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library(mclust)

data(banknote)

str(banknote)

head(banknote)

> str(banknote)
'"data.frame’:

$ Status

$ Length : num
$ Left : num
$ Right : num
$ Bottom : num
$ Top © num

$ Diagonal: num
> head(banknote)
Status Length

1 genuine 214.8 131.0 131.1
2 genuine 214.6 129.7 129.7 8
3 genuine 214.8 129.7 129.7 8
4 genuine 214.8 129.7 129.6 7.
5 genuine 215.0 129.6 129.7 10.
6 genuine 215.7 130.8 130.5 9

200 obs.

of 7 variables:
: Factor w/ 2 levels "counterfeit",..:
215 215 215 215 215 ...
131 130 130 130 130 ...
131 130 130 130 130 ...

22222

9818.77.510.497.97.28.29.2 ...

9.79.59.610.4 7.7 10.1 9.0 10.7 11 10 .
141 142 142 142 142 ...

Left Right Bottom Top Diagonal

ST T, BEN
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9.0 9.7
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141.0
141.7
142.2
142.0
141.8
141 .4
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x = banknote$Length
summary(X) # A =3E + FHE

> summary(x)
Min. 1st Qu. Median Mean 3rd Qu. Max .
2.617 2.617 2.617 2.017 2.0l17 2.617

quantile(x, probs = ¢(0, 0.25, 0.5, 0.75, 1)) # A =4E

> quantile(x, probs = c(@, ©.25, 0.5, 0.75, 1))
| 0% 25% 50% 75%  100%
© 2.616544 2.616544 2.616544 2.616544 2.616544
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library(ggplot2)

ggplot(data = banknote, aes(x = Status, y = Length)) +
geom_boxplot(notch = TRUE)
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ggplot(data = banknote, aes(x = Status, y = Diagonal)) +
geom_boxplot(notch = TRUE)

142+ l

\ /
/ \
141 - ‘
©
c
o
% 140
A
°
\ /
/ \
139-
o
138 -
°
°
coun{erfeit genluine
Status

—

—



(O RV ZE 103 A il
4 ©/ CHINA UNIVERSITY OF PETROLEUM -BEUING AT KARAMAY

Histograms &»E)

AR, EXHUBISTIRM T —IMRFNETR.

mt
St
IR
A
X
3

H B ET T EM x, S — RIS

=i
i
E&
i

Course Introduction and Chapter 1

(bin) WRIJ_LI;/D-"J*&TEEl] &%Ejgﬁﬁﬂ__\

KA AWEE: B (x), h) =[x+ (— Dh, xo+jh) , jEZ.

8IE x5 %y, ..., x, BIERKREZBEN fINIRZE 2% (ic) N— T

EREEXIT:

hw=— ZZI{

]Ele

xO, )} I{xEB (xo,h)}



() FRAUXF e R s Course Introduction and Chapter 1

Histograms &»E)

par(mfrow=c(2, 2)) :
x_0=137.8 l W
h1=0.1 R TELE
breaks.vec1 = seq(from = x_0, by = h1, length.out = 30) :
hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec1, lmﬂjm mjﬂl
xlab ='h =0.1", ylab =", main = ") I
——

h2 =0.2
breaks.vec2 = seq(from = x_0, by = h2, length.out = 16)

hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec2,
xlab ='h =0.2', ylab =", main =" 247\

h3=0.3 Ropt =

breaks.vec3 = seq(from = x_0, by = h3, length.oWlX = 1’%)

hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec3,

xlab ='h=0.3", ylab =", main =")
h4 =04
breaks.vec4 = seq(from = x_0, by = h4, length.out = 8)
hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec4,
xlab='nh=0.4" ylab=", main =")




B bk Gk s Course Introduction and Chapter 1

& <%/ CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

Histograms &»E)

par(mfrow=c(2, 2))

X 0=137.45

breaks.vecd = seq(from = x_0, by = h4, length.out = 9)

hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec5,
xlab ='x0 = 137.45', ylab =", main ="

x_0=137.55

breaks.vec6 = seq(from = x_0, by = h4, length.out = 9)

hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vecs,
xlab = 'x0 = 137.55", ylab =", main ="

x_0=137.65

breaks.vec’7 = seq(from = x_0, by = h4, length.out = 9)

hist(banknote$Diagonal[banknote$Status == 'counterfeit'], breaks = breaks.vec?,
xlab ='x0 = 137.65", ylab =", main ="

X 0=137.75

breaks.vec8 = seq(from = x_0, by = h4, length.out = 9)

hist(banknote$Diagonal[banknote$Status == 'counterfeit’], breaks = breaks.vec8,
xlab ='x0 = 137.75', ylab =", main ="

vvvvvvvvvvvvvv




) B e A Course Introduction and Chapter 1

Histograms &»E)

o HAHENGITREERM

113
> KA K E pinwian) h BNIAE, BERTE T EABEIAIR. /oy = (242/7_[>

> XERIER X WitE, EEEMERE LU IWE S ERIAIR.

> EXMEEREPTEX BRI RS ERYE BHK.

> BRI NEERNEICEN, EELENILE.
» BXF, BHEERTURTRAL




TR il X5 (b 3 )serisapichi Course Introduction and Chapter 1

o ZEEMITEN—MIN

—~ 1 X — X
fh(x):E;K< P >

N\

o =Mt

RE K(u):
. 1
Uniform : K(u)=51(|u| <1)
Triangle : K(u) = (1= |u|)I(|u] <1)

Espanechnikov :  K(u) = % (1—u?)I(|u] 1)

Quartic(Biweight) :  K(u) = % (1 — u2)21 ( lu| < 1)

Gaussian : K(u) =



i8] fasdr X F (e )sainmx

CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

Course Introduction and Chapter 1

par(mfrow=c(2, 2))

s = function(x) (3/4) * (1-x"2)
h=1/2

g = function(x) (1/h) * s(x/h)
curve(s, -1, 1, xlim=c(-1.5, 1.5), ylim=c(0, 5), xlab="", ylab="Epanechnikov Kernel", col=2)
lines(c(-1.5, -1), c(0, 0), col=2)
lines(c(1, 1.5), c(0, 0), col=2)
abline(v=0, lty=2)

curve(g, -h, h, col=4, add=TRUE)
lines(c(-1, -0.5), c(0, 0), col=4)
lines(c(0.5, 1), c(0, 0), col=4)
lines(c(-0.5, 0.5), c(0, 0), Ity=2)

