Listing 6.1: Variance calculation for C4.5 and NB.

> c45 = c ( 0. 2433 , 0. 1733 , 0. 1733 , 0. 2633 , 0. 1633 , 0. 2400 , 0. 2 067 , 0. 1500 , 0. 2667 , 0. 2967)

> nb = c ( 0. 0733 , 0. 0667 , 0. 0167 , 0. 0700 , 0. 0733 , 0. 0500 , 0. 15 33 , 0. 0400 , 0. 0367 , 0. 0733)

> var ( c45 )

[ 1 ] 0.002608929

> var (nb)

[ 1 ] 0.001334905

>
Listing 6.2: Generating boxplot between C4.5 and NBs performance, in R

> boxplot ( c45 , nb)

Listing 6.3: Sample R code for executing the matched t-test

> c45 = c ( 0. 2433 , 0. 1733 , 0. 1733 , 0. 2633 , 0. 1633 ,

0. 2400 , 0. 2067 , 0. 1500 , 0. 2667 , 0. 2967)

> nb = c ( 0. 0733 , 0. 0667 , 0. 0167 , 0. 0700 , 0. 0733 ,

0. 0500 , 0. 1533 , 0. 0400 , 0. 0367 , 0. 0733)

> t . t e s t ( c45 , nb , pai r ed=TRUE)

Pai r ed t−t e s t

data : c45 and nb

t = 8. 0701 , df = 9 , p−value = 2.064 e−05

a l t e r n a t i v e hypothe s i s : t rue d i f f e r e n c e in means i s not equal to 0

95 per cent c onf i denc e i n t e r v a l :

0.1096298 0.1950302

sample e s t imat e s :

mean of the d i f f e r e n c e s

0.15233

Listing 6.4: Sample R code for computing the effect size using Cohen’s d Statistics

> c45 = c ( 0. 2433 , 0. 1733 , 0. 1733 , 0. 2633 , 0. 1633 ,

0. 2400 , 0. 2067 , 0. 1500 , 0. 2667 , 0. 2967)

> nb = c ( 0. 0733 , 0. 0667 , 0. 0167 , 0. 0700 , 0. 0733 ,

0. 0500 , 0. 1533 , 0. 0400 , 0. 0367 , 0. 0733)

> d= abs (mean( c45 )−mean( nb) ) / sq r t ( ( var ( c45 )+var (nb) ) /2)

> d

[ 1 ] 3.430371

Listing 6.5: Sample R code for executing McNemar’s Test

> x <− mat r ix ( c ( 4 , 11 , 2 , 40) , nrow=2, ncol =2, byrow=TRUE)

> x

[ , 1 ] [ , 2 ]

[ 1 , ] 4 11

[ 2 , ] 2 40

> mcnemar . t e s t (x , c o r r e c t=TRUE)

McNemar ’ s Chi−squared t e s t wi th c o nt i nui ty c o r r e c t i o n

data : x

McNemar ’ s chi−squared = 4. 9231 , df = 1 , p−value = 0.0265

Listing 6.6: Sample R code for Wilcoxon’s test on the comparison of C4.5 and NB on the

Labour data, using the first run of 10-fold cross-validation results of Table 2.3.

> c 4510f ol ds= c ( 0 . 5 , 0 , 0. 3333 , 0 , 0. 3333 , 0. 3333 , 0. 3333 , 0. 2 , 0 . 2 , 0 . 2 )

> nb10f ol ds= c ( 0. 1667 , 0 , 0 , 0 , 0 , 0. 1667 , 0 , 0 .4 , 0 , 0)

> wi l cox . t e s t ( nb10folds , c 4510f ol ds , pai r ed= TRUE)

Wi lcoxon s igned rank t e s t wi th c ont inui t y c o r r e c t i o n

data : nb10f ol ds and c 4510f ol ds

V = 3 , p−value = 0.04030

a l t e r n a t i v e hypothe s i s : t rue l o c a t i o n s h i f t i s not equal to 0

Listing 6.7: R warning messages.

Warning messages :

1 : In wi l cox . t e s t . d e f a ul t ( nb10folds , c 4510f ol ds , pai r ed = TRUE) :

cannot compute exact p−value wi th t i e s

2 : In wi l cox . t e s t . d e f a ul t ( nb10folds , c 4510f ol ds , pai r ed = TRUE) :

cannot compute exact p−value wi th z e r o e s

Listing 6.8: Sample R code for Wilcoxon’s Test comparing NB and SVM on 10 datasets

> nbDatasets= c ( .9 6 4 3 , . 7342 , . 723 , . 717 , . 7167 , . 7436 , . 706 3 , . 8321 , . 9822 , . 6962)

> SVMdatasets=c ( .9 9 4 4 , . 8134 , . 9151 , . 6616 , . 7167 , . 7708 , . 6221 , . 8063 , . 9358 , . 9 99 )

