Hmisc)

par(ask = FALSE)
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alpha <- .1

n <- 30

m <- 5000

p <- c(seq(0, .15, .01), seq(.15, 1, .05))

N <- length(p)

pwr <- numeric(N)

# critical value for the skewness test

cv <- gnorm(1l-alpha/2, 0, sqrt(6x(n-2) / ((n+1)*(n+3))))
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for (j in 1:N) { # for each p

e <- pljl
sktests <- numeric(m)
for (i in 1:m) { # for each replicate

sigma <- sample(c(1l, 10), replace = TRUE,
size = n, prob = c(l-e, e))
x <- rnorm(n, O, sigma)
sktests[i] <- as.integer(abs(sk(x)) >= cv)
}
pwrl[j] <- mean(sktests)
}
# plot power vs p
plot(p, pwr, type = "b",
xlab = bquote(p), ylim = c(0,1))
abline(h = .1, 1ty = 3)
se <- sqrt(pwr * (1-pwr) / m) # add standard errors
lines(p, pwr+se, lty = 3)
lines(p, pwr-se, lty = 3)
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library(energy)
alpha <- .1
n <- 30; m <- 500 # try small m for a trial run
testl <- test2 <- test3 <- numeric(m)
# critical value for the skewness test
cv <- gnorm(l-alpha/2, 0, sqrt(6*(n-2) / ((n+1)*(n+3))))
sim <- matrix(0, 11, 4)
# estimate power
for (i in 0:10) {
p<-ix.1
for (j in 1:m) {
e <-p
sigma <- sample(c(1, 10), replace = TRUE,
size = n, prob = c(l-e, e))
x <- rnorm(n, O, sigma)
test1[j] <- as.integer(abs(sk(x)) >= cv)
test2[j] <- as.integer(
shapiro.test(x)$p.value <= alpha)
test3[j] <- as.integer(
mvnorm.etest(x, R=200)$p.value <= alpha)
}
print(c(p, mean(testl), mean(test2), mean(test3)))
sim[i+1, ] <- c(p, mean(testl), mean(test2), mean(test3))

¥

[1] 0.000 0.080 0.108 0.112
[1] 0.100 0.838 0.892 0.874
[1] 0.200 0.784 0.994 0.994
[1] 0.300 0.668 0.992 0.996
[1] 0.400 0.592 0.982 0.998
[1] 0.500 0.424 0.916 0.984
[1] 0.600 0.338 0.750 0.888
[1] 0.700 0.252 0.510 0.684
[1] 0.800 0.202 0.266 0.384
[1] 0.900 0.130 0.134 0.162
[1] 1. 0.084 0. 0.098




# plot the empirical estimates of power
plot(sim[,1], sim[,2], ylim = c(0, 1), type = "1",
xlab = bquote(p), ylab = "power")

lines(sim[,1], sim[,3], 1ty = 2)

lines(sim[,1], sim[,4], 1ty = 4)

abline(h = alpha, 1ty = 3)

legend("topright", 1, c("skewness", "S-W", "energy"),
1ty = c(1,2,4), inset = .02)
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data simulated data

00168 00183
-0.00249 -0.00378
0.0183 0.00754
-0.00587 -0.00587
0.0139 -0.00673

B 5

(o]

b =

E :

= B

w wv

] o

fitted model
l parameter calculation 1 re-estimate
qoor = -0.0326 Qoo =-0.0323

A =
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Var(l) = Var(i)
se(t) = sd(?)
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rboot <- function(B, statistic, simulator, ...) {
tboots <- replicate(B, statistic(simulator(...)))
return(tboots)
¥
bootstrap.se <- function(simulator, statistic, B, ...) {
tboots <- rboot(B, statistic, simulator, ...)
se <- sd(tboots)
return(se)
}
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bootstrap.bias <- function(simulator, statistic, B, t.hat, ...) {
tboots <- rboot(B, statistic, simulator, ...)
bias <- mean(tboots) - t.hat
return(bias)