X =c(-1.5, 0.8, -0.2, 0, 0.2)

f = function(t) (3/4) * (1-tA2)
h=1/2

g1 = function(t) (1/h) * f((t-x[1])/h)
g2 = function(t) (1/h) * f((t-x[2])/h) K (x —X

g3 = function(t) (1/h) * f((t-x[3])/h)
g4 = function(t) (1/h) * f((t-x[4])/h)
g5 = function(t) (1/h) * f((t-x[5])/h)

curve(g1, x[1]-h, x[1]1+h, xlim=¢(-2, 1), Wim=c(0, 5), xlab={", ylab="", lty=1)
curve(g2, x[2l-h/X[2h=a =€ﬁu~ek§gg z(yiﬂ)r < 1)

curve(g3, x[3]-h, x[3]+h, add=TRUE, col=3, Ity=1)

curve(g4, x[4]-h, x[4]+h, add=TRUE, col=4, Ity=1)

curve(g5, x[5]-h, x[5]+h, add=TRUE, col=5, Ity=1)

abline(h=0, Ity=2)

for (i in 1:5) lines(c(x]i], x[i]), c(0, 1.5), lty=2, col=i)

for (i in 1:5) points(x[i], 0, cex=0.8, pch=16, col=i)

h1 = function(t) g1(t)

curve(h1, -2, -1.3, xlim=c(-2, 1), ylim=c(0, 5), xlab="", ylab="")
h2 = function(t) (g1(t) + g2(t))
curve(h2, -1.3, -1, add=TRUE)

h3 = function(t) g2(t)

curve(h3, -1, -0.7, add=TRUE)

h4 = function(t) (g2(t) + g3(t))
curve(h4, -0.7, -0.5, add=TRUE)

h5 = function(t) (g2(t) + g3(t) + g4(t))
curve(h5, -0.5, -0.3, add=TRUE)

h6 = function(t) (g3(t) + g4(t) + g5(t))
curve(h6, -0.3, 0.3, add=TRUE)

h7 = function(t) (g4(t) + g5(t))
curve(h7, 0.3, 0.5, add=TRUE)

h8 = function(t) g5(t)

curve(h8, 0.5, 0.7, add=TRUE)
abline(h=0, Ity=2)

f1 = function(t) (1/5) * g1(t)

curve(f1, -2, -1.3, xlim=c(-2, 1), ylim=c(0, 5), xlab="", ylab="")
f2 = function(t) (1/5) * (g1(t) + g2(t))
curve(f2, -1.3, -1, add=TRUE)

f3 = function(t) (1/5) * g2(t)

curve(f3, -1, -0.7, add=TRUE)

f4 = function(t) (1/5) * (92(t) + g3(t))
curve(f4, -0.7, -0.5, add=TRUE)

5 = function(t) (1/5) * (g2(t) + g3(t) + g4(t))
curve(f5, -0.5, -0.3, add=TRUE)

6 = function(t) (1/5) * (g3(t) + g4(t) + g5(t))
curve(f6, -0.3, 0.3, add=TRUE)

7 = function(t) (1/5) * (g4(t) + g5(t))
curve(f7, 0.3, 0.5, add=TRUE)

8 = function(t) (1/5) * g5(t)

curve(f8, 0.5, 0.7, add=TRUE)

abline(h=0, Ity=2)

Epanechnikov Kemnel
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par(mfrow=c(1, 1))

f1 = function(t) (1/5) * g1(t)

curve(f1, -2, -1.3, xlim=c(-2, 1), ylim=c(0, 1), xlab="", ylab="")
f2 = function(t) (1/5) * (g1(t) + g2(t))

curve(f2, -1.3, -1, add=TRUE)

f3 = function(t) (1/5) * g2(t)

curve(f3, -1, -0.7, add=TRUE)

f4 = function(t) (1/5) * (g2(t) + g3(t))
curve(f4, -0.7, -0.5, add=TRUE)

f5 = function(t) (1/5) * (g2(t) + g3(t) + g4(t))
curve(fs, -0.5, -0.3, add=TRUE)

f6 = function(t) (1/5) * (g3(t) + g4(t) + g5(t))

curve(fo, -0.3, 0.3, add=TRUE) —

f7 = function(t) (1/5) * (g4(t) + g5(t))

curve(f7, 0.3, 0.5, add=TRUE)

f8 = function(t) (1/5) * g5(t)

curve(f8, 0.5, 0.7, add=TRUE)

abline(h=0, Ity=2)

for (i in 1:5) points(x[i], 0, cex=1.5, pch=21, bg=‘orange’)
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Example: Swiss bank notes

par(mfrow=c(2, 2))

plot(density(banknote$Diagonal, bw = 0.04), xlab="Bandwidth = 0.04', main='Swiss Bank Notes',
ylab='Diagonal’)

plot(density(banknote$Diagonal, bw = 0.15), xlab="Bandwidth = 0.15', main='Swiss Bank Notes',
ylab='Diagonal’)

plot(density(banknote$Diagonal, bw = 0.4), xlab="Bandwidth = 0.4', main='Swiss Bank Notes',
ylab='Diagonal’)

plot(density(banknote$Diagonal, bw = 1), xlab="Bandwidth = 1', main="Swiss Bank Notes',
ylab='Diagonal’)

Swiss Bank Notes Swiss Bank Notes

Bandwidth = 0.04

Swiss Bank Notes Swiss Bank Notes

Bandwidth = 1
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library(ggplot2)
ggplot(banknote, aes(Diagonal, fill = Status, color = Status)) +

geom_density(alpha = 0.2) +
xlim(137, 143)

0.50 -

density
«:8‘:
3,

enuine

DHHEMRI, B
e ES

i3 140 142
Diagonal
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Example: Swiss bank notes
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ggplot(banknote, aes(x = Top, y = Diagonal)) +
xlim(8, 13) +
ylim(137, 143) +
geom_density 2d(na.rm = TRUE)

XZRIN—1TEE (Top) FR %1%
ZEMEITINESZE, BT LASH
BRI TR, BE(EEM
EELINABES

Bt
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Scatterplots (B=E)

o HREELSZIERY _Hay=24
BRI E X ZR.

IR

2. BB BT HATE

|II.IJ

B— T EREEIFET

Xt

=<4

ggplot(banknote, aes(x = Top, y = Diagonal, colour = Status, shape = Status)) +
xlim(7, 13) +
ylim(137, 143) +
geom_point(size = 2.5) +

geom_abline(intercept = 136.9, slope = 1/3, colour = 'purple’,size = 1.5)
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Scatterplots (B=E)

IR

o HREELS= R _Hoy =24
BRI EXR.

library(plotly)
plot_ly(banknote, x =~ Bottom, y =~ Top, z =~ Diagonal) %>%

2. BB BT HATE

|II.IJ

B— T EREEIFET

Xt

=<4

add_markers(color =~ Status, symbol =~ Status)

® counterfeit
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Scatterplots (& =@)
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FTEZ=mMM 8] —H5R

iNp3E] it

library(GGally)

ggpairs(banknote, columns = 2:7, ggplot2::aes(colour=Status, alpha = 0.2))