> wi l cox . t e s t ( nbDatasets , SVMdatasets , pai r ed=TRUE)

Wi lcoxon s igned rank t e s t wi th c ont inui t y c o r r e c t i o n

data : nbDatasets and SVMdatasets

V = 17 , p−value = 0.5536

a l t e r n a t i v e hypothe s i s : t rue l o c a t i o n s h i f t i s not equal to 0

Warning message :

In wi l cox . t e s t . de f a u l t ( nbDatasets , SVMdatasets , pai r ed = TRUE) :

cannot compute exact p−value wi th z e r o e s

>

Listing 6.9 

> t t <− read . t a bl e (” rmanova−example . csv ” , header=T, sep=” ,”)

> at tach ( t t )

> t t

dat as e t accuracy c l a s s i f i e r

1 1 0.8583 clas sA

2 2 0.8591 clas sA

3 3 0.8612 clas sA

4 4 0.8582 clas sA

5 5 0.8628 clas sA

6 6 0.8642 clas sA

7 7 0.8591 clas sA

8 8 0.8610 clas sA

9 9 0.8595 clas sA

10 10 0.8612 clas sA

11 1 0.7586 c l as sB

12 2 0.7318 c l as sB

13 3 0.6908 c l as sB

14 4 0.7405 c l as sB

15 5 0.7471 c l as sB

16 6 0.6590 c l as sB

17 7 0.7625 c l as sB

18 8 0.7510 c l as sB

19 9 0.7050 c l as sB

20 10 0.7395 c l as sB

21 1 0.8419 clas sC

22 2 0.8590 clas sC

23 3 0.8383 clas sC

24 4 0.8511 clas sC

25 5 0.8638 clas sC

26 6 0.8120 clas sC

27 7 0.8638 clas sC

28 8 0.8675 clas sC

29 9 0.8803 clas sC

30 10 0.8718 clas sC

>

> summary ( aov ( accuracy ˜ c l a s s i f i e r + Er ror ( f a c t o r ( dat as e t ) ) ) )

Er ror : f a c t o r ( dat as e t )

Df Sum Sq Mean Sq F value Pr(>F)

Re s i dual s 9 0.0065593 0.0007288

Er ror : Within

Df Sum Sq Mean Sq F value Pr(>F)

c l a s s i f i e r 2 0.111307 0.055653 142.42 9.26 e−12 ∗∗∗
Re s i dual s 18 0.007034 0.000391

−−−
S i g n i f . codes : 0 ∗∗∗ 0.001 ∗∗ 0.01 ∗ 0.05 . 0. 1 1

>

Listing 6.10: Sample R code showing the data used for repeated-measure ANOVA on the

realistic experiments of Table 6.3

> t t <− read . t a bl e (” rmanova−complex−example . csv ” , header=T, sep=” ,”)

> at tach ( t t )

