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In this paper we describe a rough implementation of the bagplot. The first section shows some examples.
Section 2 compares our bagplot function to the solution of Rousseeuw, Ruts, and Tukey (1999). Then the
arguments, the help page of the function bagpl ot and some links are listed. In section 4 you find the
definition of the function. In the appendix further examples for testing are given and some old code chunks
are listed.
(version of bagplot 1) = C 32,33, 81

"bagpl ot, version 2012/12/05, peter wolf"



1 Examples

1.1 Example: car data (Chambers / Hastie 1992)

The first example is a bagplot of the famous car data of Chambers and Hastie. In the code chunk the data
set is assigned to car dat a and bagpl ot () is called with some parameters that are described later in this
paper.
(cardata 2) =

library(rpart); cardata<-car.test.frame[,6:7]; par(nfrow=c(1,1))

(define bagpl ot 32)

bagpl ot (cardat a, ver bose=FALSE, f act or =2. 5, show. baghul | =TRUE, dknet hod=2,

show. | oophul | =TRUE, pr eci si on=1) $cent er

poi nt s(car dat a, pch=16, cex=. 8, col ="bl ue")

title("car data Chanbers/Hastie 1992")

text(cardata[60,] + c(0,-5), rownanes(cardata)[60]) # N ssan Van

# h <- which(250 < cardatal, 2])

# text(cardatalh,]+cbi nd(250+«c(-1.2,-.91,-.3,-.3),8+c(-1,.7,-1,1)),

# rownanes( cardat a) [ h], xpd=NA)

car data Chambers/Hastie 1992
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To integrate the data point of Nissan Van into the light blue region the argument f act or has to be set to 3.
The Tukey median of our bagplot function is (2810.431, 139.879). Splus computes a slightly different point:
(2806.63, 139.513). In difference to Rousseeuw et al. our bagplot as well as the bagplot of Splus classified
the data point of Nissan Van 4 as outlier. To get the Splus results you have to download bagpl ot *, the car
data and ...

Spl us CHAPTER bagpl ot . f

Spl us nake

Splus ...

> dyn. open("S.so0"); source("bagplot.s") #; postscript("hello.ps")
> bagpl ot (cardata[, 1], cardata[, 2]) #; dev.off()



1.2 The normal case

A bagplot of an rnorm sample with one heavy outlier is shown by the following code chunk.
(rnorm 3) =
(define bagpl ot 32)
seed<-222; n<-200
(define rnorm data dat a, seed: seed, size: n 118)
dat an<-r bi nd(dat a, c(106, 294) ), datan[, 2] <-datan[, 2] 100
h <- bagpl ot (dat an, fact or =3, creat e. pl ot =TRUE, appr ox. | i m t =300,
show. out | i er =TRUE, show. | ooppoi nt s=TRUE, show. bagpoi nt s=TRUE,
show. whi sker s=TRUE, show. | oophul | =TRUE, show. baghul | =TRUE,
ver bose=FALSE, cex=0.6)
title(paste("seed: ",seed,"/ n: ",n))

seed: 222 /n: 200
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1.3 Large data sets

What about very large data sets? The algorithm computes some of the quantities of the bagplot on base of a
sample if there are more then appr ox. | i m t data points.
(large 4) =
seed<-174; n<-3000
(define bagpl ot 32)
(define rnorm data dat a, seed: seed, size: n 118)
dat an<-r bi nd(dat a, c(105, 295))
bagpl ot (dat an, f act or =2. 5, cr eat e. pl ot =TRUE, appr ox. | i m t=1000,
cex=0. 5, show. out | i er =TRUE, show. | ooppoi nt s=TRUE
show. bagpoi nt s=TRUE, dkmet hod=2, show. | oophul | =TRUE
show. baghul | =TRUE, ver bose=FALSE, debug. pl ot s="no")
title(paste("seed:",seed,"/ n:",n))

seed: 174 / n: 3000
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1.4 Size of data set

The time for computation increases with the number of observations. To illustrate the run times we measure
the times necessary for rnorm data sets of different sizes and plot the results.
(rnorm, different sizes 5) =
(define bagpl ot 32)
nn<-c¢(50, 70, 100, 200, 350); nn<-c(nn, 10*nn, 100*nn) ; nn<-nn[ - 1]
resul t<-1:1ength(nn)
for(j in seq(al ong=nn)){
seed<-111; set.seed(seed); n<-nn[j]
xy<-cbi nd(rnorm(n), rnormn))
result[j]<-systemtime(
bagpl ot (xy, fact or=3, creat e. pl ot =FALSE, appr ox. | i m t =300
show. out | i er =TRUE, show. | ooppoi nt s=TRUE, show. bagpoi nt s=TRUE
show. whi sker s=TRUE, show. | cophul | =TRUE, show. baghul | =TRUE
ver bose=FALSE)

)[1]

pl ot (nn,result, bty="n",yl ab="user-cpu", x| ab="nunber of data points")
names(result)<-nn; result

user-cpu
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Wed Aug 29 11:29:35 2007
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Rerunning gives the following results:
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1.5 "Depth-One" data sets

It is very interesting to test extrem cases. What happens if the depths of all points are one?
(quadratic 6) =

(define bagpl ot 32)

bagpl ot (x=1: 30, y=(1: 30)*2, ver bose=FALSE, dknet hod=2)

poi nt s(x=1: 30, y=(1: 30) ~2, col =" bl ack", pch=16)

y
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In the 2012 version the region of the median region is shown.
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(circle 7) =
(define bagpl ot 32)
n<- 100; bagpl ot (x=cos((1:n)/nx2«pi),y=sin((1l:n)/ nx2+pi),
preci si on=1, ver bose=FALSE, dknet hod=2, debug. pl ot =FALSE) $cent er

On the right side we find the version 12/2012




1.6 Degenerated data sets

What happens if all the data points lie in a one dimensional subspace?
(onedim 8) =
bagpl ot (x=10+c( 1: 100, 200), y=30-c(1: 100, 200) , ver bose=FALSE)

Here is a second one dim data set.
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(one dim test 9) =
bagpl ot (x=(1:100), y=(1:100), ver bose=FALSE)
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1.7 Data set from the mail of M. Maechler

The data set of M. Maechler is discussed within R-help. Decide of yourself if our bagplot is acceptable.
Maybe this doesn’t matter because mostly a data set is in regular position (Rousseeuw, Ruts 1998) and there
are no identical coordinates. But it may happen, e.g. in the car data set there are two points that are identical.
M. Maechler wrote in a reply concerning a bagplot question that the correct Tukey median is (6.75 , 4.875)
and not (6.544480, 4.708483) that is computed by our bagplot procedure.
10 (data set of Martin Maechler 10) =
(define bagpl ot 32)
(assing data set of Martin Maechler to X0 and y0 11)
bagpl ot (x0, y0, show. baghul | =TRUE, show. | oophul | =TRUE,
creat e. pl ot =TRUE, show. whi sker s=TRUE, f act or =3,
debug. pl ot s="notal | ", dknmet hod=2, ver bose=FALSE,
preci si on=1) $cent er
#abl i ne(h=4. 85, v=6. 75)

Bagplot of version 12/2012:

11 (assing data set of Martin Maechler to x0 and y0 11) =  C 10, 22, 23,25
x0<-c(1,5, 6,6, 6, 6,6,7,7,8 11, 13) # x0 <- c(x0, 8)
y0<-¢(2,3.5,4,4.5,4.5,5,5,5,5,5.5,5.5, 7) #; y0 <- c¢c(y0, 7)

Here is the result of older bagplot versions:




12

13

1.8 Data sets of Wouter Meuleman, running in an error with version 09/2005

An old bagplot version runs into errors with following data set. During the computation of (find hul | . bag

77) some NaN values occured.

(data set 2 of Wouter Meuleman 12) =
a<-gsub("\n"," ",c("3 2759.626 22.90411 6 2757.461 31.75789 13 2758.931 44.25797
15 2757.411 30.47785 16 2761. 720 40. 01067 18 2759.827 36.97118 19 2758. 398 49. 43611
21 2757.411 23.30404 26 2757.461 33.81379 27 2758.398 37.75841 28 2759.244 27.74002
32 2757.411 35.40853 34 2760. 734 35.47206 38 2760.612 49. 05950 39 2757.730 44.51406
40 2758.798 27.33595"))
a<-unlist(strsplit(paste(a,collapse="")," "))
a<-as.nuneric(afa!'=""]); a<-matrix(a, ncol =3, byr on=TRUE)
(define bagpl ot 32)
bagpl ot (a[, 2], a[, 3], ver bose=FALSE, pr eci si on=1)

25 30 35 40 45 50

[ T T 1
2758 2759 2760 2761

X

On 2006/02/17 some lines of code have been changed to remove the NaN values.
(data set 1 of Wouter Meuleman 13) = C 121
a<-gsub("\n"," ",c("1 7766.734 38.86814 2 7768.329 34.50661 3 7769.335
21.14797 4 7768.221 21.08619 5 7776.913 17.97344 6 7768.221 22.27727 8
7771.719 43.62978 9 7773.056 20.22909 12 7771.334 31.22399"))
a<-unlist(strsplit(paste(a,collapse="")," "))
a<-as.nuneric(alal=""]); a<-matrix(a, ncol =3, byr ow=TRUE)
(define bagpl ot 32)
bagpl ot (a[, 2], a[, 3], ver bose=TRUE, dknet hod=2, pr eci si on=1, f act or =3)
# points(a[, 2: 3], pch=1, cex=2. 5, col ="red")

On the left we find a result of an older version of bagpl ot () . However, the central region hasn’t
been found — compare the following bagplot. To integrate the point at the top edge of this picture
you have to enlarge the f act or a little bit.
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The following data set was proposed by Ben Greiner in January 2007. In the version of November

2012 the central region is quite narrow and not a long yellow field as shown in the next figure.

(test: data set of Ben Greiner 14)

(define bagpl ot 32)

7,0.95,0.7,0.8,0.8,0.75,1,0.95,0.7,0.95,0.8,0.75,0.7,0.85

grei ner.data<-chind(c( 1,1,1,0.7,0.8,0.98,0.9,0.85,1,1,0.7,1,0. 65,
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1.9 Data sets of Amanda Joy Shaker

The bagplot function (version from 2011) runs into an error by using a data set of Amanda Joy
Shaker (AJS):

Error in chull (pg[, 1], po9[. 2])
NA/ NaN/ | nf in externem Funktionsaufruf (arg 2)

This problem was caused by:
pgl <-pgl [ c(TRUE, (abs(diff(pgl[,1]))>limt)]|(abs(diff(pgl[,2]))>limt)),]
instead of the correct statement
pgl <-pgl [ c( (abs(diff(pgl[,1]))>limt)|(abs(diff(pgl[,2]))>linmit), TRUE),]
Date of correction: Wed Oct 3 12:15:01 2012 In the right figure the most upper point joins the loop
only if the precision up to 4. Otherwise the point will be isolated plotted.
(data set of Amanda Joy Shaker 15) =
(define bagpl ot 32)
par (nfrow=c(1,2))
dat. AJS. NaN. 1 <- cbind(c(1.852, -1.740, 2.170, 4.745, -5.858, -3.521, 3.001, -6.139,
-1.513, -1.384, 1.957, -0.023, -0.495, -2. 401, -7.966),
c(2.310, -2.752, 1.492, -2.929, 3.487, 1.343, 2.976, -1.260,
-1.153, -0.384, 4.735, 3.978, 0.103, -1.650, -2.209)
)
bagpl ot (dat . AJS. NaN. 1, cex=1, nai n="dat . AJS. NaN. 1")
dat. AJS. NaN. 2 <- cbind(c(-4.66, -2.62, -3.65 ,-3.07 ,-4.91, -4.56 ,-3.79, -3.10, -3.01),
c(2.14, -7.18, -0.15, 2.67, -2.49, -0.89, 0.96 , 0.59, -4.59))
bagpl ot (dat . AJS. NaN. 2, cex=1, mai n="dat . AJS. NaN. 2", pr eci si on=1)

dat.AJS.NaN.1 dat. AJS.NaN.2

yydatal,]
Yydatal,2]

T T T T T T 1 T T T T 1
—8 —4 o 2 4 —5.0 —4.0 —3.0

xydata[,1] xydatal[,1]

Further data sets which run into difficulties can be found in the appendix. Here is the list of the
data sets used for discussion with AJS.

[1] dat.AJS. cen.b51 dat . AJS.cen.51la dat.AJS.cen.52 dat.AJS.cen.53
[5] dat.AJS.chull.1 dat.AJS.chull.2 dat.AJS. chull.2a dat.AJS.fence.1
[9] dat.AJS.fence.2 dat.AJS.NA 1 dat. AJS. NA 10 dat. AJS. NA 11

[13] dat.AJS.NA 12  dat.AJS. NA 13  dat.AJS. NA 14  dat.AJS NA 15
[17] dat.AJS.NA 16  dat.AJS. NA. 17  dat.AJS. NA 18  dat.AJS NA 19
[21] dat.AJS NA 2 dat.AJS.NA. 20  dat.AJS.NA. 21  dat.AJS. NA 22
[25] dat.AJS.NA. 23  dat.AJS.NA. 24  dat.AJS.NA 25  dat.AJS NA 26
[29] dat.AJS. NA 3 dat . AJS. NA. 4 dat. AJS. NA. 5 dat. AJS. NA. 6
[33] dat.AJS. NA 7 dat. AJS. NA. 8 dat. AJS. NA. 9 dat . AJS. NaN. 1
[37] dat.AJS.NaN.2  dat.AJS.NAN.A  dat.AJS.NAN.B  dat.AJS NAN.C
[41] dat.AJS.NAN.D  dat.AJS.NAN.E  dat.AJS.NAN.F  dat.AJS. NAN. G

12
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1.10 Bagplot with additional graphical supplements

Verbose computation of bagplot of a sample of 100 rnorm points and an outlier is performed by
the following code chunk. With the verbose option the h-depths of the data points are shown in
the plot and some of the intermediate results are printed during the the computation.
(verbosetest 16) =
seed<-444; n<-30
(define rnorm data dat a, seed: seed, size: n 118)
dat an<-r bi nd(dat a, c(102, 298))
bagpl ot (dat an, fact or=2. 5, creat e. pl ot =TRUE, approx. | i m t =300,
show. out | i er =TRUE, show. | ooppoi nt s=TRUE, show. bagpoi nt s=TRUE, dknet hod=2,
show. whi sker s=TRUE, show. | oophul | =TRUE, show. baghul | =TRUE, ver bose=TRUE)
title(paste("seed:",seed,"/ n:",n))

seed: 444 /n: 30

300 301
1 |

xydata[,2]

299
1

298
L
-

98 99 100 101 102

xydata[,1]
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1.11 Debugging plots with additional elements

Here is an example of plots generated with option debug. pl ot s="al | ". This option has been
helpful during debugging and now the plots can be classified as R art.
(debugplot 17) =

seed<-444; n<-30

(define bagpl ot 32)

(define rnorm data dat a, seed: seed, size: n 118)

dat an<-dat a[ 1: 10,] #dat an<-cbi nd(c(1: 100, 200), c(1: 100, 200))

par (nfrow=c(2, 3))

bagpl ot (dat an, f act or=2. 5, creat e. pl ot =TRUE, appr ox. | i m t =300,
show. out | i er =TRUE, show. | ooppoi nt s=TRUE, show. bagpoi nt s=TRUE,
show. whi sker s=TRUE, show. | oophul | =FALSE, show. baghul | =TRUE, dknet hod=2,
debug. plots="al | ", precision=.4, verbose=TRUE); par(nfrow=c(1,1))

301.0
301.0

xy[.2]
xy[.2]

xyxyl[,2]
00 05 10 15 20

300.0
300.0

299.0
299.0

-1.0

985 995 1005

xy[1] 1]

301.0

xyxy[.2]
xyxy[.2]
xydata[,2]

00 05 1.0 15 20
300.0

00 05 10 15 20

299.0

-1.0
-1.0

-15 -05 05 15 -1.5 -05 05 15 985 99.5 100.5

xyxy[,1] xyxy[,1] xydata[,1]

Remark: Setting a higher precision will discover a central region of points with a higher depth.

14



2 Bagplots by an alternative approach, proposed by Rousseeuw,

Ruts and Tukey

As mentioned above there is a solution using a fortran procedure for generating bagplots, see:

http:/ /www.statistik.tuwien.ac.at/public/filz/students/edavis /ws0607 / skriptum/page134.html.

To get the procedure work you have to perform the following steps:

18

19

20

fetch the fortran code by downloading
$ get ftp://ftp.wi n.ua.ac. be/ pub/software/agoras/ newfil es/bagplot.tar.gz
— this link has been found on the web page: http:/ /www.agoras.ua.ac.be/Locdept.htm

unzip and unpack the tar.gz-file
$ gunzip bagplot.tar.gz; tar -xvf bagplot.tar

translate the fortran program bagpl ot . f and generate the object file bagpl ot . so
$ R CVD SHLIB -0 bagpl ot.so bagplot.f

download bagplot-R-function

$ get http://ww. statistik.tuw en.ac.at/public/filz/students/edavis/
ws0607/ skri pt um bagpl ot . R

start R and load so-file
(*18) =
dyn. | oad(" Tukey/ bagpl ot . so")

source bagplot function; to avoid conflicts in the names we change the name of the bagplot
function of Rousseeuw, Ruts, and Tukey to BAGPLOT.
(*18)+ =

BAGPLOT<-r eadLi nes(" Tukey/ BAGPLCT. R")

eval (parse(text=sub("”".bagplot","\"BAGPLOT", BAGPLOT))); "ok"

ar gs( BAGPLOT)

Here are the arguments of BAGPLOT( ) :

Wed Aug 29 15:19:43 2007
function (x, y, plotinbag = T, plotoutbag = T, ident = T, drawfence = F,
drawl oop = T, truncxmin = NULL, truncxmax = NULL, truncymin = NULL,
truncymax = NULL, xlab ="

x", ylab = "y", ...)

compute an example bagplot.