Length Left Right Bottom
Corr: 0.231*** Corr: 0.152* Corr: -0.190**
1.0-
counterfeit: 0.351*** counterfeit: 0.229* counterfeit: -0.252*
0.5-
genuine: 0.411*** genuine: 0.416*** genuine: 0.229*
0.0-
131.0-
o o Corr: 0.743*** Corr: 0.414***
130.5- ! ;;*!' ‘g -
L ]
130.0- 88 N counterfeit: 0.615*** counterfeit: -0.083
. -
0!
129.51 ° 8 ee genuine: 0.664*** genuine: 0.242*
129.0 - °
[} o0
131.09 Corr: 0.487***
o . .. L]
130.5- o ; gos o - .
130.0+ l!“’ g’ ‘!. . counterfeit: -0.055
L] !’ ]
120548 “!!. !. genuine: 0.255*
129.0- o
'c — o ® e ©
12- . ° 8 &
114 oo' o;o’ = o.l‘:i.sa.‘ :.:!!:'.' -
2880 o’ ; (29 ° 0 a8°%%0
10~ 0.. !3':! ° ) .i.'!.i!.i 0o ;l: ; !.. —
e ,’i l -'! o Afohecdgoess® o copee .;“S go °
i R e ... - :!. ; !:!.'.‘ ° 00 i.' 3:. 098 o
7_ L ]
® e ® o e
12- oo g ge © efoo esfe 20 ¢
° 'o'!: = 2 o:“ 8, : 3.....: ® : .' (75 °
n-ot i gTCH [ H TR 1 L K
h. .z! o 3 ° : (L) o8 "" ' ‘l; .
10 !lo 8500 "¢ 1+ 8°8 ¢ o8 880 !oo 8863,
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Chernoff-Flury Faces

e Z1E Flury f Riedwyl (1988) AR 1T RS, AZIAIFELT:
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library(TeachingDemos)
faces(banknote[91:110, 2:7], fill = TRUE)
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faces(banknote[1:100, 2:7], ncol=10, fill = TRUE) # 5%
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Chernoff-Flury Faces
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e The function faces() in package aplpack.

.

Failed to install into my
computer.
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Andrews’ Curves (zEeHrhs)

o BBRBBHOS—MME x, = (x,, v . v, ) BRNMTFTENL
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! -1 —1 e
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Andrews’ Curves (zEeHrhs)

library(pracma)
A1 = as.matrix(banknote[96:105, 2:7])
andrewsplot(scale(A1), f = banknote$Status[96:105], style = 'cart') o =L

Andrews' Curves
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Andrews’ Curves (zEeHrhs)

Course Introduction and Chapter 1

A2 = as.matrix(banknote[96:105, 7:2]) # & x=+E
andrewsplot(scale(A2), f = banknote$Status[96:105], style = 'cart')

Andrews' Curves

fRREb
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Andrews’ Curves (zEeHrhs)

andrewsplot(scale(A1), f = banknote$Status[96:105], style = 'pol’)

Andrews' Curves
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Andrews’ Curves (zEeHrhs)

andrewsplot(scale(A2), f = banknote$Status[96:105], style = 'pol’)

Andrews' Curves
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Andrews’ Curves (zEeHrhs)

FE st R F (R s Course Introduction and Chapter 1

A3 = as.matrix(banknote[1:200, 2:7])
andrewsplot(scale(A3), f = banknote$Status[1:200], style = 'cart’)

Andrews' Curves
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Andrews’ Curves (zEeHrhs)

andrewsplot(scale(A3), f = banknote$Status[1:200], style = 'pol')

Andrews' Curves
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VA

AT HH %% )

A4 = as.matrix(banknote[1:200, 7:2])
andrewsplot(scale(A4), f = banknote$Status[1:200], style = 'cart’)

Andrews' Curves
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Andrews’ Curves (zEeHrhs)

andrewsplot(scale(A4), f = banknote$Status[1:200], style = 'pol')

Andrews' Curves
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o FITHIMEIRARRTSHBIEN—FTIE.
> BEMEEFITIALINE DEHIEESR, 7+

JE &G B 1 EZEE.
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library(GGally)
banknote.sub = banknote[96:105,]

ggparcoord(data = banknote.sub, columns = 2:7, groupColumn = 1, scale = 'uniminmax')
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ggparcoord(data = banknote.sub, columns = 7:2, groupColumn = 1, scale = 'uniminmax')
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3

ggparcoord(data = banknote, columns = 7:2, groupColumn = 1, scale = 'uniminmax’)
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Hexagon Plots nwmE)

ggplot(data = banknote, aes(x = Diagonal, y = Top, z = Length)) +

stat summary_hex()

138 139 140 141 142
Diagonal
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?diamonds

diamonds {ggplot2}

Prices of over 50,000 round cut diamonds

Description

A dataset containing the prices and other attributes of almost 54,000 diamonds. The variables

are as follows:

Usage

R Documentation

Format
A data frame with 53940 rows and 10 variables:
price
price in US dollars ($326-$18,823)
carat
weight of the diamond (0.2-5.01)
cut
quality of the cut (Fair, Good, Very Good, Premium, Ideal)
color
diamond colour, from D (best) to J (worst)

clarity

a measurement of how clear the diamond is (I1 (worst), SI2, SI1, VS2, VS1, WS2, VVS1, IF
(best))

length in mm (0-10.74)

width in mm (0-58.9)

depth in mm (0-31.8)
depth

total depth percentage = z/ mean(x, y) =2 *z/ (x + y) (43-79)
table

width of top of diamond relative to widest point (43-95)

S — —
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Hexagon Plots xinwmE)

ggplot(data = diamonds, aes(x = depth, y = carat, z = price)) +
stat summary_hex()

value
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Boston Housing

o FtinEEIMIEER Harrison ] Rubinfeld F 1978 UK £E.

e HIY: MiRZESMmEEESXNRENERM.

o IMIFAZEIEENIEZTRITD VI‘)?E’Jﬁ:zTiFa‘/——) 14 MNE8

library(MASS)

str(Boston) > str(Boston)
'data.frame’: 506 obs. of 14 variables:
$ crim 0.00632 0.02731 0.02729 0.03237 0.06905 ...
$ zn chum 18 0 0 0 @0 0 12.5 12.5 12.5 12.5 ...

506 PRLNME indus : num 2.31 7.07 7.07 2.18 2.18 2.18 7.87 7.87 7.87 7.87 ...

$chas :int 0000000000
$ nox : num 0.538 0.469 0.469 0. 458 0.458 0.458 0.524 0.524 0.524 0.524 ...
$ rm : num 6.58 6.42 7.18 7 7.15 ...
$ age : num 65.2 78.9 61.1 45.8 54.2 58.7 66.6 96.1 100 85.9 ...
$ dis : num 4.09 4.97 4.97 6.06 6.06 ...
$ rad :int 1223335555 ...
$ tax : num 296 242 242 222 222 222 311 311 311 311 ...
$ ptratio: num 15.3 17.8 17.8 18.7 18.7 18.7 15.2 15.2 15.2 15.2 ...
$ black : num 397 397 393 395 397 ...
$ Istat : num 4.98 9.14 4.03 2.94 5.33 ...
$ medv : num 24 21.6 34.7 33.4 36.2 28.7 22.9 27.1 16.5 18.9 ...
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Boston Housing

X, . BIEBEEMNBAIFRAIEN(B AL 10003E7T)
o FtinEEIMIEER Harrison ] Rubinfeld F 1978 UK £E.

