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Learning with Case Studies
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e Naximum pH value

e Minimum value of Oz (oxygen)
e Mean value of Cl (chloride)

e Mean value of NO5 (nitrates)

e Mean value of NH (ammonium)
e Mean of PO}~ (orthophosphate)
e Mean of total PO,y (phosphate)

e Mean of chlorophyll
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> library(DMwR)
> head(algae)

season size speed mxPH mn02 Cl NO3 NH4 oP04 P04 Chla
1 winter small medium 8.00 9.8 60.800 6.238 578.000 105.000 170.000 50.0
2 spring small medium 8.35 8.0 57.750 1.288 370.000 428.750 5b68.750 1.3
3 autumn small medium 8.10 11.4 40.020 5.330 346.667 125.667 187.057 15.6
4 spring small medium 8.07 4.8 77.364 2.302 ©98.182 61.182 138.700 1.4
5 autumn small medium 8.06 9.0 55.350 10.416 233.700 58.222 97.580 10.5
6 winter small  high 8.25 13.1 65.760 9.248 430.000 18.250 b56.667 28.4
al a2 a3 a4 ab a6 a7
1 0.0 0.0 0.00.0 34.2 8.3 0.0
2 1.4 7.6 4.8 1.9 6.7 0.02.1
3 3.3583.6 1.90.0 0.0 0.09.7
4 3.141.018.90.0 1.4 0.0 1.4
5 8.2 2.9 T.b0.0 7.6 4.1 1.0
6 15.1 14.6 1.4 0.0 22.5 12.6 2.9
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> algae <- read.table("Analysis.txt’,

+ header=F,

+ dec='.",

+ col .names=c('season','size','speed ,'mxPH','mn02','CI',
+ 'NO3','NH4' ,'oP04' ,'POL ,'Ch1a','al','a2','ad ,lad’',

+ 'ab','a6','a’),

-2

na.strings=c (' XXXXXXX'))
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> summary(algae)

season size speed

autumn:40 large :45  high :84
spring:53 medium:84 low :33
summer : 45 small :71 medium: 83
winter:62

Cl ND3
Min. v D222 Min. : 0.050
1st Qu.: 10.9881 ist Qu.: 1.296
Median : 32.730 Median : 2.675
Mean : 43.636 Mean 13,282
3rd Qu.: 57.824 3rd Qu.: 4.446
Max. :391.500 Max. :45.650
NA's : 10.000 NA's : 2.000

P04 Chla
Min. 1.00 Min. 0.200
1st Qu.: 41.38 izt Qu.: 2.000
Median :103.28 Median : b5.475
Mean :137.88 Mean s AS 8T
3rd Qu.:213.75 3rd Qu.: 18.308
Max. 771,860 Max. :110.456
NA's 2.00 NA's : 12.000

a3 ad

mxFH
Min. :5.600
1st Qu.:7.700
Median :8.060
Mean :8.012
3rd Qu.:8.400
Max. :8.700
NA's :1.000
NH4
Min. : 5.00
1zt Qu.: 38.33
Median : 103.17
Mean B01.30
3rd Qu.: 226.95
Max. 124064 .00
NA's 2.00
al
Min. : 0.00
izt Qu.: 1.50
Median : 6.95
Mean :16.892
3rd Qu.:24.80
Max. :89.80

ab

mn02
Min. : 1.500
Ist Qu.: 7.725

Median : 9.800
Mean : 9.118
3rd Qu.:10.800
Max. :13.400
NA's : 2.000
oP04
Min. 1.00
1st Qu.: 15.70
Median : 40.15
Mean : 73.69
3rd Qu.: 99.33
Max. :564.60
NA's 2.00
a2
Min. : 0.000
izt Qu.: 0.000
Median : 32.000
Mean : T7.458
3rd Qu.:11.375
Max. :72.600
ab



Min.
1st Qu.:
Median :
Mean :
3rd Qu.:

KO S = T =

Max. 42,

ar
Min. :
1st Qu.:
Median :
Mean ;
3rd Qu.:
Max. L

| o B e B o B e

.000
.000
. 550
.309
. 925

800

.000
.000
.000
.495
. 400
.600

Min. : 0.000
ist Qu.: 0.000
Median : 0.000

Maan :1.992
3rd Qu.: 2.400
Max. ;44,600

Min. : 0.000
1st Qu.: 0.000
Median : 1.900
Mean : b.0B4
3rd Qu.: 7.500
Max. 144,400

Min.

ist Qu.:
Median :

Mean

3rd Qu.:

Max.

.000
.000
.000
. 964
.925
:77.600
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> hist(algae$mxPH, prob = T)
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Histogram of algae$SmxPH
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FIGURE 2.1: The histogram of variable mzPH.
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> library(car)

> par(mfrow=c(1,2))

> hist(algae$mxPH, prob=T, xlab=",

+ main='Histogram of maximum pH value',ylim=0:1)

> lines(density(algae$mxPH,na.rm=T))

> rug(jitter(algae$mxPH))

> qq.plot(algae$mxPH,main='Normal Q§ plot of maximum pH')
> par(mfrow=c(1,1))
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Histogram of maximum pH value Narmal GQ plot of maximum pH
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FIGURE 2.2: An “enriched” version of the histogram of variable MzPH (left)
together with a normal Q-Q) plot (right).
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> boxplot(algae$oP04, ylab = "Orthophosphate (oP04)")

> rug(jitter(algae$oP04), side = 2)

> abline(h = mean(algae$oP04, na.rm = T), 1ty = 2)
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FIGURE 2.3: An “enriched” box plot for orthophosphate.
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plot(algae$NH4, xlab = "")

abline(h = mean(algae$NH4, na.rm = T), 1ty = 1)

abline(h = mean(algae$NH4, na.rm = T) + sd(algae$NH4, na.rm = T),
1ty = 2)

abline(h = median(algae$NH4, na.rm = T), 1ty = 3)

identify(algae$NH4)
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> plot(algae$NH4, xlab = "")
> clicked.lines <- identify(algac$NHZ)
> algaelclicked.lines, ]
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> library(lattice)
> bwplot(size ~ al, data=algae, ylab='River Size',xlab='Algal A1l')
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FIGURE 2.4: A conditioned box plot of Algal ai.

> library(Hmisc)

> bwplot(size ~ al, data=algae,panel=panel.bpplot,

+ probs=seq(.01,.49,by=.01), datadensity=TRUE,
+ ylab='River Size',xlab='Algal A1')
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FIGURE 2.5: A conditioned box percentile plot of Algal al.

> stripplot(season ~ a3/min02,
+ data=algae[!is.na(algae$mn02),])
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FIGURE 2.6: A conditioned strip plot of Algal a3 using a continuous vari-
able.

parameter data=algae (as for creating Figure 2.4), we had to “eliminate” the
rows corresponding to samples with NA values in mnO2.
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> library(DMwR)
> data(algae)
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> algael!complete.cases(algae),]

> nrow(algae(!complete.cases(algae),])

[1] 16
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> algae <- na.omit(algae)
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> algae <- algae[-c(62, 199), ]

2,10 G R 6 o cosdse ) gl acgazme 4y LSl



2L ) el E8g0 pal (leasS oolaiul 5)l90 51 (SO g )0 (29 1o 3l il (oo CumBae (] 0590 50

BECRUNELTONN

oS oo |y (g oailes (o0 oS Cpl Ll oS e dilone |y JIA ol 0B8] 800 ConBgnns 1 Se

ol asLsb o1 ol s

> apply(algae, 1, function(x) sum(is.na(x)))
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> data(algae)
> manyNAs(algae, 0.2)

[1] 62 199
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> algae[48, "mxPH"] <- mean(algae$mxPH, na.rm = T)
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> data(algae)

> algae <- algae[-manyNAs(algae), ]
> algae <- centrallmputation(algae)
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> cor(algae[, 4:18], use = "complete.obs")
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> symnum(cor(algae([,4:18] ,use="complete.obs"))

mP m C1 NO NH o P Ch al a2 a3 a4 ab a6 a7
mxPH 1
mn02 1
Gl 1
NO3 1
NH4 P :
oP04
P04 i G * 1
Chla . |
al : 3 i 1
a2 a ; 1
a3 1
ad . ! 1
ab 1
ab S &
a7’ 1
attr(,"legend")
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> data(algae)
> algae <- algae[-manyNAs(algae), ]
> Im(P04 = oP04, data = algae)

Call:
Im(formula = P04 ~ oPD4, data = algae)

Coefficients:
(Intercept) oP04
42 . 897 1.293
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> algae[28, "P04"] <- 42.897 + 1.293 # algae[28, "oP04"]
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> data(algae)

> algae <- algae[-manylNAs(algae), ]

> fillP04 <- function(oP) {

+ if (is.na(oP))

+ return(NA)

+ else return(42.897 + 1.293 # oP)
+ }

>
x

algae[is.na(algae$P04), "P04"] <- sapply(algael[is.na(algae$P04),
"oPO4"], fillP04)
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> histogram( mxPH | season, data = algae)
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FIGURE 2.7: A histogram of variable mezPH conditioned by season.
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> algae$season <- factor (algae$season, levels = c("spring",
+ "summer", "autumn", "winter"))
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> histogram( mxPH | size * speed, data = algae)



48 wiges 5)l5 1) Cogar pl a5 (gl igei Lsiams oo ylid o ailsog, sles lp |y coll (6 pmite
b el plucal

Cewl azgi BB e cpl 5l 6,550 polae yeaST Lol wil oo, aslie SleMbl -l 4

> stripplot(size ™ mxPH | speed, data = algae, jitter = T)
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FIGURE 2.8: The values of variable mzPH by river size and speed.

> data(algae)
> algae <- algae[-manylNAs(algae), ]
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w(d) = g—d (2.2)
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d(x,y) = Z 0:(Xi, ¥i) (2.3)
g =1
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1 if i is nominal and vy # v2
di(vi,12)=¢ 0 if ¢ is nominal and vy, = v, (2.4)
(v —wg)?  if 7 is numeric
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> algae <- knnImputation(algae, k = 10)
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> algae <- knnImputation(algae, k = 10, meth = "median")
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> data(algae)
> algae <- algae[-manyNAs(algae), ]
> clean.algae <- knnImputation(algae, k = 10)
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> Im.al <- 1m(al © ., data = clean.algae[, 1:12])
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> summary(lm.al)

Call:
Im(formula = a1l ~ ., data = clean.algae[, 1:12])

Residuals:
Min 1Q Median 3Q Max
-37.679 —-11.893 ~—2.b67 7.410 62.190

Coefficients:
Estimate Std. Error t value Pr(>|tl|)
(Intercept} 42 .942055 24 .010879 1.788 0.07537 .

seasonspring 3.726978 4.137741 0.901 0.36892
seasonsummer 0.747597 4.020711 0.186 0.85270
seasonwinter 3.692955b 3.86b391 0.95b 0.34086b
sizemedium 3.263728  3.802051 0.858 0.29179
sizesmall 9.682140 4.179971 2.316 0.02166 =
speedlow 3.922084 4.7068315 0.833 0.40573
speedmedium  0.246764 3.241874 0.076 0.93%941
mxPH -3.589118 2.703528 -1.328 0.18598
mn02 1.052636 0.705018 1.493 0.13715
Cl -0.040172 0.033661 -1.193 0.23426
NO3 -1.811236 0.5561339 -2.741 0.00674 =*x
NH4 0.001634 0.001003 1.628 0.10516
oP04 -0.005435 0.039884 -0.136 0.89177
PD4 -0.052241 0.030755 -1.699 0.09109 .
Chla -0.088022 0.079998 -1.100 0.27265

i e

Signif. codes: O 'x**' 0.001 "+' 0.01 '¥' 0.05 '." 0.1 "' " 1

Residual standard error: 17.65 on 182 degrees of freedom
Multiple R-squared: 0.3731, Adjusted R-squared: 0.3215
F-statistic: 7.223 on 15 and 182 DF, p-value: 2.444e-12
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> anova(lm.al)

Analysis of Variance Table

Response:

season
size
speed
mxPH
mn02
Cl
NO3
NH4
oP04
P04
Chla

al

Df Sum Sgq Mean S5q F value

3

2
2
1
1
1
1
1
1
1
1

Residuals 182

Signif. codes:

85
11401
3934
1329
2287
4304
3418
404
4788
1406
37T
56668

0 'k

28.
5700.
1967 .
1328.
2286.
4304,
3418.

403.
4788.
1405.

37T

311.

2

= O O o W 00k

0.001

0.0905
18.3088
6.3179
4. 2677
T.3444
13.8239
10.9789
1.2963
15.3774
4.5142
1.2107

T !

Pr(>F)
0.9651944
5.6%e-08
.0022244
0402613
0073705
0002671
0011118
.2563847
.0001246
.0349635
.2726544

= i o o B o R o S s o BN s B o

%k ok
* ok

%k

&k

* %

&k

0.01 '+ 0.06 '.' 0:1"'"'1

These results indicate that the variable season is the variable that least
contributes to the reduction of the fitting error of the model. Let us remove
it from the model:

> 1m2.a1 <- update(lm.al,

> Im2.al <- update(Im.al, .

~ . - season)

Pl S ol a4 Sledsl 4o
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> summary (1m2.al)

Call:
Im(formula = al ~ size + speed + mxPH + mn02 + C1 + NO3 + NH4 +
oP04 + P04 + Chla, data = clean.algae[, 1:12])

Residuals:
Min 10 Median 30 Max
-36.460 -11.953 -32.044 T.444 63.730

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Iﬂterﬂept) 44 9532874 23.23T78B37TT 1.934 0.05458 .

sizemedium 3.3092102 3.7826221 0.875 0.38278
sizesmall 10.2730861 4.1223163 2.492 0.01358 *
speedlow 3.05646270 4.6108069 0.662 0.50848
speedmedium -0.2976867 3.1818585 -0.084 0.92556
mxPH -3.2684281 2.6576592 -1.230 0.22033
mn02 0.8011769 0.6580644 1.216 0.22561
Cl -0.0381881 0.0333791 -1.144 0.25407
NO3 -1.5334300 0.5476550 -2.800 0.00565 =**
NH4 0.0015777 0.0009951 1.586 0.11456
oP04 -0.0062392 0.0395086 -0.158 0.87469
P04 -0.05609543 0.0305189 -1.670 0.09669 .
Chla -0.0841371 0.0754459 -1.059 0.29096

Signif. codes: O 's##' 0.001 '+%' 0.01 '¥' 0.05 '.' 0.1 "' " 1

Residual standard error: 17.57 on 185 degrees of freedom
Multiple R-squared: 0.3682, Adjusted R-squared: 0.3272
F-statistic: 8.984 on 12 and 185 DF, p-value: 1.762e-13
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> anova(lm.al,lm2.a1)

Analysis of Variance Table

Model 1: al " season + size + speed + mxPH + mn02 + Cl1 + NO3 + NH4 +
oP04 + P04 + Chla
Model 2: al ™ size + speed + mxPH + mn02 + C1 + NO3 + NH4 + oPD4 +

P04 + Chla
Res.Df RSS Df Sum of 5q F Pr(>F)

1 182 56668
2 185 7116 -3 -448 0.4792 0.6971
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> fipnal.lm <- step(lm.al)

Start: AIC= 1151.85
al = season + size + speed + mxPH + mn02 + C1 + NO3 + NH4 + oP04 +
P04 + Chla

Df Sum of Sq RSS AIC
- Seascn 3 42b bT7043 1147
- speed 2 270 56887 1149
- oP04 1 5 66623 1150
- Chla 1 401 57018 1151
- €l 1 498 57115 1152
- mxPH 1 542 57159 1152
<none> 56617 11562

- mn02 1 650 57267 1152
- NH4 1 799 57417 1153
- P04 1 899 b7616 11563
- 8ize 2 1871 58488 1154
- NO3 1 2286 58903 1158

Step: AIC= 1147.33
al © size + speed + mxPH + mn02 + C1 + NO3 + NH4 + oP04 + P04 +
Chla

Df Sum of Sq RSS AIC
- speed 2 213 57266 1144

- oP04 1 8 57050 1145
- Chla 1 378 57421 1147
-m02 1 427 57470 1147
-mxPH 1 457 57500 1147
i ¥ 8 1 464 57506 1147