}
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bootstrap.ci.basic <- function(simulator, statistic, B, t.hat,
alpha, ...) {
tboots <- rboot(B,statistic, simulator, ...)
ci.lower <- 2*t.hat - quantile(tboots,1-alpha/2)
ci.upper <- 2*t.hat - quantile(tboots,alpha/2)
return(list(ci.lower=ci.lower,ci.upper=ci.upper))
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boot.pvalue <- function(test,simulator,B,testhat, ...) {
testboot <- rboot(B=B, statistic=test, simulator=simulator,
p <- (sum(test >= testhat)+1)/(B+1)
return(p)
}
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source("pareto.R")
:::i::.;;rzzzngw::izltlfx:)(wealth,threshold=9e8)

> signif(wealth.pareto$exponent,3)
[1] 2.34
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rboot.pareto <- function(B,exponent,x0,n) {
replicate(B,pareto.fit(rpareto(n,x0,exponent),x0)$exponent)
pareto.se <- function(B,exponent,x0,n) {
return(sd(rboot.pareto(B,exponent,x0,n)))
pareto.bias <- function(B,exponent,x0,n) {
return(mean(rboot.pareto(B,exponent,x0,n)) - exponent)
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pareto.ci <- function(B,exponent,x0,n,alpha) {

tboot <- rboot.pareto(B,exponent,x0,n)

ci.lower <- 2*exponent - quantile(tboot,l-alpha/2)
ci.upper <- 2*exponent - quantile(tboot,alpha/2)
return(list(ci.lower=ci.lower, ci.upper=ci.upper))
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data simulated data

0.00168 0.00183

-0.00249 0.00183
-0.00249
-0.00249

Y

00183

-0.00587 re-sampling
-0.00587
0.013%

estimator
estimator

empirical
distribution

l parameter calculation .I, re-estimate

qoo = -0.0392 qoon = -0.0354
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resample <- function(x) { sample(x,size=length(x),replace=TRUE) }

resamp.pareto <- function(B,data,x0) {
replicate(B,pareto.fit(resample(data) ,threshold=x0)$exponent)

}

> sd(resamp.pareto(B,wealth,x0))

[1] 0.07762305

> mean(resamp.pareto(B,wealth,x0))-exponent

[1] 0.003534574

resamp.pareto.CI <- function(B,data,alpha,x0) {
thetahat <- pareto.fit(data,threshold=x0)$exponent
thetaboot <- resamp.pareto(B,data,x0)
ci.lower <- thetahat - (quantile(thetaboot,1-alpha/2) - thetahat)
ci.upper <- thetahat - (quantile(thetaboot,alpha/2) - thetahat)
return(list(ci.lower=ci.lower,ci.upper=ci.upper))

}

> resamp.pareto.CI(B,wealth,0.05,x0)

$ci.lower
97.5%

2.173528

$ci.upper
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library(bootstrap) # for the law data

> print(cor (1aw$LSAT, law$GPA)) # for a sample with size 15
[1] 0.7763745

> print(cor(1aw82$LSAT, law82$GPA))

[1] 0.7599979
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B <- 200 # number of replicates
n <- nrow(law) # sample size
R <- numeric(B) # storage for replicates
# bootstrap estimate of standard error of R
for (b in 1:B) {
# randomly select the indices
i <- sample(l:n, size = n, replace = TRUE)
LSAT <- law$LSAT[i] #i is a vector of indices
GPA <- law$GPA[i]
R[b] <- cor(LSAT, GPA)
}
# output
> print(se.R <- sd(R))
[1] 0.1348793
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# sample estimate for n=15
theta.hat <- cor(law$LSAT, law$GPA)
# bootstrap estimate of bias
B <- 2000 # larger for estimating bias
n <- nrow(law)
theta.b <- numeric(B)
for (b in 1:B) {
i <- sample(l:n, size = n, replace = TRUE)
LSAT <- law$LSAT[i]
GPA <- law$GPA[i]
theta.b[b] <- cor(LSAT, GPA)
3
bias <- mean(theta.b - theta.hat)
> bias
[1] -0.002769211
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~ E(old) — E(placebo)
S1laesls ol (6l dmad L 5 oo Saplewsly E(new) 5 E(old) of 53 &
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data(patch, package = "bootstrap")