> t t

dat as e t accuracy c l a s s i f i e r

1 Anneal 0.9643 NB

2 Audio 0.7342 NB

3 Balance 0.7230 NB

4 Breast−C 0.7170 NB

5 Contact−L 0.7167 NB

6 Pima 0.7436 NB

7 Glas s 0.7063 NB

8 Hepa 0.8321 NB

9 Hypothyr 0.9822 NB

10 Tic−tac−toe 0.6962 NB

11 Anneal 0.9944 SVM

12 Audio 0.8134 SVM

13 Balance 0.9151 SVM

14 Breast−C 0.6616 SVM

15 Contact−L 0.7167 SVM

16 Pima 0.7708 SVM

17 Glas s 0.6221 SVM

18 Hepa 0.8063 SVM

19 Hypothyr 0.9358 SVM

20 Tic−tac−toe 0.9990 SVM

21 Anneal 0.9911 IB1

22 Audio 0.7522 IB1

23 Balance 0.7903 IB1

24 Breast−C 0.6574 IB1

25 Contact−L 0.6333 IB1

26 Pima 0.7017 IB1

27 Glas s 0.7050 IB1

28 Hepa 0.8063 IB1

29 Hypothyr 0.9152 IB1

30 Tic−tac−toe 0.8163 IB1

31 Anneal 0.8363 ADA−DT

32 Audio 0.4646 ADA−DT

33 Balance 0.7231 ADA−DT

34 Breast−C 0.7028 ADA−DT

35 Contact−L 0.7167 ADA−DT

36 Pima 0.7435 ADA−DT

37 Glas s 0.4491 ADA−DT

38 Hepa 0.8254 ADA−DT

39 Hypothyr 0.9321 ADA−DT

40 Tic−tac−toe 0.7254 ADA−DT

41 Anneal 0.9822 BAG−REP

42 Audio 0.7654 BAG−REP

43 Balance 0.8289 BAG−REP

44 Breast−C 0.6784 BAG−REP

45 Contact−L 0.6833 BAG−REP

46 Pima 0.7461 BAG−REP

47 Glas s 0.6963 BAG−REP

48 Hepa 0.8450 BAG−REP

49 Hypothyr 0.9955 BAG−REP

50 Tic−tac−toe 0.9207 BAG−REP

51 Anneal 0.9844 C45

52 Audio 0.7787 C46

53 Balance 0.7665 C47

54 Breast−C 0.7554 C48

55 Contact−L 0.8167 C49

56 Pima 0.7383 C50

57 Glas s 0.6675 C51

58 Hepa 0.8379 C52

59 Hypothyr 0.9958 C53

60 Tic−tac−toe 0.8507 C54

61 Anneal 0.9955 RF

62 Audio 0.7915 RF

63 Balance 0.8097 RF

64 Breast−C 0.6999 RF

65 Contact−L 0.7167 RF

66 Pima 0.7488 RF

67 Glas s 0.7987 RF

68 Hepa 0.8458 RF

69 Hypothyr 0.9939 RF

70 Tic−tac−toe 0.9394 RF

71 Anneal 0.9822 J r i p

72 Audio 0.7607 J r i p

73 Balance 0.8160 J r i p

74 Breast−C 0.6888 J r i p

75 Contact−L 0.7500 J r i p

76 Pima 0.7500 J r i p

77 Glas s 0.7095 J r i p

78 Hepa 0.7800 J r i p

79 Hypothyr 0.9942 J r i p

80 Tic−tac−toe 0.9739 J r i p

>

Listing 6.11: Sample R code (using data in figure 6.10) for executing repeated-measure

ANOVA

> summary ( aov ( accuracy ˜ c l a s s i f i e r + Er ror ( dat as e t ) ) )

Er ror : dat as e t

Df Sum Sq Mean Sq

c l a s s i f i e r 9 0.82480 0.09164

Er ror : Within

Df Sum Sq Mean Sq F value Pr(>F)

c l a s s i f i e r 16 0.128039 0.008002 2.0802 0.02344 ∗
Re s i dual s 54 0.207734 0.003847

−−−
S i g n i f . codes : 0 ∗∗∗ 0.001 ∗∗ 0.01 ∗ 0.05 . 0. 1 1

>

Listing 6.12: Sample R code for executing Friedman’s Test on a hypothetical data set containing

three classifiers and 10 domains

> clas sA= c ( 8 5 .8 3 , 85. 91 , 86. 12 , 85. 82 , 86. 28 , 86. 42 , 85. 91 , 86. 10 , 85. 95 , 86. 12) /100

> c l as sB= c ( 7 5 . 8 6 , 73. 18 , 69. 08 , 74. 05 , 74. 71 , 65. 90 , 76. 25 , 75. 10 , 70. 50 , 73. 95) /100

> clas sC= c ( 8 4 . 1 9 , 85. 90 , 83. 83 , 85. 11 , 86. 38 , 81. 20 , 86. 38 , 86. 75 , 88. 03 , 87. 18) /100

> t=mat r ix ( c ( classA , clas sB , clas sC ) , nrow=10, byrow=FALSE)

> t

[ , 1 ] [ , 2 ] [ , 3 ]

[ 1 , ] 0.8583 0.7586 0.8419

[ 2 , ] 0.8591 0.7318 0.8590

[ 3 , ] 0.8612 0.6908 0.8383

[ 4 , ] 0.8582 0.7405 0.8511

[ 5 , ] 0.8628 0.7471 0.8638

[ 6 , ] 0.8642 0.6590 0.8120

[ 7 , ] 0.8591 0.7625 0.8638

[ 8 , ] 0.8610 0.7510 0.8675

[ 9 , ] 0.8595 0.7050 0.8803

[ 1 0 , ] 0.8612 0.7395 0.8718

> fr iedman . t e s t ( t )

Friedman rank sum t e s t

data : t

Friedman chi−squared = 15 , df = 2 , p−value = 0.0005531

>

Listing 6.13: Sample R code for executing Friedman’s Test on a real data set containing

eight classifiers and ten domains
> nbDatasets <− c ( 96 . 4 3 , 73. 42 , 72. 30 , 71. 70 , 71. 67 , 74. 36 , 70. 63 , 83. 21 , 9 8. 22 , 69. 62) /100

> SVMDatasets <− c ( 9 9 . 44 , 81. 34 , 91. 51 , 66. 16 , 71. 67 , 77. 08 , 62. 21 , 80. 63 , 9 3. 58 , 99. 90) /100

> IB1Datasets <− c ( 9 9 . 11 , 75. 22 , 79. 03 , 65. 74 , 63. 33 , 70. 17 , 70. 50 , 80. 63 , 9 1. 52 , 81. 63) /100