<none> 57043 1147
- NH4 1 751 57794 1148
- P04 1 859 57902 1148
-'gize 2 2184 59227 1151
- NO3 1 2363 59396 11563
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> library(rpart)

> data(algae)

> algae <- algael[-manyNAs(algae), ]

> rt.al <- rpart(al ~ ., data = algae[, 1:12])
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> rt.al
n= 198

node), split, n, deviance, yval
* denotes terminal node

1) root 198 90401.290 16.996460
2) PD4>=43.818 147 31279.120 8.979592
4) C1>=7.8065 140 21622.830 7.492857
8) oPD04>=51.118 84 3441.149 3.846429 =*
9) oP04< 51.118 56 15389.430 12.962500
18) mn02>=10.05 24 124B8.673 6.716667 *
19) mn02< 10.05 32 12502.320 17.646870
38) N0O3>=3.1875 9  257.080 7.866667 =
39) ND3< 3.1875 23 11047.500 21.473910
78) mn02< 8 13 2919.549 13.807690 =*
79) mn02>=8 10 6370.704 31.440000 =
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FIGURE 2.9: A regression tree for predicting algal al.
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> printcp(rt.al)

Regression tree:
rpart(formula = al = ., data = algae[, 1:12])

Variables actually used in tree construction:
[1] C1 mn02 mxPH NO3 oP04 P04

Root node error: 90401/198 = 456.57

n= 198

CP nsplit rel error xerror xstd
1 0.405740 0 1.00000 1.00932 0.12986
2 0.071885 1 0.59426 0.73358 0.11884
3 0.030887 2 0.52237 0.71855 0.11518
4 0.030408 3 0.49149 0.70161 0.11585
5 0.027872 4 0.46108 0.70635 0.11403
6 0.027754 5 0.43321 0.69618 0.11438

ol 0,5 45y Slagil 50l 3 b 5l ] SIS 1l o



> rt2.al <- prune(rt.al, cp = 0.08)
> rt2.al

n= 1898

node), split, n, deviance, yval
# denotes terminal node

1) root 198 90401.29 16.996460
2) P04>=43.818 147 31279.12 8.979592 =
3) P04< 43.818 51 22442.76 40.103920 =

a5 09l oo b ot 5l oola ojleds Joli JglasS oo (Bpme JlSle pl o ) C3 0 wye b, Sl (o R

pedlgs o
:w¢5—uW)°[)QT

> (rt.al <- rpartXse(al ~ ., data = algael, 1:12]))

n= 198

node), split, n, deviance, yval
*# denotes terminal node

1) root 198 90401.29 16.996460
2) PD4>=43.818 147 31279.12 8.979592 «
3) PD4< 43.818 b1 22442.76 40.103920 =

oS
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> first.tree <- rpart(al ~ ., data
> snip.rpart(first.tree, c(4, 7))

algael, 1:12])

n= 198

node), split, n, deviance, yval
* denotes terminal node

1) root 198 90401.290 16.996460
2) P04>=43.818 147 31279.120 8.979592
4) C1>=7.8065 140 21622.830 7.492857 =
5) Cl< 7.8065 7 3157.769 38.714290 *
3) PD4< 43.818 51 22442.760 40.103920
6) mxPH< 7.87 28 11452.770 33.450000
12) mxPH>=7.045 18 5146.169 26.394440 =
13) mxPH< 7.045 10 3797.645 46.150000 =
7) mxPH>=T7.87 23 8241.110 48.204350 =
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> (mae.al.lm <- mean(abs(lm.predictions.al - algael, "ai1"l)}))
[1] 13.10681
> (mae.al.rt <- mean(abs(rt.predictions.al - algaef, "a1"])))
(1] 11.61717

Another popular error measure is the mean squared error (MSE). This
measure can be obtained as follows:

> (mse.al.lm <- mean((Im.predictions.al - algael, "al"])"2))
[1] 295.5407
> (mse.al.rt <- mean((rt.predictions.al - algae[, "al"])"2))

[1] 271.3226
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> (nmse.al.lm <- mean((lm.predictions.al-algael,'a1'l)"2)/
+ mean ( (mean (algael,'al'])-algae[,'a1'])"2))

[1] 0.6473034

> (mnmse.al.rt <- mean((rt.predictions.al-algael[,'a1l']l)"2)/
+ mean ( (mean(algael,'al'])-algae[,'a1'])"2))

[1] 0.5942601

sthie (Bl a5 01> Sels 255,08 oSS o axlg yo Wlgy as aS o jlo 1) gau oy JES NN el

ol 4S8 (o0 o2l 2

s oo alnil Lo sle Jote gz iy |y (Slsloes o]



Linear Model Regression Tree
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FIGURE 2.10: Errors scatter plot.
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> old.par <- par(mfrow = c(1, 2))

> plot(lm.predictions.al, algae[, "al"], main = "Linear Model",

+ xlab = "Predictions”, ylab = "True Values")

> abline(0, 1, 1ty = 2)

> plot(rt.predictions.al, algae[, "al"], main = "Regression Tree",
+ xlab = "Predictions", ylab = "True Values")

> abline(0, 1, 1ty = 2)
> par(old.par)
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> plot(lm.predictions.al,algael,'al'] ,main="Linear Model",
+ xlab="Predictions",ylab="True Values")

> abline(0,1,1ty=2)

> algaelidentify(lm.predictions.al,algael,'al']),]
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> sensible.lm.predictions.al <- ifelse(lm.predictions.al <

+ 0, 0, Im.predictions.al)

> regr.eval(algae[, "al"], lm.predictions.al, stats = c("mae",
+ "mse"))

mae mse
13.10681 285.54069

> regr.eval(algael, "al"], sensible.lm.predictions.al, stats = c("mae",
+ nmserrjj

mae mse
12.48276 286.28541
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> cv.rpart <- function(form,train,test,...) {

+ m <- rpartXse(form,train,...)

+ p <- predict(m,test)

+ mse <- mean((p-resp(form,test))"2)

+ c(nmse=mse/mean ((mean(resp(form,train))-resp(form, test))"2))
+.}

> ¢v.lm <- function(form,train,test,...) {

+ m <- lm(form,train,...)

+ p <- predict(m,test)

+ p <- ifelse(p < 0,0,p)

+ mse <- mean((p-resp(form,test))”2)

+ c(nmse=mse/mean ((mean(resp(form,train))-resp(form,test))"2))
"

}
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##### CROSS VALIDATION EXPERIMENTAL COMPARISON #####

#x DATASET :: al

++ LEARNER :: c¢v.lm variant -> cv.lm.defaults
Repetition 1

Fold: 1 2 3 4 5 6 7T 8 9 10
Repetition 2

Fold: 1 2 3 4 6 6 7 8 9 10
Repetition 3

Fold: 1 2 3 4 b & 7 8 & 10

++ LEARNER :: cv.rpart variant -> cv.rpart.vl
Repetition 1

Fold: 1 2 3 4 b & 7 8 8 10
Repetition 2

Fald: 41 2 3 4 b & T 8 & 10
Repetition 3

Fold: 1 2 3 4 B 6 T 8 9 10

++ LEARNER :: cv.rpart variant -> cv.rpart.v2
Repetition 1

Fold: 1 2 3 4 B 6 T 8 8 10
Repetition 2

Fold: 1 2 3 4 6 6 7 8 8 10
Repetition 3

Fold: 1 ‘2 3 4 b & 7T 8 8 10

++ LEARNER :: cv.rpart variant -> cv.rpart.v3
Repetition 1

Fold: 1 2 3 4 b & 7T 8 & 10
Repetition 2

Fald: 1 2 3 4 b & 7T 8 § 10
Repetition 3

Fold: 1 2 3 4 b 6 7T 8 8 10
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> summary(res)

== Summary of a Cross Validation Experiment ==
3 x 10 - Fold Cross Validation run with seed = 1234

* Datasets :: al
* Learners :: cv.lm.defaults, cv.rpart.vl, cv.rpart.vZl, cv.rpart.v3

* Summary of Experiment Results:

-> Datataset: al

*Learner: cv.lm.defaults

nmse
avg 0.7196105
std 0.1833064
min 0.4678248
max 1.22184565

invalid 0.0000000

*Learner: cv.rpart.vl

nmse
avg 0.6440843
std 0.2521952
min 0.2146359
max 1.1712674

invalid 0.0000000

*Learner: cv.rpart.v2
nmse
avg 0.6873747
std 0.2669942
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FIGURE 2.11: Visualization of the cross-validation results.

min 0.2146359
max 1.3356744
invalid 0.0000000

*Learner: cv.rpart.v3

nmse
avg 0.7167122
std 0.2579089
min 0.3476446
max 1.3356744

invalid 0.0000000
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DSs <- sapply(names(clean.algae)[12:18],
function(x,names.attrs) {
f <- as.formula(paste(x,"” ."))
dataset(f,clean.algael, c(names.attrs,x)],x)
¥

names(clean.algae)[1:11])
res.all <- experimentalComparison(
DSs,
c(variants('cv.1m'),
variants(‘cv.rpart',se=c(0,0.5,1))
23

>
+
i
£
=
b
%
+
Z
"
i
+ cvSettings(5,10,1234))
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> plot(res.all)
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FIGURE 2.12: Visualization
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of the cross-validation results on all algae.
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> library(randomForest)
> gv.rf <- function(form,train,test,...) {
+ m <- randomForest(form,train,...)
p <- predict(m,test)
mse <- mean((p-resp(form,test))"2)
¢ (nmse=mse/mean ( (mean (resp (form, train))-resp(form,test)}"2))
}
res.all <- experimentalComparison(
DSs,
c(variants('cv.1m'),
variants('cv.rpart',se=c(0,0.5,1)),
variants(cv.rf',ntree=c (200, 500,700))
).
cvSettings(5,10,1234))

+ o+ o+ o+ o+ o+ W+ o+ o+ o+
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STD 0.1736676 (.1639373 0.2399321 0.2397636
Learn.b sig.5 Learn.6 sig.6 Learn.7 sig.7

AVG 0.6875212 ++ 0.5490511 0.5454724

STD 0.2348946 0.1746944 0.1766636

— Dataset: a2

Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 =sig.4

AVG 0.7777851 1.0449317 ++ 1.0426327 ++ 1.01626123

STD 0.1443868 0.6276144 0.2006522 0.07435826
Learn.b sig.b Learn.6 sig.6 Learn.7 sig.7

AVG 1.000000e+00 ++ 0.7829394 0.7797307

STD 2.380500e-16 0.1433550 0.1476815

- Dataset: ad

++

Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4

AVG 0.9591182 2.111976 1.0073953 + 1.000000e+00

STD 0.3566023 3.118106 0.106856807 2.774424e-18
Learn.b sig.5 Learn.6 sig.6 Learn.7 sig.7

AVG 1.000000e+00 + 0.89833399 0.9765730

STD 2.774424e-18 0.3824403 0.3804458

- Dataset: ab

Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4

AVG 0.9126477 0.9359697 ++ 1.0191041 1.000000e+00

STD 0.3466902 (.6045963 0.1991436 2.451947e-16
Learn.b sig.5 Learn.6 sig.6 Learn.7 sig.7

AVG 1.000000e+00 0.9253011 0.9200022

STD 2.451947e-16 0.3615926 0. 3508093

Legends:

Learners -»> Learn.l1 = cv.rf.v3 ; Learn.2 = cv.lm.defaults ;
cv.rpart.v3d ;

Learn.3 = cv.rpart.vl ; Learn.4 = cv.rpart.v2 ; Learn.b =
Learn.6 = cv.rf.vl ; Learn.7 = cv.rf.v2 ;
Signif. Codes -> 0 '++' or '-=" 0.001 '+ or '-' Q.05 ' ' 1

.'_
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> compAnalysis(res.all,against='cv.rf.v3',
datasets=c("al','a?,'ad,'aé'))

== Statistical Significance Analysis of Comparison Results ==

Baseline Learner:: cv.rf.v3 (Learn.1)

** Evaluation Metric:: nmse

- Dataset: al

Learn.1 Learn.Z2 sig.2 Learn.3 sig.3 Learn.4 sig.4
AVG 0.5447361 0.7077282 ++ (.6423100 + 0.6569726 +4+
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bestModelsNames <- sapply(bestScores(res.all),

function(x) x['nmse','system'])

>

+

> learners <- c(rf='randomForest',rpart='rpartXse')
> funcs <- learners[sapply(strsplit(bestModelsNames,'\\.'),
- function(x) x[2])]
> parSetts <- lapply(bestModelsNames,

&

>

>

function(x) getVariant(x,res.all)@pars)
bestModels <- list()

for(a in 1:7) {

se] Cesd 45 6 yaiin Al 51 somd L3S b 1l 5i0a0,S 955 b pitte ol ab L Iy oS 5l oolial b Lo
b G Otk

Js! sla SISl ansS  lsle ool b Sl o0 Laal b uite 51 5y sl 6 el by lodass

25l aes o 03l



Slp S e gl sl a0 140 Jolis 2SS 40 0990 ledbl ahodgds (o dlou] @S ooliznl (5 Ll

Szl Jos (ol ol

Slax SlessS oo siolosl 1) acgame (ol pubiians jgb )Ll cpl 00 )5 4 bicewl oS ambn Lo
o5 oolaiul s oolo

aS o ls K3 S 3l plewsS oo S el anld ol 5l aS canl T ol sl a5 ax T Ll oS
ConBee cnl jo WlgS oo

! oolaw! ol Lo soliw!
S (o opl Shogd

form <- as.formula(paste(names(clean.algae)[11+al,'” .'})
bestModels[[al] <- do.call(funcsfal,
c(list(form,clean.algael,c(1:11,11+a)]) ,parSetts[[al]))

+ + + +
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> preds <- matrix(ncol=7,nrow=140)

> for(i in 1:nrow(clean.test.algae))

+ preds[i,] <- sapply(1:7,

+ function(x)

+ predict(bestModels[[x]],clean.test.algaeli,])
+
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> avg.preds <- apply(algael,12:18],2,mean)
> apply( ((algae.sols-preds)~Z2}, 2,mean) /
+ apply( (scale(algae.sols,avg.preds,F)"2),2 mean)

al a2 ad ad ab ab ar
0.4850380 0.8743948 0.7798143 0.7329075 0.7308526 0.8281238 1.0000000
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> library(DMwR)
> data(GSPC)
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> library(xts)

> x1 <- xts(rnorm(100), seq(as.POSIXct("2000-01-01"), len = 100,
+ by ="day")

> x1[1:5]

[.1]
2000-01-01 0.82029230
2000-01-02 0.99165376
2000-01-03 0.05829894
2000-01-04 -0.01566194
2000-01-05 2.02990349
> x2 <- xts(rnorm(100), seq(as.POSIXct("2000-01-01 13:00"),
+ len = 100, by = "min"))
> x2[1:4]

[.1]
2000-01-01 13:00:00 1.5638390
2000-01-01 13:01:00 0.7876171
2000-01-01 13:02:00 1.0860185
2000-01-01 13:03:00 1.2332406

> x3 <- xts(rnorm(3), as.Date(c("2005-01-01", "2005-01-10",
+ "2005-01-12")))
> x3

[.1]

2005-01-01 -0.6733936
2005-01-10 -0.7392344
2005-01-12 -1.2165554

&Lxts () Oemizad dlas ol oS e Bl o s e gl o 1) Sleg slas s Dl
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> x1[as.POSIXct("2000-01-04")]

[1]
2000-01-04 -0.01566194

> x1["2000-01-05"]

[1]
2000-01-05  2.029903

> x1['20000105']

[1]
2000-01-05 2.029903

> x1["2000-04"]

[.1]
2000-04-01 01:00:00 0.2379293
2000-04-02 01:00:00 -0.1005608
2000-04-03 01:00:00 1.2982820



2000-04-04
2000-04-05
2000-04-06
2000-04-07
2000-04-08
2000-04-09

01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00

> x1['2000-03-27/"]