(*18)+ =
I'i brary( MASS)
dat a( Cars93); x<-Cars93[,"Weight"]; y<-Cars93[,"EngineSi ze"]
nanes(x) <-di mames(Cars93)[[1]]; nanmes(y) <-di manes(Cars93)[[1]]
# par(mar=c(4,4,1,1))
BAGPLOT( X, y, xl ab="Gewi cht (in Pfund)",yl ab="Hubraum (in Liter)",

#it mai n="Press Muse BUTTON ",

cex. | ab=1. 2)
text (3380, 5.7, "Chevrol et", pos=2); text (2895, 1.3, "Mazda", pos=1)
t ext (4050, 3. 0, "N ssan", pos=1); text (3785, 2. 4, "Toyot a", pos=1)

t ext (3960, 2. 5, "Vol kswagen", pos=3)

Here is the numerical result
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[1] The coordi nates of the Tukey nedian are ( 2954.84 , 2.40962 ).

and the bagplot:

Chevroletk o

®o
Nissan
Volksgg%séaen

Hubraum (in Liter)

T:ﬁ)ta

2000 2500 3000 3500 4000

Gewicht (in Pfund)

A reconstruction of this plot can be done by our bagplot function. For a suitable loop you have
tosetfactor=2. 8.
21 (*18)+ =
I'i brary( MASS)
dat a(Cars93); x<-Cars93[,"Wight"]; y<-Cars93[, "Engi neSi ze"]
names(x) <-di mames(Cars93)[[1]]; nanes(y)<-di manes(Cars93)[[1]]
cent er <-bagpl ot (x, y, factor=2. 8, xl ab="Gewi cht (in Pfund)", precision=3,
yl ab="Hubraum (in Liter)", cex.lab=1.2, cex=0.7) $cent er
text (3380, 5.7, "Chevrol et", pos=2); text (2895, 1.3, "Mazda", pos=1)
t ext (4050, 3. 0, "Ni ssan", pos=1) ; text (3785, 2. 4, "Toyot a", pos=1)
text (3960, 2. 5, " Vol kswagen", pos=3)
center

Chevrolet «

&

Hubraum (in Liter)

Ma7r|ia

1
2000 2500 3000 3500 4000

Gewicht (in Pfund)

We find the center:
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Tue Dec 4 08:30:45 2012
[1] 2955.184896  2.410503

The difference may be caused by numerical difficulties.

Test of data set of Martin Maechler. As a second example we check the bagplot functions by
the data set of Martin Maecher.
22 (BAGPLOT of data set of Martin Maechler 22) =
(assing data set of Martin Maechler to x0 and y0 11)
BAGPLOT( x0, y0)

We get the numerical result ...
[1] The coordinates of the Tukey nmedian are ( 6.75 , 4.875 ).
and the following plot

Our procedure will compute slightly different results:
23 (bagplot of data set of Martin Maechler 23) =

(assing data set of Martin Maechler to x0 and y0 11)

cent er <- bagpl ot (x0, yO, show. baghul | =FALSE, show. | oophul | =FALSE,
create. pl ot =TRUE, show. whi sker s=TRUE, factor =3,
dknet hod=2, precision=3,
xlimeec(5.5,7.5), ylimec(4.1,5.2))S$center

abl i ne(h=4.85,v=6.75); center
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24

25

26

27

The two lines mark the Tukey median computed by BAGPLOT. Our median is (pr eci si on=3):

[1] 6.483859 4.741716

(*18)+ =
TP <- chbind(as.vector(matrix(seq(5.5,7.5,1ength=30), 30, 30)),
as.vector(matrix(seq(4.2,5.2,1ength=30), 30, 30, TRUE)))
TPD <- hdept h( TP, cbi nd(x0, y0))
poi nt s( TP, pch=c(l etters, LETTERS) [ TPD+1])

OPOOONOO0ODY
NOPOOOO0O00TY

TOO0O0OOOOQ000O MMM .\\

oo oO00000000000000

TTOTO0O0000000

4.8

OO000ONOOOO0OOLIOIDD

0000000 NOFOOODILLOD

5.0
|
00000000ONOOORVVIVDD
00000000 %mmmmmm

00000 ONAOOOOIIDLLY

4.6

4.4
|

0000000000000 MMM -\\

TTOoTO000000000
COoOCOoTO000000000!
TOOoOooTO00000000000
COOo00oTO00000000000

4.2

Now we check the stability of the functions by exchanging the variables.
(BAGPLOT of data set of Martin Maechler, exchanged variables 25) =

(assing data set of Martin Maechler to x0 and y0 11)

BAGPLCOT(y0, x0)

[1] The coordi nates of the Tukey nedian are ( 4.84231 , 6.68461 ).

There is a difference! The relative difference is:
(BAGPLOT of data set of Martin Maechler, relative difference 26) =

abs((c(6.483859, 4.741716)-rev(c(4.84231,6.68461)))/c(6.483859, 4.741716))

[1] 0.03096165 0.02121468

How will our function master the test?
(bagplot of data set of Martin Maechler, exchanged variables 27) =
cent er. ex<-bagpl ot (y0, x0, show baghul | =FALSE, show. | oophul | =FALSE,
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28

create. pl ot =TRUE, show. whi sker s=TRUE, factor=3,
dknet hod=2, precision=3)$center

cat("center original data:", center )

cat ("center exchanged data:", rev(center.ex))

center original data: 6.483859 4.741716
center exchanged data: 6.483912 4.741755

The relative difference is approximately 0.07%. If we increase the precision by pr eci si on=5 the
difference is reduced as we like it:
(bagplot of data set of Martin Maechler, difference if precision is increased 28) =
center <- bagpl ot (x0, yO0, creat e. pl ot =FALSE, f act or =3, pr eci si on=5) $cent er
center.ex <-bagpl ot (yO0, x0, create. pl ot =FALSE, f act or =3, pr eci si on=5) $cent er
cat("center original data:", center )
cat ("center exchanged data:", rev(center.ex))
abs(center-center.ex[2:1])/center

The results seems to be identical for we get:

center original data: 6.447704 4.723065
center exchanged data: 6.44778 4.723117
Tue Dec 4 08:41:05 2012

[1] 1.182812e-05 1.094571e-05

By analyzing the scatterplot we find that the area of the points with h-depth 4 build a triangle.
The corners of this triangle are: (6, 4.5), (7,5) and (6.625, 14.125). The center of its gravity is equal
to the mean of the three points and we get the Tukey median (6.541666, 4.7083333). Our bagplot
function finds a result that is very near to the one computed by hand.

Memory faults. There are some other problems with the implementation via the fortran pro-
cedure because we got some memory faults during testing BAGPLOT. These errors killed the R
process and some of the computed results got lost. But it was not difficult to reconstruct them ...
by relax.
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3 Arguments and output of bagpl ot , the help page and some
links

A summary of the arguments can be found by ar gs() .
29 (args 29) =
ar gs(bagpl ot)

function (x, y, factor = 3, na.rm= FALSE, approx.limt = 300,
show. outlier = TRUE, show. whi skers = TRUE, show. | ooppoints = TRUE,
show. bagpoi nts = TRUE, show. | oophull = TRUE, show. baghull = TRUE
create.plot = TRUE, add = FALSE, pch = 16, cex = 0.4, dknmethod = 2,
precision = 1, verbose = FALSE, debug.plots = "no"

col .l oophul | = "#aaccff", col.|looppoints = "#3355ff",
col . baghul I = "#7799ff", col.bagpoints = "#000088"
transparency = FALSE, ...)

The output of bagpl ot is a list of the relevant quantities of the constructed bagplot. To identify
singular points, use i dent i f y() . Here is a short description of the return values:

center Tukey median
hul I . | oop set of points of polygon that defines the loop
hul | . bag set of points of polygon that defines the bag

hul | . center region of points with maximal ldepth
pxy.outlier outlier

pxy. out er outer points

pxy. bag points in bag

hdept h location depth of data points in xy

i s.one.dim is TRUEif data set is one dimensional
prdata result of PCA

xydat a data set

Xy sample of data set

30 (define help of hdept h 30) =
\ nanme{ hdept h}
\al i as{ hdept h}
\title{ hdepth of points }
\'descri ption{
\code{hdepth()} conputes the h-depths of points.
}

\ usage{
hdept h(tp, data, nunber.of.directions=181)
}

\ ar gunent s{
\item{tp}{ two colum matrix of the coordi nates of points which h-depths are needed }
\item{data}{ two colum matrix of the coordinates of the points of a data set}
\iten{nunber. of.directions}{ nunber of directions to be checked }

}

\detai |l s{

The function \code{hdepth} conputes the h-depths of the points
\code{tp} relative to data set \code{data}. If \code{data} is
m ssing \code{tp} will also be taken as data set.

}
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\val ue{
the h-depths of the test points
}

\author{ Peter WIf }
\ not e{
Version of bagplot: 12/2012 }
\ seeal so{ \code{\link[apl pack] {bagplot}} }
\ exanpl es{
# conput ation of h-depths
data <- cbind(rnorn{40), rnorn(40))
Xy <- chind(runif(50,-2,2),runif(50,-2,2))
bagpl ot (data); text(xy, as.character(hdepth(xy,data)))
}

The help page is defined as a code chunk
31 (define help of bagpl ot 31) =

\ nane{ bagpl ot}

\al i as{bagpl ot}

\'al i as{ conput e. bagpl ot}

\al i as{pl ot. bagpl ot}

\title{ bagplot, a bivariate boxplot }

\'descri ption{

\ code{conput e. bagpl ot ()} conputes an object describing a bagpl ot
of a bivariate data set. \code{plot.bagplot()} plots a bagpl ot object
\ code{bagpl ot ()} conputes and plots a bagpl ot.
}
\ usage{
bagpl ot (x, y, factor = 3, na.rm = FALSE, approx.linmt = 300,

show. outlier = TRUE, show. whiskers = TRUE
show. | ooppoi nts = TRUE, show. bagpoi nts = TRUE,
show. | oophul | = TRUE, show. baghull = TRUE
create.plot = TRUE, add = FALSE, pch = 16, cex
dknethod = 2, precision = 1, verbose = FALSE,
debug. pl ots = "no", col . | oophul | ="#aaccff",
col . | coppoi nt s="#3355ff", col . baghul | ="#7799ff",
col . bagpoi nt s="#000088", transparency=FALSE

0. 4,

)

conput e. bagpl ot (x, y, factor = 3, na.rm= FALSE, approx.linit = 300
dknet hod=2, pr eci si on=1, ver bose=FALSE, debug. pl ot s="no")
\ net hod{ pl ot } { bagpl ot } (x,
show. outlier = TRUE, show. whi skers = TRUE
show. | ooppoi nts = TRUE, show. bagpoi nts = TRUE,
show. | oophul | = TRUE, show. baghul|l = TRUE
add = FALSE, pch = 16, cex = 0.4, verbose = FALSE,
col . | oophul | ="#aaccff", col.| ooppoi nts="#3355ff",
col . baghul I ="#7799ff", col . bagpoi nt s="#000088"
transpar ency=FALSE, \ | dot s)

}

\ ar gunment s{
\iten{x}{ x values of a data set
in \code{bagplot}: an object of class \code{bagpl ot}
conput ed by \code{conpute. bagplot} }
\item{y}{ y values of the data set }
\iten{factor}{ factor defining the |oop }
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\iten{na.rm}{ if TRUE 'NA values are renoved ot herw se exchanged by nedi an}
\item{approx.limt}{ if the nunmber of data points exceeds
\code{approx.limt} a sanple is used to conpute
sone of the quantities; default: 300 }
\item{show outlier}{ if TRUE outlier are shown }
\i ten{show. whi skers}{ if TRUE whi skers are shown }
\iten{show. | ooppoints}{ if TRUE | oop points are plottet }
\iten{show. bagpoints}{ if TRUE bag points are plottet }
\iten{show. | oophul I }{ if TRUE the loop is plotted }
\iten{show baghul1}{ if TRUE the bag is plotted }
\item{create.plot}{ if FALSE no plot is created }
\iten{add}{ if TRUE the bagplot is added to an existing plot }
\iten{pch}{ sets the plotting character }
\item{cex}{ sets characters size}
\iten{dknethod}{ 1 or 2, there are two nethod of
approxi mating the bag, nmethod 1 is very rough (only based on observations }
\iten{precision}{ precision of approximation, default: 1}
\iten{verbose}{ automatic conmenting of cal cul ations }
\iten{debug. plots}{ if TRUE additional plots describing
intermedi ate results are constructed }
\iten{col.loophull}{ color of loop hull }
\item{col .| ooppoints}{ color of the points of the |loop }
\item{col . baghull}{ color of bag hull }
\iten{col . bagpoints}{ color of the points of the bag }
\item{transparency}{ see section details }
\iten{\dots}{ additional graphical paraneters }
}
\detail s{
A bagplot is a bivariate generalization of the well known
boxplot. It has been proposed by Rousseeuw, Ruts, and Tukey.
In the bivariate case the box of the boxplot changes to a
convex pol ygon, the bag of bagplot. In the bag are 50 percent
of all points. The fence separates points within the fence from
points outside. It is conputed by increasing the
the bag. The loop is defined as the convex hull containing
all points inside the fence.
If all points are on a straight Iine you get a classical
boxpl ot .
\ code{bagpl ot ()} plots bagplots that are very simlar
to the one described in Rousseeuw et al.
Remar ks:
The two di nensional nedian is approxi mated.
For large data sets the error will be very snmall.
On the other hand it is not very wise to nake a (graphical)
summary of e.g. 10 bivariate data points.

In case you want to plot multiple (overl apping) bagplots,

you may want plots that are seni-transparent. For this

you can use the \code{transparency} fl ag.

I f \code{transparency==TRUE} the al pha |layer is set to '99" (hex).
Thi s causes the bagplots to appear sem -transparent,

but ONLY if the output device is PDF and opened using:

\code{pdf (file="fil ename. pdf", version="1.4")}.

For this reason, the default is \code{transparency==FALSE}.

This feature as well as the argunents

to specify different colors has been proposed by Wuter Meul eman.

}

\val ue{
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\ code{conput e. bagpl ot} returns an object of class
\code{bagpl ot} that could be plotted by
\ code{pl ot. bagplot()}.
An object of the bagplot class is a list with the foll ow ng
el ements: \code{center} is a two dimensional vector with
the coordinates of the center. \code{hull.center} is a
two colum matrix, the rows are the coordinates of the
corners of the center region. \code{hull.bag} and
\code{hull .l oop} contain the coordinates of the hull of the bag
and the hull of the |oop. \code{pxy.bag} shows you the
coordi nates of the points of the bag. \code{pxy.outer} is
the two colum matrix of the points that are within the
fence. \code{pxy.outlier} represent the outliers. The vector
\ code{ hdept hs} shows the depths of data points. \code{is.one.din}
is \code{TRUE} if the data set is (nearly) one dinmensional
The dimensionality is decided by analysing the result of \code{prconp}
which is stored in the el ement \code{prdata}. \code{xy} shows you
the data that are used for the bagplot. In the case of very large
data sets subsets of the data are used for constructing the
bagpl ot. A data set is very large if there are nore data points
than \code{approx.limt}. \code{xydata} are the input data structured
inatw colum natriXx.
}
\references{ P. J. Rousseeuw, |. Ruts, J. W Tukey (1999)
The bagplot: a bivariate boxplot, The Anerican
Statistician, vol. 53, no. 4, 382--387 }
\author{ Peter WIf }
\ not e{
Version of bagplot: 10/2012 }
\ seeal so{ \code{\link[graphics]{boxplot}} }
\ exanpl es{
# exanpl e: 100 random poi nts and one outlier
dat <- cbi nd(rnorm100) +100, r nor n{ 100) +300)
dat <-r bi nd(dat, c(105, 295))
bagpl ot (dat, fact or=2. 5, creat e. pl ot =TRUE, appr ox. | i m t =300
show. out | i er =TRUE, show. | ooppoi nt s=TRUE
show. bagpoi nt s=TRUE, dknmet hod=2
show. whi sker s=TRUE, show. | oophul | =TRUE
show. baghul | =TRUE, ver bose=FALSE)
# exanpl e of Rousseeuw et al., see R-package rpart
cardata <- structure(as.integer( c(2560, 2345, 1845, 2260, 2440,
2285, 2275, 2350, 2295, 1900, 2390, 2075, 2330, 3320, 2885
3310, 2695, 2170, 2710, 2775, 2840, 2485, 2670, 2640, 2655
3065, 2750, 2920, 2780, 2745, 3110, 2920, 2645, 2575, 2935
2920, 2985, 3265, 2880, 2975, 3450, 3145, 3190, 3610, 2885
3480, 3200, 2765, 3220, 3480, 3325, 3855, 3850, 3195, 3735
3665, 3735, 3415, 3185, 3690, 97, 114, 81, 91, 113, 97, 97,
98, 109, 73, 97, 89, 109, 305, 153, 302, 133, 97, 125, 146,
107, 109, 121, 151, 133, 181, 141, 132, 133, 122, 181, 146,
151, 116, 135, 122, 141, 163, 151, 153, 202, 180, 182, 232,
143, 180, 180, 151, 189, 180, 231, 305, 302, 151, 202, 182,
181, 143, 146, 146)), .Dim= as.integer(c(60, 2)),
.Dimanes = [ist(NULL, c("Wight", "Disp.")))
bagpl ot (cardat a, f act or =3, show. baghul | =TRUE
show. | oophul | =TRUE, pr eci si on=1, dkret hod=2)
title("car data Chanbers/Hastie 1992")
# points of y=x*x
bagpl ot (x=1: 30, y=(1: 30) *2, ver bose=FALSE, dknet hod=2)
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32

