CART Classification and Regression Trees
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Sepal.Length Sepal.Width Petal.Length Petal.Width Species
51 3.5 1.4 0.2 setosa
4.9 3.0 1.4 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 1.4 0.2 setosa
54 3.9 1.7 0.4 setosa
4.6 3.4 1.4 0.3 setosa

Species setosa versicolor virginica
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Sepal.Length Sepal.Width Petal.Length Petal.Width Species
5.1 3.5 1.4 0.2 setosa
4.9 3.0 1.4 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 1.4 0.2 setosa
54 3.9 1.7 04 setosa
4.6 3.4 1.4 0.3 setosa
5.0 3.4 1.5 0.2 setosa
4.4 2.9 1.4 0.2 setosa
4.9 3.1 1.5 0.1 setosa
54 3.7 1.5 0.2 setosa
4.8 3.4 1.6 0.2 setosa
4.8 3.0 1.4 0.1 setosa
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Sepal.Length Sepal. Width Petal.Length Petal.Width Species
5.1 3.5 1.4 0.2 setosa
4.9 3.0 1.4 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
50 3.6 1.4 0.2 setosa
0.4 3.9 1.7 0.4 setosa
4.6 3.4 1.4 0.3 setosa

Sepal.Length




Min. 1st Qu. Median Mean  3rd Qu. Max.
4.3iOO 5.100 5.&5/.843 6.400 7.9|OO
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Min. 1st Qu. Median Mean  3rd Qu. Max.
4.300 5.100 5.800 5.843 6.400 7.900
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Sepal.Length Sepal. Width Petal.Length Petal.Width Species
5.1 3.5 1.4 0.2 setosa
4.9 3.0 1.4 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 1.4 0.2 setosa
5.4 3.9 1.7 0.4 setosa
4.6 3.4 1.4 0.3 setosa
[ Petal. Width Petal.Length
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> Petal .Width
[1] 0.9628654

Petal .Length

Petal.Width

Petal.Length
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Sepal.Length Sepal. Width Petal.Length Petal.Width Species
5.1 3.5 1.4 0.2 setosa
4.9 3.0 1.4 0.2 setosa
4.7 3.2 1.3 0.2 setosa
4.6 3.1 1.5 0.2 setosa
5.0 3.6 1.4 0.2 setosa

54 3.9 1.7 0.4 setosa
4.6 3.4 1.4 0.3 setosa

] Species
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Petal .Width
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PetaW|dth<> Petal.Width>=1.75
—» Setosa

50/0/0
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— Setosa 50 virginica
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Petal .Width

Classification and Regression Trees

Petal .Length< 2.45 | Petal.Length>=2.45
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O 10 A
[
O kg
Difference | Group | Sex | Baseline
( )IC )] C )| C )
1 A Man 55
-1 A Man 65
-2 A Man 70
-2 A Woman 45
-3 A Woman 50
3 P Woman o0
2 P Woman 55
2 P Woman 55
P Man 60
-1 P Man 65

Group=A Group=P

Baseline>=57.5\ Baseline< 57.5

Sex SexE

-0.66667 0] 2.3333

-2.5
n=2 n=3 n=2 n=3
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Impurity 1(A) pa
the class distribution
d Entropy 1(A) = 1(pa) = -2 Paj 109 Pa;
d Giniindex 1(A) =i(pa) =1-%; Py°

SS. = =2 (y-y)°
A A Ag
I
O 1 =P(A)I(A) - P(AD (A - P(AR 1(AR)

a I = {SS; - (SS,+SS/}/N
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Improve Group Sex
( 210 )| C )
No A Man
Yes A Man
Yes A Man
Yes A Woman
Yes A Woman
No P Woman
No P Woman
No P Woman
No P Man
Yes P Man

O 1(A) = 1-((5/10)*2+(5/10)*2)=0.5

Q 1(A)= 1-((4/5)"2+(1/5)"2) = 0.32
Q 1(A)= 1-((1/5)"2+(4/5)"2) = 0.32
Q 1 = 0.5-5/10%0.32-5/10*0.32 = 0.18

aQ 1(A )= 1-((3/5)"2+(2/5)"2) = 0.48

QO 1(A )= 1-((2/5)"2+(3/5)"2) = 0.48

Q I = 0.5-5/10*0.48-5/10*0.48 = 0.02
0.18 > 0.02
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Difference | Group | Sex
( YO )| )
1 A Man
-1 A Man
-2 A Man
-2 A Woman
-3 A Woman
3 P Woman
2 P Woman
2 P Woman
1 P Man
-1 P Man

