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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




3,5 sl

"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", R

ORI

xlab = "X", ylab = "Y", zlab = "f(x, y)")




lattice 5 e gy
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lattice 5 e gy
S ) LSl 5 n o lattice s 5> wireframe b L) s,
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lattice y5 as s,y
S ) LSl 5 n o lattice s 5> wireframe b L) s,
Jﬁumﬂubebb)t}b&ﬁe‘ﬂﬁy zZ ~ Ik ys:))}qﬁi.:‘;}ﬁj:’ J‘flf ‘)Kcﬁ‘é‘ﬁ
S sl (7, 2) bl
U5 & Gosb 4 oS bl Jlad (G 4w Pl G L1851l s 51 ool b
osleul 3l g5 51 e bl ol Gaus (gl 558 o A3 S p w ) s S
LS
library(rgl)
demo (bivar)
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lattice 5 e gy
S ) L3155 e o lattice e 5> wireframe @B b 1) by,

Jﬂumﬂubab‘éjt}b&ﬁa‘ﬁﬁbZN./,U*yC))M@‘)}ﬂJ:’Jﬁb ‘)Kw‘é‘ﬁ
S sl (7, 2) bl
U5 & Gosb 4 oS bl Jlad (G 4w Pl G L1851l s 51 ool b
osleul 3l g5 51 e bl ol Gaus (gl 558 o A3 S p w ) s S
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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I sl b iamin SC o3 b (1, 1, £, ) G 4w ) Oler dbayls gad cpl 500
S o el (o OBl slacul sl f(z, y) = ¢

contourplot C»L? 3,05 5525 R awwn 555 55 &S graphics < ,3 contour @U EL)
M& J:st ‘) L&)\.}j&; O:l‘ lattice Lo 2
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S o el (o OBl slacul sl f(z, y) = ¢

contourplot GL? 3,05 5525 R awwn 555 55 &S graphics < ,3 contour @B 93
M& J:st b L&)\.}j&; O:l‘ lattice Lo 2

o3l a3l 5 Ladeis gl S, 31 &8 el contour o e b image ;6
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LS o e 0ot OB glac b sl f(z,y) = ¢
contourplot &G 5 45,15 325 R «s 355 55 & graphics «w 5> contour &G 5

-\;S& J:st b L&)\.}j&; O:l‘ latt’l:c@ M BE
o3l a3l 5 Ladeis gl S, 31 &8 el contour o e b image ;6

T
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S5 e b wamins G by (2, 4, f(, ) G s a5 Olad bl gad cpl S0
S o el cCodd OBl slacub ¢l f(z,y) = ¢

contourplot GL‘: 3,05 5525 R awwn 555 55 &S graphics < ,3 contour @l: 93
-\;‘SJ J:st b L&)\b}.«.} O:l‘ lattice M BE

o3l a3l 5 Ladeis gl S, 31 &8 el contour o e b image ;6
LS

o wlyl volcano sesls wlul 5 R 55 bajlssad ool ol (6l b Jle G
S S8 Rl 5 help 31 4315 e Wesls ol 51 ¢ (sl e

odd 315 sl yls 5ol clattice 43 levelplot 5 graphics y» filled.contour &l

s gad gLl cimage wlive bajls gad ool 53 59258 Sy cidb S e wI s ) ()
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w
e
# 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)

160

140

120

100
DA




levelplot(volcano, scales = list(draw = FALSE),
xlab = un’ ylab = ||||)
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1mage cb
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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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Sl slayls gl
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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 -
0
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