X, : Charles ja] (1 #8503, 0 AEE)
X, BTMEENFIIEREE
ZF £ A AL OB INTY EE B
X0 B—AETNERM =R E

o HI: MRESFREZEXIET

o I TRAIXEUESEINEZ AT OATHNTZ A,

head(Boston) > head(Boston)

crim zn indus chas  nox rm age dis rad tax ptratio black lstat medv

K///////f’1_5760632 18 2.31 @ 0.538 6.575 65.2 4.0900 1 296 15.3 396.90 4.98 24.0

2 0.02731 @ 7.07 0 0.469 6.421 78.9 4.9671 2 242 17.8 396.90 9.14 21.6

X, ANPBIEFEER 3 0.02729 0 7.07 0 0.469 7.185 61.1 4.9671 2 242 17.8 392.83 4.03 34.7
4 0.03237 0 2.18 @ 0.458 6.998 45.8 6.0622 3 222 18.7 394.63 2.94 33.4

50.00905 0 2.18 @ 0.458 7.147 54.2 6.0622 3 222 18.7 396.90 5.33 36.2

6 0.02985 0 2.18 0 0.458 6.430 58 7 6.0622 ? 222 18.7 394.12 5.21 28.7

. 1000 (B — 0.63)°1(B < 0.63)
Hep BIEE“E < E ARILEH
T REAONEZD

. 19405 Z RIS B (£ /5 RIEEH]
X, : FEPINS E A EAIRIA

X, : ¥IEA B EE FIEA LL 51
X, : EETE WS SHbO L)
X, —EERE  EMEE
V3R
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i

o BTTLFETNELAA? |6rmns st eoks,

library(GGally)

¢ = Boston$medv > median(Boston$medv) # 1% X,, EBAFEA D HFmE

boston = cbind(Boston, c) - ‘ — b= Z2 I oaiE k. |
ggparcoord(data = boston, columns = 1:14, groupColumn = 15, scale = ‘uniminmax’')
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o MHTAMEIFABLMTA?

library(GGally)

= Bost dv > median(Bost dv) # % X, EEATHPED I = -
c = Bos on$.me v > median(Boston$medv) # % X,, EEATEHPUEKRD I Fr T B A T B [0, 1] R i
boston = cbind(Boston, c)
ggparcoord(data = boston, columns = 1:14, groupColumn = 15, scale = ‘uniminmax’')
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BREFLE

aaNFIEEL LS

ggpairs(boston, columns =1:14, ggplot2::aes(colour = ¢, alpha = 0.2))

crim zn indus chas nox m age
f:g: Corr: -0.200*** Corr: 0.407***  Corr: -0.056  Corr: 0.421*** Corr: -0.219*** Corr: 0.353***
10- ‘ALSE: -0.151* *ALSE: 0.325"* FALSE:-0.062 “ALSE: 0.344** *ALSE:-0.066 “ALSE: 0.303**
gg TRUE: -0.248** TRUE: 0.584* TRUE: 0.109. TRUE: 0.535** TRUE: -0.231** TRUE: 0.417**
1001 Corr: -0.534**  Corr:-0.043  Corr: -0.517*** Corr: 0.312*** Corr: -0.570***
50+ I 'ALSE: -0.439** FALSE:-0.021 'ALSE: -0.435** FALSE:-0.012 'ALSE:-0.517*
25+ TRUE: -0.510* TRUE: -0.116. TRUE: -0.519** TRUE: 0.242*** TRUE: -0.503**
0 -GEm—— ene 00 ©
20— ' Corr: 0.063  Corr: 0.764*** Corr: -0.392*** Corr: 0.645***
o l FALSE: 0.047 °ALSE: 0.729** *ALSE:-0.034 ALSE: 0.648**
o- "g.g,._ TRUE: 0.219** TRUE: 0.668**' TRUE: -0.329"* TRUE: 0.469**
ey — nesst e Corr: 0.091*  Corr: 0.091*  Corr: 0.087.
0550~ I FALSE: 0.186** FALSE: -0.089 FALSE: 0.067
0.25- TRUE: 0.183** TRUE: 0.074 TRUE: 0.224**
0.00 -Gmmms ece ©0 © © CENISSES GMNSS GIHNNEEED $00 00
08-% b ¥ b Corr: -0.302**  Corr: 0.731***
g:g;P.-_ oo fl o = I,. s h‘ FALSE: -0.046 °ALSE: 0.638*
021 .\’, TRUE: -0.147* TRUE: 0.725"*

Corr: -0.240***
FALSE: -0.003
TRUE: 0.005
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ggpairs(boston, columns = c¢(1:5, 14), ggplot2::aes(colour = c, alpha = 0.2))
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> NEEMZ A, ZESNTMERN.

library(magrittr)
library(gridExtra)

Box_X1 = ggplot(data = boston, aes(y = crim)) + geom_boxplot(notch = FALSE) # & X_1 HIFE%:E

Box_Log_ X1 = ggplot(data = boston, aes(y = log(crim))) + geom_boxplot(notch = FALSE) # = X_1 BN 2 EfE % E
grid.arrange(Box_X1, Box_Log_X1, ncol = 2)
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Boxc_X1 = ggplot(data = boston, aes(x = ¢, y = crim)) + geom_boxplot(notch = FALSE) # = X_1 kB0 E£FE % E
Boxc Log X1 = ggplot(data = boston, aes(x =c, y =

log(crim))) + geom_boxplot(notch = FALSE) # & X_1 BN 2 BRKEMND ERE
grid.arrange(Boxc_X1, Boxc_Log_X1, ncol = 2)
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ggplot(boston, aes(log(crim), fill = ¢, color = c)) +

geom_density(alpha = 0.2) # STk 2 FIREN N D EZZEEE
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# T8 1.5, 14 TR Z FRIRU=BIRERE.