# one di nensi onal subspace
bagpl ot (x=1: 100, y=1: 100)
}
\ keyword{ msc }
\ keyword{ hplot }
Here are some important links:

http://ww. cimncgill.cal~lsimrd/ Pattern/ TheBag. ht m
http://ww. mat h. yor ku. ca/ SCS/ Gal | ery/ bri ght -i deas. htmi
http://maven. sni t h. edu/ ~st r ei nu/ Resear ch/ LocDept h/ al gorithm htm
http://ww. agor as. ua. ac. be/ abst ract/ Bagbi v97. ht m
http://ww. agor as. ua. ac. be/ Locdept. ht m
http://article.gnmane. org/ gmane. conp. | ang. r. general / 25235
http://finzi.psych. upenn. edu/ R/ Rhel p02a/ archi ve/ 45106. ht n
http://delivery.acm org/10. 1145/ 370000/ 365565/

p690-ni || er. pdf ?key1=365565&key2=9093786211&col | =GJI DE&

dl =GUI DE&CFI D=53086693&CFTOKEN=38519152
http://ww. cs.tufts. edu/ research/ geonetry/ hal f_space/
http://ww. statistik.tuw en.ac.at/public/filz/students/edavis/

ws0607/ skri ptum pagel34. htm

4 The definition of bagplot

The function bagpl ot is a container that calls the two functions conput e. bagpl ot and pl ot . bagpl ot .
The first one generates an object of class bagpl ot and the second one is called by the generic plot
function.
(define bagpl ot 32) = C2,3,4,5,6,7,10,12,13,14, 15,17, 45, 85, 86, 91, 119, 120, 121, 122, 124, 125, 126,
128, 129, 133, 136, 146, 147, 149, 150, 156, 157, 158, 177,178
(define comput e. bagpl ot 33)
(define pl ot . bagpl ot 81)
(define f i nd. hdept hs 57)
(define f i nd. hdept hs. t p 60)
(define function hdept h() 44)
bagpl ot <-function(x,y,
factor=3, # expanding factor for bag to get the | oop
na.r mFALSE, # should ' NAs’' val ues be renoved or exchanged
approx.limt=300, # limt
show. outlier=TRUE, # if TRUE outlier are shown
show. whi skers=TRUE, # if TRUE whi skers are shown
show. | ooppoi nt s=TRUE, # if TRUE points in | oop are shown
show. bagpoi nt s=TRUE, # if TRUE points in bag are shown
show. | oophul | =TRUE, # if TRUE | oop is shown
show. baghul | =TRUE, # if TRUE bag is shown
create.plot=TRUE, # if TRUE a plot is created
add=FALSE, # if TRUE graphical elements are added to actual plot
pch=16, cex=. 4, # sonme graphi cal paraneters
dknet hod=2, # in 1:2; there are two nethods for approximating the bag
preci sion=1, # controls precision of conputation
ver bose=FALSE, debug. pl ot s="no", # tools for debuggi ng
col . | oophul | ="#aaccff", # Alternatives: #ccffaa, #ffaacc
col .|l ooppoi nt s="#3355ff", # Alternatives: #55ff33, #ff3355
col . baghul I ="#7799ff", # Alternatives: #99ff77, #ff7799
col . bagpoi nt s="#000088", # Alternatives: #008800, #880000
transparency=FALSE, ... # to define further paranmeters of plot

) {
i f(m ssing(x)) return( {(version of bagplot 1))
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bo<- comput e. bagpl ot (x=x, y=y, factor=factor, na.rneFna.rm
approx. | imt=approx.|imt, dkmet hod=dkmet hod,
pr eci si on=pr eci si on, ver bose=ver bose, debug. pl ot s=debug. pl ot s)
if(create.plot){
p! ot (bo,
show. out | i er=show. out |l i er,
show. whi sker s=show. whi skers,
show. | ooppoi nt s=show. | ooppoi nts,
show. bagpoi nt s=show. bagpoi nt's,
show. | oophul | =show. | cophul I,
show. baghul | =show. baghul | ,
add=add, pch=pch, cex=cex,
ver bose=ver bose,
col . 1 oophul I =col . | cophul |,
col . | ooppoi nt s=col . | ooppoints,
col . baghul | =col . baghul I,
col . bagpoi nt s=col . bagpoi nt s,
transpar ency=t r anspar ency,

)

i nvi si bl e(bo)

}

conput e. bagpl ot computes the relevant values to allow pl ot . bagpl ot to draw the bagplot.
33 (define comput e. bagpl ot 33) = C 32

conput e. bagpl ot <-function(x,y,
factor=3, # expanding factor for bag to get the | oop
na.r mrFALSE, # should NAs renpved or exchanged
approx.limt=300, # limt
dknmet hod=2, # in 1:2; nethod 2 is recommended
precision=1, # controls precision of conputation
ver bose=FALSE, debug. pl ot s="no" # tools for debuggi ng

) {
(version of bagplot 1)
(body of conmput e. bagpl ot 34)

}

4.1 The body of conput e. bagpl ot

Here you see the main steps of the construction of a bagplot.
34 (body of conput e. bagpl ot 34) = C 33
(init 36)
(check and handle linear case 52)
(handle three or four data points 53)
(standardize data and compute: Xyxy, xym xysd 54)
(compute angles between points 55)
(compute hdepths 56)
(find k 61)
(compute hdepths of test points to find center 62)
i f (dkmet hod==1) {
(method one: find hulls of Dy and Dy,_q 66)
}el se{
(method two: find hulls of Dy, and Dy,_1 67)
}
(find value of | ambda 76)
(find hul | . bag 77)
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(find hul | . 1 oop 78)

(find points outside of bag but inside loop 79)
(find hull of loop 80)

(output result 35)

4.2 Output of bagpl ot

The following table of output values of bagpl ot is copy from section 2:

35

These elements are return as a list.
(output result 35) =

res<-list(

center Tukey median
hul I . 1 oop set of points of polygon that defines the loop
hul | . bag set of points of polygon that defines the bag

hul | . center
pxy.outlier

region of points with maximal ldepth
outlier

pxy. out er outer points

pxy. bag points in bag

hdept h location depth of data points in xy

i s.one.dim is TRUEif data set is one dimensional
prdata result of PCA

xydat a data set

Xy sample of data set

C 34

center=center,

hul |l . center=hul | . center,
hul I . bag=hul | . bag,

hul | . | oop=hul | . | oop,
pxy. bag=pxy. bag,
pxy.outer=if(length(pxy.outer)>0) pxy.outer else NULL,
pxy.outlier=if(length(pxy.outlier)>0) pxy.outlier else NULL,
hdept hs=hdept h,

i s.one.dinrFis.one.dim
pr dat a=pr dat a,

## random seed=r andom seed,

Xy=xy, xydat a=xydat a

)

i f(verbose)

res<-c(res,list(exp.dk=exp. dk, exp. dk. 1=exp. dk. 1, hdept h=hdept h))

cl ass(res)<-"bagpl ot"

return(res)

#SEED

4.3 Initilization of bagpl ot

Points with identical coordinates may run in numerical problem. Therefore, some noise may be
added to the data — for this feature the comment signs have to be deleted.
To do not disturb simulation studies in very large sets we replace the use of random samples and
use systematically drawn samples now.
36 (init36) = C 34
# define sone functions
(define function wi n 37)
(define function out . of . pol ygon 38)
(define function cut . z. pg 40)
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(define function fi nd. cut . z. pg 41)
(define function hdept h. of . poi nt s 43)
(define function expand. hul | 46)
(define function cut . p. sl . p. sl 42)
(define function pos. t 0. pg 51)
(define f i nd. pol ygon. cent er 65)
# check i nput
xydat a<-if(m ssing(y)) x else chind(x,y)
if(is.data.frame(xydata)) xydata<-as.matrix(xydata)
i f(any(is.na(xydata))){
i f(na.rm{ xydata<-xydata[!apply(is.na(xydata), 1, any),, drop=FALSE]
print("Warning: NA el ements have been renoved!!")
el se{ #121129
xy. medi ans<- appl y(xydat a, 2, functi on(x) medi an(x, na.rnm=TRUE))
# col Means(xydat a, na. r i/TRUE)
for(j in 1l:ncol (xydata)) xydata[is.na(xydata[,j]),]j]<-xy.nedians[j]
print("Warning: NA el enments have been exchanged by medi an val ues!!")
}

}
# if(nrow xydata)<3) {print("not enough data points"); return()} ## 121008

i f(length(xydata)<4) {print("not enough data points"); return()}

i f((length(xydata)%®)==1) {print("nunmber of values isn't even"); return()}

if(lis.matrix(xydata)) xydata<-matrix(xydata, ncol =2, byr ow=TRUE)

# sel ect sanple in case of a very large data set

very. |l arge. data. set <-nrow(xydata) > approx.|limt

# use of random nunber generator may di sturb sinulation

# therefore we now use a systematical part of the data 20120930

### OLD: set.seed(random seed<-13) ### SEED

i f(very.large. data. set){
## COLD: ind<-sanpl e(seq(nrow(xydata)), size=approx.limt)
step<-(n<-nrow(xydata))/approx.limt; ind <- round(seq(1,n, by=step))
xy<-xydat a[i nd, ]

} el se xy<-xydata

n<- nr ow( xXy)

poi nts.in. bag<-floor(n/2)

# if jittering i s needed

# the following two lines can be activated

#xy<- xy+cbi nd(rnormn, 0, .0001*sd(xy[, 1])),

# rnorm(n, 0,.0001*sd(xy[,2])))

i f(verbose) cat("end of initialization")

Yuankun Shi asked how the proportion of data points of the bag could be changed. Although
this may result in misinterpretations we show a way to implement a modified bagplot:

# make copy of conpute. bagpl ot and change hal ve nunber of points in the
bag,
# for exanple by "nxmyproportion":
nyconput e. bagpl ot <-

eval (parse(text=sub("n/2","nxnyproportion", deparse(conpute. bagplot))))
# define your own bagpl ot version which calls "myconpute. bagpl ot":
nybagpl ot <- eval (parse(text=
sub( " conput e. bagpl ot ", "nyconput e. bagpl ot ", depar se(bagplot))))
# exanpl e application
nyproportion<-0.2; set.seed(13); nybagpl ot (chind(rnorn(100), rnorn{100)))
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4.4 Some local functions to find intersection points

win: After a lot of experiments the function at an2 is found to compute the gradient in fastest
way.
37 (define functionwi n 37) = C 36,44, 81
w n<-function(dx,dy){ atan2(y=dy, x=dx) }

out.of.polygon: The function out . of . pol ygon checks if the points of Xy are within the poly-
gon pg (return value FALSE) or not (return value TRUE).
38 (define function out . of . pol ygon 38) = C 36
out . of . pol ygon<-function(xy, pg){ # 121026
xy<-mat ri x(xy, ncol =2)
# check trivial case
if(nrow(pg)==1) return(xy[,1]==pg[1] & xy[,2]==pg[2])
# store nunmber of points of xy and pol ygon
m<- nr ow( Xy) ; n<-nrow pg)
# find snall value relative to polygon
limt <- -abs(1E-10«diff(range(pg)))
# find vectors that are orthogonal to segnents of polygon
pgn<-cbind(di ff(c(pgl,2],pgl1,2])),-diff(c(pgl,1],pgl1 1])))
# find center of gravity of xy
S<- col Means(xy)
# conmput e negative distances of polygon to center of gravity of xy
dxy<-cbi nd(S[ 1] - pg[, 1], [ 2] - pg[, 2] )
# unused: S.in.pg<-all(limt<apply(dxy*pgn, 1, sun))
if( tall( Iimt < apply(dxy*pgn,1,sum ) ){
pg<-pg[n:1,]; pgn<--pgn[n:1,]

#initialize result

i n. pg<-rep(TRUE, m

for(j in 1.n){
dxy<-xy-matrix(pglj,],m 2, byr ow=TRUE)
in.pg<-in.pg & limt<(dxy% %gn[j,])

}

return(!in. pg)

}

Here is a chunk with some statements for checking the function and maybe as a starting point of
the next version.
39 (chunk for checking function out . of . pol ygon 39) =
out . of . pol ygon<-function(xy, pg){
Xy<-matri x(xy, ncol =2)
# check trivial case
i f(nrow(pg)==1) return(xy[,1]==pg[1] & xy[,2]==pg[2])
# store nunmber of points of xy and pol ygon
me- nr ow( Xy) ; n<-nrow( pg)
# find small value relative to pol ygon
limt<--abs(1E-10«diff(range(pg)))
# find vectors that are orthogonal to segnments of pol ygon
pgn<-cbi nd(di ff(c(pgl.2],pg[1,2])),-diff(c(pgl.1],pg[1,1]))
segnent s(hx<-(pg[-1, 1] +pg[-n, 1])/2, hy<-(pg[-1, 2] +pg[-n, 2])/
hx+pgn[ - n, 1], hy+pgn[ - n, 2], col =" bl ue")

# find center of gravity of xy
S<-matri x(col Means(xy), 1, 2)
# conpute negative distances of polygon to center of gravity of xy
dxy<-cbind(S[1]-pg[. 1], S[2]-pg[. 2])

)
2,
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40

S.in. pg<-
al |l (I'i m t<apply(dxyx*pg
if(ltall(linmt<apply(dxy*pg
cat ("I NI F")
} pg<-pg[n:1,]; pgn<--pgn[
# initialize result
in. pg<-rep(TRUE, m
for(j in 1:n){
dxy<-xy-matrix(pg[j,],m
in.pg<-in.pg & limt<(dx

}

return(!in. pg)
}
# if PG XY are avail abl e:
pl ot (PG type="1", xlimec(-.5,

out . of . pol ygon(XY[1:6,], PG
poi nts(XY[1:6,],col ="red");

# unused
n,1,sum) # unused

n,1,sum)){

n:1,]

2, byr ow=TRUE)
y% %gnl[j. 1)

1),ylimec(-.5,1)); points(XY)

poi nt s(PG+1. 5, col ="red", pch=l etters)

This version of out . of . pol ygon is based on the following algorithm:

1. compute the orthogonal vectors of the sides of the polygon pointing to the interior

2. compute the vectors which starts in the corners of the polygon and ends in a point to be

tested

3. check if all the angles between the pairs of associated vectors lie between —7r/2 and 71/2
which is equivalent to get positive signs of the inner products of the associated vectors only.

For more than 2000 test points the new version is 100 times faster than the old one.

cut.z.pg: cut. z. pg finds the intersection points of lines defined by plx, ply, p2x, p2y and
lines that contains zX, zy and origin. Data set car s[ 6: 10, ]

fore, the set of special case had to be expanded.
(define function cut . z. pg 40) = C 36, 81

cut. z. pg<-function(zx, zy, plx
az<- (p2y-ply)/(p2x-plx); a
sx<-(ply-a2*plx)/(al-a2);
sxy<-chi nd(sx, sy)
h<-any(is. nan(sxy))||any(i
if(h)y{ # print("NAN found"
i f(!exists("verbose")) ver
i f(verbose) cat("special
# zx is zero # 121030
h<- 0==zx
sx<-ifelse(h, zx, sx);
# points on |ine defined
al <- ifelse( abs(al) ==
a2 <- ifelse( abs(a2) ==
# points on |ine defined
h<-0==(al-a2) & sign(zx)
sx<-ifelse(h, plx, sx);
h<-0==(al-a2) & sign(zx)
sx<-ifelse(h, p2x, sx);
# line segnment vertica
# & center NOT ON line
h<- plx==p2x & zx!=plx &
sx<-ifel se(h, plx, sx);
# & center ON |line seg

, ply, p2x, p2y){
1<-zy/ zx
sy<-al=*sx

s. na(sxy))| | any(Il nf ==abs(sxy))

); print(cbind(al, a2, zx, zy, sxy, p2x- plx))
bose<- FALSE

")

sy<-ifelse(h, ply-a2*plx, sy)

by |ine segnent

Inf, sign(al)*123456789+1E10, al) # 121030
I nf, sign(a2)*123456789*1E10, a2)

by line segnent
==si gn( plx)

sy<-ifelse(h, ply, sy)
I'=si gn(plx)

sy<-ifel se(h, p2y, sy)

segment

plx! =0
sy<-ifel se(h, zy*plx/ zx, sy)
ment
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h<- plx==p2x & zx!=plx & plx==0
sx<-ifelse(h, plx, sx); sy<-ifelse(h,O0,sy)
# & center NOT ON |line segnent & point on |ine # 121126
h<- plx==p2x & zx==plx & pix!=0 # & sign(zy)==sign(ply)
sx<-ifelse(h, zx, sx); sy<-ifelse(h, zy, sy)
# & center ON |line segnent & point on |line
h<- plx==p2x & zx==plx & plx==0 & sign(zy)==sign(ply)
sx<-ifelse(h, plx, sx); sy<-ifelse(h, ply, sy)
h<- plx==p2x & zx==plx & pilx==0 & sign(zy)!=sign(ply)
sx<-ifelse(h, plx, sx); sy<-ifelse(h, p2y, sy)
# points identical to end points of |ine segnent
h<-zx==plx & zy==ply; sx<-ifelse(h, plx, sx); sy<-ifelse(h, ply,sy)
h<-zx==p2x & zy==p2y; sx<-ifelse(h, p2x,sx); sy<-ifelse(h, p2y, sy)
# point of z is center
h<-zx==0 & zy==0; sx<-ifelse(h,0,sx); sy<-ifelse(h,O,sy)
sxy<-chi nd(sx, sy)
} # end of special cases
#i f (verbose){ print(rbind(al,a2)); print(cbind(zx, zy, plx, ply, p2x, p2y, sxy))}
i f(!exists("debug.plots")) debug. pl ot s<-"no"
i f(debug. plots=="all"){
segment s(sxy[, 1], sxy[, 2], zx, zy, col ="red")
segnent s(0, 0, sxy[, 1], sxy[, 2], col ="green", | ty=2) ##!!
poi nt s(sxy, col ="red")
}

return(sxy)

find.cut.z.pg: find. cut. z. pg finds the intersection points of the lines defined by z and center
cent er and polygon pg.
41 (define functionfind. cut.z. pg4l) = C 36,81
find.cut.z.pg<-function(z, pg, center=c(0, 0), debug. pl ot s="no") {
if(lis.matrix(z)) z<-rbind(z)
i f(1l==nrow(pg)) return(matrix(center,nrow z), 2, TRUE))
n. pg<-nrow( pg); n.z<-nrow z)
z<-cbind(z[,1]-center[1],z[,2]-center[2])
pgo<- pg; pg<-chind(pg[,1]-center[1], pg[,2]-center[2])
i f(!exists("debug.plots")) debug. pl ot s<-"no"
i f(debug. plots=="all"){
pl ot (rbi nd(z, pg, 0), bty="n"); points(z, pch="p")
lines(c(pgl,1],pgl1,1]),c(pgl.2].pal1,2]))}
# find angles of pg und z
apg<-wi n(pg[, 1], pg[., 2])
apg[is.nan(apg)] <-0; a<-order(apg); apg<-apg[a]; pg<-pg[a,]
az<-win(z[,1],z[, 2])
# find line segnents
segm no<- appl y((outer(apg, az,"<")), 2, sum
segm no<-i f el se(segm no==0, n. pg, segm no)
next . no<-1+(segm no %Wk | engt h(apg))
# conmpute cut points
cuts<-cut.z.pg(z[,1],z[, 2], pg[ segm no, 1], pg[ segm no, 2],
pg[ next . no, 1], pg[ next . no, 2])
# rescal e
cut s<-cbhind(cuts[, 1] +center[1], cuts[, 2] +center[2])
return(cuts)