2000-03-27
2000-03-28
2000-03-29
2000-03-30
2000-03-31
2000-04-01
2000-04-02
2000-04-03
2000-04-04
2000-04-05
2000-04-06
2000-04-07
2000-04-08
2000-04-09

01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00
01:00:00

-0.1454789
1.0436033
-0.3782062
-1.4501869
-1.4123785
0.7864352

[.1]

0.10430346
-0.53476341
0.96020129
0.01450541
-0.29507179
0.23792935
-0.10056077
1.29828201
-0.14547894
1.04360327
-0.37820617
-1.45018695
-1.41237847
0.78643516

> x1["2000-02-26/2000-03-03"]

2000-02-26
2000-02-27
2000-02-28
2000-02-29
2000-03-01
2000-03-02
2000-03-03

[.1]

1.77472194
-0.49498043
0.78994304
0.21743473
0.54130752
-0.02972957
0.49330270

> x1["/20000103"]



[.1]
2000-01-01 0.82029230
2000-01-02 0.99165376
2000-01-03 0.05829894

oloul e )0 pgo Jhis pxie )0 ol osld Buan aile (WS les 5l #8lg Jlade SO 5 gl jeiws
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> mts.vals <- matrix(round(rnorm(25),2),5,5)
> colnames(mts.vals) <- paste('ts',1:5,sep=")
> mts <- xts(mts.vals,as.POSIXct(c('2003-01-01','2003-01-04',
+ '2003-01-05','2003-01-06','2003-02-16"))
> mts

tsl ts2 ts3 ts4 ts5
2003-01-01 0.96 -0.16 -1.03 0.17 0.62
2003-01-04 0.10 1.64 -0.83 -0.55 0.49
2003-01-05 0.38 0.03 -0.09 -0.64 1.37
2003-01-06 0.73 0.98 -0.66 0.09 -0.89
2003-02-16 2.68 0.10 1.44 1.37 -1.37

> mts['2003-01" c("ts2","ts5")]

ts2 tsb
2003-01-01 -0.16 0.62
2003-01-04 1.64 0.49
2003-01-05 0.03 1.37
2003-01-06 0.98 -0.89
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> index(mts)

[1] "2003-01-01 WET" "2003-01-04 WET" "2003-01-05 WET" "2003-01-06
WET"
[5] "2003-02-16 WET"

> coredata(mts)

tsl ts2 ts3 ts4 tsh5
[1,] 0.96 -0.16 -1.03 0.17 0.62
[2,] 0.10 1.64 -0.83 -0.55 0.49
[3,] 0.38 0.03 -0.09 -0.64 1.37
[4] 0.73 0.98 -0.66 0.09 -0.89
[5,] 2.68 0.10 1.44 1.37 -1.37

el oM jsaXts Lo doSolizean il anlio 5 815 ploms (5l eard oMbl 0,155 (5l
G b Lol (55,5 a8 g Ll Loy Sl p b allain Sloy slagpm 0255
U K E PR VOSSR
B 51 el 45 yuilss 2_2_3CSV

s el Lol glite sulie dilgi o Lo Cales g S 45 03,5 oLt L3 )0 45 lizeen
51 s pens 51 ol anlllas (ol 5o 00liwlCSV il pl as idsl Las a5 Ll 0S” eslizad il

LRV OV HAR i

“Index" "Open" "High" "Low" "Close" "Volume" "AdjClose"
1970-01-02 92.06 93.54 91.79 93 8050000 93
1970-01-05 93 94.25 92.53 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.4 9380000 92.4
1970-01-12 92.4 92.67 91.2 91.7 8900000 91.7



ol lee bg oo ,S oglils 1y Ll Lads 09 o 2,8 SP500.CSV” 4y bgsye a5 (5,558 plo yled o
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> GSPC <- as.xts(read.zoo("sp500.csv", header = T))

xbread.zoo () (z=X) 4w 51200 Ll G CSV (58 ¢ b an | oledbl s wlgs 1,200
oOBXLS .08 oo Joo 595 &

o9 31 (0515) SleMb! 140 9] Cawss ~3-2-3

ol Lol o9ysl ey 508 Gyl of ) SGS&P500 o w8 LK1, wleas 5l solizul
Jols S L aas o o5l a5 cad saly Jle (25w alewgiCSV L a5 g Ls 35,1 b Lls as |,
WS a5 ol tseries (Trapletti._and Hornik, 2009) = <, R ols Jol
get.hist.quote () - oo ;0 )l b)) sgbls (gl wlgs o a5 0l 0 200 S 5 cdlae 04 solazul
Gz o) 308l Sy sl @b ol 5 eskiiul JLS&P500 (e

> library(tseries)
> GSPC <- as.xts(get.hist.quote(""GSPC",start="1970-01-02",
guote=c("Open*, "High", "Low", "Close","Volume","AdjClose")))

> head(GSPC)

Open High Low Close Volume AdjClose
1970-01-02 92.06 93.54 91.79 93.00 8050000 93.00
1970-01-05 93.00 94.25 92.53 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.40 9380000 92.40



oW 5l e o SHZOO b ygomen get.hist.quote() sbs o,bgs L ws,5 o 5L as.xts() sl 1,
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AsS

> GSPC <- as.xts(get.hist.quote("*"GSPC",
start="1970-01-02",end="2009-09-15',
guote=c("Open", "High", "Low", "Close","Volume","AdjClose")))

aS>2009-09-15" o 0 s,l> slacwsd 59, o S TGSPC covns 150 by, ol bo S5
Sl osliil (gl (0 pelys aelsl jo aSilizes Cancs ol L5l L) g 5l Ceand (6 ke ALl 10
xtgetSymbols() = 5l quantmod (Ryan, 2009) sLsl slacw s o3> ool o,bgd .ol
o g a8 A aiigly OMged iz G ol LasST o] oolaial 51 L8 b Ll a5 sl S5
20,5 pelys oolatul Jad cpl U5 50 Lo a5 05 o pol,d Jl wledlbigetSymbols() Swss o
Sledbl sl 5 g la aledbl fyo,5) coway gl aied ;08 Lol ool of ) SO sl ol 5l @ilss b b
e |y o] 51 ooliiul sl Jle shas oups o3l S oo ool 3 glice

> library(quantmod)
> getSymbols("AGSPC")

bgetSymbols() o)Lz (25,0 5 asS o <8l )0 | laeusl 5 @dle 5l 09,5 Sy Jol Jians yoiie o
Lmn 3 o] 485 08 anlys (6 glans s (glamlins i b g cilizes wlie j1 1, lacasdle o)
csh Ko bt polie algs 5 oot slol JISXES s .05 e 00ls Sl codle dand o ylan L
dgilys oo aSSlizmen Sl o Houda |y (gt S8 Sbyl cpl l can 2 oS 0)ls (o)l la il
o g amd e iy |y DS ey b edal oMbl aile golice 0,50 o 00l T3l 6 o dlS oo
05 et ) aile Sl & wilg o pol ool el Sglite Sl o] (glosls

> getSymbols("*"GSPC", from ="1970-01-01", to = "2009-09-15")
> colnames(GSPC) <- c("Open®, "High", "Low", "Close", "Volume",
+ "AdjClose")
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Jlos 5o aSilian Wlgi co Slowkas (pl plos .Conl 593 ogases yial,l b alaS 2 48wy ls  glite atudl
Caomd glal 5o o oo 5 e0luR &b L setSymbolLookup() .00 5 aseie

> setSymbolLookup(IBM=list(hame="IBM',src="yahoo’),
+ USDEUR=list(hame="USD/EUR',src='0anda))
> getSymbols(c('IBM''USDEUR"))

> head(IBM)

IBM.Open IBM.High IBM.Low IBM.Close IBM.Volume IBM.Adjusted
2007-01-03 97.18 98.40 96.26 97.27 9196800 92.01
2007-01-04 97.25 98.79 96.88 98.31 10524500 93.00
2007-01-05 97.60 97.95 96.91 97.42 7221300 92.16
2007-01-08 98.50 99.50 98.35 98.90 = 10340000 93.56
2007-01-09 99.08 100.33 99.07 100.07 11108200 94.66
2007-01-10 98.50 99.05 97.93 98.89 8744800 93.55

> head(USDEUR)

USDEUR
2009-01-01 0.7123
2009-01-02 0.7159
2009-01-03  0.7183
2009-01-04 0.7187
2009-01-05 0.7188
2009-01-06 0.7271

320 SIBM I LS, ol (5955 = Yo hos £55 5 50Ls Jlo Sleas 51 0anda wls 5,k 51 LS ol
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mysql> use Quotes;
mysql> source sp500.sq;

e onll)5uSQL L 5 Jorio SP500.5G1 ik Jgaz o (LS ol g 5l oas s5bls 1)
gSPC addllas ol sl obitws LB Sledbl Jolis Joum ol yo. Bl S jae cpoiz 5 3,5 salss sl
S 50 5 sladealligims szl bools sy o150 MYSQAL 5 aen 45 oS 0l wily oo
RS FLSWER JE S By ¥
mysql> show tables;

o +
| Tables_in_Quotes |
AN 5 +

| gspc |
oL +

1 row in set (0.00 sec)
mysql> select * from gspc;

s o > I8QAL 6 )l o3l Jlie sl S S 1) o3k sl yeS ;) Wil S&P500 L , 5T,
ok 210 cosgaze (35531 L sl e (SLol 4 caiS slml (29,5 cnl sl (sudgame suplys o
PSP [ T I DO ST

23 oz b Lol sl sl ol 2R IS5 (sl (S50 )00 0925 ODBC (sl 1 (6,500 5
s ab vy osoe L wlsDBI (R Special Interest Group on Databases, 2009)
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> library(RODBC)

> ch <-
odbcConnect("QuotesDSN",uid="myusername",pwd="mypassword")
> allQuotes <- sqlFetch(ch,"gspc")

> GSPC <- xts(allQuotes|,-1],order.by=as.Date(allQuotes],1]))

> head(GSPC)

Open High Low Close Volume AdjClose
1970-01-02 92.06 93.54 91.79 93.00 8050000 93.00
1970-01-05 93.00 94.25 92.53 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.40 9380000 92.40

> odbcClose(ch)

25 655,451 aRODBC ls—ie any 4535 5 45 o lomliys 5l ooliil b 1S5S Sy Lo DSN
&b leolaiwl b g puog0 00, e ywodbeConnect() o iws o Slal 5l (o b e oS o0 Sl
&L 5 50 ol )0 WS o colaiul Jgux SO o g (sl I)sqIFetch() slocus, ples Jolss a5 ol
s S G e ado e il oo DMl 0 8 S szen Lol il 5 JgurXtS gzl ol
2 L el a5t L e 5o vl (65l clnceasd 5 ledbl 5l oslial b cledlbl
odbcClose() . e o oo
ool sl ay ya—rmme Lo s 0 0gh L T gmenls’ Lol alibls b o2l cillas (glys 550 by
095 S e (6l alg oo Lk sl 38l Lads el 5 35285 gl ()] ST 0 (5,500 (o3
&5 5 65 sle el an ol b wilgige (nl 5 0SSO0 S5 5 4z LB polie o Sl
sqlFect() 5 sqlFecthMore() coalie aily 5 Jle o, Shae ;o 05ilgs o Bloal ple 00,5 jgake
=S 50 Mie e b s3lee wllsfB(Adler et al., 2010).

OS)Q SleMb | ‘5)‘&5)% —2—4—2—3Rw55:~5.‘ )\) ‘R‘ Jl’ )\)
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RODBC wlosls olis p5 Jlo b aSilizean 1y oy 5l ooliiw] ausles o Lods g 50,5 Jbs) 5l aumr w0y o
Sles sled
> library(DBI)
> library(RMySQL)
> drv <- dbDriver("MySQL")
> ch <- dbConnect(drv,dbname="Quotes","myusername","mypassword")
> allQuotes <- dbGetQuery(ch,"select * from gspc")

> GSPC <- xts(allQuotes|,-1],order.by=as.Date(allQuotes][,1]))
> head(GSPC)

Open High Low Close - Volume AdjClose
1970-01-02 92.06 93.54 91.79 93.00 8050000 93.00
1970-01-05 93.00 94.25 9253 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 1 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.40 9380000 92.40

> dbDisconnect(ch)
[1] TRUE

> dbUnloadDriver(drv)

B eolii b oSy opl (6,135 ,L 5l aafunctims dbDr iver ()& dbConnect() oLixo L
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> setSymbolLookup(GSPC=list(hame="'gspc',src="mysql’,

+ db.fields=c('Index’,'Open’,'High’,'Low','Close’,'Volume’,'AdjClose"),
+ user="xpto’,password="ypto',dbname="Quotes'))

> getSymbols('GSPC")

[1] "GSPC"
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> T.ind <- function(quotes, tgt.margin = 0.025, n.days = 10) {
+ v <- apply(HLC(quotes), 1, mean)

+ r <- matrix(NA, ncol = n.days, nrow = NROW/(quotes))

+ for (x in 1:n.days) r[, x] <- Next(Delt(v, k = x), X)

+ X <- apply(r, 1, function(x) sum(x[x > tgt.margin | x <



+ -tgt.margin]))

+ if (is.xts(quotes))

+ xts(x, time(quotes))
+ else x

+}
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> candleChart(last(GSPC, "3 months"), theme = "white", TA = NULL)

> avgPrice <- function(p) apply(HLC(p), 1, mean)

> addAvgPrice <- newTA(FUN = avgPrice, col = 1, legend = "AvgPrice")
> addT.ind <- newTA(FUN = T.ind, col = "red", legend = "tgtRet")

> addAvgPrice(on = 1)

> addT.ind()
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> myATR <- function(x) ATR(HLC(x))[, "atr"]

> mySMI <- function(x) SMI(HLC(x))[, "SMI"]

> myADX <- function(x) ADX(HLC(X))[, "ADX"]

> myAroon <- function(x) aroon(x[, c("High", "Low™")])$oscillator
> myBB <- function(x) BBands(HLC(x))[, "pctB"]

> myChaikinVol <- function(x) Delt(chaikinVolatility(x[, c("High",
+  "Low)D)L 1]

> myCLV <- function(x) EMA(CLV(HLC(xX))); 1]

> myEMV <- function(x) EMV(x[, c("High", "Low")], x[, "Volume"])[,
+ 2]

> myMACD <- function(x) MACD(CI(x))[, 2]

> myMFI <- function(x) MFI(x[, c("High", "Low", "Close")],

+ X[, "Volume"])

> mySAR <- function(x) SAR(X[, c("High", "Close")])[, 1]

> myVolat <- function(x) volatility(OHLC(x), calc = "garman")],
+ 1]
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> data(GSPC)

> library(randomForest)

> data.model <- specifyModel(T.ind(GSPC) ~ Delt(CI(GSPC),k=1:10) +
+ MyATR(GSPC) + mySMI(GSPC) + myADX(GSPC) +
myAroon(GSPC) +

+ myBB(GSPC) + myChaikinVol(GSPC) + myCLV(GSPC) +

+ CMO(CI(GSPCQC)) + EMA(Delt(CI(GSPC))) + myEMV(GSPC) +
+ myVolat(GSPC) + myMACD(GSPC) + myMFI(GSPC) +
RSI(CI(GSPQC)) +

+ MySAR(GSPC) + runMean(CI(GSPC)) + runSD(CI(GSPC)))

> set.seed(1234)

> rf <- buildModel(data.model,method="randomForest’,

+ training.per=c(start(GSPC),index(GSPC["1999-12-31"))),
+ ntree=50, importance=T)
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> ex.model <- specifyModel(T.ind(IBM) ~ Delt(CI(IBM), k =1:3))
> data <- modelData(ex.model, data.window = c("2009-01-01",
+ "2009-08-10"))
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> m <- myFavouriteModellingTool(ex.model@model.formula,
+ as.data.frame(data))
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> varlmpPlot(rf@fitted.model, type = 1)
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> imp <- importance(rf@fitted.model, type = 1)
> rownames(imp)[which(imp > 10)]

[1] "Delt.CI.GSPC.k.1.10.Delt.1.arithmetic"
[2] "myATR.GSPC"

[3] "myADX.GSPC"

[4] "myEMV.GSPC"

[5] "myVolat. GSPC"