Log_X1 = log(Boston$crim)

X2 = Boston$zn / 10

Log_X3 = log(Boston$indus)

Log_X5 = log(Boston$nox)

Log_X14 = log(Boston$medv)

boston_sub = data.frame(crim = Log_X1, zn = X2, indus = Log_X3, chas = Boston$chas, nox = Log_X5, medv = Log_X14, ¢ = boston$c)
ggpairs(boston_sub, columns = 1:6, ggplot2::aes(colour = ¢, alpha = 0.2))

crim zn indus chas nox medv

03-
Corr: -0.517*** Corr: 0.740*** Corr: 0.028 Corr: 0.807*** Corr: -0.567***
0.2-
FALSE: -0.386*** FALSE: 0.673*** FALSE: 0.006 FALSE: 0.737*** FALSE: -0.637*** ‘g’
0.1-
TRUE: -0.551*** TRUE: 0.712*** TRUE: 0.193** TRUE: 0.788*** TRUE: 0.015
0.0-
100- o,
05 Corr: -0.656*** Corr: -0.043 Corr: -0.569** Corr: 0.363***
7.5- —
5.0- D g FALSE: -0.584*** FALSE: -0.021 FALSE: -0.492*** FALSE: 0.203** N
Y 3
25, .%'- TRUE: -0.620"** TRUE: -0.116. TRUE: -0.569"* TRUE: 0.208"**
00- e
oo®,
3=, G S | S Corr: 0.081. Corr: 0.750*** Corr: -0.554***
°
2= 1 S, o _
o = 3 S el @ ¢:o. FALSE: 0.059 FALSE: 0.780*** FALSE: -0.421*** 2
1% OO OIS 3
5 SR
0- = 5 TRUE: 0.220*** TRUE: 0.625*** TRUE: -0.275***
° °
1.00- © oomoe aw @o ewe . ° . ° ° °e ®oom
Corr: 0.083. Corr: 0.158***
075~
0.50- FALSE: 0.155* FALSE: 0.068
0251 TRUE: 0.187* TRUE: 0.111.
0.00- . “e o o
. . .
1. Corr: -0.515***
4 °
°
oo ] FALSE: -0.496"* 3
o - . £
e, ° [ . : TRUE: -0.011
° :-0.
A L Noote ot SR o - aﬁt‘la - R
s ¢ [y °ge o o wmeg - LIRS Y o! g oo
% ° o o o 1 °®
& 88 o o0 0. rgh' sl
o © .. 8 r ° o o !
o N S TR | l 3
° o . <
o o0 ° °
= o H H
oo
00 25 50 75 100 0 1 2 3 000 025 050 075 1.00 075 050 025

seyo




) TR e g

s/ CHINA UNIVERSITY OF PETROLEUM -BEUING AT KARAMAY

Course Introduction and Chapter 1

o AMJILIEER X,

IR

> m_x‘% lOg Xl '—3 lOg X14 Eggﬁﬁ_\:‘\

| 1 =
og X; 5 log X 3]
ggplot(boston_sub, aes(x = crim, y = medy, color = ¢)) + g1 gy =X
geom_point() +
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ggparcoord(data = boston, columns = 1:14, groupColumn = 15, scale = 'uniminmax’) // T
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» T2 X35 X, IERE.

ggplot(boston, aes(x = indus, y = medyv, color = ¢)) + geom_point()
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ggplot(boston, aes(x = log(indus), y = log(medyv), color = c)) + geom_point()
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ggplot(boston, aes(indus)) + geom_density(linewidth = 1, colour = 'steelblue') // N
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| Charles % #4942 % T{E R4 E.

ggparcoord(data = boston, columns = 1:14, groupCol //5 scale = 'uniminmax’)
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ggpairs(boston, columns = c¢(1:5, 14), ggplot2::aes(colour = c, alpha = 0.2))
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Boston Housing

o [EINTE Charlesia X,
> REUWL, BIFIGERERSMEREITTAENSTZMENIE?
> RIEEMNRIBEES: BT ATEE.

library(mlbench)

deiEEesianeuT g2 /> B1{E5 E M SR IEfFRIFAIEN (AL 100035T)

head(BostonHousing2)

> head(BostonHousing2)
town tract lon lat medv cmedv crim zn indus chas  nox rm age dis rad tax ptratio b lstat

1 Nahant 2011 -70.9550 42.2550 24.0 24.0 0.00632 18 2.31 @ 0.538 6.575 65.2 4.0900 1 296 15.3 396.90 4.98
2 Swampscott 2021 -70.9500 42.2875 21.6 21.6 ©0.02731 0O 7.07 0 0.469 6.421 78.9 4.9671 2 242 17.8 396.90 9.14
3 Swampscott 2022 -70.9360 42.2830 34.7 34.7 0.02729 @ 7.07 0 0.469 7.185 61.1 4.9671 2 242 17.8 392.83 4.03
4 Marblehead 2031 -70.9280 42.2930 33.4 33.4 0.03237 0 2.18 @ 0.458 6.998 45.8 6.0622 3 222 18.7 394.63 2.94
5 Marblehead 2032 -70.9220 42.2980 36.2 36.2 0.06905 0 2.18 @ 0.458 7.147 54.2 6.0622 3 222 18.7 396.90 5.33
6 Marblehead 2033 -70.9165 42.3040 28.7 28.7 0.02985 0 2.18 0 0.458 6.430 58.7 6.0622 3 222 18.7 394.12 5.21
N
EEXENGE

AOEEXE
IR FR
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Boston Housing
o [EINILE Charles io X,
> REWULL, BATERRSMREILTARNSENIE?
> MBFRIPEIESE, [EWEINMESF X, = 1 HEEXFHRZA

—— . S
subset(BostonHousing2, chas == 1) Charles oﬂ'@%ﬁ“

> subset(BostonHousing2, chas == 1)

town tract lon lat “% éﬁ[‘%{‘% 4af dis rad tax ptratio b lstat
143 Cambridge 3521|-71.0480 42.2222 7 EN 1.3216 5403  14.7 396.90 26.82
153 Cambridge 3531|-71.0590 42.2170 T9 55— T 05710 50T 550 5 403  14.7 343.28 12.12
155 Cambridge 3533|-71.0662 42.2162 . 019.58 1 0.8710 6.129 96.0 1.7% 403  14.7 321.02 15.12
156 Cambridge 3534|-71.0680 42.2150 [i5, 6 3.53501 © 19.58 1 0.8710 6.152 82.6 1.7455
161 Cambridge 3539|-71.0700 42.2214 P7.0 27.0 1.27346 © 19.58 1 0.6050 6.250 92.6 1.7984 53
163 Cambridge 3541|-71.0770 42.2250 f0.0 50.0 1.83377 © 19.58 1 0.6050 7.802 98.2 2.0407 5 S w \