Q SS; = Z;(y;-y)® = 38

0SS, = 2 (Yaj-Ya)® = 9.2
d SSp = = (e~ Yp)* = 9-2

O 1 =SS;-(SS+SS,) = 19.6
DSS :ZJ(yJ_V )2:7.2
Q I =SS;-(SS+SS,) = 1.6

19.2 > 1.6
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CART (l'f‘}

Weight>=2568 | Weight< 2568

ht< 2280

Weight>=2748\ Weight< Reédght< 2338 Weighdht242338Weight< 2123

25.667 32.665.333

30 31

Weight>=3288 | Weight< 3288
21.2521.522.25 23.25

Weights 2883 | Weight>=2883
26 27.667

19.520.25 23.7524.8
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Pruning

Pruning AIC

complexity parameter

R(C )
=1
relative risk
SS.
T Cost-complexity
Ra(T) =R(T) +cp < T
T T

Cp



R

)

RC ) Cv Cv SD
CP nsplit rel error xerror xstd
1 0.5157895 0 1.0000000 1.234568 0.3005857
2 0.1719298 1 0.4842105 0.756579 0.2794117
3 0.1061404 2 0.3122807 0.756579 0.2794117
4 0.0100000 3 0.2061404 0.756579 0.2794117
O
cp 0.01 T
0.01 0
SE
Xerror T 2
xerror 1SE 0.756579+0.2794117
T 2
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=3
RC ) CV cv SD
CP nsplit rel error Xerror xstd
1 0.5157895 0 1.0000000 1.234568 0.3005857
2 0.1719298 1 0.4842105 0.756579 0.2794117
3 0.1061404 2 0.3122807 0.756579 0.2794117
4 0.0100000 3 0.2061404 0.756579 0.2794117
CP nsplit rel error Xerror xstd
1 0.5157895 0 1.0000000 1.234568 0.3005857
2 0.3000000 1 0.4842105 0.756579 0.2794117
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Size of tree

X-val Relative Error
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y <- read.delim(*clipboard™) #

library(mvpart)

result <- rpart(Difference ~ ., data=y)

plot.new(); par(xpd=T)

plot(result, uniform=T, branch=0.7,
margin=0.05)

text(result, use.n=T, all.leaves=F)

summary(result) #
plotcp(result) #

v
result2 <- prune(result, cp=0.3)
plot(result2, uniform=T, branch=0.7,

margin=0.05)

text(result2, use.n=T, all.leaves=F)

summary(result2)
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R( ) R

Sex
Impr. | Diff. Group
C )| C ) Q T =5/10=0.5
No 1 A Man Q Group =2/10=0.2
Yes -1 A Man R(t) = 1.0 —
Yes -2 A Man Group R(t) =0.2/05=04
Yes -2 A Woman
Yes -3 A Woman 0 T SS;=39.2
No 3 P Woman O Group SS, + SSp = 7.2+29.2
No 2 P Woman R(t) =10 -~
No 2 P Woman Group R(t)
No 1 P Man = (7.2+29.2)/39.2 = 0.958
Yes -1 P Man O Group Sex
T (SSManL + SSManL + SSWoman + SSWoman)
=467+2+067+05=7.84

(  Group SS, + SSy )
Group  Sex R(t)
=784/7392=0.2 31
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Petal .Width< 1.75\ Petal . Width>=1.75

50/0/0
Petal .Length< 4.95 /Petal.Length>=4.95
0/1/45
0/2/4
X <- iris # summary(result) #

library(mvpart)

result <- rpart(Species ~ ., data=x)

plot.new(); par(xpd=T)

plot(result, uniform=T, branch=0.7,
margin=0.05)

text(result, use.n=T, all.leaves=F)

plotcp(result) #

result2 <- prune(result, cp=???)