> AdaboostDatasets <− c ( 8 3. 6 3 , 46. 46 , 72. 31 , 70. 28 , 71. 67 , 74. 35 , 44. 91 , 82. 54 , 9 3. 21 , 72. 54) /100

> BaggingDatasets <− c ( 9 8 . 22 , 76. 54 , 82. 89 , 67. 84 , 68. 33 , 74. 61 , 69. 63 , 84. 50 , 9 9. 55 , 92. 07) /100

> C45Datasets <− c ( 9 8 . 44 , 77. 87 , 76. 65 , 75. 54 , 81. 67 , 73. 83 , 66. 75 , 83. 79 , 9 9. 58 , 85. 07) /100

> RFDatasets <− c ( 99 . 5 5 , 79. 15 , 80. 97 , 69. 99 , 71. 67 , 74. 88 , 79. 87 , 84. 58 , 9 9. 39 , 93. 94) /100

> JRipDatasets <− c ( 98 . 2 2 , 76. 07 , 81. 60 , 68. 88 , 75. 00 , 75. 00 , 70. 95 , 78. 00 , 9 9. 42 , 97. 39) /100

> t abl e=mat r ix ( c ( nbDatasets , SVMDatasets , IB1Datasets , AdaboostDatasets ,

BaggingDatasets , C45Datasets , RFDatasets , JRipDatasets ) , nrow=10, byrow=FALSE)

> t abl e

[ , 1 ] [ , 2 ] [ , 3 ] [ , 4 ] [ , 5 ] [ , 6 ] [ , 7 ] [ , 8 ]

[ 1 , ] 0.9643 0.9944 0.9911 0.8363 0.9822 0.9844 0.9955 0.9822

[ 2 , ] 0.7342 0.8134 0.7522 0.4646 0.7654 0.7787 0.7915 0.7607

[ 3 , ] 0.7230 0.9151 0.7903 0.7231 0.8289 0.7665 0.8097 0.8160

[ 4 , ] 0.7170 0.6616 0.6574 0.7028 0.6784 0.7554 0.6999 0.6888

[ 5 , ] 0.7167 0.7167 0.6333 0.7167 0.6833 0.8167 0.7167 0.7500

[ 6 , ] 0.7436 0.7708 0.7017 0.7435 0.7461 0.7383 0.7488 0.7500

[ 7 , ] 0.7063 0.6221 0.7050 0.4491 0.6963 0.6675 0.7987 0.7095

[ 8 , ] 0.8321 0.8063 0.8063 0.8254 0.8450 0.8379 0.8458 0.7800

[ 9 , ] 0.9822 0.9358 0.9152 0.9321 0.9955 0.9958 0.9939 0.9942

[ 1 0 , ] 0.6962 0.9990 0.8163 0.7254 0.9207 0.8507 0.9394 0.9739

> fr iedman . t e s t ( t a bl e )

Friedman rank sum t e s t

data : t a bl e

Friedman chi−squared = 20.6872 , df = 7 , p−value = 0.004262

>

Listing 6.14: Sample R code for executing (Simple) ANOVA on the hypothetical example

> clas sA= c ( 8 5 . 8 3 , 85. 91 , 86. 12 , 85. 82 , 86. 28 , 86. 42 , 85. 91 , 86. 10 , 85. 95 , 86. 12) /100

> c l as sB= c ( 7 5 . 8 6 , 73. 18 , 69. 08 , 74. 05 , 74. 71 , 65. 90 , 76. 25 , 75. 10 , 70. 50 , 73. 95) /100

> clas sC= c ( 8 4 . 1 9 , 85. 90 , 83. 83 , 85. 11 , 86. 38 , 81. 20 , 86. 38 , 86. 75 , 88. 03 , 87. 18) /100

> df = s tack ( data . frame ( classA , clas sB , clas sC ) )

> summary ( x <− aov ( val ue s ˜ ind , data=df ) )

Df Sum Sq Mean Sq F value Pr(>F)

ind 2 0.111307 0.055653 110.54 9.914 e−14 ∗∗∗
Re s i dual s 27 0.013593 0.000503

−−−
S i g n i f . codes : 0 ∗∗∗ 0.001 ∗∗ 0.01 ∗ 0.05 . 0. 1 1

>

Listing 6.15: Sample R code for executing Tukey’s Test on the results of Figure 6.14

> TukeyHSD(x )