[6] "myMACD.GSPC"

[7] "mySAR.GSPC"

[8] "runMean.Cl.GSPC"
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> data.model <-specifyModel(T.ind(GSPC) ~ Delt(CI(GSPC), k=1) +
+ MyATR(GSPC) + myADX(GSPC) + myEMV(GSPC) +
myVolat(GSPC) +

+ MyMACD(GSPC) + mySAR(GSPC) + runMean(CI(GSPC)))
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> Tdata.train <- as.data.frame(modelData(data.model,

+ data.window=c('1970-01-02','1999-12-31"))
> Tdata.eval <- na.omit(as.data.frame(modelData(data.model,
+ data.window=c('2000-01-01','2009-09-15"))))

> Tform <- as.formula('T.ind.GSPC ~ .")
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> set.seed(1234)

> library(nnet)

> norm.data <- scale(Tdata.train)

> nn <- nnet(Tform, norm.data[1:1000, ], size = 10, decay = 0.01,
+ maxit = 1000, linout =T, trace = F)

> norm.preds <- predict(nn, norm.data[1001:2000, ])

> preds <- unscale(norm.preds, norm.data)
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> sigs.nn <- trading.signals(preds, 0.1, -0.1)

> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1,-0.1)

> sigs.PR(sigs.nn, true.sigs)

precision recall
S 0.2101911 0.1885714
b 0.2919255 0.5911950
s+b 0.2651357 0.3802395
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> set.seed(1234)
> library(nnet)
> signals <- trading.signals(Tdata.train[, "T.ind.GSPC"], 0.1,

+ -0.1)
> norm.data <- data.frame(signals = signals, scale(Tdata.train[,
+  -1])

> nn <- nnet(signals ~ ., norm.data[1:1000, ], size = 10, decay = 0.01,
+ maxit = 1000, trace = F)
> preds <- predict(nn, norm.data[1001:2000, ], type = "class")
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> sigs.PR(preds, norm.data[1001:2000, 1])

precision recall
S 0.2838710 0.2514286
b 0.3333333 0.2264151
stb 0.2775665 0.2185629
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> library(e1071)
> sv <- svm(Tform, Tdata.train[1:1000, ], gamma = 0.001, cost = 100)
> s.preds <- predict(sv, Tdata.train[1001:2000, ])
> sigs.svm <- trading.signals(s.preds, 0.1, -0.1)
> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1,-0.1)
> sigs.PR(sigs.svm, true.sigs)

precision  recall
S 0.4285714 0.03428571
b 0.3333333 0.01257862
s+b  0.4000000 0.02395210
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> library(kernlab)
> data <- cbind(signals = signals, Tdata.train[, -1])
> ksv <- ksvm(signals ~ ., data[1:1000, ], C = 10)

L Slegs! s 5l oolazwl L(sigest) !, RBF i, L laplace:

> ks.preds <- predict(ksv, data[1001:2000, ])
> sigs.PR(ks.preds; data[1001:2000, 1])

precision recall
S 0.1935484 0.2742857
b 0.2688172 0.1572327
s+b 0.2140762 0.2185629
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> library(earth)

> e <- earth(Tform, Tdata.train[1:1000, ])

> e.preds <- predict(e, Tdata.train[1001:2000, ])

> sigs.e <- trading.signals(e.preds, 0.1, -0.1)

> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1,-0.1)

> sigs.PR(sigs.e, true.sigs)

precision recall
S 0.2785714 0.2228571
b 0.4029851 0.1698113
s+b 0.3188406 0.1976048
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> policy.1 <- function(signals,market,opened.pos,money,
bet=0.2,hold.time=10,
exp.prof=0.025, max.loss= 0.05
)
{
d <- NROW(market) # this is the ID of today
orders <- NULL

nOs <- NROW/(opened.pos)
# nothing to do!

+ + + 4+ + + + +



++++++++++++++++ o+

+ + + + + +

if (InOs && signals[d] =="'h") return(orders)

# First lets check if we can open new positions
#1) long positions
if (signals[d] =="b' && 'nOs) {
guant <- round(bet*money/market[d,'Close’],0)
f (quant > 0)
orders <- rbind(orders,
data.frame(order=c(1,-1,-1),order.type=c(1,2,3),
val = c(quant,
market[d,'Close']*(1+exp.prof),
market[d,'Close']*(1-max.loss)
),
action = c('open’,'close’,'close’),
posID = c(NA,NA,NA)
)
)

# ii) short positions
} else if (signals[d] == 's" && 'nOs) {
# this is the nr of stocks we already need to buy
# because of currently opened short positions
need2buy <- sum(opened.pos[opened.pos|,'pos.type'l==-1,
"N.stocks"])*market[d,'Close’]
guant <- round(bet*(money-need2buy)/market[d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data.frame(order=c(-1,1,1),order.type=c(1,2,3),
val = c(quant,
market[d,'Close']*(1-exp.prof),
market[d,'Close']*(1+max.loss)

),

action = c('open’,'close’,'close’),
posID = c(NA,NA,NA)

)

)



# Now lets check if we need to close positions

# because their holding time is over

if (NOs)

for(i in 1:n0Os) {
if (d - opened.pos]i,'Odate'] >= hold.time)
orders <- rbind(orders,
data.frame(order=-opened.pos[i,'pos.type'],

order.type=1,
val = NA,
action = 'close’,
posID = rownames(opened.pos)|i]

)
)
}

orders

+++++++++++++++++
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> policy.2 <- function(signals,market,opened.pos,money,

+ bet=0.2,exp.prof=0.025, max.loss= 0.05
+ )

+

+ d <- NROW(market) # this is the ID of today



+++++++++++++++ A+ o+

orders <- NULL

nOs <- NROW/(opened.pos)

# nothing to do!

if (InOs && signals[d] =="'h") return(orders)

# First lets check if we can open new positions
#1) long positions
if (signals[d] =="'b") {
guant <- round(bet*money/market[d,'Close’],0)
if (quant > 0)
orders <- rbind(orders,
data.frame(order=c(1,-1,-1),order.type=c(1,2,3),
val = c(quant,
market[d,' Close']*(1+exp.prof),
market[d,' Close']*(1-max.loss)
),
action = c('open’,'close’,'close’),
posID = c(NA;NA,NA)
)
)

# ii) short positions
} else if (signals[d] =="'s') {
# this is the money already committed to buy stocks
# because of currently opened short positions
need2buy <- sum(opened.pos[opened.pos|,'pos.type']==-1,
"N.stocks"])*market[d,'Close’]
guant <- round(bet*(money-need2buy)/market[d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data.frame(order=c(-1,1,1),order.type=c(1,2,3),
val = c(quant,
market[d,'Close']*(1-exp.prof),
market[d,'Close']*(1+max.loss)
),
action = c('open’,'close’,'close’),
posID = c(NA,NA,NA)
)
)



orders

+ + +

Lo b ciwdad pl o a8 o lo 4SO il pl o ol gl conl L8 &l acls e &6 o0l

Cudgdsme b Lo e § Sgul G,me)b QLQ)' QLuo o as ROV XY o5l (6 i slacuxdge gl
.o)b.j S99 u“‘“’ EVowe QSL““““-"BB“’ LS‘)'? LS’L°)

Sl i oolel oles, o sleand 10,5 e yo Glp b cpilss gl shwedas 5l & e mllo b
o=l L leslod jlwans Lo wogi oo oolainl 4590 0550 G sl ol o in 4 oliws glp e
LSLQUA)LC )| oolazl L: LS)L7° E"L“" O LS:LM.M:Q LS‘)'? &GWWSVM LS)L7° Oy wb )| u*-‘ O

> # Train and test periods

>start <- 1

> len.tr <- 1000

> len.ts <- 500

> tr <- start:(start+len.tr-1)

> ts <- (start+len.tr):(start+len.tr+len.ts-1)

> # getting the quotes for the testing period

> data(GSPC)

> date <- rownames(Tdata.train[start+len.tr,])

> market <- GSPC[paste(date,'/",sep=")][1:len.ts]

> # learning the model and obtaining its signal predictions
> library(e1071)

> s <- svm(Tform, Tdata.train[tr,],cost=10,gamma=0.01)

> p <-.predict(s, Tdata.train[ts,])

> sig <- trading.signals(p,0.1,-0.1)

> # now.using the simulated trader

> t1 <- trading.simulator(market,sig,

+ ‘policy.1'\list(exp.prof=0.05,bet=0.2,hold.time=30))
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> tl
Object of class tradeRecord with slots:

trading: <xts object with a numeric 500 x 5 matrix>
positions: <numeric 16 x 7 matrix>
init.cap : 1e+06
trans.cost : 5
policy.func : policy.1
policy.pars : <list with 3 elements>
> summary(tl)

== Summary of a Trading Simulation with 500 days ==

Trading policy function : policy.1
Policy function parameters:
exp.prof =0.05
bet = 0.2
hold.time = 30

Transaction costs : 5

Initial Equity : 1e+06

Final Equity : 997211.9 Return : -0.28 %
Number of trading positions: 16

@U”tradingEvaluat'm( )' é:l_: A ool (g 5lwan i u_:l 5o LF’T ©Od< LSLQW-*—’T &y
03,5 oolazwl (g 3lwads 0,90

> tradingEvaluation(tl)
NTrades NProf PercProf PL Ret RetOverBH



16.00 8.00 50.00 -2788.09 -0.28 -7.13

MaxDD SharpeRatio AvgProf  AvgLossAvgPL MaxProf
59693.15 0.00 4.97 -4.91 0.03 5.26

MaxLoss

-5.00

&L 5l eolatwl b puslys oo pmizran oy aiile Lplot() OS5l o, Sles 5l (SC31LS IS asllae SO
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> plot(t1, market, theme = "white", name = "SP500")
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> t2 <- trading.simulator(market, sig, "policy.2", list(exp.prof = 0.05,
+ bet = 0.3))
> summary(t2)

== Summary of a Trading Simulation with 500 days ==
Trading policy function : policy.2

Policy function parameters:
exp.prof = 0.05

bet=0.3
Transaction costs : 5
Initial Equity :-1e+06
Final Equity 1 961552.5 Return : -3.84 %

Number of trading positions: 29
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> tradingEvaluation(t2)
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NTrades . NProf PercProf PL Ret RetOverBH
29.00 14.00 48.28 -38447.49 -3.84 -10.69

MaxDD  SharpeRatio AvgProf AvgLoss AvgPL MaxProf
156535.05 -0.02 4.99 -4.84 -0.10 5.26
MaxLoss

-5.00
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> start <- 2000
> len.tr <- 1000



> len.ts <- 500

> tr <- start:(start + len.tr - 1)

> ts <- (start + len.tr):(start + len.tr + len.ts - 1)

> s <- svm(Tform, Tdata.train][tr, ], cost = 10, gamma = 0.01)

> p <- predict(s, Tdata.train[ts, ])

> sig <- trading.signals(p, 0.1, -0.1)

> t2 <- trading.simulator(market, sig, "policy.2", list(exp.prof = 0.05,
+ bet = 0.3))

> summary(t2)

== Summary of a Trading Simulation with 500 days ==
Trading policy function : policy.2

Policy function parameters:
exp.prof = 0.05

bet=0.3
Transaction costs : 5
Initial Equity . 1le+06
Final Equity : 107376.3 Return : -89.26 %

Number of trading positions: 229
é’b )I”tradlngEvaluatm( )'A,_S oolazul LS)LM:W u.:‘ 5o LS’T ©ode LSLQW-*-’T LS‘)'?

> tradingEvaluation(t2)

NTrades  NProf PercProf PL Ret RetOverBH

229.00 67.00 29.26 -892623.73 -89.26 -
96.11

MaxDD SharpeRatio AvgProf  AvglLoss AvgPL
MaxProf

959624.80 -0.08 5.26 -4.50 -1.65 5.26

MaxLoss

-5.90
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> MC.svmR <- function(form, train, test, b.t = 0.1, s.t = -0.1,
)

require(el071)

t <- svm(form, train, ...)

p <- predict(t, test)

trading.signals(p, b.t, s.t)

}
MC.svmC <- function(form, train, test, b.t = 0.1, s.t = -0.1,
)
require(el071)
tgtName <- all.vars(form)[1]
train[, tgtName] <- trading.signals(train[, tgtName],
b.t, s.t)

++ +++V ++++++



t <- svm(form, train, ...)
p <- predict(t, test)
factor(p, levels = c("s", "h", "b"))

}
MC.nnetR <- function(form, train, test, b.t = 0.1, s.t =-0.1,
R

require(nnet)

t <- nnet(form, train, ...)

p <- predict(t, test)

trading.signals(p, b.t, s.t)

}
MC.nnetC <- function(form, train, test, b.t = 0.1, s.t = -0.1,
)
require(nnet)
tgtName <- all.vars(form)[1]
train[, tgtName] <- trading.signals(train[, tgtName],
b.t, s.t)
t <- nnet(form, train, ...)
p <- predict(t, test, type = "class")
factor(p, levels = c("s", "h", "b"))

}
MC.earth <- function(form, train, test, b.t = 0.1, s.t = -0.1,
R
require(earth)
t <- earth(form, train, ...)
p <- predict(t, test)
trading.signals(p, b.t, s.t)

V++++++V+++++++++V++++++V++++

}
single <- function(form, train, test, learner, policy.func,
+ R
+ p <- do.call(paste("MC", learner, sep ="."), list(form,
+ train, test, ...))
+ eval.stats(form, train, test, p, policy.func = policy.func)
+}

> slide <- function(form, train, test, learner, relearn.step,

+ policy.func, ...) {

real.learner <- learner(paste("MC", learner, sep ="."),
pars = list(...))

p <- slidingWindowTest(real.learner, form, train, test,

+
+
+
+ relearn.step)



+ p <- factor(p, levels = 1:3, labels = c("s", "h", "b"))
+ eval.stats(form, train, test, p, policy.func = policy.func)
+}

> grow <- function(form, train, test, learner, relearn.step,

+ policy.func, ...) {

+ real.learner <- learner(paste("MC", learner, sep ="."),
+ pars = list(...))

+ p <- growingWindowTest(real.learner, form, train, test,
+ relearn.step)

+ p <- factor(p, levels = 1:3, labels = c("s", "h", "b"))

+ eval.stats(form, train, test, p, policy.func = policy.func)
+}
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> eval.stats <- function(form,train,test,preds,b.t=0.1,s.t=-0.1,...) {

# Signals evaluation

tgtName <- all.vars(form)[1]

test[,tgtName] <- trading.signals(test[,tgtName],b.t,s.t)

st <- sigs.PR(preds,test[,tgtName])

dim(st) <- NULL

names(st) <- paste(rep(c(‘prec','rec’),each=3),
c('s','b",'sh"),sep=""

# Trading evaluation

date <- rownames(test)[1]

market <- GSPC[paste(date,"/",sep=")][1:length(preds),]
trade.res <- trading.simulator(market,preds,...)