}
## find.cut.z. pg(EX, EX1, center=CE)
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44

cut.p.sl.p.sl: cut. p. sl . p. sl finds the intersection point of two lines. Both lines are described
by a point and its slope. Remember:

y=y1 +m(x—x)

If both slopes are identical an i nf -value will be returned.
(define function cut . p. sl . p.sl 42) = C36
cut.p.sl.p.sl<-function(xyl, m, xy2, n2) {
SX<- (xy2[ 2] - m2xxy2[ 1] - xy1[ 2] +nl*xy1[ 1] )/ ( nil- nR)
Sy<-xy1[ 2] - mlxxy1[ 1] +mil* sx
if(!is.nan(sy)) return( c(sx,sy) )
i f(abs(nl)==Inf) return( c(xyl[1], xy2[2] +m2*(xy1[1]-xy2[1
i f(abs(nR)==Inf) return( c(xy2[1], xy1[2] +ml*(xy2[1]-xyl[1

—_——

)) )
)) )

4.5 A function to compute the h-depths of data points

hdepth.of.points: hdept h. of . poi nt s computes the h-depths of test points t p. local variable
i dent stores the number of identical points. Algorithmical aspects of finding the h-depth are
later discussed in: (find kkk-hull: pg 68) The test points are delivered by argument t p. Addition-
ally the matrix of data points xy is used.
(define function hdept h. of . points 43) = C 36
hdept h. of . poi nt s<-function(tp){
# 121030 second paraneter n has been renoved
# if(lexists("precision")) precision <- 1 # 121203
# return(find. hdepths.tp(tp, xy, 181xprecision)) # 121202
n.tp<-nrow(tp)
t phdept h<-rep(0, n. tp); dpi<-2+pi-0.000001
for(j in 1:n.tp) {
dx<-tp[j,1]-xy[,1]; dy<-tp[j,2]-xy[, 2]
a<-w n(dx, dy) +pi ; h<-a<10; a<-a[h]; ident<-sun(!h)
init<-sum(a < pi); a.shift<-(a+pi) %% dpi
m nuspl us<-c(rep(-1,length(a)),rep(1,length(a))) ## 070824
h<- cunsun( m nuspl us[order(c(a,a.shift))])
t phdepth[j]<-init+m n(h)+1 # +1 because of the point itselfl!!
# tphdepth[j]<-init+m n(h)+ident; cat("SUMVE", ident)
}
t phdept h

4.5.1 A user function to compute h-depths

It may be helpful to have a function for computing the h-depths of test points relative to a data
set.
(define function hdept h() 44) = 32,45
hdept h<-functi on(xy, dat a){
# function to conpute the h-depths of points
(define function wi n 37)
if(mssing(data)) data <- xy
tp <- Xxy; Xy <- data
n.tp<-nrow(tp); n <- length(xy[,1])
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t phdept h<-rep(0, n. tp); dpi<-2+pi-0.000001

for(j in 1:n.tp) {
# conpute difference of coordinates of tp j and data
dx<-tp[j,1]-xy[,1]; dy<-tp[j,2]-xy[, 2]
# renove data points that are identical to tp j
h < tp[j,1] '=xy[,1] & tp[j,2] !'= xy[,2]
dx <- dx[h]; dy <- dy[h]; n <- |ength(dx)
m nuspl us<-c(rep(-1,n),rep(1,n)) ## 070824
# conpute angl es of slopes of lines through tp j and data
a<-w n(dx, dy) +pi ; h<-a<10; a<-a[h]; ident<-sun(!h)
# count nunber of angles that are |ower than pi == points above tp j
init<-sum(a < pi); a.shift<-(a+pi) %o dpi
# count points relative to the tp j in halve planes
h<- cumsun(m nuspl us[order(c(a,a.shift))])
# find mni mum nunber of points in a hal ve pl ane
tphdepth[j]<-init+m n(h)+1 # +1 because of the point itself!!
# tphdepth[j]<-init+m n(h)+ident; cat("SUMVE",ident)

}

t phdept h

}
hdept h<-fi nd. hdept hs. tp #121202

45 (check of function hdept h() 45) =
(define bagpl ot 32)
(define function hdept h() 44)
par (nfrow=c(1,2))
TP <- rbind(c(10, 20), c(15,60),c(10,60),c(12,50)); data <- cars
bagpl ot (dat a)
#t ext (TP, as.character (hdept h(TP, data)), cex=3)
set.seed(13); tp <- cbind(runif(2100,5, 35), runif (100, 9, 110))
text(tp, as.character(hdepth(tp,data)), cex=1)
set.seed(13); n<-40; data <- cbind(rnorm(n), rnorn(n))
tp <- chind(runif(100,-2,2),runif(100,-2,2))
bagpl ot (dat a)
text(tp, as.character(hdepth(tp,data)))
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4.6 A function to expand the hull

expand.hull: expand. hul | expands polygon pk without changing the depth of its points. k
is the depth and r esol ut i on is the number of points to be checked during expandation.
(define function expand. hul | 46) = C 36
expand. hul | <-function(pg, k) {
if( 1 >= nrompg) ) return(pg) ## 121026 ## 121123 <= statt ==
(find end points of line segments: center — pg — pg0 47)
(search for points with critical hdepth 48)
(find additional points between the line segments 49)
(compute hull pg. new50)

}

At first we search the intersection points of the hull of the data set with the lines beginning in the
center and running through the points of pg. Then test points on the segments defined by these
intersection points and the points of pg will be generated by using a vector | am
(find end points of line segments: center — pg — pg0 47) = C 46

resol uti on<-fl oor (20=*preci sion)

pg0<- xy[ hdept h==1, ]

pg0<-pgO[ chul I (pgO[, 1], pgo[, 2]), |

end. poi nts<-find. cut.z. pg(pg, pg0, cent er =cent er, debug. pl ot s=debug. pl ot s)

l am<- ((0:resolution)”1)/resolution™1

The test is performed in two stages. In the interval from start point to end point r esol uti on
test points are tested concerning their h-depth. The critical interval is divided again to find a
better limit.
(search for points with critical hdepth 48) =  C 46

Pg. new<-pg

for(i in 1:nrow(pg)){
t p<-cbi nd(pgl[i, 1] +l am (end. poi nts[i, 1] -pg[i, 1]),
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po[i, 2]+l am(end. points[i,2]-pg[i,2]))
# hd. t p<- hdept h. of . poi nt s(t p)
hd. t p<-fi nd. hdept hs. t p(tp, xy)
i nd<- max(sun{hd. t p>=k), 1)
i f(ind<length(hd.tp)){ # hd.tp[ind]>k &&
t p<-cbind(tp[ind, 1] +l am(tp[ind+1, 1]-tp[ind, 1]),
tp[ind, 2]+l am(tp[ind+l,2]-tp[ind,2]))
# hd. t p<- hdept h. of . poi nt s(t p)
hp. t p<-fi nd. hdept hs. t p(tp, xy)
i nd<- max(sun{hd. t p>=k), 1)
}
pg.newi,]<-tp[ind,]

pg. new<- pg. new chul | (pg. new, 1], pg. new , 2]),1]
# cat ("depth pg. new', hdepth. of.points(pg.new))
# cat ("depth pg.new', find. hdepths.tp(pg.new, xy))
Between the spurts we interpolated additional directions and find additional limits by the same
procedure.
49 (find additional points between the line segments 49) =  C 46
pg. add<- 0. 5% ( pg. new+r bi nd(pg. new -1,], pg. newf1,]))
# end. poi nts<-find. cut. z. pg(pg, pgo, cent er =cent er)
end. poi nts<-find. cut.z. pg(pg. add, pg0, center =center) ## 070824
for(i in 1:nrow pg.add)){
t p<- cbi nd(pg. add[ i, 1] +l an*(end. poi nts[i, 1] - pg. add[i, 1]),
pg. add[i, 2] +l amx(end. points[i, 2] -pg.add[i,2]))
# hd. t p<- hdept h. of . poi nts(tp)
hd. t p<-fi nd. hdept hs. t p(tp, xy)
i nd<- max(sun( hd. t p>=k), 1)
if(ind<length(hd.tp)){ # hd.tp[ind]>k &&
t p<-cbind(tp[ind, 1] +Hl am(tp[ind+1,1]-tp[ind, 1]),
tp[ind, 2]+l am(tp[ind+l, 2]-tp[ind,2]))
# hd. t p<- hdept h. of . poi nt s(tp)
hd. t p<-fi nd. hdept hs. t p(tp, xy)
i nd<- max(sun( hd. t p>=k), 1)

}
pg.add[i,]<-tp[ind,]
}
# cat ("depth pg.add", hdepth. of. points(pg.add))

Finally the hull of the limits is computed and our numerical solution of hull(dy). pg. newis the
output of expand. hul | .
50 (compute hull pg. new50) =  C 46
pg. new<-r bi nd( pg. new, pg. add)
pg. new<- pg. new chul I (pg. new, 1], pg. new, 2]),1]

4.7 A function to find the position of points respectively to a polygon

pos.to.pg: pos. t 0. pg finds the position of points z relative to a polygon pg If a point is below
the polygon " | ower " is returned otherwise " upper".
51 (define function pos. to. pg5l) = C36
pos. to. pg<-function(z, pg, reverse=FALSE){
i f(reverse){
i nt.no<-apply(outer(pg[,1],z[,1],">="), 2, sun
zy.on. pg<-pg[int.no, 2] +pg[int.no, 3] *(z[, 1] -pg[int.no, 1])
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}el sef
i nt.no<-apply(outer(pg[, 1], z[,1],"<="), 2, sum
zy.on. pg<-pg[int.no, 2] +pg[int.no, 3] *(z[, 1] -pg[int.no, 1])

### i fel se(z[, 2] <zy.on.pg, "lower","higher") ### 121004
result <- ifelse(z[,2]<zy.on.pg, "lower","higher") ###
return(result)

if( all(result=="1ower") ){
result <- ifelse(((z[,2] - zy.on.pg)/mx(z[,2] - zy.on.pg)+le-10) < O,
"l ower", "higher")

}
if( all(result=="higher") ){
result <- ifelse(((z[,2] - zy.on.pg)/max(z[,2] - zy.on.pg)-1le-10) < O,
"l ower", "higher")
}
print(result)
return(result)

4.8 Check if data set is one dimensional

Now the local functions are ready for usage. To detect a data set being one dimensional we apply
pr conp( ) . In the one dimensional case we construct a boxplot by hand.
52 (check and handle linear case 52) = C 34
pr dat a<- pr conp( xydat a)
is.one.dink-(0 == max(prdata[[1]])) || (min(prdata[[1]])/max(prdata[[1]]))<0.00001 # 121129
i f(is.one.dim/{
i f(verbose) cat("data set one di mensional")
cent er <- col Means( xydat a)
res<-1ist(xy=xy, xydat a=xydat a, pr dat a=pr dat a,
i s.one.dinrFis.one.di mcenter=center)
cl ass(res)<-"bagpl ot"
return(res)

}

i f(verbose) cat("data not l|inear")

53 (handle three or four data points 53) =  C 34
i f(nrow(xydata)<=4) {

i f(verbose) cat("only three or four data points")

cent er <- col Means( xydat a)

res<-1ist(xy=xy, xydat a=xydat a, pr dat a=pr dat a, hdept hs=rep(1, n), hdept h=rep(1, n),
i s.one.dinFis.one.di mcenter=center, hull.center=NULL,
hul | . bag=NULL, hul | .  oop=NULL, pxy. bag=NULL, pxy. out er =xydat a,
pxy.out | i er=NULL, exp. dk=xydat a)

cl ass(res)<-"bagpl ot"

return(res)

}
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4.9 Standardize data and compute h-depths of points

For numerical reasons we standardize the data set: XyXy. Some computations takes place on the
standardized copy xyxy of xy.
(standardize data and compute: Xyxy, xym xysd 54) = C 34

xymk- appl y(xy, 2, nean); xysd<-appl y(xy, 2, sd)

xyxy<-cbind((xy[, 1] -xyn{ 1] )/ xysd[ 1], (xy[, 2] -xyn{ 2] )/ xysd[ 2] )

For each data point we compute the directions to all the points and determine the angles of the
directions. This information helps us to find the h-depths of the points. For friends of complexity:
the angles between all pair of points are computed in O(n?logn) time because of sorting the
columns of a (n x n)-matrix. The angle between identical points is coded by entry 1000.
(compute angles between points 55) = C 34
dx<-(outer(xy[,1],xy[,1],"-"))
dy<'(OUter(Xy[ ’ 2] ’ Xy[ ’ 2] ’ "'"))
al pha<- at an2(y=dy, x=dx); di ag(al pha)<-1000
for(j in 1:n) alpha[,j]<-sort(alpha[,j])
al pha<-al pha[-n,] ; nm&-n-1
## quick look inside, just for check
i f(debug. plots=="all"){
pl ot (xy, bty="n"); xdelta<-abs(diff(range(xy[,1]))); dx<-xdeltax.3
for(j in 1:n) {
p<-xy[j,]; dy<-dx+tan(alpha[,j])
segnent s(p[ 1] - dx, p[ 2] - dy, p[ 1] +dx, p[ 2] +dy, col =j)
text (p[1] -xdeltax.02,p[2],]),col =)
}
}

i f(verbose) print("end of computation of angles")

We compute the h-depths in O(n?log(n)). The NaN angles are extracted because they indicate
points with identical coordinates. For each point we find the h-depth by the following algorithm:
At first we count the number of angles of the actual point within interval [0, 7). This is equivalent
to the number of points above the actual point. Then we rotate the y = 0-line counterclockwise
and increment the initial counter if an additional point emerges and we decrement the counter if
a point / angle leaves the halve plain.
The median is defined as the gravity center of all points with maximal h-depth.
As usually some problems were induced by equality of angles. One reaction was to add some
shift to compare with slightly modified rr-values.
(compute hdepths 56) =  C 34
hdept h<-rep(0, n); dpi <-2xpi-0.000001; mypi<-pi-0.000001
m nuspl us<-c(rep(-1,m,rep(l,m)
i f (FALSE) {
for(j in 1:n) {
a<-al pha[,j]+pi; h<-a<10; a<-a[h]; init<-sum(a < nypi) # hallo
a.shift<-(a+pi) %% dpi
m nuspl us<-c(rep(-1,length(a)),rep(1,length(a))) ## 070824
h<- cunsum( mi nuspl us[order (c(a, a.shift))])
hdepth[j]<-init+m n(h)+1 # or do we have to count identical points?
# hdepth[j]<-init+mn(h)+sum(xy[j, 1] ==xy[, 1] & xy[j,2]==xy[, 2])
}

}
(define f i nd. hdept hs 57)
hdept h <- find. hdept hs(xy, 181*pr eci si on)
i f(verbose){print("end of conputation of hdepth:"); print(hdepth)}
## qui ck | ook inside, just for a check
i f(debug. plots=="all"){
pl ot (xy, bty="n")
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xdel t a<-abs(di ff(range(xy[,1]))); dx<-xdeltax.1

for(j in 1:n) {
a<-al pha[,]j] +pi; a<-a[a<1l0]; init<-suma < pi)
a.shift<-(a+pi) % dpi
m nuspl us<-c(rep(-1,length(a)),rep(1,length(a))) ## 070824
h<- cumsun( m nuspl us[ ao<- (order(c(a,a.shift)))])
no<-whi ch((init+mn(h)) == (init+h))[1]
p<-xy[j,]:; dy<-dx+tan(alpha[,j])
segnent s(p[ 1] - dx, p[ 2] - dy, p[ 1] +dx, p[ 2] +dy, col =j , | t y=3)
dy<-dx*tan(c(sort(a), sort(a))[no])
segnment s(p[ 1] - 5+dx, p[ 2] - 5+dy, p[ 1] +5+dx, p[ 2] +5*dy, col ="bl ack")
text (p[1] -xdeltax. 02, p[2], hdepth[j],col =1) # cex=2.5 assunmes suitable fonts

}

}

Because of numerical problem we introduce a alternative way to compute the H-depths by func-
tion fi nd. hdept hs.
(definef i nd. hdept hs 57) = C 32,56
find. hdept hs <- function(xy, nunmber.of.directions=181){ # 121126
(standardize dimensions 58)
(loop over directions 59)
hd

(standardize dimensions 58) =  C 57
Xy <- as.matrix(xy)
for( j in 1:2) {
xy[.j] <= xy[,j] - min(xy[,j])
} if( 0 < (h < mx(xy[,j1))) xy[.j] < xy[,j] / max(xy[,j])

It is not faster to change the for loop in the following chunk by a vector solution. Maybe the
management of the storage costs a lot of time. Besides the loop construction has the advantage

of clarity.
(loop over directions 59) =  C 57
phi <- c(seq(0, 180, | engt h=nunber. of . directions)[-1] *(2*pi/ 360))

sinphi <- c(sin(phi),1); cosphi <- c(cos(phi), 0)
RML <- round(digits=6,rbind(cosphi, sinphi))
hd <- rep(h<-length(xy[,1]), h)
for( j in seq(al ong=si nphi)){
Xyt <- xy %% RML[, ]
hd <- pm n(hd, rank(xyt,ties.method="m n"), rank(-xyt,ties.nethod="nin"))

Xyt <- xy % % RML

hd2 <- cbind(appl y(xyt, 2, rank, ties.nethod="nin"),
appl y(-xyt, 2, rank, ties.nethod="mn"))

hd2 <- apply(hd2, 1, mn)

HoH H R

To find the h-depths of some test points t p we use the same idea. After some standardizations
we compute the projection of the data points and the testpoints onto several linear lines. Then
we look at the ranks of the vector found by combining the mappings of xy and t p and correct
the ranks of t pt by substracting its ranks computed without xyt . The results shows us a one
sided depth information. To find the desired h-depths we have to repeat the process by looking
from the other side. This is performed by taking the negative vectors of xyt and tpt. A p-
minimization of all vectors of all the directions finishes the computation.

