Section 9.2.8: CART for Vehicle

Red shows input, black shows output

S-PLUS : Copyright (c) 1988, 2003 Insightful Corp.

S : Copyright Lucent Technologies, Inc.

Professional Edition Version 6.2.1  for Microsoft Windows : 2003 

Working data will be in C:\PROGRA~1\INSIGH~1\splus62\users\ALANIZ~1 

attach(vehicle.train)

vehicle <- vehicle.train

dim(vehicle)

[1] 564  39

library(rpart)

set.seed(123)

vehicle.rp <- rpart(vehicle[,39] ~., data = vehicle[,1:18], cp=0.004, parms=list(split="gini"))

vehicle.rp

n= 564 

node), split, n, loss, yval, (yprob)

      * denotes terminal node

  1) root 564 416 bus (0.2482270 0.2411348 0.2624113 0.2482270)  

    2) Elong< 41.5 246 146 opel (0.4065041 0.3739837 0.2195122 0.0000000)  

      4) MaxLAR>=7.5 178  84 opel (0.5280899 0.4719101 0.0000000 0.0000000)  

        8) MaxLRect>=174.5 20   0 opel (1.0000000 0.0000000 0.0000000 0.0000000) *

        9) MaxLRect< 174.5 158  74 saab (0.4683544 0.5316456 0.0000000 0.0000000)  

         18) Comp< 103.5 91  36 opel (0.6043956 0.3956044 0.0000000 0.0000000)  

           36) Hratio< 204.5 75  24 opel (0.6800000 0.3200000 0.0000000 0.0000000)  

             72) SvarMinAxis>=659.5 18   1 opel (0.9444444 0.0555555 0.0000000 0.0000000) *

             73) SvarMinAxis< 659.5 57  23 opel (0.5964912 0.4035088 0.0000000 0.0000000)  

              146) SradGyration< 219 46  15 opel (0.6739130 0.3260870 0.0000000 0.0000000) *

              147) SradGyration>=219 11   3 saab (0.2727273 0.7272727 0.0000000 0.0000000) *

           37) Hratio>=204.5 16   4 saab (0.2500000 0.7500000 0.0000000 0.0000000) *

         19) Comp>=103.5 67  19 saab (0.2835821 0.7164179 0.0000000 0.0000000)  

           38) ScatterR< 205.5 13   4 opel (0.6923077 0.3076923 0.0000000 0.0000000) *

           39) ScatterR>=205.5 54  10 saab (0.1851852 0.8148148 0.0000000 0.0000000) *

      5) MaxLAR< 7.5 68  14 bus (0.0882352 0.1176471 0.7941176 0.0000000)  

       10) SkewMajAxis< 68.5 14   8 saab (0.3571429 0.4285714 0.2142857 0.0000000) *

       11) SkewMajAxis>=68.5 54   3 bus (0.0185185 0.0370370 0.9444444 0.0000000) *

    3) Elong>=41.5 318 178 van (0.1257862 0.1383648 0.2955975 0.4402516)  

      6) MaxLAR< 8.5 235 146 bus (0.1659574 0.1787234 0.3787234 0.2765957)  

       12) ScatterR>=142.5 129  41 bus (0.1395349 0.1550388 0.6821705 0.0232558)  

         24) Dcirc>=76.5 23  13 opel (0.4347826 0.4347826 0.0000000 0.1304348)  

           48) Comp< 87.5 7   1 opel (0.8571429 0.1428571 0.0000000 0.0000000) *

           49) Comp>=87.5 16   7 saab (0.2500000 0.5625000 0.0000000 0.1875000) *

         25) Dcirc< 76.5 106  18 bus (0.0754717 0.0943396 0.8301887 0.0000000)  

           50) SkewMinAxis>=10.5 12   5 opel (0.5833333 0.2500000 0.1666667 0.0000000) *

           51) SkewMinAxis< 10.5 94   8 bus (0.0106383 0.0744680 0.9148936 0.0000000) *

       13) ScatterR< 142.5 106  44 van (0.1981132 0.2075472 0.0094339 0.5849057)  

         26) MaxLRect< 127.5 32  19 saab (0.3750000 0.4062500 0.0000000 0.2187500)  