++ ++++++++++++

c(st,tradingEvaluation(trade.res))
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> poll <- function(signals,market,op,money)

+ policy.1(signals,market,op,money,

+ bet=0.2,exp.prof=0.025,max.loss=0.05,hold.time=10)
> pol2 <- function(signals,market,op,money)

+ policy.1(signals,market,op,money,

+ bet=0.2,exp.prof=0.05,max.loss=0.05,hold.time=20)
> pol3 <- function(signals,market,op,money)

+ policy.2(signals,market,op,money,

+ bet=0.5,exp.prof=0.05,max.loss=0.05)
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> # The list of learners we will use

> TODO <- c('svmR','svymC','earth’,'nnetR’,'nnetC")
> # The datasets used in the comparison



> DSs <- list(dataset(Tform, Tdata.train,'SP500"))
> # Monte Carlo (MC) settings used
> MCsetts <- mcSettings(20, # 20 repetitions of the MC exps

+ 2540, # ~ 10 years for training
+ 1270, # ~ 5 years for testing
+ 1234) # random number generator seed

> # Variants to try for all learners

> VARS <- list()

> VARS$svmR <- list(cost=c(10,150),gamma=c(0.01,0.001),

+ policy.func=c(‘poll’,'pol2','pol3"))

> VARS$svmC <- list(cost=c(10,150),gamma=c(0.01,0.001),

+ policy.func=c('poll’,'pol2','pol3"))

> VARSS$earth <- list(nk=c(10,17),degree=c(1,2),thresh=¢(0.01,0.001),
+ policy.func=c(‘poll’,'pol2','pol3"))

> VARSS$nnetR <- list(linout=T,maxit=750,size=c(5,10),

+ decay=c(0.001,0.01),

+ policy.func=c('poll’,'pol2','pol3"))
> VARSS$nnetC <- list(maxit=750,size=c(5,10),decay=c(0.001,0.01),
+ policy.func=c('poll','pol2','pol3"))

> # main loop
> for(td in TODO) {
+ assign(td,
experimentalComparison(
DSs,
c(
do.call('variants',
c(list('single',learner=td),VARS][td]],
varsRootName=paste('single',td,sep=".")),
do.call('variants',
c(list(‘slide’,learner=td,
relearn.step=c(60,120)),
VARSI[td]],
varsRootName=paste('slide',td,sep=""))),
do.call('variants',
c(list('grow',learner=td,
relearn.step=c(60,120)),
VARSI[td]],
varsRootName=paste('single',td,sep="."))

)1
MCsetts)

++++++++++++++++++



)

# save the results
save(list=td,file=paste(td,'Rdata’,sep="."))

+ + + + +
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> load("svmR.Rdata")
> |load("svmC.Rdata")
> |oad("earth.Rdata")
> load("nnetR.Rdata")
> load("nnetC.Rdata")
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> tgtStats <- c(‘prec.sb’,'Ret','PercProf’,

+ ‘MaxDD','SharpeRatio’)
> allSysRes <- join(subset(svmR,stats=tgtStats),
+ subset(svmC,stats=tgtStats),

+ subset(nnetR,stats=tgtStats),
+ subset(nnetC,stats=tgtStats),
+ subset(earth,stats=tgtStats),
+ by = 'variants')

> rankSystems(allSysRes,5,maxs=c(T,T,T,F,T))

$SP500
$SP500$prec.sb
system score

1 slide.svmC.v5 1

2 slide.svmC.v6

3 slide.svmC.v13

4 slide.svmC.v14

5 slide.svmC.v21

$SP500%$Ret

system score
1 single.nnetR.v12 97.4240
2 single.svmR.v11 3.4960
3 slide.nnetR.v15 2.6230
4 single.svmC.v12 0.7875
5 single.svmR.v8 0.6115

$SP500%PercProf

system score
1 grow.nnetR.v5 60.4160
2 grow.nnetR.v6 60.3640

3 slide.svmR.v3 60.3615
4 grow.svmR.v3 59.8710
5 grow.nnetC.v1l 59.8615

$SP500$MaxDD

system  score
1 slide.svmC.v5 197.3945
2 slide.svmC.v6 197.3945



3 grow.svmC.v5 197.3945
4 grow.svmC.v6 197.3945
5 slide.svmC.v13 399.2800

$SP500$SharpeRatio
system score
slide.svmC.v5 0.02
slide.svmC.v6 0.02
slide.svmC.v13 0.02
slide.svmC.v14 0.02
slide.svmC.v21 0.02
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> summary(subset(svmC,
+ stats=c('Ret','RetOverBH','PercProf','NTrades'),
+ vars=c('slide.svmC.v5','slide.svmC.v6')))
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20 repetitions Monte Carlo Simulation using:
seed = 1234
train size = 2540 cases
test size = 1270 cases

* Datasets :: SP500

* Learners :: slide.svmC.v5, slide.svmC.v6

-> Datataset: SP500

*Learner: slide.svmC.v5
Ret RetOverBH PercProf NTrades
avg 0.0250000 -77.10350 5.00000 0.0500000
std 0.1118034 33.12111 22.36068 0.2236068
min  0.0000000 -128.01000 0.00000 0.0000000
max 0.5000000 -33.77000 100.00000 1.0000000
invalid 0.0000000 0.00000 0.00000 0.0000000

*Learner: slide.svymC.v6
Ret RetOverBH PercProf NTrades
avg 0.0250000 -77.10350 5.00000 0.0500000
std 0.1118034 33.12111 22.36068 0.2236068
min  0.0000000 -128.01000 0.00000 0.0000000
max - 0.5000000 -33.77000 100.00000 1.0000000
invalid 0.0000000 0.00000 0.00000 0.0000000
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> fullResults <- join(svmR, svmC, earth, nnetC, nnetR, by = "variants")
> nt <- statScores(fullResults, "NTrades")[[1]]

> rt <- statScores(fullResults, "Ret")[[1]]

> pp <- statScores(fullResults, "PercProf*)[[1]]

> sl <- names(nt)[which(nt > 20)]

> s2 <- names(rt)[which(rt > 0.5)]

> s3 <- names(pp)[which(pp > 40)]

> namesBest <- intersect(intersect(sl, s2), s3)

> summary(subset(fullResults,
stats=tgtStats,
vars=namesBest))

== J )5 Cige L,i;%l.a)'T 3l glaads ==

20 repetitions Monte Carlo Simulation using:
seed = 1234
train size = 2540 cases
test size = 1270 cases
* Datasets :: SP500
* Learners :: single.nnetR.v12, slide.nnetR.v15, grow.nnetR.v12

* u‘;gl.oﬂ il glaads

-> Datataset: SP500

*Learner: single.nnetR.v12

prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.12893147 97.4240 45.88600 1595761.4 -0.01300000
std 0.06766129 650.8639 14.04880 2205913.7 0.03798892
min 0.02580645 -160.4200 21.50000 257067.4 -0.08000000



max 0.28695652 2849.8500 73.08000 10142084.7
0.04000000
invalid 0.00000000 0.0000  0.00000 0.0
0.00000000

*Learner: slide.nnetR.v15

prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.14028491 2.62300 54.360500 46786.28
0.01500000
std 0.05111339 493178 8.339434 23526.07
0.03052178
min 0.03030303 -7.03000 38.890000 18453.94 -0.04000000
max 0.22047244 9.85000 68.970000 99458.44
0.05000000
invalid 0.00000000 0.00000 0.000000 0.00
0.00000000

*Learner: grow.nnetR.v12

prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.18774920 0.544500 52.66200 41998.26 0.00600000
std 0.07964205 4.334151 11.60824 28252.05 0.03408967

min 0.04411765 -10.760000 22.22000 18144.11 -
0.09000000

max 0.33076923 5.330000 72.73000 121886.17 0.05000000
invalid 0.00000000 0.000000 0.00000 0.00
0.00000000
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> compAnalysis(subset(fullResults,

+ stats=tgtStats,
+ vars=namesBest))

== oud awglie @l I g bl comal b sla Jdoxs g a0 ==
Baseline Learner:: single.nnetR.v12 (Learn.1)
** Evaluation Metric::  prec.sb

- Dataset: SP500

Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG 0.12893147 0.14028491 0.18774920 +
STD 0.06766129 0.05111339 0.07964205

** Evaluation Metric:: Ret

- Dataset: SP500

Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG 97.4240 2.62300 - 0.544500 -
STD 650.8639 4.93178 4.334151

** Evaluation Metric:: PercProf

- Dataset: SP500



Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG 45.88600 54.360500 + 52.66200
STD 14.04880 8.339434 11.60824

** Evaluation Metric:: MaxDD

- Dataset: SP500

Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG 1595761 46786.28 --  41998.26 --
STD 2205914 23526.07 28252.05

** Evaluation Metric:: SharpeRatio

- Dataset: SP500
154 Data Mining with R: Learning with Case Studies
Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG -0.01300000 0.01500000 + . 0.00600000
STD 0.03798892 0.03052178 0.03408967

Legends:

Learners -> Learn.1 = single.nnetR.v12 ; Learn.2 = slide.nnetR.v15 ;
Learn.3 = grow.nnetR.v12 ;

Signif. Codes -> 0 '++' or '--' 0.001 '+'or-'0.05"'"' 1
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> plot(subset(fullResults,
+ stats=c('Ret','PercProf','MaxDD"),
+ vars=namesBest))
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> getVariant("single.nnetR.v12", nnetR)
Learner:: "single"

Parameter values
learner = "nnetR"

linout = TRUE
trace = FALSE
maxit = 750
size = 10
decay = 0.01

policy.func = "pol3"
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> data <- tail(Tdata.train, 2540)

> results <- list()

> for (name in namesBest) {

+ sys <- getVariant(name, fullResults)

+ results[[name]] <- runLearner(sys, Tform, data, Tdata.eval)

+}

> results <- t(as.data.frame(results))
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> results|, c("Ret", "RetOverBH", "MaxDD", "SharpeRatio", "NTrades",
+ "PercProf")]

Ret RetOverBH MaxDD SharpeRatio
NTrades PercProf

single.nnetR.v12 -91.13 -61.26 1256121.55 -0.03
759 44.66
slide.nnetR.v15 -6.16 23.71 107188.96 -0.01 132 48.48

grow.nnetR.v12 1.47 31.34 84881.25 0.00 89 53.93
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> getVariant("grow.nnetR.v12", fullResults)

Learner:: "grow"

Parameter values
learner = "nnetR"
relearn.step = 120
inout = TRUE
trace = FALSE
maxit = 750
size =10
decay = 0.001
policy.func = "pol2"
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> model <- learner("MC.nnetR", list(maxit = 750, linout = T,

+ trace = F, size = 10, decay = 0.001))

> preds <- growingWindowTest(model, Tform, data, Tdata.eval,
+ relearn.step = 120)

> signals <- factor(preds, levels = 1:3, labels = c("s", "h",

L )

> date <- rownames(Tdata.eval)[1]

> market <- GSPCJpaste(date, "/", sep = "")][1:length(signals),



+ ]
> trade.res <- trading.simulator(market, signals, policy.func = "pol2")
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> plot(trade.res, market, theme = "white", name = "SP500 - final test")
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> library(PerformanceAnalytics)
> rets <- Return.calculate(trade.res@trading$Equity)

&b oS ail alls axgs lilJReturn.calculate() 00,5 o oslaiul (eS U LaS 203l ws o
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> chart.CumReturns(rets, main = "Cumulative returns of the strategy",
+ ylab = "returns")
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> yearlyReturn(trade.res@trading$Equity)

yearly.returns
2000-12-29 0.028890251

2001-12-31 -0.005992597
2002-12-31 0.001692791
2003-12-31 0.013515207
2004-12-31 0.002289826
2005-12-30 0.001798355
2006-12-29 0.000000000
2007-12-31 0.007843569

2008-12-31 0.005444369



2009-08-31 -0.014785914

L Jlo 2 s bl a5 0sS sadlive puslys oo Lo g ams oo a8l 1, (81,5 ledlbol 1 113 jloges
2,18 3529 Aie 003l

> plot(100*yearlyReturn(trade.res@trading$Equity),
+ main="Yearly percentage returns of the trading system’)
> abline(h=0,lty=2)

‘Yoarly percentage returmns of the trading =ystem

Diac Dec D Dec Deac Disc D Dac Dec
2000 2001 2002 2002 2004 2005 2008 2007 2008

s 3l ctS 5L AVl s y0 1113 lsgasgrow.nnetR.v12

abtable.calendarReturns() as o o5l S 5l Jgox L1, ledbl 5l g i oldi> o
1S oo @l B (Lo Job 55 0uiledl ggame 3T (y9t) ailale 033k

> table.CalendarReturns(rets)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Nov Dec Equity
2000 -05 03 01 02 o0 02 02 00 00 04 o04
-0.2 1.0



2001 00 03 02 01 O OO OO 0O 04 00 00

0.0 0.3
2002 00 -01 OO 02 O 0O 02 00 -03 -01 0.0
00 -05

2003 00 01 OO OO O OO 00 00 00 00 0.0
00 -01
2004 00 OO OO OO O OO OO0 OO 00 00 0.0

0.0 0.0

2006 00 00 OO 02 O 0O 00 00O 00 00 0.0
00 -0.2

2006 00 00O OO OO O 0O 00 00 00O 00 00
0.0 NA

2007 o0 00 OO 02 O 00 00 -02 00 -0.2

0.2 0.1 0.0
2008-0.3 05 01 01 0O 60 03 00 09 03 02

03 23
2009-05 00 -0.2 0.0 0O 00 00 00 NA NA NA
NA -0.6

Solm slayio Losl wilo oo JUd ot i &5 (e (GYsbo 0,90 )3 wad o0 (LS £dy & Joux ()]
.w‘ O‘).o..%

30 Ll 5l iy sl o Shoe Jeloos g 4550 7Sy alews bl S 5l Jlie G L eales o
&b 50 ool ool (o35 il 5 s g o5 S, L alal table.DownsideRist(). xS o 431,11,

> table.DownsideRisk(rets)

Equity
Semi Deviation 0.0017
Gain Deviation 0.0022
Loss Deviation 0.0024
Downside Deviation (MAR=210%) 0.0086
Downside Deviation (Rf=0%) 0.0034
Downside Deviation (0%) 0.0034
Maximum Drawdown -0.0822
Historical VaR (95%) -0.0036
Historical ES (95%) -0.0056

Modified VaR (95%) -0.0032



Modified ES (95%) -0.0051
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Rdata LB 5o olS cole oy ,0 . Canl 970 0SS Col oy b g olS atws ,0 b Sledbl acgoze
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> load("sales.Rdata")



Gz lez 5l L ol ol oad s Gyl 05,5 alils 1, LB Lads 45 (6,555 pls 4o Sledbl yiS]
Lo duslod oolicias] G gy iy glo b6 5 oS el 51, 350 oo aiS SAlES L6 51 Sledlb

> library(DMwR)
> data(sales)

olas ol Gl s,y p) 0 a5 0gd o axeS SAlES oue] Cavss Sledbl Lgx > i opl 4o

A led oolaiwl iy Olyews Il

lsaze

C Sl 00l solo

> head(sales)

ID
vl
w2
w3
v
w3
wh

[ T & o T O oS T % T

Prod
pl
pl
pl
pl
pl
p2

Juant Val Insp
182 1665 unkn
3072 8780 unkn
20393 76990 unkn
112 1100 unkn
6164 20260 unkn
104 1155 unkn

> summary(sales)

1D
v431 : 10159
vE4 6017
w428 : 3902
vi679 : 3016
vi085 : 3001

vi1183 : 2642

(Other) : 372409
Insp

ok : 14462

unkn :385414

fraud: 1270

p1125
p3774
p1437
p1917
p4089
p2742

Prod

3923
1824
1720
1702
1598
1519

(Other) : 388860

Quant
Min. 100
ist Qu.: 107
Median : 168
Mean 5442
3rd Qu.: 738
Max. 1473883883
NA's 13842

Val
Min. : 1005
1st Qu.: 1345
Median : 2675
Mean : 14617
3rd Qu.: 8680
Max. 14642955
lA's - 1182

s pmles 08l

> nlevels(sales$ID)

[1] 6016

> nlevels(sales$Prod)

[1] 4548
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@ og ables Lo JSKiw Mltedas aias F) loy Hled 4o 90 8 ST o,ls 54>9 Val 4 Quant sle g
ST cwl (g8 4 gye slo CueS 33 e SlbI g0y alolae (5)135 oims (las altne (nl 4G 5k
led oy p ) 9090 (nl ol (o0 (S 0 Lo aBl s S92y Sl i

> length(which(is.na(sales$Quant) & is.na(sales$Val)))

[1] 888
ol e OMelas S lade al) b wad aseie SMlalee Joud LB lasd usS oo sanlie 45 lailen