(definefind. hdepths.tp60) = C32
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find. hdepths.tp <- function(tp, data, nunber.of.directions=181){ # 121130
## standardi ze di nensi ons ##
Xy <- as.matrix(data); tp <- as.matrix(rbind(tp)); n.tp <- dimtp)[1]
for( j in 1:2) {
xy[,j] < xy[,j] - (h < min(xy[,j], na.rmTRUE))
tp[,j] < tp[,j] - h
if( 0 < (h < max(xy[,j], na.rmeTRUE))){
xy[,j1 < xy[,jl/h; tp[,j] < tp[,jl/h
}
}

##1 oop over directions##
phi <- c(seq(0, 180, | engt h=nunber . of . directions)[-1] *(2*pi/360))
sinphi <- c(sin(phi),1); cosphi <- c(cos(phi),0)
RML <- round(digits=6, rbind(cosphi, sinphi))
hdtp <- rep(length(xy[,1]),length(tp[,1]))
for( j in seq(along=sinphi)){ #print(j)
Xyt <- xy %% RML[,j]; tpt <- (tp %% RML[,]j])[]
Xyt <- xyt[lis.na(xyt)] # tpt <- sort(tpt)
hdtp <- pmn(hdtp, (rank( c(tpt,xyt), ties.nethod="mn"))[1:n.tp]
-rank( tpt,ties.method="mn")
,rank(-c(tpt,xyt), ties.nethod="min")[1:n.tp]
-rank(-tpt,ties.method="mn")

}
hdt p

}

We determine the h-depth k so that the following condition holds:
(the number of points of h-depth greater or equal k is lower or equal to the number of data points
staying in the bag) and (the number of points of h-depth greater equal k — 1 is greater 11/2):

#Dy_1 > points in the bag:n /2 > #Dj.

We assume that in the bag are f | oor (n/ 2) points.
In a bagplot we have usually to interpolated between two regions of depths. But, what should
we do if there are no points in the inner region? a) interpolate with the center as a symbolic in
polygon, b) choose the outer polygon In boxplots we can get more than f | oor (n/ 2) points in
the box (including the edge) if there are ties in the region of the quartiles: Ties will be ignored.
Therefore, in the strange case that D with maximal k is greater than n/2 the condition cannot be
fullfilled and we take the maximal k to define the bag. k. 1 is the row of d. k with depth d. k][
k.1, 2] thatcontains d.k[ k.1, 2] points that are more than the bag should contain.
The polygon with depth  k=k. 1+1 will contain poi nts. i n. bag or fewer points.
(findk 61) = C34

hd. t abl e<-t abl e(sort (hdepth))

d. k<- cbi nd(dk=rev(cumsunm(rev(hd.table))),

k =as. numeri c(nanmes(hd.table)))

.1<-sum( points.in.bag < d.Kk[,1] )

i f(nrow(d. k)>1){ # version 09/2005, error in data set 1 of Meul eman

instead of >2 now >k.1 # 070827

i f(nrow(d. k)>k. 1){ k<-d.k[k.1+1,2] } else { k<-d.k[k.1,2] }

this statement will not have an effect because of the next one:
k<-d.k[k.1,2]+1 # 121004 increnent depth by one not by |ooking for next depth
i f(verbose){cat("nunbers of nenbers of dk:"); print(hd.table); print(d.k)}
i f(verbose){cat("end of conputation of k, k=", ,k,"k.1:" k.1)}
# D K<<-d. k; K 1<<-k.1; EX<<-exp.dk; EX 1<<-exp.dk.1; PDK<<-pdk; HDEPTH<<-hdepth

H HHH X
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4.10 Find the center of the data set

The two dimensional median is the center of gravity of the polygon of the points (not data points)
with maximal h-depths.
We check some inner test points to find the maximal h-depth. Then we look for the boundery of
the area of points with this h-depth.
This procedure has been tested with the Ben Greiner data using: (test: data set of Ben Greiner 14)
(compute hdepths of test points to find center 62) =  C 34
cent er <- appl y(xy[ whi ch( hdept h==max( hdept h) ), , dr op=FALSE] , 2, nean)
hul | . cent er <- NULL
i f(3<nrow xy)&& engt h( hd. tabl e)>0){
n. p<-floor (1. 5+c(32, 16, 8) [ 1+(n>50) +(n>200) ] *pr eci si on)
# limt. hdepth.to.check <- sort(hdepth, decreasing = TRUE)[m n(nrow(Xxy), 6)]
# 121126
h <- unique(sort (hdepth, decreasing = TRUE))
limt.hdepth.to.check <- sort(h)[m n(length(h), 3)]
h<-cands<-xy[lim t. hdepth.to.check <= hdepth,, dr op=FALSE]
# h<-cands<-xy[rev(order(hdepth))[1: (m n(nrowm xy),6))],]
cands<-cands[ chul | (cands[, 1], cands[, 2]),]; n.c<-nrow cands)
if(is.null(n.c))cands<-h
(check some points to find the maximal h-depth 63)
# if max of testpoint is smaller than max depth of points take that max!
i f(verbose){ cat("depth of testpoints"); print(sumary(tphdepth)) } # 121126
t phdept h<- max(t phdept h, d. k[, 2]) # 121004
(find the polygon of points of maximal h-depth 64)
i f(verbose){cat("hull.center",hull.center); print(table(tphdepth)) }

# if(verbose) cat("center depth:", hdepth. of.points(rbind(center))-1)
i f(verbose) cat("center depth:",find. hdepths.tp(rbind(center), xy)-1)
i f(verbose){print("end of conmputation of center"); print(center)}

We check points of a rectangular field and compute their depths. If these points should be plotted
for debugging issues remove the comment sign of the last line of the following chunk and activate
the statement poi nts( TP, pch = letters[ TPD]) after bagpl ot () has finished.
(check some points to find the maximal h-depth 63) =  C 62

xyext r <-rbi nd(appl y(cands, 2, ni n), appl y(cands, 2, max))

## xydel <-2x(xyextr[2,]-xyextr[1,])/n.p # unused

if( (xyextr[2,1]-xyextr[1,1]) < 0.2+(h <- diff(range(xy[,1])))){

xyextr[1:2,1] <- mean(xyextr[,1]) + c(-.1,.1) * h} ## 121203
if( (xyextr[2,2]-xyextr[1,2]) < 0.2x(h <- diff(range(xy[,2])))){
xyextr[1:2,2] <- mean(xyextr[,2]) + c(-.1,.1) » h} ## 121203

i f(verbose){cat("xyextr: |ooking for maxi mal depth"); print(xyextr) }

hl<-seq(xyextr[1, 1], xyextr[2,1],|ength=n.p)

h2<-seq(xyextr[1, 2], xyextr[2, 2], | engt h=n. p)

t p<-cbi nd(as.vector(matrix(hl,n.p,n.p)), # [1:n.pn2],
as.vector(matrix(h2,n.p,n.p, TRUE))) # [1:n.p"2])

# t phdept h<- max( hdept h. of . points(tp))-1

t phdept h<- max(fi nd. hdept hs. t p(tp, xy))

# if(verbose) { TP<<-tp; TPD<<-find. hdepths.tp(tp,xy) }

i f(verbose) cat("points(TP, pch=c(letters, LETTERS)[ TPD+1])")

For finding the area of maximal h-depth we use an algorithm that has been implemented for
finding the bag, see below. (find kkk-hull: pg 68) Due to computational problems it may be
happen that there are NAs in hul | . cent er. Then will take the cent er computed before as
center polygon.
(find the polygon of points of maximal h-depth 64) =  C 62

(initialize angl es, ang 72)
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kkk<-t phdepth

i f(verbose){cat ("nmax-hdepth found:"); print(kkk)}

i f(verbose) cat("find polygon with nax depth")

(find kkk-hull: pg 68)

hul | . cent er <- cbi nd(pg[, 1] *xysd[ 1] +xyn{ 1], pg[, 2] *xysd[ 2] +xyn{ 2])

if(lany(is.na(hull.center))) center<-find.polygon.center(hull.center) else
hul | . center <- rbind(center) # 121126

i f(verbose){ cat("CENTER'); print(center) }

A function to compute the center of gravity of a polygon. The functionfi nd. pol ygon. center

determines the center of gravity of a polygon.

(define f i nd. pol ygon. center 65) = C 36

find. pol ygon. center<-functi on(xy){
## i f(m ssing(xy)){n<-50; x<-rnorm(n);y<-rnorn(n); Xxy<-chind(x,y)}
## xy<-xy[chul | (xy),]
i f(length(xy)==2) return(xy[1:2])
i f(nrow(xy)==2) return(col Means(xy)) ## 121009
## partition polygon into triangles
n<-length(xy[,1]); nxy<-col Means(xy)
xy2<-rbind(xy[-1,],xy[1,]); xy3<-chind(rep(nmxy[1],n), nky[2])
## determ ne areas and centers of gravity of triangles
S<- (xy+xy2+xy3)/3
F2<-abs((xy[,1]-xy3[, 1])*(xy2[, 2] -xy3[, 2])-
(xy[,2]-xy3[,2])*(xy2[, 1] -xy3[, 1]))

## compute center of gravity of polygon
| ambda<- F2/ sum F2)
SP<- col Suns(chi nd(9[, 1] *l anbda, [, 2] x| anbda) )
return(SP)

}

We compute the convex hull of Dy: polygon pdk and the hull of Dy_4: polygon pdk. 1.
pdk represents inner polygon and pdk. 1 outer one.
Then polygon pdk and pdk. 1 are enlarged without changing its h-depth: exp. dk, exp. dk. 1-
(method one: find hulls of Dy and Dy,_1 66) = C 34
# inner hull of bag
xyi <-xy[ hdept h>=k, , drop=FALSE] # cat ("dim XYl", di m(xyi))
# 121028 sone corrections for strange k situations
if(0 < length(xyi)) pdk<-xyi[chull(xyi[,1],xyi[,2]),,drop=FALSE]
# outer hull of bag
if( k >1){
xyo<-xy[ hdept h>=(k- 1), , dr op=FALSE]
pdk. 1<-xyo[ chul | (xyo[, 1], xyo[, 2] ), , dr op=FALSE]
} else pdk.1 <- pdk
if(0 == length(xyi)) pdk <- pdk.1
i f(verbose)cat("hull conputed: pdk, pdk.1:")
i f(verbose){print(pdk); print(pdk.1) }
i f(debug. plots=="all"){

h<-rbi nd(pdk, pdk[1,]); lines(h,col="red",|ty=2)
h<-rbi nd(pdk. 1, pdk. 1[1,]); l'i nes(h, col ="bl ue",1ty=3)
poi nts(center[1], center[2], pch=8, col ="red")

}
exp. dk<- expand. hul | ( pdk, k)
exp. dk. 1<- expand. hul | (exp. dk, k-1) # pdk. 1, k-1, 20)

The new approach to find the hull works as follows:
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For a given k we move lines with different slopes from outside of the cloud to the center and stop
if k points are crossed. To keep things simple we rotate the data points so that we have only move
a vertical line.

1. define directions / angles for hdepth search

2. standardize data set to get appropiate directions

3. computation of Dy polygon and restandardization
4. computation of Dy_1 polygon and restandardization

We determine the hulls on the base of the standardized data xyxy.
67 (method two: find hulls of Dy and Dy,_1 67) = C 34
(initialize angl es, ang 72)
# standardi zati on of data set xyxy is used
kkk<-k
i f(verbose) print("find polygon with depth sonething higher than that of the bag")
i f( kkk <= max(d.k[,2]) ){ # inner one # 121030
(find kkk-hull: pg 68)
exp. dk<-cbi nd(pg[, 1] *xysd[ 1] +xyn{ 1], pg[, 2] *xysd[ 2] +xyn{ 2] )
} else {
exp. dk <- NULL
}
if( 1 < kkk ) kkk<-kkk-1 # outer one
i f(verbose) print("find polygon with depth a little bit |lower than that of the bag")
(find kkk-hull: pg 68)
exp. dk. 1<-cbi nd(pg[, 1] *xysd[ 1] +xyn{ 1], pg[, 2] *xysd[ 2] +xyn{ 2])
if(is.null(exp.dk)) exp.dk <- exp.dk.1
# EX. 1 <<- exp.dk.1; EX <<- exp.dk
i f(verbose) print("End of find hulls, method two")

The polygon for h-depth kkk is constructed in a loop. In each step we consider one direction /
angle.
68 (find kkk-hull: pg 68) = C 64,67
(initialize loop of directions 71)
i f(verbose) cat("start of conputation of the directions: ","kkk=", kkk) # 121030
for(ia in seq(angles)[-1]){
(body of loop of directions 69)

# if(verbose) PG <<- pg; PCGL <<- pdgl
if(2<nrow(pg) && 2<nrow( pgl)){
(combination of lower and upper polygon 73)
} else {
if(2<nrow(pgl)){ #121204
pg <- rbind(pg[2,1:2],pgl[-c(1,length(pgl[,1])),1:2])
} else {
pg <- rbind(pg [-c(1,length(pg [,1])),1:2],pgl[2,1:2])
# rbind(pgl[2,1:2],pg[21:2])
}
}

i f(verbose) cat("END of conputation of the directions")

At first we search the limiting points for every direction by rotating the data set and then we
determine the quantiles xy/,, and x(,, ;1 _¢)/,,- With this points we construct a upper polygon pg
and a lower one pgl that limit the hull we are looking for. To update a polygon we have to find
the line segments of the polygon that are cut by the lines of slope a through the limiting points
as well as the intersection points.

41



69

(body of loop of directions 69) =  C 68

# determine critical points pnew and pnew of direction a

# if(verbose) cat("ia",ia,angles[ia])

# 121030

a<-angl es[ia]; angtan<-ang[ia]; xyt<-xyxy% % (cos(a),-sin(a)); xyto<-order(xyt)

i nd. k <-xyto[ kkk]; ind.kk<-xyto[ n+1-kkk]; pnew<-xyxy[ind.k,]; pnew <-xyxy[ind.kk, ]
# if(verbose) if( 1 < sum(xyt == xyt[ind.k]) )print("WARNI NG some points identical")
i f(debug. pl ots=="all") points(pnew 1], pnew 2], col ="red")

# new limting lines are defined by pnew/ pnew and slope a

# find segnment of polygon that is cut by newlimting line and cut

# if(ia>200) { #<show pg pgl >#; points(pnew 1], pnew 2], col ="magenta", cex=6) }

i f( abs(angtan)>1el0){ if(verbose) cat("kkk", kkk, "x=c case")
# case of vertical slope #print(pg);print(pnew);print(xyt);!lines(pg,col="red",|wd=3)
# nunber of points left of point pnewthat limt the pol ygon
pg. no<-sun(pg[, 1] <pnew 1])
if( 0 <pg.no ){
# the polygon (segnent pg.no) has to be cut at x==pnew 1]
cutp <- c(pnew 1], pg [pg.no, 2]+pg [pg.no, 3]*(pnew [1]-pg [pg.no ,1]))
pg<- rbind(pg[1l:pg.no,], c(cutp,angtan), c(cutp[l]+dxy, cutp[2] +angtan*dxy, NA))
} else {
i f(verbose) cat("!!! case degenerated UPPER pol ygon: pg.no==0")
# the limting point pnew is above the begi nning of the polygon
# therefore, the polygon reduces to line
} pg <- rbind(pg[1,], c(pg[2,1:2],NA))
pg. nol <-sun(pgl [, 1] >=pnew [1])
if( 0 < pg.nol ){ ##??2 # 121204
cut pl <-c(pnew [ 1], pgl [ pg. nol , 2] +pgl [ pg. nol , 3] *(pnew [ 1] - pgl [ pg. nol , 1]))
pgl <-rbi nd(pgl [ 1: pg. nol ,], c(cutpl,angtan), c(cutpl[1]-dxy, cutpl[2]-angtan*xdxy, NA))
} else {
i f(verbose) cat("!!! case degenerated LONER pol ygon: pgl.no==0")
pgl <- rbind(pgl[1,], c(pgl[2, 1:2],NA))

telse{ # if(verbose) cat("kkk", kkk, "normal case")
# normal case upper pol ygon
pg.inter<-pg[, 2]-angtan*pg[, 1]; pnew. i nter<-pnew 2] -angt an*pnew 1]
pg. no<-sun( pg. i nter<pnew. inter)
if(is.na(pg[pg.-no,3])) po[pg.no,3] <- -Inf # 121129 NaN Na error
cut p<-cut.p.sl.p.sl(pnew ang[ia], pg[ pg. no, 1: 2], pg[ pg. no, 3])
pg<- rbind(pg[1l:pg.no,], c(cutp,angtan), c(cutp[l]+dxy, cutp[2] +angtan*dxy, NA))
# nornmal case | ower pol ygon
pg.interl<-pgl[,2]-angtanxpgl[,1]; pnew interl<-pnew [2]-angtan*pnew [ 1]
pg. nol <-sun(pg.interl >pnew. interl)
if(is.na(pgl[pg.nol,3])) pgl[pg.nol,3] <- Inf # 121129 NaN Na error
cutpl <-cut.p.sl.p.sl(pnew, angtan, pgl [ pg. nol, 1: 2], pgl [ pg. nol, 3])
pagl <-rbind(pgl[1: pg.nol,],c(cutpl,angtan), c(cutpl[1]-dxy, cutpl[2]-angtanxdxy, NA))

## i f (kkk==KKK && ia == 51) { cat("ENDE: pgl"); print(pgl) }

# update pg, pgl conpleted

# PG<<-pg; PG NO<<- pg. no; CUTP<<- cut p; DXY<<- dxy; PNEW&<- pnew, PA.<<- pgl ; PG NOL<<- pg. nol
(debug: plot within for loop 74)

##show pg pgl ##

For debugging it may be helpful to plot the polygons pg and pgl . Also the slope stored in the
third column of matrix pg and pgl . The code chunk can be placed at aby point of interest.
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(show pg pgl 70) =

pl ot (rbind(pg, pgl)[,-3],xlab="",ylab="",xlim2+xc(-1,1),ylim=3+c(-1,1),type="n")
lines(pg[,-3],col ="orange",type="b"); lines(pgl[,-3],col="Iightblue",type="b")
nnn <- length(pg [,1]); points(pg [,-3],col="red", pch=as.character(1:nnn), cex=2)
nnn <- length(pgl[,1]); points(pgl[,-3],col="blue", pch=as. character(1:nnn), cex=2)
title(as.character(ia), sub=paste("kkk=", kkk))

segnents(pgl, 1], pg[.2], pg [,1]+1,pg [.2]+pg [,3],Ity=3, col ="red", | wd=3)
segments(pgl [, 1],pal [,2],pal [,1]-1,pgl[,2]-pgl[,3],1ty=3,col ="blue", | wl=3)

To initialize the loop we construct the first polygons (upper one: pg, lower one: pgl ) by vertical
lines. dxdy is a step that is larger than the range of the standardized data set.
(initialize loop of directions 71) =  C 68

ia<-1; a<-angles[ia]; xyt<-xyxy% %(cos(a),-sin(a)); xyto<-order(xyt)