           52) Comp< 81 7   0 opel (1.0000000 0.0000000 0.0000000 0.0000000) *

           53) Comp>=81 25  12 saab (0.2000000 0.5200000 0.0000000 0.2800000)  

            106) RR>=117.5 18   7 saab (0.2777778 0.6111111 0.0000000 0.1111111) *

            107) RR< 117.5 7   2 van (0.0000000 0.2857143 0.0000000 0.7142857) *

         27) MaxLRect>=127.5 74  19 van (0.1216216 0.1216216 0.0135135 0.7432432) *

      7) MaxLAR>=8.5 83   8 van (0.0120481 0.0240963 0.0602409 0.9036145) *

attach(vehicle3)

dim(vehicle3)

[1] 846  19

vehicle3.rp <- rpart(vehicle3[,19] ~., data = vehicle3[,1:18], cp=0.000001, parms=list(split="gini"))

vehicle3.rp

n= 846 

node), split, n, loss, yval, (yprob)

      * denotes terminal node

   1) root 846 628 bus (0.2505910 0.2565012 0.2576832 0.2352246)  

     2) Elongatedness< 41.5 382 234 saab (0.3848168 0.3874346 0.2277487 0.0000000)  

       4) Max.Length.Aspect.Ratio>=7.5 275 137 opel (0.5018182 0.4945455 0.0036363 0.0000000)

         8) Compactness< 106.5 220  93 opel (0.5772727 0.4227273 0.0000000 0.0000000)  

          16) Max.Length.Rectangularity>=173.5 30   1 opel (0.9666667 0.0333333 0.0000000 0.0

000000) *

          17) Max.Length.Rectangularity< 173.5 190  92 opel (0.5157895 0.4842105 0.0000000 0.

0000000)  

            34) Hollows.Ratio< 195.5 31   7 opel (0.7741935 0.2258065 0.0000000 0.0000000)  

              68) Elongatedness< 37.5 22   2 opel (0.9090909 0.0909090 0.0000000 0.0000000) *

              69) Elongatedness>=37.5 9   4 saab (0.4444444 0.5555556 0.0000000 0.0000000) *

            35) Hollows.Ratio>=195.5 159  74 saab (0.4654088 0.5345912 0.0000000 0.0000000)  

              70) Skewness.About.Minor.Axis< 13.5 143  71 saab (0.4965035 0.5034965 0.0000000

 0.0000000)  

               140) Scaled.Radius.of.Gyration< 218.5 120  56 opel (0.5333333 0.4666667 0.0000

000 0.0000000)  

                 280) Hollows.Ratio< 196.5 10   1 opel (0.9000000 0.1000000 0.0000000 0.00000

00) *

                 281) Hollows.Ratio>=196.5 110  55 opel (0.5000000 0.5000000 0.0000000 0.0000

000)  

                   562) Kurtosis.About.Minor.Axis>=22.5 37  13 opel (0.6486486 0.3513514 0.00

00000 0.0000000)  

                    1124) Elongatedness< 31.5 9   0 opel (1.0000000 0.0000000 0.0000000 0.000

0000) *

                    1125) Elongatedness>=31.5 28  13 opel (0.5357143 0.4642857 0.0000000 0.00

00000)  

                      2250) Scaled.Radius.of.Gyration< 154.5 11   1 opel (0.9090909 0.0909090

 0.0000000 0.0000000) *

                      2251) Scaled.Radius.of.Gyration>=154.5 17   5 saab (0.2941176 0.7058824

 0.0000000 0.0000000) *

                   563) Kurtosis.About.Minor.Axis< 22.5 73  31 saab (0.4246575 0.5753425 0.00

00000 0.0000000)  

                    1126) Kurtosis.About.Major.Axis>=188.5 58  29 opel (0.5000000 0.5000000 0

.0000000 0.0000000)  

                      2252) Circularity>=45.5 38  13 opel (0.6578947 0.3421053 0.0000000 0.00

00000)  

                        4504) Hollows.Ratio< 205.5 31   8 opel (0.7419355 0.2580645 0.0000000

 0.0000000) *

                        4505) Hollows.Ratio>=205.5 7   2 saab (0.2857143 0.7142857 0.0000000 

0.0000000) *

                      2253) Circularity< 45.5 20   4 saab (0.2000000 0.8000000 0.0000000 0.00

00000) *

                    1127) Kurtosis.About.Major.Axis< 188.5 15   2 saab (0.1333333 0.8666667 0

.0000000 0.0000000) *

               141) Scaled.Radius.of.Gyration>=218.5 23   7 saab (0.3043478 0.6956522 0.00000

00 0.0000000)  