> patch
subject placebo oldpatch newpatch z ¥y
1 1 9243 17649 16449 8406 -1200
2 2 9671 12013 14614 2342 2601
3 3 11792 19979 17274 8187 -2705
4 4 13357 21816 23798 8459 1982
5 5 9055 13850 12560 4795 -1290
6 6 6290 9806 10157 3516 351
7 7 12412 17208 16570 4796 -638
8 (v =8 .18806 . -290445 . 26325.10238 -2719
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n <- nrow(patch) # in bootstrap package
B <- 2000
theta.b <- numeric(B)
theta.hat <- mean(patch$y) / mean(patch$z)
# bootstrap
for (b in 1:B) {
i <- sample(l:n, size = n, replace = TRUE)
y <- patch$yl[il
z <- patch$z[i]
theta.b[b] <- mean(y) / mean(z)
}
bias <- mean(theta.b) - theta.hat
se <- sd(theta.b)
> print(list(est=theta.hat, bias = bias,se = se, cv = bias/se))
$est
[1] -0.0713061

$bias
[1] 0.004647646

$se
[1] 0.09888232

$cv
[1] 0.04700179

)‘JJWUJ‘JL"AUJ)J ww)‘cowﬁé)u |bla5|g,/\to;\y}w
Sl ~/~O




wb g (5l Sl
AT st Sl sl g 5

bl aewyloel 5 LS e
39 a8L5 JKsls

VraY 3Ty

b2 Ul sl



23 650553k s G b

ot @Bl 53 el (686 5053k a5 S le0ls S35 il Ll i)

A e (5,840 5033l S S s, 5l S0 eam 5 65Le0ls So 5 5 553 s sy ol

S o Jos (5l
S a5 e 5 o 2550 61 Waw S Lo s VAXA Il s 355l 8Bl 3

A sl olbl glas 5550, gl (V40A)
xS Joe (Leave One Out) LOO Jlis gowsliel o5 4 and GabSr i)

.J;ﬁ\?WQTJ)yjbg

l‘(z)bb s_.d._g\.m.g.?-é\.o}w u:""Z .Lﬁvb ol odaline Dgad T = (ZE\,. ,In)..\:«supﬁ
bl & gad odaline el &S sl ol b sl 1 40 g0l QLA.AAS‘_;)}L@«‘..:.M@ olas
x(z) = (33'\,. oy Tg—yy T4y, -

ey D).
= [m]

Lf”f J...ﬁLv ol

b iy (3Ll Slsloes




Ll gy 4 el 30l

Sewisbe =V, 00,06l «abSe pali a5l o KT = T (z) S

Oy = Tny (2(3))

s ué = t(Fn) R (ST C’Uﬁ: u"’L"“J‘.’ o.k.::Lg)‘.lifL? )fJJjTJ..: Olen é;b)jL.g
Wosls 53 S oS Ol i o a (s S lgan |y B aile (I S50 5 S iy
LS 3wl 0 53 5l ol s

s 3535 5 0y = t(Faes (33))) (S i AL Sl gen S50 G 03
) S s e CibSe
bjack = (n— \)(9(.) —0),

QT)345

_ Y\ e A
Oy =20
=)

b2 Ul sl



ool 3580

o80T sl o)l § S

Ir.u\.) Ujfb)jTﬂé\ﬂ Yjw (]

~ a b _
E(Q)zG—i—E—i—F—FO(n “).

Ao )3
a

wn =) + O(n™").