# initial for upper part

i nd. k<-xyt o[ kkk]; cutp<-c(xyxy[ind.k, 1], -10)

dxy<-diff(range(xyxy))

pg<-rbind(c(cutp[1],-dxy, Inf),c(cutp[l], dxy, NA))

# initial for |ower part

i nd. kk<-xyto[ n+1- kkk]; cutpl <-c(xyxy[ind.kk, 1], 10)

# pgl <-rbind(c(cutpl[1],dxy,Inf),c(cutpl[1],-dxy, NA))

pgl <-rbind(c(cutpl[1],dxy,-Inf),c(cutpl[1],-dxy, NA))

# the sign of inf doesn’t matter

(debug: plot ini 75)

It is necessary to initialize the angles of the directions. If the data set is very large we will check
fewer directions than in case of a small data set. If the data set is small the choice of the angles
may be improved by using the observed angles defined by the slopes of lines running through
the pairs of the points.
(initialize angl es,ang 72) = C 64, 67

# define direction for hdepth search

nunx-fl oor (2*c(417, 351, 171, 85, 67, 43) [ sum( n>c( 1, 50, 100, 150, 200, 250) )] *pr eci si on)

num h<-fl oor (nuni 2); angl es<-seq(0, pi, | ength=num h)

ang<-tan(pi/ 2-angl es)

The combination of the polygons is a little bit complicated because sometimes at the right and at
left margin an additional intersection point has to be computed and integrated. | in front of a
variable name indicates the left margin whereas the right one is coded by r. Letter | (u) at the
end of a name is short for lower and upper.
AJS found an error that was caused by a wrong reduction of pgl . Because of the orientation of
pgl which is the other way round we have to copy the last point and not the first one.
(combination of lower and upper polygon 73) =  C 68

## pl ot (xyxy[,1:2],xlimec(-.5,+.5),ylimc(-.5,.50))

## |ines(pg,type="b",col="red"); lines(pgl,type="b", col="blue")

## renove first and | ast points and nultiple points #<show pg pgl >#

limt<-le-10

## pg <-pg [c(TRUE, (abs(diff(pg [,1]))>limit)|(abs(diff(pg [,2]))>limt)),] ol d#

idx <- c(TRUE, (abs(diff(pg [,1]))>limt)|(abs(diff(pg [,2]))>limt)) # 121008

i f (any(idx==FALSE)){

Pg <-pglidx,]; pg[,3] <- c(diff(pgl,2])/diff(pg[,1]), NA)

# ol d reduction which caused sone errors:
## pgl <-pgl [c(TRUE, (abs(diff(pgl[,1]))>limt)]|(abs(diff(pgl[,2]))>limt)),] error##
## pgl <-pgl [ c( (abs(diff(pgl[,1]))>imt)]|(abs(diff(pgl[,2]))>imt), TRUE),] ol d#
idx <- c( (abs(diff(pgl[,1]))>limt)|(abs(diff(pgl[,2]))>imt), TRUE)#121008
i f(any(i dx==FALSE)) {

pgl <-pgl [idx,]; pgl[,3] <- c(diff(pgl[,2])/diff(pgl[,1]), NA)
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}

## add sone tol erance in course of nunerical problens
pal [,2]<-pgl[,2] - .00001 ## 121004

## show pg pgl >>

pg<- pg [-nrow(pg ),][-1,, drop=FALSE]

pgl <-pgl [-nrow(pgl),][-1,, dr op=FALSE]

# determi ne position according to the other polygon

# cat("rel ative position: |ower polygon")

i ndl <-pos.to.pg(round(pgl,digits=10), round(pg, di gits=10)) # 121126
# cat("rel ative position: upper polygon")

i ndu<- pos. to. pg(round(pg, di gi ts=10), round(pgl , di gi t s=10), TRUE)
sr<-sl <-NULL # ; ##show pg pgl>>

# right region
i f(indu[ (npg<-nrowpg))]=="1lower" & indl[1]=="higher"){

# cat("in if of right region: the upper polynomis sonewhere |ower")
# checking fromthe right: last point of |ower polygon that is NOT ok

rnum <-whi ch(indl =="1ower")[1] -1
# checking fromthe left: |ast point of upper polygon that is ok
r nunu<- npg+1- whi ch(rev(i ndu=="hi gher"))[1]
# special case all points of |ower polygon are upper
if(is.na(rnum)) rnum <-sunm(pg[rnunu, 1] <pgl [, 1])
# special case all points of upper polygon are | ower
if(is.na(rnumu)) rnumu<-sunm(pg[,1]<pgl[rnum, 1])
xyl <-pgl[rnum ,]; xyu<-pg[rnunu,]
# cat("right"); print(rnum); print(xyl)
# cat("right"); print(rnunu); print(xyu)
sr<-cut.p.sl.p.sl(xyl[1:2],xyl[3],xyu[ 1: 2], xyu[ 3])

}

# left region

i f(indl[(npgl<-nrow(pgl))]=="higher"& ndu[ 1] =="1 ower ") {

# cat("in if of left region: the upper polynomis somewhere |ower”
# checking fromthe right: last point of |ower polygon that is ok

I num <- npgl +1-whi ch(rev(i ndl =="1 ower"))[ 1]

)

# checking fromthe left: |ast point of upper polygon that is NOT ok

I numu<- whi ch(i ndu=="hi gher")[1]-1
# special case all points of |ower polygon are upper
if(is.na(lnum)) | num <-sun(pg[l nunu, 1] <pgl [, 1])
# special case all points of upper polygon are | ower
i f(is.na(lnumi)) | numu<-sunm(pg[, 1] <pgl [I num , 1])
xyl <-pgl [ num ,]; xyu<-pg[| nunu, ]
# cat("left"); print(lnum); print(xyl)
# cat("left"); print(lnumu); print(xyu)
sl <-cut.p.sl.p.sl(xyl[21:2],xyl[3], xyu[ 1: 2], xyu[ 3])
}
# i f(kkk==2){ ##show pg pgl ##; | NDU<<-indu; |NDL<<-indl; PGL<<-pgl;

pg<-rbi nd(pg [indu=="hi gher", 1: 2, dr op=FALSE] , sr,
pgl [i ndl =="l ower", 1:2,drop=FALSE], sl)

i f(debug. plots=="all") Iines(rbind(pg,pg[l,]),col="red")

if(lany(is.na(pg))) pg<-pg[chull(pgl.1],p9[,2]),]
# if(kkk==7){ PG <<- pg }

(debug: plot within for loop 74) =  C 69
HHHBHBHHHHBH B HBH BB BB B R R
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#### cat ("angtan", angtan, "pg. no", pg. no, "pkt:", pnew)

# if(ia==stopp) lines(pg,type="b", col="green")

i f(debug. plots=="all"){
poi nt s(pnew 1], pnew 2], col ="red")
hx<-xyxy[ind. k,c(1,1)]; hy<-xyxy[ind.k,c(2,2)]
segnent s( hx, hy, c(10, - 10), hy+ang[i a] *(c(10, - 10) - hx), | t y=2)

# text (hx+rnorm(l,,.1), hy+rnorm(l,,.1),ia)

# print(pg)

# if(ia==stopp) lines(pgl,type="b", col="green")
points(cutpl[1],cutpl[2],col="red")
hx<-xyxy[ind. kk, c(1,1)]; hy<-xyxy[ind.kk,c(2,2)]
segment s( hx, hy, c(10, - 10), hy+ang[i a] *(c(10, -10) - hx), | t y=2)

# text(hx+rnorm(1,,.1),hy+rnorn(1,,.1),ia)

# print(pgl)

(debug: plot ini75) = C 71
i f(debug. plots=="all"){ plot(xyxy, type="p", bty="n")
text (xy,, 1l:n, col ="bl ue")
hx<-xy[ind. k,c(1,1)]; hy<-xy[ind. k,c(2,2)]
segnent s( hx, hy, ¢( 10, - 10), hy+ang[i a] *(c(10, -10)-hx), | ty=2)
text (hx+rnorm(1,,.1), hy+rnornm(1,,.1),ia)
}

4.11 Finding of the bag

To find the bag the function expand. hul | computes not an exact solution but a numerical ap-
proximation. k. 1 indicates the polygon (exp. dk. 1) with h-depth (k — 1). k. 1+1 will usually
point to h-depth k (polygon: exp. dk), to the inner polygon.

In computing A we follow Miller et al. (1999). They define A as the relative distance from the
bag to the inner contour and they compute it by A = (50 — J) /(L — J), where Dy contains ]% of the
original points and Dy_q contains L% of the original points:

3= 50-]  n/2—#Dy number in bag — number in inner contour
~ L—]  #Dy_; —#Dy  number in outer contour — number in inner contour

If bag and inner contour is identical then A < 0.
k. 1 is the number of the rows of d. k that represent points within the bag / h-depths greater
n/2.
(find value of | anbda 76) = C 34
# i f(max(d. k[, 2])==k. 1] | nrow(d. k) ==1) | anbda<-0 else { # 121027
if(nrow(d.k)==k.1 || nrowmd. k)==1) |anbda<-0 else { # 121126
ind <- sunm(d.k[,2] <= k.1) # conplicated, nay be wong in case of nissing depths
ind <- k.1 # 121123
ndk.1 <- d.Kk[ ind, 1]
ndk <- d.Kk[ ind+1, 1] # nunber inner
# (hal ve - nunber inner)/(nunber outer - nunber inner)
| ambda <-(n/2-ndk) /(ndk. 1 - ndk)
# | anbda<- (n/ 2-d. k[ k. 1+1, 1]) /(d.k[k.1,1]-d. k[ k. 1+1,1]) # old
# cat(n/2, ndk,ndk.1, "k.1",k.1,"ind",ind)
}
i f(verbose) cat("lambda", | anrbda)

The bag is constructed by lambda * outer polygon + (1-lambda)* inner polygon.
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In former versions it happened that some lines of h get NaN values because nr ow( d. k) ==2 and
k. 1==2 (e.g. example of Wouter Meuleman). This problem doesn’t occur no longer but to be
sure we have an additional look at h.
(findhul | . bag77) = C34

cut.on. pdk. 1<-find. cut. z. pg(exp. dk, exp.dk. 1, center=center)

# print("HALLO"); print(cut.on.pdk.1)

cut.on.pdk <-find.cut.z.pg(exp.dk.1, exp.dk, center=center)

# expand inner pol gon exp. dk

hl<-(1-I anbda)*exp. dk+l anbda*cut . on. pdk. 1

# shrink outer polygon exp.dk.1

h2<- (1- I anbda) *cut . on. pdk+l anbda*exp. dk. 1

h<-rbi nd(h1, h2);

h<-h[!is.nan(h[,1])& is.nan(h[,2]),]

hul I . bag<-h[chul | (h[, 1], h[, 2]),]

# if(verbose)

# plot(xy); lines(exp.dk,col="red"); lines(exp.dk.1,col="blue");

# segnents(cut.on.pdk[, 1], cut.on. pdk[, 2], exp. dk. 1], 1], exp. dk. 1[, 2], col ="red")

# segments(cut.on.pdk.1[, 1], cut.on. pdk. 1[, 2], exp. dk[, 1], exp. dk[, 2], col ="bl ue", | wd=3)
# poi nts(cut. on. pdk. 1, col ="bl ue"); cat("cut.on.pdk.1"); print(cut.on.pdk.1)

# poi nts(cut. on. pdk, col ="red"); cat("cut.on.pdk"); print(cut.on. pdk)

# Iines(hull.bag, col ="green")

#}

i f(verbose)cat("bag conpleted:")
#i f (verbose) print(hull.bag)
i f(debug. plots=="all"){ lines(hull.bag, col ="red") }

4.12 Computation of the loop

The loop is found by expanding hul | . bag by factor f act or .

(findhul | .100p78) = C34
hul | . 1 oop<-cbi nd(hul | . bag[, 1] -center[1], hull.bag[, 2] -center[2])
hul | . 1 oop<-factorxhull.|oop
hul | . | oop<-chi nd(hul | .1 oop[, 1] +center[1], hul |l .l oop[, 2] +center[2])
i f(verbose) cat("loop computed")

Now we identify the points of the bag, the outliers and the outer points. Remark: There may be
some points of h-depth (k — 1) that are members of the bag. If the data set is very large we will
not check whether the h-depth (k — 1) points are in the bag.
(find points outside of bag but inside loop 79) = C 34
if(!very.large.data.set){
pxy. bag <-xydat a[ hdept h>= k , , dr op=FALSE]
pkt . cand <- xydat a[ hdept h==(k-1),, dr op=FALSE]
pkt . not . bag<- xydat a[ hdept h< (k-1),, dr op=FALSE]
if( 0 <length(pkt.cand) & 0 < length(hull.bag) ){
out si de<- out . of . pol ygon( pkt. cand, hul | . bag)
i f(sun(!outside)>0)
pxy. bag <-rbi nd( pxy. bag, pkt.cand[!outside,])
i f(sum( outside)>0)
pkt. not. bag<-rbi nd(pkt. not. bag, pkt.cand[ outside,])
}
}else {
extr<-out. of . pol ygon(xydat a, hul | . bag)
pxy. bag <-xydata[!extr,]
pkt . not . bag<- xydat a[ extr, , dr op=FALSE]
}
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i f(Iength(pkt.not.bag)>0){
extr<-out. of .. pol ygon(pkt. not. bag, hul | .| oop)
pxy.outlier<-pkt.not.bag[extr,,dr op=FALSE]
i f(0==length(pxy.outlier)) pxy.outlier<-NULL
pxy. out er <- pkt. not. bag[ ! extr,, dr op=FALSE]

}el sef
pxy. out er <- pxy. out | i er <- NULL

}

i f(verbose) cat("points of bag, outer points and outlier identified")

The points of the hull of the loop are stored in hul | . | oop.

(find hull of loop 80) = C 34
hul | . 1 cop<-rbi nd(pxy. outer, hul | . bag)
hul I . 1 oop<-hul | . I oop[ chul | (hull .l oop[, 1], hull.loop[,2]),]
i f(verbose) cat("end of conputation of |oop")

4.13 The definition of pl ot . bagpl ot

Finally we have to draw the bagplot. This job is managed by a new plot method.
(define pl ot . bagpl ot 81) = C32
pl ot . bagpl ot <-functi on(x,
show. outlier=TRUE, # if TRUE outlier are shown
show. whi skers=TRUE, # if TRUE whi skers are shown
show. | ooppoi nt s=TRUE, # if TRUE points in |oop are shown
show. bagpoi nt s=TRUE, # if TRUE points in bag are shown
show. | oophul | =TRUE, # if TRUE | oop i s shown
show. baghul | =TRUE, # if TRUE bag is shown
add=FALSE, # if TRUE graphical elenments are added to actual pl ot
pch=16,cex=.4, # to define further parameters of plot
ver bose=FALSE, # tools for debugging
col .| oophul | ="#aaccff", # Alternatives: #ccffaa, #ffaacc
col . | ooppoi nts="#3355ff", # Alternatives: #55ff33, #ff3355
col . baghul I ="#7799ff", # Alternatives: #99ff77, #ff7799
col . bagpoi nt s="#000088", # Alternatives: #008800, #880000
transparency=FALSE, . ..
)
i f(missing(x)) return( (version of bagplot 1))
# transparency flag and col or flags have been proposed by wouter
if (transparency==TRUE) {
col .l oophul | = paste(col.loophull, "99", sep="")
col . baghul | = paste(col.baghull, "99", sep="")
}
(define function wi n 37)
(define function cut . z. pg 40)
(define function f i nd. cut . z. pg 41)
(initialize some variable 82) #090216
bagpl ot obj <-x
for(i in seq(al ong=bagpl otobj))
eval (parse(text=paste(nanmes(bagplotobj)[i],"<-bagplotobj[[",i,"]1]")))
if(is.one.dim{
(construct plot for one dimensional case and return 84)
} else {
(construct bagplot as usual 83)
}
}

To prevent "no visible binding" messages during the package building we initialize all variable
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83

that may be referenced. The following list shows the elements of a bagplot object (copied from

conput e. bagpl ot).