Tukey mul t i pl e compar i sons of means

95% fami ly−wi se c onf i denc e l e v e l

Fi t : aov ( formula = val ue s ˜ ind , data = df )

ind

d i f f lwr upr p adj

clas sB−clas sA −0.13188 −0.15675964 −0.10700036 0.0000000

clas sC−clas sA −0.00551 −0.03038964 0.01936964 0.8478002

clas sC−c l as sB 0.12637 0.10149036 0.15124964 0.0000000

Listing 6.16: Sample R code for excuting One-Way ANOVA on the eight classifier and ten

domain realistic example of Table 6.3

>

> nbDatasets= c ( 9 6 .4 3 , 73. 42 , 72. 3 , 71. 7 , 71. 67 , 74. 36 , 70. 6 3 , 83. 21 , 98. 22 , 69. 62) /100

> SVMDatasets=c ( 9 9 .4 4 , 81. 34 , 91. 51 , 66. 16 , 71. 67 , 77. 08 , 6 2. 21 , 80. 63 , 93. 58 , 99 . 9 ) /100

> IB1Datasets=c ( 9 9 .1 1 , 75. 22 , 79. 03 , 65. 74 , 63. 33 , 70. 17 , 7 0. 5 , 80. 63 , 91. 52 , 81. 63) /100

> AdaboostDatasets=c ( 8 3. 6 3 , 46. 46 , 72. 31 , 70. 28 , 71. 67 , 74 . 35 , 44. 91 , 82. 54 , 93. 21 , 72. 54) /100

> BaggingDataset s=c ( 98. 22 , 76. 54 , 82. 89 , 67. 84 , 68. 33 , 74. 61 , 69. 63 , 84. 50 , 99. 55 , 92. 07) /100

> C45Datasets=c ( 9 8 .4 4 , 77. 87 , 76. 65 , 75. 54 , 81. 67 , 7 3. 8 3 , 6 6. 7 5 , 83. 79 , 99. 58 , 85. 07) /100

> RFDatasets= c ( 9 9 . 5 5 , 7 9 . 1 5 , 80. 97 , 69. 99 , 71. 67 , 74. 88 , 79 . 87 , 84. 58 , 99. 39 , 93. 94) /100

> JRipDatasets=c ( 98 . 2 2 , 76. 07 , 81. 60 , 68. 88 , 75. 00 , 75. 00 , 70. 95 , 78. 00 , 99. 42 , 97. 39) /100

> df = s tack ( data . frame ( nbDatasets , SVMDatasets , IB1Datasets , AdaboostDatasets ,

BaggingDatasets , C45Datasets , RFDatasets , JRipDatasets ) )

>

> summary ( x <− aov ( val ue s ˜ ind , data=df ) )

Df Sum Sq Mean Sq F value Pr(>F)

ind 7 0.11294 0.01613 1.1088 0.3671

Re s i dual s 72 1.04763 0.01455

>

Listing 6.17: Sample R code for executing Tukey’s Test for figure 6.16

> TukeyHSD(x )

Tukey mul t i pl e compar i sons of means

95% fami ly−wi se c onf i denc e l e v e l

Fi t : aov ( formula = val ue s ˜ ind , data = df )