. =1 /f/\ A= _')Et e
164 Cambridge 3542|-71.0815 42.2250 F0.0 50.0 1.51992 © 19.58 1 0.6050 8.375 93.9 2.1620 5 Fi],Z%; il '5]‘ Y, & FL
209 Waltham 3684|-71.1503 42.2220 P4.4 24.4 0.13587 © 10.59 1 0.4890 6.064 59.1 4.2392 4 27
210 Waltham 3685|-71.1430 42.2217 0.0 20.0 0.43571 © 10.59 1 0.4890 5.344 100.0 3.8750 4 2 [E %J; ﬁ}a é/] ﬁp é )f]i I:b -ja 3“5
211 Waltham 3686|-71.1435 42.2177 P1.7 21.7 0.17446 0 10.59 1 0.4890 5.960 92.1 3.8771 4 2 AN
212 Waltham 3687|-71.1380 42.2216 [19.3 19.3 0.37578 © 10.59 1 0.4890 5.404 88.6 3.6650 4 %% {J'_\,\ﬂﬁ @ %U lé]’\] Iih /Tﬂ
213 Waltham 3688|-71.1335 42.2250 p2.4 22.4 0.21719 © 10.59 1 0.4890 5.807 53.8 3.6526 4 27 A .
217 Watertown 3701|-71.1166 42.2230 p3.3 23.3 0.04560 © 13.89 1 0.5500 5.888 56.0 3.1121 5
219 Watertown 3703|-71.0933 42.2220 1.5 21.5 0.11069 © 13.89 1 0.5500 5.951 93.8 2.8893 5 276 2
220 Watertown 3704|-71.1060 42.2185 P3.0 23.0 0.11425 0 13.89 1 0.5500 6.373 92.4 3.3633 5 276 4 -
221 Newton 3731|-71.1100 42.2137 P6.7 26.7 0.35809 © 6.20 1 0.5070 6.951 88.5 2.8617 8 307  17.4 391.70 9.71
222 Newton 3732|-71.1210 42.2166 p1.7 21.7 0.40771 © 6.20 1 0.5070 6.164 91.3 3.0480 8 307  17.4 395.24 21.46
223 Newton 3733|-71.1250 42.2134 p7.5 27.5 0.62356 © 6.20 1 0.5070 6.879 77.7 3.2721 8 307  17.4 390.39 9.93
235 Newton 3745|-71.1320 42.2142 P9.0 29.0 0.44791 © 6.20 1 0.5070 6.726 66.5 3.6519 8 307  17.4 360.20 8.05
237 Newton 3747|-71.1485 42.2110 5.1 25.1 0.52058 @ 6.20 1 0.5070 6.631 76.5 4.1480 8 307  17.4 388.45 9.54
270 Dedham 4021|-71.0980 42.1540 P0.7 20.7 0.09065 20 6.96 1 0.4640 5.920 61.5 3.9175 3 223  18.6 391.34 13.65
274 Dedham 4025|-71.1170 42.1510 B5.2 35.2 0.22188 20 6.96 1 0.4640 7.691 51.8 4.3665 3 223  18.6 390.77 6.58
275 Needham 4031|-71.1305 42.1675 B2.4 32.4 0.05644 40 6.41 1 0.4470 6.758 32.9 4.0776 4 254  17.6 396.90 3.53
277 Needham 4033|-71.1405 42.1632 B3.2 33.2 0.10469 40 6.41 1 0.4470 7.267 49.0 4.7872 4 254  17.6 389.25 6.05
278 Needham 4034|-71.1495 42.1730 B3.1 33.1 0.06127 40 6.41 1 0.4470 6.826 27.6 4.8628 4 254  17.6 393.45 4.16
283 Wellesley 4044|-71.1775 42.1735 }#6.0 46.0 0.06129 20 3.33 1 0.4429 7.645 49.7 5.2119 5 216  14.9 377.07 3.01
284 Dover 4051|-71.1730 42.1475 F0.0 50.0 0.01501 99 1.21 1 0.4010 7.923 24.8 5.8850 1 198  13.6 395.52 3.16
357 Boston Allston-Brighton 1]-71.0830 42.2172 [17.8 17.8 8.98296 © 18.10 1 0.7700 6.212 97.4 2.1222 24 666  20.2 377.73 17.60
358 Boston Allston-Brighton 2|-71.0950 42.2120 p1.7 21.7 3.84970 © 18.10 1 0.7700 6.395 91.0 2.5052 24 666  20.2 391.34 13.27
359 Boston Allston-Brighton 3|-71.1007 42.2100 p2.7 22.7 5.20177 © 18.10 1 0.7700 6.127 83.4 2.7227 24 666  20.2 395.43 11.48
364 Boston Allston-Brighton 8|-71.0865 42.2150 16.8 16.8 4.22239 © 18.10 1 0.7700 5.803 89.0 1.9047 24 666  20.2 353.04 14.64
365 Boston Back Bay 101|-71.0590 42.2098 p1.9 21.9 3.47428 © 18.10 1 0.7180 8.780 82.9 1.9047 24 666  20.2 354.55 5.29
370 Boston Back Bay  108|-71.0497 42.2125 0.0 50.0 5.66998 © 18.10 1 0.6310 6.683 96.8 1.3567 24 666  20.2 375.33 3.73
371 Boston Beacon Hill  201|-71.0422 42.2144 F0.0 50.0 6.53876 © 18.10 1 0.6310 7.016 97.5 1.2024 24 666  20.2 392.05 2.96
373 Boston Beacon Hill 203|-71.0397 42.2182 0.0 50.0 8.26725 © 18.10 1 0.6680 5.875 89.6 1.1296 24 666  20.2 347.88 8.88
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RE X;

~N77

o —FM:A

> ;“-2\% X5 '—5 X14 E,‘Jﬁgﬁ_\__'\ =z

ggplot(boston, aes(x = nox, y = medy, color = ¢)) + geom_point()
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ED.€

o
|
i
o
|
X

> TE X EMHIDRMEEE

ggplot(data = boston, aes(x = ¢, y = nox)) + geom_boxplot(notch = FALSE)
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Boston Housing

® _ﬁ{tﬁiﬁl’g X5

> EAMRNEEREENE DI ERNBENINE, FIAEZSRZEE X 6B FBEM
X4 BI— T REREZ = NAF RV

> TS X, T BREEN—MAREEAITEREFERATHINESHY
5. —RAREEHSRE. I MEEHENHIATEL

> 22m, BATFIUERINZ, F—stazit, EEFSEEaENRENRZEE
X TV X, fla0, RESRAIEELMENI— T BIFiEREE S

IX]

_H:

HHI

> HTRAMMNHIBEHEERE SR, R X (FA X, B— 1T EEZSHA
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o {EEMFIIFEIEEL Xy

|~

> FENBEHRESEHEFEEANNDN—TAEENTER, T, B X 5 X,
LERS

> TB X5 X, WEEE )%, 5 X, AR Z X

ggplot(boston, aes(x = rm, y = medy, color = ¢)) + geom_point() //
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o {EEMFIIFEIEEL Xy

|~

> FENBEHRESEHEFEEANNDN—TAEENTER, T, B X 5 X,

sEME K.
> BB X REN D RELE. [x,5x, me2ERx
ggplot(data = boston, aes(x = ¢, y = rm)) + geom_boxplot(notch = FALSE) //
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o 1940%F ZRIRfZ(EFERILERI X,

» e X, 5 X, WlREBWT, TRiEMBIKARIIL.

ggplot(boston, aes(x = age, y = medyv, color = ¢)) + geom_point()
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o 1940%F ZRIRfZ(EFERILERI X,

> TE X, KX, D RAEEENT.

ggplot(data = boston, aes(x = c, y = age)) + geom_boxplot(notch = TRUE, fill = "pink1", colour = "blue")
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o 1940%F ZRIRfZ(EFERILERI X,

> HEXREABABERIRIEEE R PN IAPE SR PTER.