(initialize some variable 82) =  C 81
center<-hull.center<-hull.bag<-hull.loop<-pxy.bag<-pxy.outer<-pxy.outlier<-NULL
# random seed <-
hdept hs<-i s. one. di nx- prdat a<- xy<- xydat a<- exp. dk<- exp. dk. 1<- hdept h<- NULL
t phdept h<-t p<- NULL

The following elements allows us to draw the bagplot: xydat a (data set), Xy (sample of data

set), hdept h (location depth of data points in xy), hul | . | oop (points of polygon that define the

loop), hul I . bag (points of polygon that define the bag), hul | . cent er (region of points with
maximal Idepth), pxy. out | i er (outlier), pxy. out er (outer points), pxy. bag (points in bag),
cent er (Tukey median), i s. one. di mis TRUE if data set is one dimensional, pr dat a result of

PCA

(construct bagplot as usual 83) =  C 81
i f(!add) plot(xydata,type="n", pch=pch, cex=cex, bty="n",...)

i f(verbose) text(xy[,1],xy[,2],paste(as.character(hdepth))) # cex=2 needs fonts
i o o] R e T
i f(show. | oophul I){ # fill |oop

h<-rbind(hul | .1 oop, hul'| .1oop[1,]); lines(h[,1],h[,2],Ity=1)

pol ygon(hul I .1 oop[, 1], hul | . I oop[, 2], col =col . | oophul |')

i f(show. | ooppoints & 0 < length(pxy.outer)){ # points in |oop
poi nts(pxy.outer[, 1], pxy.outer[, 2], col =col . | ooppoi nts, pch=pch, cex=cex)
}
i o T (o B e T
i f(show baghull && 0 < length(hull.bag)){ # fill bag
h<-rbind(hull.bag, hul'l .bag[1,]); lines(h[,1],h[,2],Ity=1)
pol ygon(hul I . bag[, 1], hul | . bag[, 2], col =col . baghul |)
}
i f (show. bagpoints & 0 < |l ength(pxy.bag)){ # points in bag
poi nt s(pxy. bag[, 1], pxy. bag[, 2], col =col . bagpoi nt's, pch=pch, cex=cex)
}
# whi skers
i f (show. whi skers && 0 < | ength(pxy.outer)){
debug. pl ot s<-"not "
if((n<-length(xy[,1]))<15){
segnment s(xy[, 1], xy[, 2], rep(center[1],n),rep(center[2],n),
col ="red")
}el se{
pkt.cut<-find.cut.z.pg(pxy.outer, hull.bag, center=center)
segment s(pxy.outer[, 1], pxy.outer[, 2], pkt.cut[, 1], pkt.cut[, 2],
col ="red")
}
}

#ooUutlier: ------mm e
if(show outlier & 0 < length(pxy.outlier)){ # points in |oop
poi nts(pxy.outlier[,1],pxy.outlier[,2],col="red", pch=pch, cex=cex)
}
# center:
if(exists("hull.center") &% 2 < length(hull.center)){
h<-rbi nd(hul I . center, hull.center[1,]); lines(h[,1],h[,2],Ity=1)
pol ygon(hull.center[, 1], hull.center[, 2], col ="orange")
}
if('is.one.dim points(center[1],center[2], pch=8,col="red")
i f(verbose & 0 < length(exp.dk.1) ){
h<-rbi nd(exp. dk, exp. dk[1,]); lines(h,col="blue", Ity=2)
h<-rbi nd(exp. dk. 1, exp.dk.1[1,]); lines(h, col ="black",|ty=2, |wl=3)
i f(exists("tphdepth") && 0<I ength(tphdepth))
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text (tp[,1],tp[, 2], as. character(tphdepth), col ="green")
text (xy[, 1], xy[, 2], paste(as. character(hdepth))) # cex=2 needs special fonts
poi nts(center[1], center[ 2], pch=8, col ="red")
}
"bagpl ot plottet”

84 (construct plot for one dimensional case and return 84) =  C 81
i f(!verbose) cat("data set one dinmensional") # 121202
ROT<-round(prdata[[2]],digits=5); |ROI<-round(solve(ROl), digits=5)
if(ladd){ ## 121008 ## 121130
pl ot (xydat a, type="n", bty="n", pch=16, cex=1, ...) # xlinxlim ylimeylim ...)
}
# find five points for box and whi skers
usr <- par()$usr; xlim<- usr[1:2]; ylim<- usr[3:4]
mns <- usr[c(l,3)]; ranges <- usr[c(2,4)] - nins
i f(ROT[1,1]==0){ # cat("FALL senkrecht")
xydata <- cbind( nean(usr[1:2]) ,xydata[, 2])
boxpl ot r es<- boxpl ot (xydat a[, 2], pl ot =FALSE)
five<-cbind(nmean(usr[1:2]), boxpl otres$stat)
dx <- 0.1x(xlinf2]-xlinf1]); dy <- O
i dx.out <- if(0<length(boxplotres$out)) match(boxpl otres$out, xydata[,2] ) else NULL

if(ROT[1,2]==0){ # cat("FALL waagerecht")
xydata <- chind( xydata[, 1], nean(usr[3:4]))
boxpl ot r es<- boxpl ot (xydat a[, 1], pl ot =FALSE)
five<-cbi nd(boxpl otres$stat, mean(usr[3:4]))
dx <- 0; dy <- 0.1+(ylinf2]-ylinf1]) # 1/5 of del.y
i dx.out <- if(0<length(boxplotres$out)) natch(boxpl otres$out, xydata[,1l] ) else NULL
}
i f(ROT[1,2]!=0 && ROI[1, 1] ! =0){
Xyt r<-xydat a% %ROT
boxpl ot r es<- boxpl ot (xytr[, 1], pl ot =FALSE)
five<-cbi nd(boxpl otres$stat, xytr[1, 2]) % % ROT
# find small vector for box height
vec <- five[5,] - five[l,]
vec.ortho <- c(vec[2],-vec[1l]) * ranges / par()$pin
xy.delta <- vec.ortho * par()$pin[2:1] * ranges # plot region inches
xy.delta <- xy.delta / sqrt( sumxy.delta * xy.delta) )
xy.delta <- xy.delta = .15 / ( sqrt(sun{abs(par()$pi n*xy. delta/ranges)”2) ))
dx <- xy.delta[1l]; dy <- xy.delta[2]
i dx.out <- if(0<length(boxplotres$out)) nmatch(boxplotres$out, xytr ) else NULL

}

# construct segments

# whi skers

segnents(five[h<-c(1,5),1],five[h,2],five[h<-c(2,4),1],five[h,2], # col=col.|ooppoints,
| wd=2)

poi nts(five[c(1,5),], cex=1, col =col.!| ooppoints, pch=16)

# box

#segnent s(five[h<-2:4,1] + dx, five[h,2] + dy, five[h,1] - dx, five[h,2] - dy,

# col =col . bagpoi nt s, | wd=2)

#segnents(five[2,1] + (h<-c(-1,1))+dx, five[2,2] + h=xdy,

# five[4,1] + h+dx, five[4,2] + h+dy,

# col =col . bagpoi nt s, | wd=2)

pol ygon(five[c(2,4,4,2,2),1] + c(dx,dx,-dx, -dx, dx),
five[c(2,4,4,2,2),2] + c(dy,dy,-dy,-dy,dy),
col =col . baghul I, | wd=1)

# medi an
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segnents(five[h<-3 ,1] + dx, five[h, 2] + dy,
five[h,1] - dx, five[h,2] - dy,col="red", | wd=3)
# Qutlier
if(0 <length(idx.out) &% !is.na(idx.out[1])){
poi nt s(xydat a[ i dx. out, , dr op=FALSE], cex=1, pch=16, col ="red")

}

# segnments(five[3,1],five[3,2],five[3, 1] +1+xvec.ortho[1],
# five[3, 2] +100«vec. ort ho[ 2], col ="green", | wd=5)
# segments(five[3,1],five[3,2],five[3, 1] +1xvecl[1],

# five[3, 2] +1xvecl[ 2], col ="red", | wd=5)

# points(five, cex=2,col ="green")

return("one di nensional boxplot plottet")

4.14 Some technical leftovers
4.14.1 Definition of bagpl ot on start

(start 85) =
(define bagpl ot 32)

4.14.2 Extracting the R code file bagpl ot . R

(some functions for generating bagplots 86) =
(define bagpl ot 32)

(call t angl eRto extract tangle function bagpl ot () 87) =

tangl eR("bagpl ot . rev", expand. root s="sone functions for generating bagpl ots",
expand. r oot . st art =FALSE)
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5 Pairs plot with bagplots

A simple application of bagplot is to used it within pai r s() for the inspection of data matrices.
In this section we present the high level routine pai r s. bagpl ot () that allows some trimming
of the data, too.
88 (define bagpl ot . pairs 88) = C 89,91
bagpl ot . pai rs<- function(dm trim= 0.0, main, numeric.only = TRUE,
factor = 3, approx.limt = 300, pch = 16,

cex = 0.8, precision = 1, col.loophull = "#aaccff",
col .l ooppoints = "#3355ff", col.baghull = "#7799ff",
col . bagpoi nts = "#000088", ...){

i f(mssing(nmain)) main <- paste(deparse(substitute(dm),"/ trim=",round(trim3))
if(length(trim == 1) trim<- rep(trim ncol (dm)
i f(numeric.only){

dm <- dnf, idx <- sapply(21:ncol (dm), function(x) is.numeric(dni,x]))]

trim<- trinfidx]

}
for(j in 1:ncol (dm){
X <- dnf,j]
if(lis.nunmeric(x)) x <- as.nuneric(x)
if( trinfj] > 0) {
na.idx <- is.na(x)
xlim<- quantile(x[!na.idx], c(trinfj] , 1-trinfj]))
x[ na.idx | x <xlinfl1l] | xlinm2] <x ] <- NA
}
dnf,j] <- x
}

# DMD <<- dm
h.fn <- function(x,y){
idx <- lis.na(x) & !is.na(y)
X <- x[ idx ]; y <- y[ idx ]
BP <- bagpl ot (x,y, add=TRUE, factor = factor, approx.limt = approx.linit, pch = pch,
cex = cex, precision = precision, col.loophull = col.loophull,
col .l ooppoi nts = col .l ooppoints, col.baghull = col.baghull,
col . bagpoints = col . bagpoi nts, verbose=FALSE)
# BP <<- BP # for debuggi ng

}
par (nfrow=c(1,1))

pairs(dm panel = h.fn, ...)
ntext (main, |ine=2.5)
dm

89 (start 85)+ =
(define bagpl ot . pai rs 88)

90 (define help of bagpl ot . pai rs 90) =

\ nane{ bagpl ot . pai rs}

\ al i as{ bagpl ot . pai r s}

\title{ \code{pairs} plot with bagplots }

\'descri ption{
\ code{bagpl ot. pairs} calls \code{pairs} and use bagplot() as panel function.
It can be used for the inspection of data matrices.

}

\ usage{
bagpl ot.pairs(dm trim= 0.0, main, nuneric.only = TRUE,
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factor = 3, approx.linmt = 300, pch = 16,

cex = 0.8, precision = 1, col.loophull = "#aaccff",
col .l ooppoints = "#3355ff", col.baghull = "#7799ff",
col . bagpoi nts = "#000088", ...)

}

\ ar gunent s{
\iten{dn}{ datamatri x, columms contain values of the variables }
\Vitem{trin}{ fraction or vector of fractions of data points
that should be renmoved fromthe variabl es before conputing }
\iten{main}{ title of the plot }
\item{nuneric.only}{ if TRUE only nunerical variables will be used. O herw se an
transformation to nuneric will be perforned.}
\iten{factor}{ see help of bagplot }
\item{approx.linmt}{ see help of bagplot }
\iten{pch}{ see help of bagplot }
\iten{cex}{ see help of bagplot }
\iten{precision}{ see help of bagplot }
\iten{col .l oophull}{ see help of bagplot }
\iten{col .l ooppoints}{ see help of bagplot }
\item{col . baghul | }{ see help of bagplot }
\iten{col.bagpoints}{ see help of bagplot }
\item{\dots}{ further arguments to be passed to \code{pairs} }

}

\detai | s{
\ code{bagpl ot.pairs} is a cover function which calls \code{pairs} and uses
\code{bagpl ot} to display the data.

}

\val ue{
The data which has been used for the plot.

}

\aut hor{Peter WoIf }

\ not e{
Feel free to have a | ook inside of bagplot.pairs and
to inprove it according to your ideas.

}

\ seeal sof \code{\link{bagplot}}, \code{\link{pairs}} }
\ exanpl es{

##---- Should be DI RECTLY executable !! ----
##-- ==> Define data, use random
#it- - or do hel p(data=index) for the standard data sets.

# bagplot.pairs(attitude)

# bagpl ot . pai rs(freeny)

# bagpl ot. pai rs(trees, col. baghull ="green", col.loophull="1ightgreen")

}
% Add one or nore standard keywords, see file 'KEYWORDS in the
% R docunent ation directory.
\ keyword{ m sc }
\ keyword{ hplot }

Here are some results of the examples:
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Some tests of function bagplot.pairs.
91 (do bagpl ot . pai rs test 91) =
# renmove "#" in next line to |oad frabol2 data
# source("http://ww. Wi wi . uni-bielefeld.de/fil eadm n/stat/wolf/data/frabol2. R")
(define bagpl ot 32)



92

(define bagpl ot . pai rs 88)

## bagpl ot . pai rs(frabol2[, 40:48],trinr0, precision=1) # a lot of variables

## bagpl ot. pai rs(frabol2[, 43:47],trine0, precision=1) # a subset of these variables

### bagpl ot (frabol2[, 43:47][,c(4,1)], preci sion=1) ## conparison w th single bagpl ot
### xy <- frabol2[,c(46,41)]; xy<-xy[l!is.na(xy[,1]) & lis.na(xy[,2]), ]; Xy<-xy[1l:151,]
### bagpl ot (xy, ver bose=TRUE, pr eci si on=pr eci si on, debug. pl ots="not all")

## bagpl ot. pairs(frabol2[,c(11, 42,46)],trime0. 2, precision=1)[1:2,]

## bagpl ot. pai rs(frabol2[, 18:19],trinr0. 2, preci sion=1)[1:2,] # 0 var in both variables
## bagpl ot . pai rs(frabol2[, c(42,43)],trinr0. 25, preci sion=1)[1:2,] # O=var (Varl)&var (Var2) sn
## bagpl ot . pai rs(frabol2[,c(1,42)],trinr0.2) # few nmass points

## DM <- bagpl ot. pairs(frabol2[,c(39,35)],trim=0. 05, preci sion=1.5) #
i f(FALSE){ ## some one di mensional material
par (nfrow=c(2, 2))
bagpl ot (x=(rnorn(101) *0- 50+c(1: 100, 200) ) »100, y=(- 50+1+c(1: 100, 200) ) *. 100, ver bose=FALSE)
bagpl ot (x=-50+c( 1: 100, 190), y=50- 1*c( 1: 100, 190), ver bose=FALSE)
bagpl ot ( x=-50+c(1: 100), y=50- 1xc(1: 100), ver bose=FALSE)
bagpl ot (x=50+c(1: 100), y=501+c(1: 100), ver bose=FALSE)
par (nfrow=c(1,1))
}
## bagpl ot . pai rs(frabol2[, c(1,42)],trinr0.2)
### one di mensi onal data sets:
## bagpl ot . pai rs(chind(c(n[-1], 300), c(n[-1], 300), frabol2[, c(22,19,38)]),
#t trimetrimprecision=1)[1:2,]
## bagpl ot. pai rs(frabol2[,c(22,38,19)],trim=0. 2, precision=1)[1:2,] #
## bagpl ot. pai rs(frabol2[, c(19,22,38)],trime0.2,precision=1)[1:2,] # various boxplots
## bagpl ot. pai rs(frabol2[, c(19, 38,22)],trime0. 2, precision=1)[1:2,] # various boxplots
## bagpl ot. pai rs(frabol2[, c(38, 19, 22)],trinme0. 2, precision=1)[1:2,] # various boxplots
## bagpl ot. pai rs(frabol2[, c(38,22,19)],trime0.2,precision=1)[1:2,] # various boxplots
## DM <<- bagpl ot. pairs(frabol2[, c(40, 43,45,47)],trim=0, preci sion=2)# check of center
### poi nts(TP, pch=c(l etters, LETTERS) [ TPD+1]) ### show h-depths of center candi dates
## bagpl ot. pai rs(frabol2[, 11:12],trinr0. 2, preci sion=2)[1:3,] # check of center
## bagpl ot . pai rs(frabol2[, c("Jeansl aenge", "Schul Note", "Jeansweite")],tri m=0. 2, preci si on=1)
## check by construction of bagplots

various boxpl ots

i f (FALSE){
par(nfrow=c(2,2)); if(!exists("DW")) DWMD <- frabol2[, 11:12]
bagpl ot (DMVD[ 10: 40, 1: 2], preci si on=1, ver bose=TRUE, debug. pl ot s="11", cex=.2) # check center
bagpl ot (DMVD[ 10: 40, 2: 1], pr eci si on=1, ver bose=TRUE) # check center
}

## random sel ection of variabl es

# set.seed(13); print(co <- sanple(1:49,5));

# bagpl ot. pairs(frabol2[,co],trinm=0. 2, preci sion=1)[1:2,]

## bagpl ot . pai rs(frabol2[,c(20,25)],trim=0. 1, precision=02)[1:2,]

## bagpl ot . pai rs(DWD[, 2: 1], tri n¥0)

## 1dx<-lis.na(DMD[, 2]); DML<-DMD[ i dx, ] ; bagpl ot . pai rs(DML[, 2: 1], tri me0)

6 pl ot summary: A Graphical Summary of a Data Matrix

The function pl ot sunmar y() computes graphical summary of the variables of a data set. Each
variable will be represented by some small types of graphics which are stacked in a summary
figure.
At first we define a function for summarizing a vector of data: pl ot _si ngl e_sunmary
(define pl ot _si ngl e_summary 92) = C 93
pl ot _single_summary <-
function(x, trim= 0.0, types=c("stripes","ecdf","density","boxplot"), y.sizes =1
mai n="", nycols = c("#bbff77", "#ffffbb", "#bbffff", "#77ffbb"), set.par=TRUE){
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(select colors 95)
(fix main title 97)
(transform data into numerical vectors 98)
(find limits for trimming, normalize data and store visibility: i dX. vi si bl e 99)
(initialize graphics and find ymi n 100)
for(i in seq(al ong=types)){
type <- types[i]
(compute stripes 101)
(compute density trace 102)
(compute boxplot 103)
(compute ecdf 104)
}

return()

}

Now we can use the function for a summarizing function for several variables.
93 (define pl ot summary 93) =  C 94, 105, 106, 154, 155
pl ot summary <-
function(data, trim= 0.0, types=c("stripes","ecdf","density", "boxplot"), y.sizes = 4:1,
desi gn = "chessboard", main, mcol s="RB"){

(define pl ot _si ngl e_summary 92)

data. nane <- deparse(substitute(data)); if(missing(main)) main <- data.nane

if(is.list(data)){ cols <- length(data); Names <- nanes(data)} el se

if(is.matrix(data)){ col s <- ncol (data); Names <- col nanes(data)} el se {

data <- chind(as.vector(unlist(data))); cols <- Nanes <- 1}
# if(is.vector(data)|]|is.ts(data)){
# cols <- 1; data <- chind(data); Names <- " "
# } else return("Warning: data set not conpatible")

if(0 == length(Nanes)) Nanmes <- as.character(1:cols)
plot(1,type="n",xlab="",ylab="", axes=FALSE); ol dpar <- par(no.readonly = TRUE)
if( design != "chessboard" ) nfrow <- c(1,cols) else{

nfrow <- ceiling(rep(sqrt(cols),2)); nfrow 1] <- ceiling(cols/nfrow2])
}
par (nfrow=nfrow, om =c(0.1,0.1,.5,0.1), mai=c(.1,.1,.15,0))
for(j in seq(cols)){
dat <- if( is.matrix(data) ) dat <- data[,j] else dat <- unlist(data[[j]])
try(plot_single_summary(dat, trim=trim types=types, y.sizes=y.sizes,
mai n=Nanes[j], nycol s=nycols, set.par=FALSE))
}
nt ext (mai n, | i ne=1, adj =0, out er =TRUE)
par (ol dpar)
NULL

94 (start 85)+ =
(define pl ot summary 93)