E(f) —0) =

g.,\:v)‘b )?")JTJ‘.‘ g.if cAjack - é— bjack wﬁc&uﬂs d?f)‘ L: g_.d.fb& )?")JTJ‘.‘ u:v‘fvl.u

b2 Ul sl



43).0.3 d’“ﬂf)b :u'i‘fj‘ J)j\ﬂ
AL anelr ulyly 0 (b acS (555 (S Ly, g Sl

S ewdile g a0 el o Ll UL 85,50 ol ol

-92\/712?:\(3%—56)
! %)‘;JJJTJ..: Uf‘
bO) —E(—o0") = "o — T = T
- T n T on
:r::)\J’L':\,...,TLJ.&&‘ﬁm.CM\—nU_Y\ %U&dﬁj&i;&))w)\%).}
E(f —0) = E(B) —0) —E(6—0) = b(d;)) — b(b)
0'2 0'2 0'2
B _n—l_(_;)
Dax EB <=

_ )
a(n—1) n-1

HGWW| u”;l:')b g.,:o)‘b Jfb)j‘[ﬁ Olan aﬁ@évﬁ; d‘-’)‘ b J))TJ.: L:_-Q:v\):

) _ QY
'ejack =5
0 5yl Slulons

)Y
bl



Olansly Cf slaesls 1l
O gl dd 0351 bl Olewsly srosls (gl Il ((g3luisls S350 55y Eomme 53
.(,.:ZS.U‘)\J:- ‘_) w)\ cg_a:ul.vgg:- U':j) La M‘?@ cdlfw

data(patch, package = "bootstrap")
n <- nrow(patch)
y <- patch$y
z <- patch$z
theta.hat <- mean(y) / mean(z)
> print (theta.hat)
[1] -0.0713061
# compute the jackknife replicates, leave-one-out estimates
theta.jack <- numeric(n)
for (i in 1:n){
theta. jack[i] <- mean(y[-i]) / mean(z[-i])
}
bias <- (n - 1) * (mean(theta.jack) - theta.hat)
> print(bias) # jackknife estimate of bias
[1] 0.008002488
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se <- sqrt((n-1) *

mean((theta. jack - mean(theta.jack))~2))
> print(se)
[1] 0.1055278
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set.seed(123) # for the specific example given
n <- 10
x <- sample(1:100, size = n)
# jackknife estimate of se
M <- numeric(n)
for (i in 1:n) { # leave one out
y <= x[-i]
M[i] <- median(y)
}
Mbar <- mean(M)
> print(sqrt((n-1)/n * sum((M - Mbar)~2)))
[1] 1.5
# bootstrap estimate of se
Mb <- replicate(1000, expr = {
y <- sample(x, size = n, replace = TRUE)
median(y) })
> print(sd(Mb))
[1] 13.69387
> print (x)
[1] 29 79 41 86 91 5 50 83 51 42
> print (M)
[1] 51 50 51 50 50 51 51 50 50 51
> print (Mb)
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n <- length(magnetic) #in DAAG ironslag
el <- e2 <- e3 <- e4 <- numeric(n)
# fit models on leave-one-out samples
for (k in 1:n) {
y <- magnetic[-k]
x <- chemical[-k]

##
J1 <
yhatl
el[k]
##
J2 <-
yhat2

e2[k]
##
J3 <-

In(y ~ x)
<- Ji$coef[1] + Ji1$coef[2] * chemicall[k]
<- magnetic[k] - yhatl

In(y ~ x + I(x72))

<- J2$coef[1] + J2$coef[2] * chemicallk] +
J2$coef [3] * chemicallk]"2

<- magnetic[k] - yhat2

1m(log(y) ~ x)

logyhat3 <- J3$coef[1] + J3$coef[2] * chemical[k]

yhat3

e3[k]
##

J4 <-

<- exp(logyhat3)
<- magnetic[k] - yhat3

Im(log(y) ~ log(x))

logyhat4 <- J4$coef[1] + J4$coef[2] * log(chemical [k])

yhat4
e4[x]

¥
> c(mean(e1”2), mean(e2”2), mean(e3"2), mean(e4d~2))
[1] 19.55644 17.85248 18.44188 20.45424

<- exp(logyhat4)
<- magnetic[k] - yhat4
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y = geneq(x[t])

if (runif (1)<f(y)*q(y,x[t])/ (£ x[t])*q(x[t],y))){
x[t+1]=y
} else {
x[t+1]=x[t]
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a=2.7; b=6.3; c=2.669 # initial values
n=5000
X=rep(runif(1),n) # initialize the chain
for (i in 2:n){
Y=runif (1)
rho=dbeta(Y,a,b)/dbeta(X[i-1],a,b)
X[i1=X[i-1] + (Y-X[i-1])*(runif (1)<rho)
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data(cars)

x=cars$speed § B

y=cars$dist

x2=x"2

# g

fit=1m(y~x+x2)