6[.@&2&;;)&&9@9@&\@&. JJO;&SL&Qu)‘}f&“.;dtu@MMQTJQJ;GAC)JGAQ:‘M){.
Cel oo o

3550 Sl crlie slo JS8 ()5 Jlons LDl degems (5 05g 4) w05 o)lal &S jshailen
Lol all oed BB iy cl oo which() 9 length() 3loolaiwl b (L3 oS ax )5 54l 5929 ledbl
el 00l 55 le s 0aS gl Clbns |y e polie conS jLitel puly (oo
> sum(is.na(sales$Quant) & is.na(sales$Val))
[1] 888
ooyl g molie el 4 lel oo el ol casas summary() o Skee 5l a5 ax g5 b Slaslie Ko )
o33k BT s ST o Sl Gy i ol 59 B e ¢ ol 1+ 5505 081 ol s 53 o
c el 5 g0 4 0151 (SasS mte 5 papsl Sl a1 00
> table(sales$Insp) /nrow(sales) * 100
ok unkn fraud
3.6061712 96.0782359 (.3165930
slaws dasled a3l aly oo el oS jhailen . ol 0ailig 8 o DL IS slaws caims Ll 4-1 Jss
caisl o Gy a5 L diged 0 58 oS (o0 salie | i
totS <- table(sales$ID)
totP <- table(sales$Prod)
barplot(totS, main = "Transactions per salespeople", names.arg = "V,
xlab = "Salespecple", ylab = "Amount")

barplot(totP, main = "Transactions per product", names.arg = "',
xlab = "Products", ylab = "Amount")

+ W+ WY
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Al 55,5 ol cpllan (sl 4255 B axili Jlol sl igad ol oSae CoraS 5 (] il il
sl s 55 525 &0 B 05 (o cge s o g, alolao o 3 85 W 5| Sslita oS
cog Ll Lo Sledbl Coz ez W (siw & Wlgh (oo Cwed (nl L 098 patie vy Cuad g WS oy
> sales$lUprice <- sales$Val/sales$fuant

it lej o555 90 b Sdlebee Ll plSin . 423 ol Jyame s S3libas b b oy concd
ply oo el owop b 9oly Cwod @i Lo ST o)l a2y WY same Sl sy coed (698 Sl s
s oles samline |y oo Laseine (6 ks | lodze

> summary(sales$lUprice)

Min. 1st Qu. Median Mean 3rd (Qu. Max.
2.4480e-06 8.4600e+00 1.1890e+01 2.0300e+01 1.9110e+01 2.6460e+04
Ha's
1.4136e+04

5 prles Juow Aoz b @ 1) Joame o OMelae degame aliaS oy ooyl 4 Bli> (pl owy b
asils alolae 20 51 a8 Jgame 982 slaws ¢ Jgiamme 4548 slows 5« Joe j0 . &5ls sl jlows lalas

S el S 55 20 51 1S digad bl ol st sl BT ol 4 IS ol s o

cadly 0,858
attach(sales)
upp <- aggregate(Uprice,list(Prod),median,na.rm=T)
topP <- sapply(c(T,F),function(o)
upp [order (upp[, 2] ,decreasing=o0) [1:5],1])
colnames (topP) <- c('Expensive','Cheap')
topP

A A I T

Expensive Cheap
[1,] "p3689" "ph&O"
[2,] "p24a&3" "pELO"
[3,]1 "p2452" "p4195"
[4,] lrp2455" ”PG{]l”
[5,]1 "p245a" "pbE3"

o 3l el o L ail s x\gdﬁx)lo Iy Cad o )3 Qﬁl“&)sygédsywu S ¢§|5)o



S Caad e - 058 laen Dledbl gl gt 4 cwyiwd U peils a5 ol |y Sledbl Gox e L
Sl (8 Skos 00t ()l 5 (nl - w0y5] cowss aggregate() o Shee jleslinal L) Jpame ;2 a2l
586 ples Gulul a5 w5 e el 3 DMl dsgorme (08 sl 0g)F sl |y g0 polie (S p oS
Ol bl sl 095 j0 (6l ol 0 Shes polie b Sledlbl gz lezr ol (Gl azmd s el aid I IS
order () s gl Lzels &b 5l ) cwndl S Joamme zmiu b« odwl Cawds Sledb] g lo>
Y game alie Cod 20595 muly (oo (e + m0ges ooliwl SUPPIY() o Slee g ools 5, o,Slee
plos 03U a5 jobs 4y axly slo Ceond 5 5ol L 1) YL o
> tops <- sales[Prod %in% topP[1, 1, c¢("Prod", "Uprice")]
> tops$Prod <- factor(tops$Prod)
> boxplot(Uprice ~ Prod, data = tops, ylab = "lUprice”, log = "y")
e 55 0, Slas 1Sl 05d o s NIN% g5lpl ¢ sl atils Be gl dcgeme 4 0,Sles e S
ol Ggiw Glae 4 aS sl gshw golaws slle. wledbl g les 5l Prod g a5 1> ol
!y box plot wew 5 g boxplot() o,Slee & oo a5 09 (o0 48,5 a5 0 bg,8 Sledbl g Lo
Lot s med 1 3o atle Sglis SNpme (158 5 a0 Canc oliie . 33,5 on s 2
s pandd BB e oS Y game 5 Gl polie U moges eoliial jloges jo Ml cud el
bl p Y-axis amo o lis a5 wl (oo cavn 083y pial b oudas 5,k 51 31l 00,5 (65 ol
axly Ceond Calize poldo b jgmme jo alold i fled disla a5 cuils az g Wb conl By ool wlide
L Sl 035 ools yLas 4-3 s o ganaS pl a0 S o by

> vs <- aggregate(Val,list(ID),sum,na.rm=T)
> scoresSs <- sapply(c(T,F),function(o)
+ vs [order (vs$x,decreasing=o0) [1:5]1,1]1)
> celnames(scoresSs) <- c("Most','Least')
> scoresSs
Most Least
[1,] "v431i" "y3355"
[2,] "vha" "ye0e9"
[2,1 "vig" "yE876"

[4,]1 "v4520" "v6058"

[5,] "v955" "y4515"
7S b ey 2155 o a3 oIS S el it s 4l sl e Lo ol o o
39a> ;0 Cewed (pl Ho YU v oaiig,8 100 o5 ol LI @SS TS E I SEE SR SR PO PRV
Sl e i ael e %2 s o=l g jo iy 8 6016 slows 3l ¢ auals caws jo |, &5 8 ol %40
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> sum(vs[order(ve$x, decreasing = T)[1:1001, 21)/sum(Val, na.rm = T) =
+ 100

[1]1 38.33277

> sum(vs[order (vs$x, decreasing = F)[1:2000], 21)/sum(Val,
+ na.rm = T) * 100

[1]1 1.988716

If we carry out a similar analysis in terms of the quantity that is sold for
each product, the results are even more unbalanced:

> gs <- aggregate(Quant,list(Prod),sum,na.rm=T)
> scoresPs <- sapply(c(T,F),function(o)
+ gs[order (gs$x,decreasing=o0) [1:5],1])
> colnames(scoresPs) <- c('Most','Least')
> scoresPs
Most Least

[1,] "p2516" "p2442"
[2,] "p3599" "p2443"
[3’] |rp314|| ||P1653||
[4’] "p569" Ilp4101II
[5.1 "p319" "p3678"



> sum(as.double(gs[order(qs$x,decreasing=T) [1:1001,21))/
+ sum(as.double(Quant),na.rm=T)*100

[1] 74.63478

> sum(as.double(gs[order(qs$x,decreasing=F) [1:40001,21))/
+ sum{as.double(fjuant),na.rm=T)*100

[1] 8.94468

Wgd (oo Jolite yf yiion gl ¢ peps dil)) ol S99 (VB CoeS lil p aplive Jolod palyse ST
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> out <- tapply(Uprice,list(Prod=Prod),
- function(x) length(boxplot.stats(x)fout))
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> outlorder(out, decreasing = T)[1:10]]

Prod
pl125 pl1437 p2273 pl917 pl918 p4089 pb38 p3TT4 p2742 p3338
376 181 165 156 156 137 129 125 120 117

coad ;S5 ool jlew (gl eolitul b ST oo driloe Jpaze o 6ln 1) SBlalee slaas 15 YL oS
09 oo Jelis I, edlelas U551 %7 "Lu,o_w\fowd.ou)f)lm)o aloleo 29446 sloss

> sum(out)
[1] 29446
> sum(out)/nrow(sales) * 100

[1] 7.34047
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> totS <- table(ID)
> totP <- table(Prod)

> nas <- sales[which(is.na(Quant) & is.na(Val)), c("ID", "Prod")]
a5 G e Ll 4L 0T e cewas Val & Quant o le aslal b g Odloles 55,5 opew b ooiiig 8 ST
00,5 e 4l Elelae 5 Sz eSSy ol > g o5 ales Jsine Edlelas ol i
a5 pl)l cnl ¢ DY game a azsitl. o)l elagy (g yde s (gt 90 JeeSS glp (B ] LS

PR gy O Hg0

> propS <- 100 * table(nas¥ID)/totS
> propSlorder (propS, decreasing = T)[1:10]]

v1237 v4264 v4038 vE248 v36E6 v4433 w4170
13.793103 9.523810 8.333333 8.333333 6.66686B67 6.250000 5.GEEGEE
w4926 V4664 V4642

5.56b65566 5.494505 4.7619056

> propP <- 100 # table(nas$Prod)/totP
> propPlorder (propP, decreasing = T)[1:10]1]

p2689  p2675  p4a061  p2780  p4351  p2686  p2707  p2690

39.28571 35.41667 25.00000 22.72727 18.18182 16.66667 14.28571 14.08451
p2691  p26T0

12.90323 12.76596

¢ e b a ol el Edllae B 51 H20 51 i 4 8l S92y (goamie IV game A e O
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> detach(sales)

> gsales <- sales[-which(is.na(sales3Quant) & is.na(sales$Vall),]

detach() o,Slee 3l ¢ Sledbl Cox o slo giw @ pedinn (Chpiwd Gl g6 Glp e
O9ed Cardy Sy aSels ool AtBCh()B o Slee consy el cpl Js L uoges solinul
WS oo ool b sales Sledlbl Goz ez st o ¢l |y iz Bae R wulei e, atheh( sal &) B
sales wledbl Ly oz 5l Sledbl Bi> a4 g4, ST a5l 18 Ligiw o Sledlbl 5l ol asus oS
4 Lo Sledlbl a8l ¢ 4M5 job 4y diled GuSiaie 1) oz Slasl aulyy sod Sl poss cpl peoled
bl Slaalie a5 1z 50,8 o SUSe! Slxyl mge AtBCh( )B 5 Slas « widly oo dstins &l i
5o wals Slaaline g Lol Sledbl Gymlez sualice olis Slaalin oyl i, oo bl 4 S|
Gl 00yt oy 5o Sl g Loz ol dlamd Liles o ise - ool athCh( ) Bl Shas s,k
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> nnasfp <- tapply(sales$Quant,list(sales$Prod),
+ function(x) sum(is.na(x}))

> propNAsQp <- nnasQp/table(sales$Prod)

> propNAsQplorder (propNAsQp,decreasing=T) [1:10]]

p2442 p2443 p1653 p4101 p4243 po03 p3678
1.0000000 1.0000000 0.9090909 0.8571429 0.6842105 0.6666667 0.6666667
p3955 p4464 p1261

0.6428571 0.6363636 0.68333333
el 50 Mabee e b oS bl 2 Laseial polie b 1 ol l55 oalesdls b awss o)l 55T
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> sales <- sales[!sales$Prod #4in¥ c("p2442", "p2443"), ]

595 4 Prod siw zokhw wb g moges B> Sledbl acgama 5l 1, Jgame 90 Lad Lo a5 ol a4

.gﬁﬁé
> nlevels(sales$Prod)

[1] 4548

> sales$Prod <- factor(sales§Prod)
> nlevels(sales$Prod)

[1] 4548

> nnas@s <- tapply(salesfQuant, list(sales$ID), function(x) sum(is.pa(x))})
> propNAsfls <- nnas{}s/table(sales$§ID)
> propNAs@s[order (propNAsQs, decreasing = T)[1:10]]

v2025 w5537 vH836 vE0&E ve065 v4368 v2923
1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.8888889 0.8750000
v2970 v4910 v4542

0.8571429 0.8333333 0.8095238
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> nnasVp <- tapply(sales$Val,list(sales$Prod),
+ function(x) sum(is.na(x)))
> propNAsVp <- mnasVp/table(sales$Prod)
> propNAsVplorder (propNAsVp,decreasing=T) [1:10]]
p1110 p1022 p4a491 p1462 p80 p4307
0.25000000 0.17647058 0.10000000 0.07500000 0.06250000 0.05882353
p4471 p2821 p1017 p4287

0.05882353 0.05386222 0.056263158 0.05263158
5,8 B %5 dlebes 5l ool b 1, Mebes ol oo v oyl by s ilais Sl o5
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> nnasVs <— tapply(sales$Val, list(sales$ID), function(x) sum(is.ma(x)))}
> propNdsVs <- nnasVs/table(sales§ID)
> propNAsVs[order (propNAsVs, decreasing = T)[1:101]

vhe47 VT4 vb946 v5290 v4472 v4022
0.37500000 0.22222222 0.20000000 0.15384615 0.12500000 0.09756098
va75 v2g14 v2892 v3739

0.09574468 0.09090908 0.0909080% 0.08333333
3l aslial polie onilendl gl p . moged B> aiils SUL cledbl a5 5L 158 ase Lo d> o (pl jo
G DY gasts diged Cuwad Glaie 4 aS poled oo oolaiul wxly Sles Cand 5l OMelas ouilendl sy
P Nigd (o0
> tPrice <- tapply(sales[sales$Insp != "fraud", "Uprice"],

+ list(sales[sales$Insp != "fraud", "Pred"]), median, na.rm = T)
oolaiul oals gl Hlade 9o arwlowe sl o)) 5l pilsi oo Lo Jgame ;o gl diged axly Cod g 10 L
3,05 5929 (5| alolae zud oo ghhe Jladegd b a5 1o il Jaime aliws opl. (Quant & Val) pules
06l 50 oSS oxilen8l aSLill yyolie plod jo 5 oS,

> noffuant <- which(is.na(sales§Quant))

> sales[noQuant,'Quant'] <- ceiling(sales[noQuant,'Val'] /

+ tPricelsales[noQuant,'Prod']])
> noVal <- which(is.na(sales$Val))

> sales[noVal,'Val']l] <- sales[noVal,'fluant'] =

+ tPricelsales[noVal,'Prod']]

L 0gd oo oSS akolae JS slaie 294 ailol w4 asliinl coweS jlaie 12900 ¢ oo oghhe aiges o
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> gales$lprice <- sales$Val/sales$Juant
&y ROCIWEY alil polas ) o\ﬂ Sl acgozme il Lo ST o Silon iw ol a5l
el alass ol oy 0l Moaze aules oo o el 005 e ed Comdy opl Wb i oo
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> save(sales, file = "salesClean.Rdata")
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attach(sales)
notF <- which(Insp != 'fraud')
ms <- tapply(Upricel[notF],list(Prod=Prod[motF]),function(x) {
bp <- boxplot.stats(x)§stats
c(median=bp[3],iqr=bp[4]-bp[2])
9]
ms <- matrix(unlist(ms),
length(ms),2,
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+ byrow=T,dimnames=11ist (names (ms),c("median','igr')))

> head(ms)

median igr
pl 11.346154 8.575599
p2 10.877863 5.609731
p3 10.000000 4.809092
pd 9.911243 5.998530
pd 10.957447 7.136601

p6 13.223684 6.685185
1, ppolie ol Lo v aules S |, ciliseo ppolie b ayled oo oolizol bOXplot.stats() s Slee 5l oS oyl
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par(mfrow = c(1, 2))
plot(ms{, 11, ms[, 2], xlab = "Median", ylab = "IQR", main = "")
plot(msl, 11, ms[, 21, xlab = "Median", ylab = "IQR", main = "",