                 282) Scaled.Radius.of.Gyration>=234.5 8   3 opel (0.6250000 0.3750000 0.0000

000 0.0000000) *

                 283) Scaled.Radius.of.Gyration< 234.5 15   2 saab (0.1333333 0.8666667 0.000

0000 0.0000000) *

              71) Skewness.About.Minor.Axis>=13.5 16   3 saab (0.1875000 0.8125000 0.0000000 

0.0000000) *

         9) Compactness>=106.5 55  12 saab (0.2000000 0.7818182 0.0181818 0.0000000)  

          18) Scaled.Radius.of.Gyration< 212.5 29  11 saab (0.3793103 0.6206897 0.0000000 0.0

000000)  

            36) Kurtosis.About.Minor.Axis< 6.5 11   3 opel (0.7272727 0.2727273 0.0000000 0.0

000000) *

            37) Kurtosis.About.Minor.Axis>=6.5 18   3 saab (0.1666667 0.8333333 0.0000000 0.0

000000) *

          19) Scaled.Radius.of.Gyration>=212.5 26   1 saab (0.0000000 0.9615385 0.0384615 0.0

000000) *

       5) Max.Length.Aspect.Ratio< 7.5 107  21 bus (0.0841121 0.1121495 0.8037383 0.0000000) 

        10) Compactness< 95.5 37  20 bus (0.2432432 0.2972973 0.4594595 0.0000000)  

          20) Pr.Axis.Aspect.Ratio< 67.5 21  10 saab (0.4285714 0.5238095 0.0476190 0.0000000

)  

            40) Distance.Circularity< 80.5 8   3 opel (0.6250000 0.2500000 0.1250000 0.000000

0) *

            41) Distance.Circularity>=80.5 13   4 saab (0.3076923 0.6923077 0.0000000 0.00000

00) *

          21) Pr.Axis.Aspect.Ratio>=67.5 16   0 bus (0.0000000 0.0000000 1.0000000 0.0000000)

 *

        11) Compactness>=95.5 70   1 bus (0.0000000 0.0142857 0.9857143 0.0000000) *

     3) Elongatedness>=41.5 464 265 van (0.1400862 0.1487069 0.2823276 0.4288793)  

       6) Max.Length.Aspect.Ratio< 8.5 348 222 bus (0.1810345 0.1896552 0.3620690 0.2672414) 

        12) Scaled.Variance.Along.Minor.Axis>=308.5 184  61 bus (0.1630435 0.1521739 0.668478

3 0.0163043)  

          24) Distance.Circularity>=76.5 31  14 opel (0.5483871 0.3548387 0.0000000 0.0967741

)  

            48) Compactness< 90.5 22   7 opel (0.6818182 0.2727273 0.0000000 0.0454545) *

            49) Compactness>=90.5 9   4 saab (0.2222222 0.5555556 0.0000000 0.2222222) *

          25) Distance.Circularity< 76.5 153  30 bus (0.0849673 0.1111111 0.8039216 0.0000000

)  

            50) Skewness.About.Minor.Axis>=10.5 20   9 opel (0.5500000 0.3000000 0.1500000 0.

0000000)  

             100) Kurtosis.About.Minor.Axis>=2.5 12   3 opel (0.7500000 0.2500000 0.0000000 0

.0000000) *

             101) Kurtosis.About.Minor.Axis< 2.5 8   5 saab (0.2500000 0.3750000 0.3750000 0.

0000000) *

            51) Skewness.About.Minor.Axis< 10.5 133  13 bus (0.0150375 0.0827067 0.9022556 0.