#

plot (y~x) > 3

lines(x,predict(fit),col="red",1lwd=2)

> summary (fit)

Coefficients: Q 4
Estimate Std. Error t value Pr(>|tl)

(Intercept) 2.47014 14.81716 0.167 0.868

x 0.91329 2.03422  0.449 0.656 Q4
x2 0.09996 0.06597 1.515 0.136
Residual standard error: 15.18 on 47 degrees of freedom
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Barking = function (nsim = 1073){
data = cars; x = data[, 1]; y = datal, 2]; n = length(x); x2 = x"2
MSR = 225; SSR = 10809
bhat = coefficients(lm(y ~ x + x2))
loglike = function(a, b, ¢, s2) { -(n/2) * log(s2) - sum((y - a - b * x - ¢ * x2)72)/(2 * s2) }
dcand = function(a, b, ¢, s2) {
dnorm(a, bhat[1], sd = 15, log = TRUE) + dnorm(b, bhat[2],
sd = 2, log = TRUE)
+dnorm(c, bhat[3], sd = 0.06, log = TRUE) - (n/2) * log(s2) -
SSR/(2 * s2)

}

bilhat = array(bhat[1], dim = c(nsim, 1))
b2hat = array(bhat[2], dim = c(nsim, 1))
b3hat = array(bhat[3], dim = c(nsim, 1))

s2hat = array(MSR, dim = c(msim, 1))
for (i in 2:nsim) {
bcand = c(rnorm(1, mean = bhat[1], sd = 15), rnorm(1,
mean = bhat[2], sd = 2), rnorm(l, mean = bhat[3],
sd = 0.06), 1/rgamma(l, n/2, rate = SSR/2))
test = min(exp(loglike(bcand[1], bcand[2], bcand[3],
bcand[4]) - loglike(blhat[i - 1], b2hat[i - 1], b3hat[i -
1], s2hat[i - 1]) + dcand(blhat[i - 1], b2hat[i -
1], b3hat[i - 1], s2hat[i - 1]) - dcand(bcand[1],
becand[2], bcand[3], bcand[41)), 1)
rho <- (runif(1) < test)

bihat[i] = bcand[1] * rho + bilhat[i - 1] * (1 - rho)
b2hat[i] = bcand[2] * rho + b2hat[i - 1] * (1 - rho)
b3hat[i] = bcand[3] * rho + b3hat[i - 1] * (1 - rho)
s2hat[i] = bcand[4] * rho + s2hat[i - 1] * (1 - rho)

}

return(list('Beta0'=blhat, 'Betal'=b2hat,'Beta2'=b3hat,'Sigma'=s2hat))

}
nax = E = 5 =]
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rw.Metropolis <- function(nu, sigma, x0, n) {
x <- numeric(n)

x[1] <- x0
u <- runif(n)
k <- 0

for (i in 2:n) {
y <- rnorm(1, x[i-1], sigma)
if (uli] <= (dt(y, nu) / dt(x[i-1], nu)))
x[i] <- y else {
x[i] <- x[i-1]

k<-k+1
}

}

k=(1-k/n)

return(list (x=x, k=k))
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nu <- 4 # degrees of freedom

n <- 2000

sigma <- c(.05, .5, 2, 16)
x0 <- 25

##

rwl <- rw.Metropolis(nu, sigmal[1l], x0, n)
rw2 <- rw.Metropolis(nu, sigmal[2], x0, n)
rw3 <- rw.Metropolis(nu, sigmal[3], x0, n)
rwd <- rw.Metropolis(nu, sigmal[4], x0, n)
# number of candidate points rejected