@ —FHHE, NREERRALE, MWEMNKBIZE.
@ B—FHE, MIREXRHEZEK., ®RITER, BHRMES.

> Foigdlfel, BEREMEENE X, NFE5ERY.
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Course Introduction and Chapter 1

o 1940%F ZRIRfZ(EFERILERI X,

I, B B R
BN & REANAR
- SR E.
- ~ X7 o
» T X; TR X, = EBRENREEER.
10000

Y7 = Boston$age”(2.5) / 10000 AN
boston_sub = cbind(boston_sub, age_new = Y7) v ==
ggplot(boston_sub, aes(age _new)) + geom_density(linewidth = 1, colour = 'steelblue') ) /X7 EHMME;(X“&'
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o 1940%F ZRIRfZ(EFERILERI X,

R T H
\ T K ] 4 5 B R 7
IRE ,

" E—HERTREX D X BBUREL (g e mum s b o i

ggplot(boston, aes(x = age, y = dis, color = c)) + geom_point() \ e 3. /

\
X, 5 X, 2RI8X.

o
c
®» ® ® FALSE
° ° oo o o
° o ° ° e o, o ~ L e TRUE
[ ] L] L] L] [ ]
[ ] oo [ ]
L @
5.0- ° ®
] [ ]
% e 8 ... 4 S = o
e ° ¢ © 1 s
o %o O ] ° ¢ °
®e ® .\ °®
oo ° 'S :
L4 o.. ° .° %
..o | ° .“I -.d; o.:o..
257 i ° ° 0o’ @ % L g ° '.o' %3 °
° o ® .....’ B a 4" & o
LPPORN, |
oo ."o‘o
o o5 e )
® o .'oao
* 9
0 25 50 75 100
age




&) 1A XF e s Course Introduction and Chapter 1

o ZFRAumA NN AFCEIINER X,

> HTARZHASREES LIRS, B(IFEEEZEM L FONESRES
B Z B E TR,

ggplot(boston, aes(x = dis, y = medy, color = ¢)) + geom_point()

S JLEREM L ERIFE K.
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Q2 “i.*; CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

Course Introduction and Chapter 1

o ZFRAumA NN AFCEIINER X,

> HTFARSHAEREESR.

B Z B E TR,

> TE X Mk X, WD RMEE

Rt ORI, BAIFEAE EERAL R ONERS

<

| .

ggplot(data = boston, aes(x = ¢, y = dis)) + geom_boxplot(notch = TRUE, fill = "cyan", colour = "orangered2")
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o ZFRAumA NN AFCEIINER X,

> HTASHAEREER LIERERS, RIHHEEZEMLFONERS
B2 BFEREX.

> B, XEFBEEEMTHERINELER.

® —hE, FaMLFOEERIETRETE—LE.
@ »—FhHE, LUEERER
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/" CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

Boston Housing

o HEEVRSRELEAIFNAMEIEE X

> TE X, WERE. EAFE. RBERHNENE.

p9 1 = ggplot(boston, aes(x = rad, y = medy, color = c)) + geom_point()
p9 2 = ggplot(boston, aes(x = rad)) + geom_histogram(binwidth = 1)
p9_3 = ggplot(boston, aes(x = rad)) + geom_density()
grid.arrange(p9_1, p9_2, p9_3, ncol = 3)
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o HEEVRSRELEAIFNAMEIEE X

> T X, & X, ORAE. BAE

N *21:%\'1’3

Course Introduction and Chapter 1

£3

grid.arrange(p9_1, p9 4, p9_5, ncol = 3)

p9 4 = ggplot(boston, aes(x = rad, fill = ¢)) + geom_histogram(binwidth = 1) + facet_wrap(~ c, ncol = 1)
p9_5 = ggplot(boston, aes(x = ¢, y = rad)) + geom_boxplot(notch = FALSE, fill = "cyan", colour = "orangered2")
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o F—AHERITTMEIM™MHMME X,

N

p10_1 = ggplot(boston, aes(x = tax, y = medv)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.85, linewidth = 1.5, colour = ‘red3")
p10_2 = ggplot(boston, aes(x = tax)) +

geom_density()

grid.arrange(p10_1, p10_2, ncol = 2) { RE i’,jifjnbﬂxm%}
/ |
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o F—AHERITTMEIM™MHMME X,

> TR X xTF X, OEEE, X WFELE.

p10_3 = ggplot(boston, aes(x = c, y = tax)) +
geom_boxplot(notch = FALSE, fill = "cyan", colour = "orangered2")
grid.arrange(p10_3, p10_4, ncol = 2)
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E
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o UMLE X,

> \E A\ - S

> EE X11 ﬁ? X14 E"]ﬁ;!é%ﬁé%

p11_1 = ggplot(boston, aes(x = c, y = ptratio)) + geom_boxplot(notch = FALSE, fill = "cyan", colour = “orangered2")
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&3

o UMLE X,

> ;“-2\% Xll ,—3 X14 E/‘Jﬁj\;'léﬁ&ﬁ—\:'\él

p11_2 = ggplot(boston, aes(x = ptratio, y = medy, colour = c)) +
geom_point() +
geom_smooth(method ="Im', linewidth = 1.5, colour = 'blue’, se = FALSE)
p11_2
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Boston Housing

o L= X,,=1000(B-0. 63) X I(B < 0.63), H B 2iFMEEEARIELHA).
» TEX, 5 X:,X,X,,, X, HBRE. _ J 1000 (B-0.63)", B<0.63
0, ZB > 0.63

p12_3 = ggplot(boston, aes(x = black, y = indus)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.95, linewi
p12_7 = ggplot(boston, aes(x = black, y = age)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.95, linewidth = 1.5
p12_11 = ggplot(boston, aes(x = black, y = ptratio)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.95, linewidth = 1.5, colo
p12_14 = ggplot(boston, aes(x = black, y = medv)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.95, linewidth =
grid.arrange(p12_3, p12_7, p12_11, p12_14, ncol = 2) X, 5 X4 EEEEX. }

= 1.5, colour = 'red3")
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/

o TE X, =1000(B-0.63)°xI(B<063), Hh BE3F)

Course Introduction and Chapter 1

\

SEIEIN:N ]

» T=E X, NFE%EE. miAYS5it=rE. _ J 1000 (B-0.63)", B<0.63
0, \§\ B > 0.63
ggplot(boston, aes(y = black)) + \\
geom_boxplot(notch = FALSE, fill = "cyan", colour = "orangered2") B < 0.63, 52%':\
summary(boston$black) RE i A IRMEE
% X B ZEF 0.
X, A, FME
. ; % B A Hy Pl AR A
. : > summary(boston$black)
g 200 I Min. 1st Qu. Median  Mean 3rd Qu. Max.
I 0.32 375.38 391.44 356.67 396.23 396.90
T — \\

100 -

1 1
-0.4 -0.2 0.0
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Boston Housing

/

o TEX,=1000(B-063) xI(B<0.63), Hb B 2L

SEIEIN:N ]

» TE X, NfEZ%E. ARSIt =rI1E. _ J 1000 (B-0.63)°, B<0.63
. 0, B > 0.63
» T X, ELF L. USRI ZIMITET. |
dim(Boston) ® B <063, X&
sum(boston$black < 375) K& LRI DETE
sum(boston$black > 397)

X1/ B iz 0.