ind

d i f f lwr upr p adj

BaggingDatasets−AdaboostDatasets 0.10228 −0.06612666 0.2706867 0.5581351

C45Datasets−AdaboostDatasets 0.10729 −0.06111666 0.2756967 0.4964397

IB1Datasets−AdaboostDatasets 0.06498 −0.10342666 0.2333867 0.9280210

JRipDatasets−AdaboostDatasets 0.10863 −0.05977666 0.2770367 0.4801609

nbDatasets−AdaboostDatasets 0.06966 −0.09874666 0.2380667 0.8991796

RFDatasets−AdaboostDatasets 0.12209 −0.04631666 0.2904967 0.3280533

SVMDatasets−AdaboostDatasets 0.11162 −0.05678666 0.2800267 0.4443862

C45Datasets−BaggingDataset s 0.00501 −0.16339666 0.1734167 1.0000000

IB1Datasets−BaggingDataset s −0.03730 −0.20570666 0.1311067 0.9969888

JRipDatasets−BaggingDatasets 0.00635 −0.16205666 0.1747567 1.0000000

nbDatasets−BaggingDatasets −0.03262 −0.20102666 0.1357867 0.9987155

RFDatasets−BaggingDatasets 0.01981 −0.14859666 0.1882167 0.9999531

SVMDatasets−BaggingDataset s 0.00934 −0.15906666 0.1777467 0.9999997

IB1Datasets−C45Datasets −0.04231 −0.21071666 0.1260967 0.9934440

JRipDatasets−C45Datasets 0.00134 −0.16706666 0.1697467 1.0000000

nbDatasets−C45Datasets −0.03763 −0.20603666 0.1307767 0.9968180

RFDatasets−C45Datasets 0.01480 −0.15360666 0.1832067 0.9999936

SVMDatasets−C45Datasets 0.00433 −0.16407666 0.1727367 1.0000000

JRipDatasets−IB1Datasets 0.04365 −0.12475666 0.2120567 0.9920847

nbDatasets−IB1Datasets 0.00468 −0.16372666 0.1730867 1.0000000

RFDatasets−IB1Datasets 0.05711 −0.11129666 0.2255167 0.9631438

SVMDatasets−IB1Datasets 0.04664 −0.12176666 0.2150467 0.9882591

nbDatasets−JRipDatasets −0.03897 −0.20737666 0.1294367 0.9960429

RFDatasets−JRipDatasets 0.01346 −0.15494666 0.1818667 0.9999967

SVMDatasets−JRipDatasets 0.00299 −0.16541666 0.1713967 1.0000000

RFDatasets−nbDatasets 0.05243 −0.11597666 0.2208367 0.9769766

SVMDatasets−nbDatasets 0.04196 −0.12644666 0.2103667 0.9937668

SVMDatasets−RFDatasets −0.01047 −0.17887666 0.1579367 0.9999994

>

Listing 6.18: Sample R code for executing the Corrected Random Subsampling t-Test

cor r ect edResampt t e s t = func t i on ( i t e r , dataSet , s e tSi z e , dimension ,

c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

pr opor t i ons <− randomSubsamp ( i t e r , dataSet , s e tSi z e , dimension ,

c l a s s i f i e r 1 , c l a s s i f i e r 2 )

averagePropor t ion <− mean( pr opor t i ons )

sum=0

f o r ( i in 1: i t e r ) {

sum = sum + ( pr opor t i ons [ i ]−averagePropor t ion ) ˆ2

}

# Cor r ect ed resampled t−t e s t

t= ( averagePropor t ion ∗ s qr t ( i t e r ) ) / s q r t ( ( ( 1 / i t e r )+

( ( 2/3) /(1/3) ) ) ∗sum)

pr int ( ’The t−value f o r the c o r r e c t e d resampled t−t e s t i s ’ )

pr int ( t )

}

Listing 6.19: Invocation and results of the Corrected Resampling t-test code

> l i b r a r y (RWeka)

Loading r equi r ed package : gr i d

>

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

package = ”RWeka”) )

> cor r ect edResampt t e s t (30 , i r i s , 150 , 5 , NB, J48 )

[ 1 ] ”The t−value f o r the c o r r e c t e d resampled t−t e s t i s ”

[ 1 ] 0.5005025

Listing 6.20: Sample R code for executing Multiple runs of Stratified k-fold Cross-Validation

# TikCV per forms ixk CV r esampl ing and outputs the d i f f e r e n c e

# in accuracy between c l a s s i f i e r 1 and c l a s s i f i e r 2 at each of

# the k f o l d of each of the i i t e r a t i o n s .

Tikcv = func t i on ( i t e r , k , dataSet , s e tSi z e , dimension ,

numClasses , c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

a l lRe s u l t s = l i s t ( )

f o r ( r in 1: i t e r ) {

a l lRe s u l t s <− c ( a l lRe s ul t s , l i s t ( s t r a t c v (k , dataSet , s e tSi z e ,

dimension , numClasses , c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) ) )

}

# We t rans form the per centage a c c ur a c i e s r eturned by Weka i n t o t h e i r

# equi val ent in the [ 0 , 1 ] i n t e r v a l in order f o r the s e val ue s to

# be proper cont inuous random v a r i a b l e s . c l i s the c l a s s i f i e r number .

f o r ( i in 1: i t e r )

f o r ( j in 1 : k)

f o r ( c l in 1 : 2 )

a l lRe s u l t s [ [ i ] ] [ [ c l ] ] [ j ] <− a l lRe s u l t s [ [ i ] ] [ [ c l ] ] [ j ]/100

#p [ i , j ] r e pr e s en t s the d i f f e r e n c e between NB’ s accuracy and J48 ’ s

# accuracy (NB−J48 ) on f o l d i f o r data s e t j . There ar e 5 f o l d s

# and 2 dat as e t s

p <− mat r ix ( 1 : ( i t e r ∗k) , nrow=i t e r )

f o r ( i in 1: i t e r )

f o r ( j in 1 : k )

p [ i , j ] <− ( a l lRe s u l t s [ [ i ] ] [ [ 1 ] ] [ j ] − a l lRe s u l t s [ [ i ] ] [ [ 2 ] ] [ j ] )

r e turn (p)

}

# T52cvVariance takes as input the outut of T52cv and outputs a

# ve c t or c ont ai ni ng the es t imat ed var i anc e as c a l c ul a t e d by the

# 5x2cv t−t e s t and f−t e s t f o r each of the 5 i t e r a t i o n s

T52cvVariance = func t i on (p) {

# pBar c ont ai ns the average on r e p l i c a t i o n i

pBar <− numeric ( 5)

f o r ( i in 1 : 5 )

pBar [ i ] <− (p [ i , 1 ] + p [ i , 2 ] ) /2

# Est imated Var iance

sSquared <− numeric ( 5)

f o r ( i in 1 : 5 )

sSquared [ i ] <− (p [ i ,1]−pBar [ i ] ) ˆ2 + (p [ i ,2]−pBar [ i ] ) ˆ2

r e turn ( sSquared )