> print(c(rwi$k, rw2$k, rw3sk, rwi$k))
[1] 0.9955 0.8605 0.5460 0.0985

215 [/10, /0] asls 4 S35 (5ylks p s ) LS
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par (mfrow=c(2,2)) # display 4 graphs together
refline <- qt(c(.025, .975), df=n)
rw <- cbind(rwi1$x, rw2$x, rwidx, rwd$x)
for (j in 1:4) {
plot(rwl,jl, type="1",
xlab=bquote(sigma == .(round(sigmaljl,3))),
ylab="X", ylim=range(rwl[,jl))
abline(h=refline)
}
## Computing quantiles of target distribution and chains
a <- c(.05, seq(.1, .9, .1), .95)
Q <- qt(a, n)
rw <- cbind(rwi$x, rw2$x, rw3$x, rwid$x)
mc <- rw[501:N, ]
Qrw <- apply(mc, 2, function(x) quantile(x, a))
print (round(cbind(Q, Qrw), 3))
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Q V2 V3 V4 V5

5% -1.65 2430 -2.82 -2.20 -1.77
10% -1.28 24.43 -2.05 -1.51 -1.38
20% -0.84 24.85 -1.28 -0.89 -0.99
30% -0.52 25.02 -0.83 -0.59 -0.64
40% -0.25 25.22 -0.45 -0.27 -0.25
50% 0.00 25.83 -0.13 -0.05 0.09
60% 0.25 26.70 0.17 0.21 0.24
70% 0.52 26.89 047 051 0.92
80% 0.84 27.10 0.89 0.87 1.31
90% 1.28 2742 1.38 1.30 1.79
95% 1.65 2758 1.79 1.70 214
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Nsim=5000 # initial values

rho=0.7

X=Y=array(0,dim=c(Nsim,1)) # init arrays

X[1]=rnorm(1) # init chains

Y[1]=rnorm(1)

for (i in 2:Nsim){ # sampling loop
Y[il=rnorm(1,rho*X[i-1],1-rho"2)
X[il=rnorm(1,rhox*Y[i],1-rho~2)

}

mcme=cbind (X,Y)

par (mfrow=c(2,2))

plot(ts(memc[,1]), xlab="Trace Plot", ylab="")

plot(ts(memc([,2]), xlab="Trace Plot", ylab="")

hist(mcmc[,1],40, main="", xlab="")

hist(mcmc[,2],40, main="", xlab="")

par (mfrow=c(1,1))

b iy (3Ll Slsloes 39 4L smis o881 (bl



]
e 1
I 1
0
-
7] smll I T |
| Il I |
L I
= o T | e
[ =
T
FRE P
o i :'r
I
|
1
L o
T T T T T T T
-a -2 -1 4] 1 z 3




A slagls el idls

el
o -
o -
o -
o o 4
% - -
T T T T T

T T T
1000 3000 5000 0 1000 3000 5000

0
Trace Plot Trace Plot
o
irel
A 8
g g =
g B g
g g 8
w w N
o
w
o o
—r T 1T T 1 T T T T T 1
-2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

A | O RGSBHELY



b5 Jde 1l
Je 53 (0,07) g 25 31 G505 A5 1B

XiNN(a,O'V), i:\,...,n
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n=length(x)

Nsim=10000

a=b=0.1

tau2=10

thetaO=xbar

xbar=mean (x)

shi=(n/2)+a

sigma=theta=rep(0,Nsim) #init arrays

sigma[1]=1/rgamma(1,shape=a,rate=b) #init chains

B=sigma2[1]/(sigma2[1]+n*tau2)

theta[1]=rnorm(1,m=B*theta0+(1-B)*xbar,sd=sqrt (tau2*B))

for (i in 2:Nsim){
B=sigma2[i-1]/(sigma2[i-1]+n*tau2)
theta[il=rnorm(1,m=B*thetal+(1-B)*xbar,sd=sqrt (tau2+B))
ral=(1/2)*(sum((x-thetali])~2))+b
sigma2[i]=1/rgamma(1,shape=shl,rate=ral)

}

##

> mean(theta)

[1] 870.459

> sqrt(mean(sigma2))