plot(result2, uniform=T, branch=0.7,
margin=0.05)

text(result2, use.n=T, all.leaves=F)

summary(result2)
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n= 150

Node number 1: 150 observations, complexity param=0.5
predicted class=setosa expected loss=0.6666667
class counts: 50 50 50
probabilities: 0.333 0.333 0.333
left son=2 (50 obs) right son=3 (100 obs)
Primary splits:
Petal .Length < 2.45 to the left, improve=50.00000, (0 missing)
Petal .Width < 0.8 to the left, improve=50.00000, (0 missing)
Sepal .Length < 5.45 to the left, improve=34.16405, (0 missing)
Sepal .Width < 3.35 to the right, improve=19.03851, (0 missing)
Node number 2: 50 observations
predicted class=setosa expected loss=0
class counts: 50 0 0
probabilities: 1.000 0.000 0.000

Node number 3: 100 observations, complexity param=0.44
predicted class=versicolor expected loss=0.5
class counts: 0 50 50
probabilities: 0.000 0.500 0.500
left son=6 (54 obs) right son=7 (46 obs)
Primary splits:
Petal Width < 1.75 to the left, improve=38.969400, (0 missing)
Petal .Length < 4.75 to the left, improve=37.353540, (0 missing)
Sepal .Length < 6.15 to the left, improve=10.686870, (0 missing)
Sepal .Width < 2.45 to the left, improve= 3.555556, (0 missing)
Node number 6: 54 observations, complexity param=0.02
predicted class=versicolor expected loss=0.09259259
class counts: 0 49 5
probabilities: 0.000 0.907 0.093
left son=12 (48 obs) right son=13 (6 obs)
Primary splits:
Petal .Length < 4.95 to the left, improve=4.4490740, (0 missing)
Petal Width < 1.35 to the left, improve=0.9971510, (0 missing)
Sepal .Length < 4.95 to the right, improve=0.6894587, (0 missing)
Sepal .Width < 2.65 to the right, improve=0.2500139, (0 missing)
Node number 7: 46 observations
predicted class=virginica expected loss=0.02173913
class counts: 0 1 45
probabilities: 0.000 0.022 0.978
Node number 12: 48 observations
predicted class=versicolor expected loss=0.02083333
class counts: 0 47 1
probabilities: 0.000 0.979 0.021
Node number 13: 6 observations
predicted class=virginica expected loss=0.3333333
class counts: 0 2 4
probabilities: 0.000 0.333 0.667

X <- iris #

library(mvpart)

result <- rpart(Species ~ ., data=x)

plot.new(); par(xpd=T)

plot(result, uniform=T, branch=0.7,
margin=0.05)

text(result, use.n=T, all.leaves=F)

summary(result) #

plotcp(result) #

result2 <- prune(result, cp=???)

plot(result2, uniform=T, branch=0.7,
margin=0.05)

text(result2, use.n=T, all.leaves=F)

summary(result2)
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cp
X <- iris # summary(result) #

library(mvpart)

result <- rpart(Species ~ ., data=x)

plot.new(); par(xpd=T)

plot(result, uniform=T, branch=0.7,
margin=0.05)

text(result, use.n=T, all.leaves=F)

plotcp(result) #

result2 <- prune(result, cp=0.094)

plot(result2, uniform=T, branch=0.7,
margin=0.05)

text(result2, use.n=T, all.leaves=F)

summary(result2)
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Petal .Length< 2.45 | Petal.Length>=2.45

se;osa

Petal .Width< 1.75\ Petal .Width>=1.75

50/0/0
versicolor virginica
0/49/5 0/1/45
X <- iris # summary(result) #

library(mvpart)

result <- rpart(Species ~ ., data=x)

plot.new(); par(xpd=T)

plot(result, uniform=T, branch=0.7,
margin=0.05)

text(result, use.n=T, all.leaves=F)

plotcp(result) #

result2 <- prune(result, cp=0.094)

plot(result2, uniform=T, branch=0.7,
margin=0.05)

text(result2, use.n=T, all.leaves=F)

summary(result2)
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+0kg Placebo -10kg Active
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, , , 2004
CART 2
: , Dan Steinberg , 1998
S-PLUS
W.N. Venables, B.D. Ripley , 2001

An Introduction to Recursive Partitioning Using the RPART Routines
Terry M.. Therneau, Elizabeth J.. Atkinson
Mayo Foundation, 1997
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