}

Listing 6.21: Sample R code for executing the 5x2 CV t-test

# T52cvt t es t c a l l s both T52cv and T52cvVariance and r e turns

# the t−value as per Di e t t e r i ch ’ s 5x2CV t−t e s t .

T52cvt t es t = func t i on ( dataSet , s e tSi z e , dimension , numClasses ,

c l a s s Si z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

p <− Tikcv (5 ,2 , dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 )

sSquared <− T52cvVariance (p)

#c a l c u l a t i n g the value of t ’ s denominator

denom <− 0

f o r ( i in 1 : 5 )

denom <− denom + sSquared [ i ]

denom <− s qr t (denom/5)

#c a l c u l a t i n g t

t <− p [ 1 , 1 ] / denom

pr i nt ( ’The t−value i s equal to ’ )

pr int ( t )

}

Listing 6.22: Invocation and results of the the 5x2 CV t-test

> l i b r a r y (RWeka)

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

package = ”RWeka”) )

> T52cvt t es t ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The t−value i s equal to ”

[ 1 ] 1.518816

>

Listing 6.23: Sample R code for executing the 5x2 CV F-test

# F52cvf t e s t c a l l s both Tikcv and T52cvVariance and r e turns the

# f−value as per Alpaydin ’ s 5x2CV f−t e s t .

F52cvf t e s t = func t i on ( dataSet , s e tSi z e , dimension , numClasses ,

c l a s s Si z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

p <− Tikcv ( 5 , 2 , dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 )

sSquared <− T52cvVariance (p)

#c a l c u l a t i n g the value of f ’ s denominator

denom <− 0

f o r ( i in 1 : 5 )

denom <− denom + sSquared [ i ]

denom <− (2 ∗ denom)

#c a l c u l a t i n g the value of f ’ s numerator

numer <− 0

f o r ( i in 1 : 5 )

f o r ( j in 1 : 2 )

numer <− numer + (p [ i , j ] ) ˆ2

#c a l c u l a t i n g f

f <− numer/denom

pr i nt ( ’The f−value i s equal to ’ )

pr int ( f )

}

Listing 6.24: Invocation and results of the 5x2 CV F-test

> l i b r a r y (RWeka)

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

package = ”RWeka”) )

> F52cvf t e s t ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The f−value i s equal to ”

[ 1 ] 0.768631

>

Listing 6.25: Mean of the 10x10 CV Resampling Strategy

# Compute the mean

meanVal = func t i on (x ) {

m <− 0

f o r ( i in 1: 1 0 ) {

mint <− 0

f o r ( j in 1: 1 0 )

mint <− mint + x [ i , j ]

mint <− mint /10

m <− m + mint

}

m <− m/10

r e turn (m)

}

Listing 6.26: Sample R Code for executing 10x10 CV Use All Data

# 10 x 10 CV Use Al l data

T1010cvAl ldata = func t i on ( dataSet , s e tSi z e , dimension , numClasses ,

c l a s s Si z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

x <− Tikcv (10 , 10 , dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 )

m <− meanVal (x )

# Compute the var i anc e

v <− 0

f o r ( i in 1: 1 0 )

f o r ( j in 1 : 1 0)

v <− v + (x [ i , j ]−m) ˆ2

v <− v/99

# Compute Z

z <− m/( sq r t (v ) / sq r t (100) )

pr int ( ’The d i f f e r e n c e in means between c l a s s i f i e r 1 and

c l a s s i f i e r 2 i s ’ )

pr int (m)

pr int ( ’The var i anc e of t h i s d i f f e r e n c e in means i s ’ )

pr int (v )

pr int ( ’The Z Value obtained in the 10x10CV Use Al l Data

Scheme i s ’ )

pr int ( z )

}

Listing 6.27: Invocation and results of 10x10 CV Use All Data

> l i b r a r y (RWeka)

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

+ package = ”RWeka”) )

> T1010cvAl ldata ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.018004

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 0.002951864

[ 1 ] ”The Z Value obtained in the 10x10CV Use Al l Data\n Scheme i s ”

[ 1 ] 3.313758

>

Listing 6.28: Sample R Code for executing 10x10 CV Average Over Folds

# 10 x 10 CV Average Over Folds

T1010cvFolds = func t i on ( dataSet , s e tSi z e , dimension , numClasses ,

c l a s s Si z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

x <− Tikcv (10 , 10 , dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 )

m <− meanVal (x )