[1] 389.7115

##

par (mfrow=c(2,1))

hist(log(theta) ,main="")

hist(sqrt(sigma2) ,main="")
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f <- function(y, a, n) { a™2 + y~2 + 2%axy/(n-1) - (n-2) }
a <- 0.5
n <- 20
b0 <- 0
bl <- 5*xn
# solve using bisection
it <- 0
eps <- .Machine$double.eps~0.25
r <- seq(b0, bl, length=3)
y <= c(f(r[1], a, n), £(r[2], a, n), £(r[3], a, n))
if (y[1]1 * y[31 > 0)
stop("f does not have opposite sign at endpoints")
while(it < 1000 & abs(y[2]) > eps) {
it <= it + 1
if (y[1l*y[2] < 0) {
r[3] <- r[2]
y[3] <- y[2]
} else {
r[1] <- r[2]
y[11 <= y[2]
}
r[2] <- (r[1] + r[3]) / 2
y[2] <- £(r[2], a=a, n=n)
print(c(r[1], y[1], y[3]1-y[21))
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> r[2]

[1] 4.186845

> y[2]

[1] 2.984885e-05
> it

[1] 21
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f(CC) = log (J?) — eXp{—x} —
el

ftn <- function(x) {
fx <- log(x) - exp(-x)
dfx <- 1/x + exp(-x)
return(c(fx, dfx))
}
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newtonraphson <- function(ftn, x0, tol = le-9, max.iter = 100) {

# Newton_Raphson algorithm for solving ftn(x)[1] == 0

# we assume that ftn is a function of a single variable that returns

# the function value and the first derivative as a vector of length 2

# x0 is the initial guess at the root and the algorithm terminates when the function value is within distance
# tol of 0, or the number of iterations exceeds max.iter

x <- x0

£fx <- ftn(x)

iter <- 0

# continue iterating until stopping conditions are met
while ((abs(fx[1]) > tol) && (iter < max.iter)) {
x <- x - fx[1]1/£x[2]
fx <= ftn(x)
iter <- iter + 1
cat("At iteration", iter, "value of x is:", x, "\n")
}
# output depends on success of algorithm
if (abs(£fx[1]1) > tol) {
cat("Algorithm failed to converge\n")
return(NULL)
} else {
cat("Algorithm converged\n")
return(x)
¥
¥
> newtonraphson(ftn, 2, 1e-06)
At iteration 1 value of x is: 1.12202
At iteration 2 value of x is: 1.294997
At iteration 3 value of x is: 1.309709
At iteration 4 value of x is: 1.3098
Algorithm converged
[1] 1.3098
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f=function(x){(x-2)*(1+x72-0.3*(x-1)"3)}
fi=function(x){1+x72-0.3*(x-1) "3+ (x-2) *(2*x-0.9*%(x-1)"2)}

f=function(x){(x-2)*(1+x72-0.3%(x-1)"3)} i
> g=function(x){x-f(x)/£1(x)}
>
>

>
> A=1.4; B=2.9

> for (i in 1:20) {m=(A+B)/2

+ if (£(A)*£(m)>0) A=m else B=m
+ print(A,digits=12)}

x0ld=2.9
for (i in 1:20){ xnew=g(xold); xold=xnew
print (xnew,digits=12)}

+

Eﬂ 1:375 [1] 2.21416533654
[1] 1 9695 [1] 2.0235925475
[1] 1 962 [1] 2.00035651707
[1] 1 962 [1] 2.0000000838
[1] 1.9859375 Eﬂ g

[1] 1.99765625  »

[1] 1.99765625 1] 2

[1] 1.99765625 0

[1] 1.99912109375 0

[1] 1.99985351562 0 2

[1] 1.99985351562 0

[1] 1.99985351562 0 2

[1] 1.99994506836 0 2

[1] 1.99999084473 0 2

[1] 1.99999084473 0

[1] 1.99999084473 0

[1] 1.99999656677 0l

[1] 1.9999994278 0l

[1] 1.9999994278 0
DA = ® =) «F o
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Do o |l uniroot Cit' LR, sy o

f=function(x){(x-2)*(1+x72-0.3*%(x-1)"3)}
> uniroot (f,c(1,3))