CC'l = "gre_}'“, _-I‘.G'g = irx:.llrl.lJI
smalls <- which(table(Prod) < 20)
points(log(ms[smalls, 11), log(ms[smalls, 21), pch = "+")
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dms <- scale(ms)

smalls <- which(table(Prod) < 20)

prods <- tapply(sales$lUprice, sales$Prod, list)

similar <- matrix(NA, length(smalls), 7, dimnames = list(names(smalls),

c("Simil", "ks.stat", "ks.p", "medP", "igrP", "medS",

"igrs)))
for (i in seq(along = smalls)) {
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d <- scale(dms, dms[smalls[i], ], FALSE)

d <- sgrt{drop(d"2 %+*% rep(1, ncol(d)}))

stat <- ks.test(prods[[smalls[i]]], prods{l[order(d)([2]11)

similar[i, 1 <- c(order(d)[2], stat$statistic, stat$p.value,
ms[smalls[i], ], mslorder(d)[2], 1)

ok o

}

o SISl Jolgd anulxe plSia U 00,8 o g9,0 MS wll p Sledbl g5l Jly 3,k 5l oS
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axly 6l Ceasd IQR Sledbol 51 ooliil s Y guamme fyas alics a5 ClilS azmgiasly . ool o0y 428 5 Lo
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mla ol s Gl nieh 9,Shes 95y Sl iSlam bl s L Wigd oo et )bl Ll 5 ]
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> head(similar)

5imil  ks.stat ks.p medP igrP medS igrS
p8 2827 0.43359623 0.06470603 3.850211 0.7282168 3.868306 0.7938557
pl8 213 0.2568922 0.25815859 5.187266 §8.0359968 5.274884 7.8894149
p38 1044 0.3650794 0.11308315 5.490758 6.4162095 5.651818 6.3248073
p39 1540 0.2258065 0.70914769 7.986486 1.6425059 8.080694 1.7668724
p40 3971 0.3333333 0.13892028 9.874797 1.6104511 9.668854 1.6520147
p47 1387 0.3125000 0.48540576 2.504092 2.5625835 2.413498 2.6402087

> levels(Prod) [similar[1, 1]]

[1] "p2829"
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> nrow(similar([similar[, "ks.p"] >= 0.9, ])
[1] 117

Or more efficiently,
> sum(similar[, "ks.p"] >= 0.9)

i i

ol el 0550 117 (ol bt oV same L5 5ui Lo« ] alsles 205 5 Jpams 985 4 a2 g L
EMalas wailys o Lo Jgazmo 117 51y g Mlel s 18 EDolae a5 ditted cnlin oK Sledb|
e ialial LS)L"T Comogli 08 cpead S5y 4ol p ol yd bl I, (6 i

> save(similar, file = "similarProducts.Rdata")
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> library(ROCR)
> data(ROCR.simple)
> pred <- prediction(ROCR.simple$predictions, ROCR.simple$labels)
> perf <- performance(pred, "prec", "rec")
> plot(perf)
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Precint(r) = max Prec(r’) (4.1)
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> PRcurve <- function(preds, trues, ...) {

+ require(ROCR, quietly = T)

+ pd <- prediction(preds, trues)

t pf <- performance(pd, "prec", “rec")

+ pf@y.values <- lapply(pf@y.values, function(x) rev(cummax(rev(x))))
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> PRcurve (ROCR.simple$predictions, ROCR.simple$labels)
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FIGURE 4.5: Smoothed (right) and non-smoothed (left) precision/recall
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TABLE 4.1: A Contfusion Matrix for the Illustrative Example.

Predictions
ok fraud
True ok 3 1 4
Values fraud 2 1 3
5 2 7
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> pred <- prediction(ROCR.simple$predictions, ROCR.simple$labels)

> perf <- performance(pred, "lift", "rpp")
> plot(perf, main = "Lift Chart")
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> CRchart <- function(preds, trues, ...) {
+ require(ROCR, quietly = T)

+ pd <- prediction(preds, trues)

+ pf <- performance(pd, "rec", "rpp")
+ plot(pf, ...)

Pk

Using again the artificial example, we obtain the right-most graph of Fig-

ure 4.6:

> CRchart (ROCR.simple$predictions, ROCR.simple$labels,

+ main='Cumulative Recall Chart')
Lift Chart Cumulative Recall Chart
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FIGURE 4.6: Lift (left) and cumulative recall (right) charts.
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(4.2)

> avgNDTP <- function(toInsp,train,stats) {

+ if (missing(train) && missing(stats))

+ stop('Provide either the training data or the product stats')
+ if (missing(stats)) {

+ notF <- which(train$Insp != 'fraud')

+ stats <— tapply(train$UpricelnotF],

+ list(Prod=train$Prod[notF])),

+ function(x) {

+ bp <- boxplot.stats(x)¥stats

+ c(median=bp[3],iqr=bp[4]1-bp[2])

+ B

+ stats <- matrix(unlist(stats),

+ length(stats), 2, byrow=T,

+ dimnames=1ist (names(stats),c('median','iqr')))
+ stats[which(stats[,'iqr']==0),'iqr'] <-

+ stats[which(stats[,'iqr']==0),'median']

ol

+

+

mdtp <- mean(abs(toInsp$Uprice-stats(toInsp$Prod,'median']) /

+ stats[toInsp$Prod,'iqr'])
+ return(mdtp)

+ }
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> evalOutlierRanking <- function(testSet,rankOrder, Threshold,statsProds) {
+ ordTS <- testSet[rankOrder,]

+ N <- nrow(testSet)

+ nF <- if (Threshold < 1) as.integer(Threshold*N) else Threshold

+ cm <- table(c(rep('fraud ,nF),rep('ck',N-nF)),ordT5$Insp)

+ prec <- cm['fraud','fraud']l/sum(cm( fraud',])

+ rec < cm['fraud ,'fraud']/sum(cm[,'fraud'])

+ AVGndtp <- avgNDTP(ordTS[nF,],stats=statsProds)

+ return(c(Precision=prec,Recall=rec,avgNDTP=AVGndtp))

+ }
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> BPrule <- function(train,test) {

+ notF <- which(train$Insp != 'fraud')

+ ms <- tapply(train$UpricelnotF],list(Prod=train$Prod[notF]),
= function(x) {

+ bp <- boxplot.stats(x)$stats

+ c(median=bp[3],iqr=bp(4]-bp[2])

+ })

+ ms <- matrix(unlist(ms),length(ms),2,byrow=T,

- dimnames=1ist(names(ms),c('median','igr')))

+ ms[which(ms[,'igr']==0),'iqr'] <- ms[which(ms[,'igr'1==0),'median']
+ 0ORscore <- abs(testéﬁ'Uprice—msftest$Prod,'me|dia.n'}} /

+ ms [test$Prod,'iqr']

+ return(list(rankOrder=order (ORscore,decreasing=T),

+ rankScore=0Rscore) )

-

}
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notF <- which(sales$Insp != 'fraud')

globalStats <- tapply(sales$UpricelnotF],
list(Prod=sales$Prod[notF]),
function(x) {

bp <- boxplot.stats(x)¥stats

¢ (median=bp[3],igqr=bp[4]-bp[2])

globalStats <- matrix(unlist(globalStats),
length(globalStats), 2, byrow=T,
dimnames=1ist (names(globalStats),c('median','igr')))
globalStats [which(globalStats[,'igr']==0),'igr'] <-
globalStats [which(globalStats[,'iqr'1==0),'median']
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> ho.BPrule <- function(form, traim, test, ...) {

+ res <- BPrule(train,test)

+  structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=1ist(preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud,1,0)
* )

+ J

%}
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> bp.res <- holdOut(learner ("ho.BPrule',

+ pars=1ist(Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ J
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> summary (bp.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 ¥ Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.BPrule with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avghNDTP
avg 0.016630574 0.52293272 1.87123901
std 0.000898367 0.01909992 0.05379945
min 0.015992004 0.51181102 1.80971393
max 0.017657838 0.54498715 1.90944329

invalid 0.000000000 0.00000000 0.00000000
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> par (mfrow=c(1,2))
> info <- attr(bp.res,'itsInfo')
> PTs.bp <- aperm(array(unlist(info),dim=c(length(info((1]]),2,3)),

+ el 3.2)

+ )

> PRcurve(PTs.bpl[,,1],PTs.bpl,,2],

+ main='PR curve',avg='vertical')

> CRchart(PTs.bpl,,1] ,PTs.bpl,,2],

+ main='Cumulative Recall curve',ave='vertical')
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e (o0
> ho.LOF <- function(form, train, test, k, ...) {
+ ntr <- nrow(train)
+ all <- rbind(train,test)
+ N <- nrow(all)
+ ups <- split(all$Uprice,all$Prod)
+ r <- list(length=ups)
+ for(u in seq(along=ups))
+ r[[ul] <- if (NROW(ups([[ul]) > 3)
+ lofactor (ups([[ul],min(k,NROW (ups([ull) #/7% 2))
+ else if (NROW(ups[[u]])) rep(0,NROW (ups[[u]]))
+ else NULL
+ all$lof <- vector (length=N)
+ split(all$lof,all$Prod) <- r
+ all$lof[which(!(is.infinite(all$lof) | is.nan(all$lof)))] <-
+ SoftMax (all$lof [which(!(is.infinite(all$lof) | is.nan(all$lof)))])
+  structure(evalOutlierRanking(test,order(all[(ntr+1):N,'lof'],
+ decreasing=T),...),
+ itInfo=list(preds=all[(ntr+1):N,'lof'],
+ trues=ifelse (test$Insp=='fraud',1,0))
+ )
+ }
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> lof.res <- holdOut (learner ("ho.LOF',

+ pars=list (k=7,Threshold=0.1,

- statsProds=globalStats) ],

+ dataset(Insp = .,sales),

+ hidSettings(3,0.3,1234,7),

+ itsInfo=TRUE

+ )



> summary(lof.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 ¥ Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.LOF with parameters:
k = 7
Threshold = 0.1

statsProds = 11.34
* Summary of Experiment Results:

Precision Recall  avgNDTP

avg 0.022127825 0.69595344 2.4631856
std 0.000913681 0.02019331 0.9750265
min 0.021405964 0.67454068 1.4420851
max 0.023155089 0.71465296 3.3844572
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> par(mfrow=c(1,2))

> info <- attr(lof.res,'itsInfo')

> PTs.lof <- aperm(array(unlist (info),dim=c(length(info[[1]]),2,3)),

+ ell;3,2)

+ F;

> PRcurve(PTs.bp[,,1],PTs.bp[,,2],

+ main='PR curve',1ty=1,xlim=c(0,1),ylim=c(0,1),

¥ avg='vertical')

> PRecurve(PTs.leof[,,11,PTs.l0f[,.,2].

+ add=T,lty=2,

+ avg='vertical')

> legend ('topright',c('BPrule','LOF ) ,1ty=c(1,2))

> CRchart(PTe.bpl,,11,PTs.bpl,.2],

+ rain='Cumulative Recall curve',lty=1,xlim=c(0,1),ylim=c(0,1),
+ avg='vertical')

> CRchart(PTs.lof[,,1] ,PTs.1af[,,2],

+ add=T,1ty=2,

+ avg='vertical')

> legend ('bottomright',c(BPrule','LOF'),1ty=c(1,2))
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> ho.ORh <- function(form, traim, test, ...) {
ntr <- nrow(train)
all <- rbind(train,test)
N <- nrow(all)
ups <- split(all$Uprice,all$Prod)
r <- list(length=ups)
for(u in seq(along=ups))
r[[u]] <- if (NROW(ups[[u]]) > 3)
outliers.ranking(ups[[u]])$prob.outliers
else if (NROW(ups[[u]])) rep(0,NROW(ups[[u]]))
else NULL
all$orh <- vector (length=N)
split(all$orh,all$Prod) <- r
all®orh[which(! (is.infinite(all$orh) | is.nan(all$orh)))] <-
SoftMax (all$orh[which(! (is.infinite(all$orh) | is.nan(all$orh)))])
structure(evalOutlierRanking(test,order (all[(ntr+1):N,'orh'],
decreasing=T),...),
itInfo=list(preds=all[(ntr+1):N,'orh'],
trues=ifelse (test$Insp=='fraud,1,0))

+ + 4+ + + + + +F ++ o+



> orh.res <- holdOut(learner (‘"ho.ORh',

+ pars=list (Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

o )

A summary of the results of the OR; method 1s shown below:
> summary(orh.res)
== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.0ORh with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall  avgNDTP
avg 0.0220445333 0.69345072 0.5444893
std 0.0005545834 0.01187721 0.3712311
min 0.0215725471 0.67979003 0.2893128
max 0.0226553390 0.70133333 0.9703665

invalid 0.0000000000 0.00000000 0.0000000
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par (efrow=c(1,2))
infe <- attr(orh.res,'itsInfc')
PTs.crh <- aperm{array(unlist{info),dim=c(length(info[[1]]).2,3)),
ehiy3.:.2)
J
PRcurve(PTs.bp(,,1] ,PTs.bp[,,2],
main='PR curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.lof[,,1] ,PTs.lof[,,2],
add=T,1ty=2,
avg='vertical')
PRcurve(PTs.orh[,,1] ,FTs.ork!,,2],
add=T,1ty=1,col='grey’',
avg='vertical')
legend('topright', c('BPrule','LOF ,'ORR'),
Tty=c(1,2,1),col=c('black’,'black’,'grey'))
CRchart (PT=s.bpl, ,1) ,PTs.kpl,, 2],
main='Cumulative Hecall curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart (PTs.lof[,,1],FTs.lo0f [, ,2],
add=T,1ty=x,
ave='vertical')
CRchart(PTs.orhl, ,1],PTs.orkl[,,2],
add=T,1ty=1,col='grey',
avg='vertical')
legend('bottomright',c('BPrule','LOF','ORR'),
1ty=c(1,2,1),col=c('black’,'black','grey'))
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> data(iris)
> data <= iris[, (1, 2, 5)]
> data$Species <- factor(ifelse(data$Species == "setosa", "rare",
+ "common"))
>
>

newData <- SMOTE(Species ~ ., data, perc.over = 600)
table(newData$Species)

COMmon rare

600 350
49

5600 ,lade L aS g el SMOTE() & jg0 4 05 ol o Shoe . am0 a8l gasaz it g dyled sboul oo
oolaiwl b w8 o )18 jeloe (slo diged pupad) Ojao 4 dde sl digad . ol )8 Sledlbl dcgoze
sl 4l oo 5 wslite ol it b LMLl acgaze algi oo SMOTE() |
> par(mfrow = c(1, 2))
> plot(datal, 11, datal, 2], pch = 19 + as.integer(datal, 31),
+ main = "Original Data")
> plot(newDatal[, 1], newDatal, 2], pch = 19 + as.integer(newDatal,
+ 3]), main = "SMOTE'd Data")
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i=1

sl naiveBayes() o,Sloe 5l ouilys oo Lo <l Naive Bayes g, wlol 5 (g5le ooy (paix sl s R
5,Shes 2l cge a5 Ceul by oS Al cul o5le ooly ol KIAR wivs . peles solizl €1071
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+
+
+
+
+

.oo)fd.o

rb <- function(train, test) {

require(e1071, gquietly = T)

sup <- whick(train$Insp != "unkn")

data <- train[sup, c("ID", "Prod", "Uprice”, "Imnsp")]

data$Insp <- factor(data$Insp, levels = c("ok", "fraud"))

model <- naiveBayes(Insp ~ ., data)

preds <- predict(model, test[, c("ID", "Prod", "Uprice",
"Tnsp")], type = "raw")

return(list(rankOrder = order (preds[, "fraud"], decreasing = T),
rankScore = preds[, "fraud"]l))

}
Oinlejl dsgama 40 gan 4, Slilitel cunS (gl aS aS e eoliwl Naive Bayes ;) ;5 slao Slee
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0] oo Gy oad 03 et WYL 5l eolitul b Uas su 43, . &1 caway Naive Bayes

> ho.nb <- function(form, train, test, ...) {

+ res <- nb(train,test)

+  structure(evalOutlierRanking(test,res$rankOrder, ...)J,

+ itInfo=list (preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud ,1,0)

+ )
+ )
+
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nb.res <— holdOut(learner ("ho.nb',

pars=1list(Threshold=0.1,
statsProds=globalStats)),
dataset(Insp ~ .,sales),
hldSettings(3,0.3,1234,T),
itsInfo=TRUE
)

Dl 25 Dy dr (il W10 (sl YL Joe b

> summary(nb.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

# Dataset :: sales

* Learner :: ho.nb with parameters:
Threshold = 0.1
statsProds = 11.34

*+ Summary of Experiment Results:

Precision Recall  avgNDTP
avg 0.013715365 0.43112103 0.8519657
std 0.001083859 0.02613164 0.2406771
min 0.012660336 0.40533333 0.5908980
max 0.014825920 0.457583565 1.0650114
invalid 0.000000000 0.00000000 0.0000000
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> par(mfrow=c(1,2))

> info <- attr(mb.res,'itsInfo')

> PTs.nb <- aperm(array(unlist(info),dim=c(length(info[[1]1]),2,3)),
+ il 3:2)

+ )

> PRcurve(PTs.nbl[,,1] ,PTs.nbl[,,2],

+ main='PR curve',lty=1,x1im=c(0,1),ylim=c(0,1),
+ avg='vertical')

> PRcurve(PTs.orhl(,,1],PTs.orhl,,2],

+ add=T,1ty=1,col='grey',

+ avg='vertical')

> legend('topright',c('NaiveBayes','ORh'),

+ 1ty=1,col=c('black','grey'))

> CRchart(PTs.nb/[,,1],PTs.nbl[,,2],

+ main='Cumulative Recall curve',lty=1,x1im=c(0,1),ylim=c(0,1),
+ avg='vertical')

> CRchart(PTs.orhl(,,1],PTs.orhl,,2],

+ add=T,1ty=1,col='grey',

+ avg='vertical')

> legend('bottomright',c('NaiveBayes','ORh'),

+ 1ty=1,col=c('black','grey'))
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nb.s <- function(train, test) {

}

require(el071, quietly = T)

sup <- which(train$Insp != "unkn")

data <- train[sup, c("ID", "Prod", "Uprice", "Insp")]

data$Insp <- factor(data$Insp, levels = c("ok", "fraud"))

newData <- SMOTE(Insp ~ ., data, perc.over = 700)

model <- naiveBayes(Insp ~ ., newData)

preds <- predict(model, test[, c("ID", "Prod", "Uprice",
"Insp")], type = "raw")

return(list(rankOrder = order(preds[, "fraud"], decreasing = T),
rankScore = preds[, "fraud"]))
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res <- mb.s(train,test)

J

+ 4+ + 1+ + +V

[

nbs.res <= holdOut(learner ("ho.

dataset (Insp

itsInfo=TRUE
)

+ 4+ + + + +V

(d
E‘

ho.nbs <- function(form, train, test, ...) {

structure(evalOutlierRanking(test,res$rankOrder,...),
itInfo=1ist (preds=res$rankScore,
trues=ifelse(test§Ilnsp=='fraud ,1,0)

nbs',

pars=1ist(Threshold=0.1,

statsProds=globalStats)),
=~ .,sales),

hldSettings(3,0.3,1234,T),

- ol camlin (203 010 (61, Ls Naive Bayes Jow 5l iso ol

> summary (nbs.res)

== Summary of a Heold Out Experiment ==

Stratified 3 x 70 %/ 30 ¥ Holdout run with seed = 1234

# Dataset :: =Sales

* Learner :: ho.nbs with parameters:

Threshold = 0.1

statsProds = 11.34
* Summary of Experiment Results:

Precision Recall  avgNDTP

avg 0.014215115 0.44686510 0.8913330
std 0.001109167 0.02710388 0.8482740
min 0.013493253 0.43044615 0.1934613
max 0.015492254 0.47814910 1.8354999
invalid ©.000000000 0.00000000 0.0000000
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par (mfrow=c(1,2))
info <- attr(mbs.res,'itsInfo')
PTs.nbs <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),
ci(l1,3,2)
)

PRcurve(PTs.nb/[,,1]1,PTs.nb{, ,2],

main='PR curve',lty=1,xlim=c(0,1),ylim=c(0,1),

avg='vertical')
PRcurve(PTs.nbs(,,1]1,PTs.nbs[,,2],

add=T,1ty=2,

avg='vertical')
PRcurve(PTs.orh(,,1]1,PTs.orh[,,2],

add=T,1ty=1,col='grey',

avg='vertical')
legend('topright',c('NaiveBayes','smoteNaiveBayes','ORb'),

1ty=c(1,2,1),col=c('black’,'black','grey'))

CRchart(PTs.nbl,,1] ,PTs.nbl, ,2],

main='Cumulative Recall curve',lty=1,xlim=c(0,1),ylim=c(0,1),

avg='vertical')
CRchart (PTs.mnbs/[, ,1] ,PTs.nbs[, ,2],

add=T,1ty=2,

avg='vertical')
CRchart(PTs.orhk/[,,1] ,PTs.orhl[, ,2],

add=T,1ty=1,col='grey',

avg='vertical')
legend('bottomright',c('"NaiveBayes','smoteNaiveBayes','ORh'),

1ty=c(1,2,1),col=c('black’,'black','grey'))
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- dwles
=P Percentage of weight mass to base training on. (default

100, reduce to around 90 speed up)
Number of arguments: 1.

-Q Use resampling for boosting.

-5 Random number seed. (default 1)
Number of arguments: 1.

| Number of iterations. (default 10)
Number of arguments: 1.

e | If set, classifier is run in debug mode and may output
additional info to the console

=N Full name of base classifier. (default:

weka.classifiers.trees.DecisionStump)
Number of arguments: 1.

-D If set, classifier is run in debug mode and may output
additional info to the console
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preds setosa versicolor virginica

setosa 19 0 0
versicolor 4] 13 1
virginica 0 2 156

> prob.preds <- predict(model,iris[-idx,],type='probability')
> head(prob. preds)

setosa  versicolor virginica
2 0.9999942 5.846673e-06 2.378153e-11
4 0.9999542 5.846673e-06 2.378153e-11
7 0.9999942 §.846673e-06 2.378153e-11
9 0.9999942 5.846673e-06 2.378153e-11
10 0.,9999942 5.846673e-06 2.378153e-11

12 0.9999942 b.B466T3e-06 2.3781563e-11
> data(iris)
> idx <— sample(150,100)
> model <- AdaBoostMl (Species ~ .,iris[idx,],
+ control =Weka_control (I=100})
> preds <- predict(model,iris[-idx,])
> head(preds)

[1] setosa setosa setosa setesSa setosa Setosa
Levels: setosa versicolor virginica

> table(preds,iris[-idx,'Species'])

el Jaw opl sleslainl b Jlais] gun adds  S5eS> 0aiiS asein YU L

ab <— function(train,test) {
require (RWeka,quietly=T)
sup <- which(train$Insp != 'unkn')
data <- train[sup,c('ID','Prod','Uprice','Insp')]
data$Insp <- factor (data$Insp,levels=c('ok','fraud'))
model <- AdaBoostMi(Imsp ~ .,data,
control=Weka_control (I=100))
preds <- predict(model,test[,c('ID','Prod','Uprice','Insp')],
type='probability')
return(list(rankOrder=order (preds(,'fraud'], decreasing=T),
rankScore=preds/[,'fraud'])
)
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> ab.res <- holdOut(learner("ho.ab',

+ pars=l1ist(Threshold=0.1,

- statsProds=globalStats)),
- dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ )

Lol gy Syge 4 oW 51010 6l » AdaBoost gl

> summary (ab.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

# Dataset :: sales

* Learner :: ho.ab with parameters:
Thresheld = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall  avgNDTP
avg 0.0220722972 0.69416565 1.5182034
std 0.0008695907 0.01576555 0.5238575
min 0.0214892554 0.68241470 0.9285285
max 0.0230717974 0.71208226 1.9298286
invalid 0.0000000000 0.00000000 0.0000000
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par (mfrow=c(1,2))
info <- attr(ab.res,'itsInfo')
PTs.ab <- aperm(array(unlist(info),dim=c(length(info[[11]1),2,3)),
¢(1,3,2)
)
PRcurve(PTs.nbl,,1] ,PTs.nb(, ,2],
main='PR curve',lty=1,x1im=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.orh[,,1] ,PTs.orh[,,2],
add=T,1ty=1,col='grey',
avg='vertical')

R S VL VIR Y.

PRcurve(PTs.abl,,1] ,PTs.abl, ,2],
add=T,1ty==2,
avg='vertical')
legend("topright',c('NaiveBayes','ORL','AdaBoostM1'),
1ty=c(1,1,2),col=c('black','grey','black'))
CRchart (PTs.nb[,,1],PTs.nbl,,2],
main='Cumulative Recall curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart(PTs.orh(,,1] ,PTs.orhl, ,2],
add=T,1ty=1, col=grey',
avg='vertical')
CRchart(PTs.ab[,,1],PTs.abl[,,2],
add=T,1ty=2,
avg='vertical')
Jegend('bottomright', c('"NaiveBayes','ORh','AdaBoostM1'),
1ty=c(1,1,2),col=c('black','grey','black'))
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> ts <- iris[-idx, ]
nb <- naiveBayes(Species ~ ., tr)
> table(predict(mb, ts), ts$Species)

W

setosa versicolor virginica

setosa 13 0 0
versicolor 0 21 1
virginica 0 0 16
> trST < tr
> pnas <- sample(100, 90)
> trST[nas, "Species"] <- NA
> func <- function(m, d) {
+ p <- predict(m, d, type = "raw")
+ data.frame(cl = colnames(p)[apply(p, 1, which.max)],
+ p = apply(p, 1, max))
¥ ¥
> nbSTbase <- naiveBayes(Species ~ ., trST[-nas, 1)
> table(predict (nbSThase, ts), ts$Species)

setosa versicolor virginica

setosa 12 0 ]

versicolor 0 18 2

virginica 0 3 15
> nbST <- SelfTrain(Species ~ ., trST, learnmer("naiveBayes",
+ 1ist. ()}, "func"™)

> table(predict(nbST, ts), ts$Species)

setosa versicolor virginica
setosa 12 0 0
versicolor 0 20 2
virginica 0 1 15
library (DMwR)
library(e1071)
data(iris)
idx <- sample (150, 100)
tr.<- drislidx, ]
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pred.nb <- function(m,d) {

¥

p < predict(m,d,type='raw')
data.frame(cl=colnames(p)[apply (p,1,which.max)],
p=apply(p,1,max)
)

nb.st <- function(train,test) {

}

require(e1071,quietly=T)
train <- train[,c('ID','Prod','Uprice','Insp'}]
train[which(train$Insp == 'unkn'),'Insp'] <- NA
train$Insp <- factor{(train$Insp,levels=c('ok','fraud'))
model <- SelfTrain(Imsp ~ .,train,
learner ('maiveBayes',1ist()),'pred.nb')
preds <- predict(model, test[,c(*ID','Prod','Uprice','Insp')],
type='raw')
return(list(rankOrder=order (preds[,'fraud'] ,decreasing=T),
rankScore=preds([,'fraud'])
)

ho.nb.st <- function(form, train, test, ...) {

res <- nb.st(train,test)
structure(evalOutlierRanking(test, res$rankOrder, .. .),
itInfo=1ist(preds=res$rankScore,
trues=ifelse(test$Insp=='fraud ,1,0)
)

nb.st.res <- holdOut (learner ("ho.nb.st',
pars=1ist (Threshold=0.1,
statsProds=globalStats)),
dataset(Insp ~ .,sales),
hldSettings(3,0.3,1234,T),
itsInfo=TRUE
)

+ + + + + + Vv
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> summary(nb.st.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 ¥ Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.nb.st with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.013521017 0.42513271 1.08220611
std 0.001346477 0.03895915 1.59726790
min 0.012077295 0.38666667 0.06717087
max 0.014742629 0.46456693 2.92334375

invalid 0.000000000 0.00000000 0.00000000
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add=T,1ty=1,col='grey',
avg='vertical')
PRcurve(PTs.nb.st(,,1] ,PTs.nb.st[, ,2],
add=T,1ty=2,
avg='vertical')
legend('topright',c('NaiveBayes','ORh','NaiveBayes-ST'),
1ty=c(1,1,2),col=c('black','grey','black'))
CRchart (PTs.nb(,,1],PTs.nbl[, ,2],
main='Cumulative Recall curve',lty=1,x1im=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart (PTs.orh(, ,1],PTs.orhl[,,2],
add=T,1ty=1,col=grey',
avg='vertical')
CRchart (PTs.nb.st/[,,1] ,PTs.nb.st[, ,2],
add=T,1ty=2,
avg='vertical')
legend('bottomright', c('NaiveBayes','ORh','NaiveBayes-ST'),
1ty=c(1,1,2),col=c('black','grey','black'))

par (mfrow=c(1,2))
info <- attr(mnb.st.res,'itsInfo')
PTs.nb.st <- aperm(array(unlist(info),dim=c(length(info([1]1]1),2,3)),
£(1,3,2)
)
PRcurve(PTs.nb[,,1] ,PTs.nbl,, 2],
main='PR curve',lty=1,x1im=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.orh(,,1]1,PTs.orh(,,2],
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pred.ada <- function(m,d) {
p <- predict(m,d, type='probability')
data.frame(cl=colnames(p) lapply(p,1,which.max)]1,
p=apply(p,1,max)
)
}

>
3

+

4

-

+

> ab.st < function(train,test) [

+ require(RWeka,quietly=T)

+ train <- train[,c(ID','Prod','Uprice','Insp'})]
+ train[whick(train$Insp == 'unkn'),'Insp'] <- NA
+ train$Insp <- factor(train$Insp,levels=c('ok','fraud'))
+ model <- SelfTrain(Insp ~ ., train,

- learner ("AdaBoostM1',
+ list(control=Weka_control(I=100))),
+ pred.ada')

+ preds <- predict(model,test[,c('ID','Prod','Uprice','Insp')],
+ type='probability')
+ return(list(rankOrder-order (preds(,'fraud'],dscreasing-T),
- rankScore=preds[,'fraud'])
+ )

+ '}

> ho.ab.st <- function(form, train, test, ...) {

+ res <- ab.st(train,test)

+ structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=1ist(preds=resfrankScore,

+ trues=ifelse(test$Insp=='fraud ,1,0)
+ )

¥
S
>
I
5
+
F
¥
+

}
ab.st.res <- holdOut(learner ('ho.ab.st',
pars=list(IThreshold=0.1,
statsProds=globalStats)),

dataset(Insp ~ .,sales),
hldSettings(3,0.3,1234,T),
itsInfo=TRUE
)
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> summary(ab.st.res)

== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 Y% Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.ab.st with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experimenx Results:

Precision Recall  avgNDTP
avg 0.022377700 0.70365360 1.6552619
std 0.001130846 0.02255686 1.5556444

Iin 0.021322672 0.68266667 0.5070082
max 0.023571548 0.72750643 3.4257016

invalid ©.000000000 0.00000000 0.0000000
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legend("bottomright"”, c("AdaBoostM1", "ORh", "AdaBoostM1-ST"),
1ty = c(1, 1, 2), col = c("black”, "grey", "black"))
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> par(mfrow = c(1, 2))

> info <- attr(ab.st.res, "itsInfo")

> PTs.ab.st <- aperm(array(unlist(info), dim = c(length(infol[1]]),
+ 2, 33, cli, 3, 2))

> PRecurve(PT=.abf, , 1], PT=.abf, , 2], main = "PR curve",

+ 1ty = 1, x1im = ¢(0, 1), ylim = c(0, 1), avg = "vertical")

> PRcurve(PTs.orh[, , 1], PTs.orh[, , 2], add = T, 1ty =1,

+ col = "grey", avg = "verticeal")

> PRcurve(PTs.ab.st[, , 1], PTs.ab.st[, , 2], add = T, 1ty = 2,

+ avg = "vertical")

> legend("topright", c("AdaBoostM1", "ORh", "AdaFoostM1-ST"),

+ Ity = c¢(1, 1, 2), col = c("black", "grey", "black"))

> CRchart(PTs.abl, , 1], PTs.abl, , 2], main = "Cumulative Recall curve",
+ 1ty = 1, x1im = ¢(0, 1), ylim = ¢(0, 1), avg = "vertical")

> Chchart(PTs.orh[, , 1], PTs.orhl, , 2], add = T, 1ty =1,

+ col = "grey", avg = "vertical")

> CRchart(PTs.ab.st[, , 1], PTs.ab.stf, , 21, add = T, 1ty = 2,

+ avg = "vartical")

>

i
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