# Compute xDotj

xDotj <− numeric (10)

f o r ( j in 1: 1 0 ) {

xDotj [ j ] <− 0

f o r ( i in 1: 1 0 )

xDotj [ j ] <− xDotj [ j ] + x [ i , j ]

xDotj [ j ] <− xDotj [ j ]/10

}

# Compute the var i anc e

v <− 0

f o r ( j in 1: 1 0 )

v <− v + ( xDotj [ j ]−m) ˆ2

v <− v/9

# Compute Z

z <− m/( sq r t (v ) / sq r t (10) )

pr int ( ’The d i f f e r e n c e in means between c l a s s i f i e r 1 and

c l a s s i f i e r 2 i s ’ )

pr int (m)

pr int ( ’The var i anc e of t h i s d i f f e r e n c e in means i s ’ )

pr int (v )

pr int ( ’The Z Value obtained in the 10x10CV Average over

Folds Scheme i s ’ )

pr int ( z )

}

Listing 6.29: Invocation and results of 10x10 CV Average Over Fold

> l i b r a r y (RWeka)

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

+ package = ”RWeka”) )

> T1010cvFolds ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.009333

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 0.0003971674

[ 1 ] ”The Z Value obtained in the 10x10CV Average over \n Folds Scheme i s ”

[ 1 ] 1.480930

>

Listing 6.30: Sample R Code for executing 10x10 CV Average Over Runs

# 10 x 10 CV Average Over Runs

T1010cvRuns = func t i on ( dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 ) {

x <− Tikcv (10 , 10 , dataSet , s e tSi z e , dimension , numClasses ,

c l a s s S i z e , c l a s s i f i e r 1 , c l a s s i f i e r 2 )

m <− meanVal (x )

# Compute xDot i

xDot i <− numeric (10)

f o r ( i in 1: 1 0 ) {

xDot i [ i ] <− 0

f o r ( j in 1: 1 0 )

xDot i [ i ] <− xDot i [ i ] + x [ i , j ]

xDot i [ i ] <− xDot i [ i ]/10

}

# Compute the var i anc e

v <− 0

f o r ( j in 1: 1 0 )

v <− v + ( xDot i [ i ]−m) ˆ2

v <− v/9

# Compute Z

z <− m/( sq r t (v ) / sq r t (10) )

pr int ( ’The d i f f e r e n c e in means between c l a s s i f i e r 1 and

c l a s s i f i e r 2 i s ’ )

pr int (m)

pr int ( ’The var i anc e of t h i s d i f f e r e n c e in means i s ’ )

pr int (v )

pr int ( ’The Z Value obtained in the 10x10CV Average over Runs

Scheme i s ’ )

pr int ( z )

}

Listing 6.31: Invocation and results of 10x10 CV Average Over Runs

> l i b r a r y (RWeka)

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

+ package = ”RWeka”) )

> T1010cvRuns ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.006002

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 4.002667 e−05

[ 1 ] ”The Z Value obtained in the 10x10CV Average over Runs\n Scheme i s ”

[ 1 ] 3

>

Listing 6.32: Invocation and results of 10x10 CV Average Over Sorted Runs

> #S t r a t i f i e d and Sor t ed

> l i b r a r y (RWeka)

Loading r equi r ed package : gr i d

>

> NB <− make Weka c l as s i f i e r (”weka/ c l a s s i f i e r s / bayes /NaiveBayes ”)

> i r i s <− read . a r f f ( system . f i l e (” a r f f ” , ” i r i s . a r f f ” ,

package = ”RWeka”) )

> T1010cvSortedRuns ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.005335

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 0.0002389580

[ 1 ] ”The Z Value obtained in the 10x10CV Average over Runs\n Scheme i s ”

[ 1 ] 1.091374

> T1010cvSortedRuns ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.00667

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 2.708339 e−34

[ 1 ] ”The Z Value obtained in the 10x10CV Average over Runs\n Scheme i s ”

[ 1 ] 1.281664 e+15

> T1010cvSortedRuns ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.005334

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 1.95364 e−06

[ 1 ] ”The Z Value obtained in the 10x10CV Average over Runs\n Scheme i s ”

[ 1 ] 12.06787

> T1010cvSortedRuns ( i r i s , 150 , 5 , 3 , c ( 50 , 50 , 50) , NB, J48 )

[ 1 ] ”The d i f f e r e n c e in means between c l a s s i f i e r 1 and\n c l a s s i f i e r 2 i s ”

[ 1 ] 0.004

[ 1 ] ”The var i anc e of t h i s d i f f e r e n c e in means i s ”

[ 1 ] 0.0001264988

[ 1 ] ”The Z Value obtained in the 10x10CV Average over Runs\n Scheme i s ”

[ 1 ] 1.124649

>