$root

[1] 1.999998

$f.root

[1] -8.559716e-06

$iter

(11 7

$estim.prec

[1] 6.103516e-05
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> integrate(function(y){(cosh(y)-0.1)"(-9)}, lower=0, upper=Inf)
1.053305 with absolute error < 2.3e-05
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f <- function(y, N, r, rho) {
(cosh(y) - rho * r)~(1 - N)
}
ro <- seq(-.99, .99, .01)
v <- rep(0, length(ro))
for (i in 1:length(ro)) {
v[i] <- integrate(f, lower=0, upper=Inf,
rel.tol=.Machine$double.eps~0.25,
N=10, r=0.5, rho=ro[i])$value
}
plot(ro, v, type="1", xlab=expression(rho),
ylab="Integral Value (n=10, r=0.5)")
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.dcorr <- function(r, N, rho=0) {
# compute the density function of sample correlation
if (abs(r) > 1 || abs(rho) > 1) return (0)
if (N < 4) return (NA)
if (isTRUE(all.equal(rho, 0.0))) {

a <- exp(lgamma((N - 1)/2) - lgamma((N - 2)/2)) /

sqrt (pi)

return (a * (1 - r"2)"((N - 4)/2))
}
# if rho not 0, need to integrate
f <- function(w, R, N, rho)

(cosh(w) - rho * R)"(1 - N)
# need to insert some error checking here
i <- integrate(f, lower=0, upper=Inf,

R=r, N=N, rho=rho)$value

cl <= (N -2) * (1 - rho™2)"((N - 1)/2)

c2<- (1 -1r2)°(NW-4)/2)/pi

return(cl * c2 * i)
}
r <- as.matrix(seq(-1, 1, .01))
dl <- apply(r, 1, .dcorr, N=10, rho=.0)
d2 <- apply(r, 1, .dcorr, N=10, rho=.5)

d3 <- apply(r, 1, .dcorr, N=10, rho=-.5)

plot(r, d2, type="1", 1lty=2, lwd=2, ylab="density")

lines(r, d1, lwd=2)

lines(r, d3, lty=4, lwd=2)

legend("top", inset=.02,

c("rho = 0", "rho = 0.5", "rho = -0.5"), 1lty=c(1,2,4), lwd=2)
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set.seed(1244); x=rcauchy(25)
g=seq(min(x) ,max(x) ,by=0.01)
minloglik=function(q,x){apply(log(l+outer(x,q,"-")"2),2,sum)}
minloglikl=function(q,x){
v=outer(x,q,"-"); 2*apply(v/(1+v~2),2,sum)}
> uniroot(minloglikl,median(x)+c(-3,3) ,x=x)
$root
[1] 0.3691374
> optim(median(x) ,method="BFGS",minloglik,x=x,hessian=TRUE)
$par
[1] 0.369137
$hessian
[,1]
[1,] 12.99744 # estimated se is 1/sqrt(12.99744)
> optim(median(x),lower=median(x)-3,upper=median(x)+3,
+ method="Brent" ,minloglik,x=x,hessian=TRUE)
$par
[1]

o

.3691371
= = & o
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> optim(-70,method="BFGS",minloglik,x=x)
$par

[1] -68.24447

$convergence

[11 o

> uniroot(minloglikl,c(-68,-64),x=x)
$root

[1] -66.39614

$iter

[1]1 &

$estim.prec

[1] 6.103516e-05
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set.seed(1244); x=rcauchy(25)
minloglik=function(par,x){q=par[1]; s=par([2];
length(x)*log(s)+apply(log(1+outer(x,q,"-")"2/s"2),2,sum)}
$par

[1] 0.3668736 1.2556457

$value

[1] 48.00677

> OP=optim(c(median(x),mad(x)),method="BFGS",minloglik,x=x,hessian=TRUE); OP # Quasi Newton
$par

[1] 0.3670376 1.2552827

$value

[1] 48.00677

$hessian

[,1] [,2]
[1,] 9.6044413 0.2627547
[2,] 0.2627547 6.2611816
> sqrt(diag(solve(OP$hessian)))
[1] 0.3228594 0.3998723
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