> dim(boston)

[1] 506 15 : .
> sum(boston$black < 375) Xy A, FME
[1] 125 = B A8 b B AR
> sum(boston$black > 397)

[1] @

qary(boston$black)

TE—’&[EHE%?;%I/\Q/] 52 1st Qu. Median Mean 3rd Qu. Max .

> WLNENHE 405 2 470 B9 X4 375.38 391.44 356.67 396.23 396.90

\
> boston$black[405:470] N
[1] 329.46 384.97 370.22 332.09 314.64 179.36 35.05 28.79 210.97 88.27 27.25 21.57 Q@,j(-uﬁ 1I‘E|:i_£ X12
[14] 127.36 16.45 48.45 318.75 319.98 291.55“ 2.52 3.65 7.68 24.65 18.82 96.73 60.72
[27] 83.45 81.33 97.95 100.19 100.63 109.85 27.49 9.32 68.95 396.90 391.45 385.96 395.69 E’\ME{M:-FBQOBNL

[40] 386.73 240.52 43.06
[53] 10.48 3.50 272.21 396.
[66] 396.90

01 388.52 396.90 304.21 ©@.32 355.29 385.09 375.87 6.68 50.92
55.23 391.43 396.90 393.82 396.90 334.40 22.01 331.29 368.74
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Boston Housing

o L= X,,=1000(B-0. 63) X (B < 0.63), Hf B 2IEMNB=EARILLHI.
» TE log (X,) WERE. _ {1000 (B—0.63)", B<0.63
black_log = log(boston$black) LO’ B >0.63

boston = cbind(boston, black log = black_log)

p12_log = ggplot(boston, aes(x = black_log, y = medv)) + geom_point() +
geom_smooth(method = "loess', se = FALSE, span = 0.95, linewidth = 1.5, colour = ‘red3")

p12_medv = ggplot(boston, aes(x = black, y = medv)) + geom_point()

grid.arrange(p12_log, p12_medy, ncol = 2)

log <X12) EEXX yj‘ 50~
F_\z X12 E 390 Mr.l-l_’ %_
IE3$R X, 7E 0 & 100 [8].
> 30 - \
3
S
20 -
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Boston Housing

o Tl X;, = 1000 (B-0.63)" xI(B < 0.63), H B RIFNEEEARILLA

> WX, SEMTREFEEN, NESEEANIRLASZTEEMEXE, &
ZIRR.

> W\E X12 '3 X3 E’J ﬁ&/n\ =2 . ° o am

20-

ERRFFEFEEAL
EEFFER LA (T LX)
b B AR e By L [X

0 100 200 300 400




() TR Lk KT (e R i
e CHINA UNIVERSITY OF PETROLEUM - BELING AT KARAMAY

Boston Housing

o L= X,,=1000(B- 063) xI(B <0.63), &
Z1EEXE, MAEESE

> ;>(71;3 51T T=
ZINA.
> W\E X12 '3 X7 Elj ﬁ&/n\

l/)?r

ZRERAE

H1E % X

Course Introduction and Chapter 1
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(@) IREEXF e s Course Introduction and Chapter 1
o T X;,=1000(B-0. 63) X I(B < 0.63), Erh B 2IEMNETEEARILLH.
> WX, SENTB2TEAN, NESZEANIFLASZEE20EE, &
ZINA.
» Ts X12 5 Xll HIEL =

I/)?r
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(@) IREEXF e s Course Introduction and Chapter 1
o T X;,=1000(B-0. 63) X I(B < 0.63), Erh B 2IEMNETEEARILLH.
» X, SEMTR2TEEN, NFESEEANIFLASZTR20EX, &
ZINER.
» L= X12 5 X14 HIEL =
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o HAMERAOMNEDL X,

IR

> TE X35 X, BREL X3 BUFES

ggplot(boston, aes(x = Istat, y = medy, colour = c)) +

geom_point() +

geom_smooth(method = 'loess', se = FALSE, span = 0.8, linewidth = 1.5, colour = ‘blue")
p13_2 = ggplot(boston, aes(y = Istat)) +

geom_boxplot(notch = TRUE, fill = "white", colour = "blue") X; W ELHRHEE.
;:' . Eﬁﬁﬁwiitp, X13 5 X14 f
I R SN &ATERITIEXK.
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o HAMEAOWBZDLE X3
» TE /X3 5 log (X14) BB =

Istat_root = sqrt(boston$lstat)
medv_log = log(boston$medv)
boston = cbind(boston, Istat_root = Istat_root, medv_log = medv_log)
ggplot(boston, aes(x = Istat_root, y = medv_log, colour = c)) +
geom_point() +
geom_smooth(method ="'Im', se = FALSE, linewidth = 1.5, colour = 'blue')

IR

. ':.:’ T / VX3 5 log (X)) 2EMXR.

2 3 4 5 6
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> HTAZSHZSHMEIMEANTR, BAMNEEES, PRARNGHITUUFER:

Yl = log (X1) Ys = log (XS)
’)‘(“2 _ ﬁ 79 = log (Xg)
10

X o = log (X10)

X, =1log (X
s = log (Xy) —  exp(0.4 x X,)

X, =X, TMETH, EEN_ETS =000
X.=log (X Y X1
5 g ( 5) X12 _-

Y6 = log (X6)

¥2.5 X3= V X3
7 7

£7= 10000 X 14 = log (Xi4)
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Boston Housing

Boston Housing Data

> THAIFEETEERIES

trans_X1 = log(boston$crim)
trans_X2 = boston$zn / 10
trans_X3 = log(boston$indus)
trans_X5 = log(boston$nox)
trans_X6 = log(boston$rm)
trans_X7 = boston$age”(2.5) / 10000
trans_X8 = log(boston$dis)
trans_X9 = log(boston$rad)
trans_X10 = log(boston$tax) o
trans_X11 = (exp(0.4 * boston$ptratio)) / 1000
trans_X12 = boston$black / 100
trans_X13 = sqrt(boston$lstat)
trans_X14 = log(boston$medv)
trans_boston = data.frame(trans_X1, trans_X2, trans_X3, boston$chas, trans_X5, trans_X®6,
trans_X7, trans_X8, trans_X9, trans_X10, trans_X11, trans_X12,
trans_X13, trans_X14)
names(trans_boston) = names(Boston)
par(mfrow = c(2, 1))
boxplot(Boston, main = 'Boston Housing Data', axes = FALSE, boxwex = 0.5)
axis(2)
boxplot(trans_boston, main = 'Transformed Boston Housing Data', axes = FALSE, boxwex = 0.5)
axis(2)

IR
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