0000000)  

             102) Max.Length.Rectangularity< 134.5 21  11 bus (0.0952381 0.4285714 0.4761905 

0.0000000)  

               204) Kurtosis.About.Major.Axis< 191 7   0 saab (0.0000000 1.0000000 0.0000000 

0.0000000) *

               205) Kurtosis.About.Major.Axis>=191 14   4 bus (0.1428571 0.1428571 0.7142857 

0.0000000) *

             103) Max.Length.Rectangularity>=134.5 112   2 bus (0.0000000 0.0178571 0.9821429

 0.0000000) *

        13) Scaled.Variance.Along.Minor.Axis< 308.5 164  74 van (0.2012195 0.2317073 0.018292

6 0.5487805)  

          26) Max.Length.Rectangularity< 131.5 77  49 saab (0.3246753 0.3636364 0.0000000 0.3

116883)  

            52) Compactness< 81.5 13   2 opel (0.8461538 0.1538462 0.0000000 0.0000000) *

            53) Compactness>=81.5 64  38 saab (0.2187500 0.4062500 0.0000000 0.3750000)  

             106) Pr.Axis.Rectangularity>=17.5 37  18 saab (0.3243243 0.5135135 0.0000000 0.1

621622)  

               212) Scaled.Radius.of.Gyration>=131 20   5 saab (0.2000000 0.7500000 0.0000000

 0.0500000) *

               213) Scaled.Radius.of.Gyration< 131 17   9 opel (0.4705882 0.2352941 0.0000000

 0.2941176) *

             107) Pr.Axis.Rectangularity< 17.5 27   9 van (0.0740740 0.2592593 0.0000000 0.66

66667)  

               214) Kurtosis.About.Minor.Axis>=19.5 8   2 saab (0.0000000 0.7500000 0.0000000

 0.2500000) *

               215) Kurtosis.About.Minor.Axis< 19.5 19   3 van (0.1052632 0.0526315 0.0000000

 0.8421053) *

          27) Max.Length.Rectangularity>=131.5 87  21 van (0.0919540 0.1149425 0.0344827 0.75

86207)  

            54) Scatter.Ratio>=139.5 18  11 van (0.1666667 0.2777778 0.1666667 0.3888889) *

            55) Scatter.Ratio< 139.5 69  10 van (0.0724637 0.0724637 0.0000000 0.8550725)  

             110) Max.Length.Rectangularity< 138.5 32  10 van (0.1562500 0.1562500 0.0000000 

0.6875000)  

               220) Scaled.Radius.of.Gyration>=149 11   6 saab (0.2727273 0.4545455 0.0000000

 0.2727273) *

               221) Scaled.Radius.of.Gyration< 149 21   2 van (0.0952381 0.0000000 0.0000000 

0.9047619) *

             111) Max.Length.Rectangularity>=138.5 37   0 van (0.0000000 0.0000000 0.0000000 

1.0000000) *

       7) Max.Length.Aspect.Ratio>=8.5 116  10 van (0.0172413 0.0258620 0.0431034 0.9137931) 

*

printcp(vehicle3.rp)

Classification tree:

rpart(formula = vehicle3[, 19] ~ ., data = vehicle3[, 1:18], parms = list(split = "gini"),


cp = 1e-006)

Variables actually used in tree construction:

 [1] Circularity                      Compactness                     

 [3] Distance.Circularity             Elongatedness                   

 [5] Hollows.Ratio                    Kurtosis.About.Major.Axis       

 [7] Kurtosis.About.Minor.Axis        Max.Length.Aspect.Ratio         

 [9] Max.Length.Rectangularity        Pr.Axis.Aspect.Ratio            

[11] Pr.Axis.Rectangularity           Scaled.Radius.of.Gyration       

[13] Scaled.Variance.Along.Minor.Axis Scatter.Ratio                   

[15] Skewness.About.Minor.Axis       

Root node error: 628/846 = 0.74232

n= 846 

          CP      nsplit  rel error   xerror       xstd           xerror+xstd 
 1 0.2054140      0   1.00000 1.03185 0.019610         1.05146
 2 0.1210191      1   0.79459 0.82006 0.022603         0.842663
 3 0.0955414      2   0.67357 0.68949 0.023151         0.712641
 4 0.0509554      4   0.48248 0.50637 0.022433         0.528803
 5 0.0270701      5   0.43153 0.47611 0.022140         0.49825
 6 0.0127389      6   0.40446 0.43790 0.021694         0.459594
 7 0.0087580     10   0.35350 0.42357 0.021504        0.445074
 8 0.0079618     12   0.33599 0.42675 0.021547        0.448297
 9 0.0063694     14   0.32006 0.40924 0.021300        0.43054***
10 0.0055732     22   0.25796 0.42197 0.021482       0.443452
11 0.0047771     26   0.23567 0.42675 0.021547       0.448297
12 0.0039809     29   0.22134 0.43471 0.021653       0.456363
13 0.0031847     31   0.21338 0.43471 0.021653       0.456363
14 0.0015924     32   0.21019 0.43790 0.021694       0.459594
15 0.0010616     34   0.20701 0.42834 0.021568       0.449908
16 0.0000010     37   0.20382 0.42834 0.021568       0.449908
vehicle3.rp2 <- prune(vehicle3.rp, cp=0.007)

printcp(vehicle3.rp2)

Classification tree:

rpart(formula = vehicle3[, 19] ~ ., data = vehicle3[, 1:18], cp = 1e-006)

Variables actually used in tree construction:

 [1] Compactness                      Distance.Circularity            

 [3] Elongatedness                    Hollows.Ratio                   

 [5] Max.Length.Aspect.Ratio          Max.Length.Rectangularity       

 [7] Pr.Axis.Aspect.Ratio             Pr.Axis.Rectangularity          

 [9] Scaled.Variance.Along.Minor.Axis Skewness.About.Minor.Axis       

Root node error: 628/846 = 0.74232

n= 846 

         CP       nsplit  rel error  xerror       xstd 

1 0.2054140      0   1.00000 1.09713 0.018006

2 0.1210191      1   0.79459 0.86146 0.022238

3 0.0955414      2   0.67357 0.73408 0.023064

4 0.0509554      4   0.48248 0.54777 0.022750

5 0.0270701      5   0.43153 0.49363 0.022316

6 0.0127389      6   0.40446 0.40446 0.021229

7 0.0087580     10   0.35350 0.40764 0.021277

8 0.0079618     12   0.33599 0.40764 0.021277

9 0.0070000     14   0.32006 0.40287 0.021205
Alternative cross-validation simulation: This is the one used in the Chapter.
          CP       nsplit  rel error  xerror     xstd 

 1 0.2054140      0   1.00000 1.04618 0.019292        1.065472
 2 0.1210191      1   0.79459 0.81688 0.022627        0.839507
 3 0.0955414      2   0.67357 0.70701 0.023129        0.730139
 4 0.0509554      4   0.48248 0.52866 0.022615        0.551275
 5 0.0270701      5   0.43153 0.48089 0.022190        0.50308
 6 0.0127389      6   0.40446 0.45382 0.021891        0.475711
 7 0.0087580     10   0.35350 0.41879 0.021437       0.440227***
 8 0.0079618     12   0.33599 0.42516 0.021525       0.446685
 9 0.0063694     14   0.32006 0.42516 0.021525       
10 0.0055732     22   0.25796 0.42197 0.021482      0.443452
11 0.0047771     26   0.23567 0.43471 0.021653      0.456363
12 0.0039809     29   0.22134 0.43312 0.021632      0.454752
13 0.0031847     31   0.21338 0.43312 0.021632       
14 0.0015924     32   0.21019 0.42516 0.021525

15 0.0010616     34   0.20701 0.42834 0.021568

16 0.0000010     37   0.20382 0.42994 0.021590

vehicle3.rp2 <- prune(vehicle3.rp, cp=0.009)

printcp(vehicle3.rp2)

Classification tree:

rpart(formula = vehicle3[, 19] ~ ., data = vehicle3[, 1:18], cp = 1e-006)

Variables actually used in tree construction:

[1] Comp        Dcirc       Elong       MaxLAR      MaxRect     PrAxisRect  SkewMinAxis

[8] SvarMinAxis

Root node error: 628/846 = 0.74232

n= 846 

        CP nsplit rel error  xerror     xstd 

1 0.205414      0   1.00000 1.04618 0.019292

2 0.121019      1   0.79459 0.81688 0.022627

3 0.095541      2   0.67357 0.70701 0.023129

4 0.050955      4   0.48248 0.52866 0.022615

5 0.027070      5   0.43153 0.48089 0.022190

6 0.012739      6   0.40446 0.45382 0.021891

7 0.009000     10   0.35350 0.41879 0.021437

>