The user should be able to choose between some palettes of data. Here we make a simple pro-

posal:
95 (select colors 95) = C 92
if("#" 1= substring(mycols[1],1,1)){

nycols <- if(is.nunmeric(nycols)) c("RG',"RB","G&B","GR',"BR","BG")[ nycol s] el se
substring(mycol s[1], 1, 2)
# h <- cbind("ff",c("77","bb","ff","bb"), c("bb","ff","bb","77"))
h <- cbind("ff",c("77","cc","bb","77"), c("77","cc","dd", "99"))
switch( nycol s,
"RG' = nycols <- h[,c(1,2,3)], "RB" = nycols <- h[,c(1,3,2)],
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96

97

98

99

100

101

" cB" mycols <- h[,c(3,1,2)], "R’ mycols <- h[,c(2,1,3)],

"BR' mycols <- h[,c(2,3,1)], "BG' mycols <- h[,c(3,2,1)]
)
nycol s <- paste("#",nycol s[, 1], nycol s[, 2], nycol s[, 3], sep="")
}
Some color schemes, maybe usefull for further experiments:
(*18)+ =
# mycol s = c("#9999ff", "#ccccff", "#ccffcc", "#99ff99"),
# mycol s = c("#9999ff", "#ccccff", "#ffee99", "#ffcch5"),
# nycol s = c("#ff5533", "#ff9977", "#ffee99", "#ffcch5"),
# nycols = c("#ffcch5", "#ffee99", "#ff9977", "#ff5533"),
# mycol s = c("#55ff33", "#99f f 77", "#77ff 99", "#33f f 55"),

If a title is delivered it will be used. Otherwise the argument of the call will be plotted.
(fix main title 97) = C 92
if("" == main) main <- deparse(substitute(x))

To keep things simple we transform data in a way that we can handle them as numerical data.
(transform data into numerical vectors 98) =  C 92

if(is.ts(x)) x <- as.vector(x)

if(is.character(x)) x <- as.factor(x); if(is.factor(x)) x <- as.nuneric(x)

Because of the effects of outliers we trim the data. For defining the limits the R function quant i | e()
is used. As a consequence there must not be data points that lie exactly on the limits and there
will usually a (small) region at the limits without any point.
(find limits for trimming, normalize data and store visibility: i dx. vi sibl e 99) = C 92
i dx.na <- is.na(x)
if(0O <trim xlim<- quantile(x[!idx.na],c(trim1l-trin)) else xlim<- range(x[!idx.na])
if(xlinf1] < xlinf2]) x < (x - xlinf1])/(xlinf2] - xlinf1]) else x <- x*0 +.5
xlim<- 0:1
idx.visible <- (lidx.na) & (0 <= x) & (x <= 1) # index of visible data points

(initialize graphics and find ymi n 100) = C 92

i f(set.par) oldpar <- par(nfrow=c(1,1),on=c(0,0,0,0),mr=c(2,2,1,1))

plot (1, xl'i mexlimbty="n",type="n", mai n="", axes=FALSE, yl i mrc(0, 1))

par (usr=c(-0.01,1.01,-0.01,1.01)) # ; axis(1l)

title(main,cex.min=0.75)

rug(x[idx.visible])

fn < fivenun(x[idx.visible])

rect(fn[1:4], O, fn[2:5], 1, col=nycol s[1: 4], border=mycol s[1: 4], xpd=NA) # col or
grid() # ; axis(1)

n.types <- length(types); if(length(y.sizes) == 1) y.sizes <- rep(y.sizes, n.types)
y.mns <- 1 - cunsunm(y.sizes <- y.sizes/sun(y.sizes))

(compute stripes 101) =  C 92
if(type == "stripes" || "s" == substring(type,1,1) ){
n <- |ength(x)
y0 <- 0.95+seq(x)/n; y0 <- yOxy.sizes[i] + y.mns[i] # print(x); print(xlim
segment s(rep(xlinf1],n),yo0, pmin(xlini2], prmax(xlin{l1],x)),y0,col=i) # stripes
x [idx.na] < 0.5
if(any( ind <- x<xlinf1] )){ points( cbhind(-0.01, yO[ ind ]), pch=18, xpd=NA) }
if(any( ind <- xlinf2]<x )){ points( cbind( 1.01, yO[ ind ]), pch=18, xpd=NA) }
if( 0 < sun(idx.na))({
segnents(rep(xlinf1]-.02,1ength(idx.na)),y0[idx.na],
rep(xlinf2]+. 02,1ength(idx.na)),yO0[idx.na],col="red") # red NA-stripes
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102 (compute density trace 102) =  C 92
if(type == "density" || "d" == substring(type,1,1) ){
if( 10 <length( tb <- table(x[idx.visible])) ){
dx <- density(x[!idx.na]); y0 <- dx$y; x0 <- dx$x
y0 <- 0.9*y0 / max(y0); yO <- yOry.sizes[i] + y.mns[i]

i nes(x0, yO0, |wd=2) # density

} else {
y0 <- tb; x0 <- as.nuneric(nanes(thbh))
y0 <- 0.9*y0 / max(y0); yO <- yO+xy.sizes[i] + y.mns[i]
segments( x0, y.mins[i], x0, y0, |wd=3)

103 (compute boxplot 103) = C 92
if(type == "boxplot" || "b" == substring(type,1,1) ){

result <- boxpl ot (x[idx.visible],plot=FALSE); fn <- result$stats; out <- result$out

y0 <- y.mns[i] + ¢(0.3,0.7)*y.sizes[i]
rect(fn[2:3],y0[1],fn[3:4],y0[2],|wd=2) # box
y0 <- y.mins[i] + 0.5*y.sizes[i]

segnents(fn[c(1,5)],y0,fn[c(2,4)],y0,lwd=2) #, col =nycol s[c(1,4)] # whi sker

poi nt s(cbi nd(out, y0))
if(any( ind <- x <xlinf1] )){ points( -0.01, y0, pch=18, xpd=NA, cex=2 ) }
if(any( ind <- xlinf2] <x )){ points( 1.01, y0, pch=18, xpd=NA, cex=2 ) }

104 (compute ecdf104) = C 92
if(type == "ecdf" || "e" == substring(type, 1,1) ){
xX <- sort(x[idx.visible])
yy <- 0.9xseq(al ong=xx)/1 engt h(xx)
y0 <- yy*y.sizes[i] + y.mns[i]
poi nts(xx, y0, pch=16); points(xx, y0, type="s"); n.xx <- |ength(xx)

segnents(-0.02,y.mins[i],xx[1],y.mns[i]); segnments(1l.02,y0[n.xx],xx[n.xx],y0[n.xx])

if(any( ind <- x < xlinf1] )){points(-0.01, y.mins[i], pch=18, xpd=NA) }
if(any( ind <- xlinm2] < x )){points( 1.01, y.mins[i] + .9*y.sizes[i], pch=18,
}

How can get some test data? A way is to look for data sets and check them whether they produce
good results.
105 (Test of R data sets 105) =
ds. of . R<-function(type="vector"){
dat <-| s(pos=grep("datasets", search()))
dat.type<-unlist(lapply(dat,function(x) {
nunk- node( x<- eval (parse(text=x)))
numk-ifelse(is.array(x),"array", nunm
numk-ifelse(is.list(x),"list", num
nunk-ifelse(is.matrix(x),"matrix", num
nunmk-ifel se(is.data.frame(x),"matrix", num
nunmx-if el se(num=="nuneric", "vector", num
num }))
return(dat[dat.type==type])
}
(define pl ot summary 93)
nanelist <- ds.of . R("matrix")
# nanelist <- ds.of.R("vector")
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# nanelist <- ds.of .R("list")
for(i in seq(al ong=nanelist)){
print(i); print(nanelist[i])
Xy <- get(nanelist[i])
i f(ncol (xy) < 8 & 2 < ncol (xy) && all (sapply(xy, function(x) lis.factor(x))))
pl ot summary(xy, y. sizes=4:1,trinF. 05, mai n=nanelist[i])
Sys. sl eep(1)
}

Some special tests.
For testing the data matrix of an questionare which could be found on our server has been used.
The data set f r abo12 can be loaded by sourcing it. An advantage is that there are a lot of missing
values and values which are completely wrong.
106 (*18)+ =
# source("http://wwv. wi wi . uni-bielefeld.de/fileadm n/stat/wolf/data/frabol2. R")
(define pl ot summary 93)
pl ot summary(frabol2[, 1: 16],y. sizes = ¢(8,4,4,2))

frabo12[, 1:16]
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107 (define help of pl ot summary 107) =
\ name{ pl ot sunmar y}
\'al i as{pl ot summary}
\title{ graphical sumaries of variables of a data set }
\'descri ption{
\ code{ pl ot sunmary} shows sone inportant characteristics of the variables of a data set.
For each variable a plot is conputed consisting of a barplot, an ecdf,
a density trace and a boxplot. }
\ usage{
pl ot sumary(data, trim= 0, types
y.sizes = 4:1, design

c("stripes", "ecdf", "density", "boxplot"),
"chessboard", main, nycols = "RB")

}



\ ar gunent s{
\iten{dat a}{ Data set for conputing a graphical summary. }

\iten{trint{ \code{trint defines the fraction of observation for trinmmng on both

ends of the data. }
\iten{types}{ vector of types of representation of the data set.

The el ements of the vector will induce small plots which are stacked
in vertical order. The first letter of the types is sufficient for

defining a type. }
\iten{y.sizes}{defines the relative sizes of the small plots.

The val ues are divided by their sumto get percentages.

}

\iten{design}{ if \code{design} is \code{chessboard} the graphics device
is fragnented into rows and cols. QGtherwi se the imges of a variable

build vertical stripes. }
\iten{main}{ defines a title for the graphics. }

\iten{mycols}{ allows to define some colors for the showi ng the regions separated

by the quartils. }

}
\det ai | s{ \ code{pl ot sunmary} can be use for a quick and dirty inspection
of a data matrix or a list of variables.
Wt hout further specification some representation of each of the
variables is built and stacked into a plot.
The sizes of the types of representation can be set as well as the
| ayout design of the graphics device. It is helpful to trimthe data
bef ore processing because outliers will often hide
the interesting characteristics. }
\ aut hor {
Peter WIf, pwolf@iw .uni-bielefeld.de
}
\ seeal sof
\code{\link{pairs}}, \code{\ | ink{sumary}}, \code{\link{str}}
}
\ exanpl es{
##---- Should be DI RECTLY executable !l ----
##-- ==> Define data, use random

##--\tor do help(data=index) for the standard data sets.

pl ot summar y(cars)

pl ot summary(cars, types=c("ecdf", "density", "boxplot"),
y.sizes = ¢(1,1,1), design ="stripes")

pl ot summary(c(list(rivers=rivers, co2=co2), cars), Yy.sizes=c(10,3,3,1),

pl ot summary(cars, design="chessbhoard")
# find all matrices in your R
ds.of .R <- function(type="vector"){
dat <- |s(pos=grep("datasets",search()))
dat.type <- unlist(lapply(dat, function(x) {
num <- node(x<-eval (parse(text=x)))
num <- jfelse(is.array(x),"array", num
num <- ifelse(is.list(x),"list", num
num <- ifelse(is.matrix(x),"matrix", nun
num <- jfelse(is.data.franme(x),"matrix", num
num <- ifel se(num=="nuneric", "vector", num
num}))
return(dat[dat.type==type])
}
nanmel i st <- ds.of . R("matrix")
# inspect the matrices one after the other
for(i in seq(al ong=nanelist)){
print(i); print(namelist[i])
Xy <- get(nanelist[i])
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108

109

# pl ot summary(xy,y.sizes=4:1,trime. 05, mai n=nanelist[i])

# Sys. sl eep(1)
}
}
\ keyword{ hplot }
\keyword{ manip }% __ONLY ONE__ keyword per line

Test of the examples.
(test of the examples of plotsummary 108) =
pl ot summary(list(rivers,co2),y.sizes=c(10, 3, 3,1), nycol s=3)

pl ot summary(c(list(rivers=rivers, co2=co2), cars), Yy.sizes=c(10,3,3,1), nmycol s=3)

pl ot summary(cars)

pl ot summary(cars, types=c("ecdf", "density", "boxplot"),

y.sizes

c(1,1,1), design

pl ot summary(c(list(rivers=rivers, co2=co2), cars), Vy.sizes=c(10,3,3,1), nycol s=3)

pl ot summary(cars, design="chessbhoard")
# find all matrices in your R
ds.of . R <- function(type="vector"){
dat <- |s(pos=grep("datasets",search()))
dat.type <- unlist(lapply(dat,function(x) {
num <- node(x<-eval (parse(text=x)))
num <- jfelse(is.array(x),"array", num
num <- ifelse(is.list(x),"list",num
num<- ifelse(is.matrix(x),"matrix", nun
num <- jfelse(is.data.frame(x),"matrix", num
num <- ifel se(num=="nuneric", "vector", num
num}))
return(dat[dat.type==type])
}
nanelist <- ds.of . R("matrix")
# inspect the matrices one after the other
for(i in seq(al ong=namnelist)){
print(i); print(nanelist[i])
Xy <- get(nanelist[i])
pl ot summary(xy, y. sizes=4:1,trimr. 05, mai n=nanelist[i])
Sys. sl eep(1)

7 Skyline Plots

(define skyl i ne. hi st 111)
par (nfrow=c(3, 3))
for(n.c in c(2,4,8)){ # sone values for n.class

TEW. Young, R.M. Valero-Mora, M. Friendly (2006): Visual Statistics. Wiley, p207-208.
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Histograms are often used for visualization of the empirical distribution of data sets. However,
you get different results depending on the choice of the number of cells and the positions of the
first cell. The skyline plot tries to get rid of the unsteadinesses caused by the starting position.
Skyline plots are similar to shaded histograms, proposed in [Young et al., 2006]'

Version1 A simple version of a skyline plot results by plotting several histograms with different
starting point for first cell into the same graphics device without cleaning. If you move a window
along the x-axis and represent the number of observation in the window by a rectangular box
you get an equivalent plot. This procedure is related to the computation of density traces. But
for skyline plots we sketch the rectangular boxes and don’t estimate the density at single points.
(*18)+ =

"stripe



for(n.hin c(2,4,3)){ # sone values for nunber of n.hist
n.s <- 9 # val ue for number of vertical lines
skyline. hist(co2, n.shading=n.s, n.hist=n.h ,n.class=n.c,
ni ght =n. h==3, col . border=n. h! =4)
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110 (define help of skyl i ne. hi st 110) =
\ nane{skyl i ne. hi st}
\alias{skyline.hist}
% Also NEED an '\alias’ for EACH other topic docunmented here
\titlef
\ code{skyline.hist} computes a skyline plot which is special histogram
}
\'descri ption{
The function \code{skyline.hist} draws several histogranms in one plot. The
resulting i mage may | ook like a skyline.
}
\ usage{
skyline. hist(x, n.class, n.hist =1, main, ylab="density",
ni ght = FALSE, col.bars = NA, col.border = 4, |wd. border = 2.5,
n.shading = 6, |wd.shading = 2, col.shading = NA, |ty.shading = 3,

pcol .data = "green", cex.data = 0.3, pch.data = 16, col.data = 1,
Iwd.data = .2, pernmutation = FALSE
xlab, xlim ylim new plot=TRUE, bty="n", ...)
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}
\ ar gunent s{
\iten{x}{ one dinensional data set.}
\iten{n.class}{
nunber of classes that should be used to find the width of the bars
of the histogran(s).}
\iten{n. hist}{
nunber of histograns that should be plotted.}
\iten{main}{
used for call of \code{title}.}
\iten{yl ab}{
text for y axis.}
\'i ten{ni ght}{
If \code{TRUE} the background wi |l be col ored bl ue.
If \code{FALSE} there will be no col ored background. O herwi se
\code{night} is used as background color.}
\iten{col.bars}{
defines the color of the bars. If \code{is.na(col.bars)} and
\ code{ni ght ==TRUE} the bars will be colored gray. }
\item{col .border}{ color of the borders of the bars.}
\iten{lwd. border}{ Iine width of the borders of the bars.}
\i ten{n. shadi ng}{

nurmber of vertical lines for filling the bars of the histograns.}
\iten{!lwd. shadi ng}{

line width of the vertical lines for shading the bars. }
\iten{col . shadi ng}{

color for the vertical lines for shading. If \code{NA} heat colors are used.}
\Viten{lty. shadi ng}{

line type for the vertical lines for shading.}

\iten{pcol.data}{ color of data points.}

\iten{cex.data}{ character size of plotting character.}

\iten{pch.data}{ plotting character of data points.}

\iten{lwd.data}{ line width for segnents between data points.}

\iten{col.data}{ color for segnments between data points.}

\iten{permutation}{ if not \code{FALSE} a pernutation of the data set is erforned.}

\iten{ x| ab}{ text for y axis. }
\Viten{xlint{ range of x. }
\Viten{ylin{ range of y. }
\iten{new. pl ot }{ logical. If \code{TRUE} a new plot is constructed.}
\iten{bty}{ box type, used by \code{plot}. }
\iten{\dots}{ further graphical paraneters passed to plot. }
}
\detail s{

\ code{skyline. hist} conmputes several histograns and plots them one upon
the other. The histograns differ in the positions of the first cells,
but all cells have the sane width. The paraneters \code{n.class} and
\code{n. hist} have the greatest effect on the design of the result.

\code{col .border} allows to color the border of the rectangul ar boxes of the

hi st ogram bars. \code{col.bars} defines the fill color of the bars.

\ code{n. shadi ng} defines the nunber of vertical lines of type

\code{l ty. shadi ng} and wi dth \code{lwd. shading} that are drawn wi thin the boxes.

Anot her feature of \code{skyline.hist} is to represent the data points.

The data points of a cell are plotted according their x-values and

their ranks (within the points of the cell). The resulting points are connected
by line segnents and you will see a tine series running frombottomto top

in each cell. The points and |lines can be specified by \code{pcol.data},
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\code{cex. data}, \code{pch.data}, \code{lwd.data}, \code{col.data}. To get rid
of the original order of the data you can permnutated them (\code{pernutation=1}).

The "skyline" of the plot may be simlar to the skyline of a town and the
vertical lines may | ook |ike small w ndows of buil dings.

In Young et. al. you find "shaded hi stograns". These hi stograns have triggered
the idea of \code{skyline.hist} and the representati on of a one di mensi ona
data set by laying histograns on top of otheroverlied histograns.

}

\val ue{
The result of a call of hist is returned.

}

\references{
F.W Young, R M Valero-Mra, M Friendly (2006): Visual Statistics
Wl ey, p207--208.

}
\ aut hor {
Peter Wl f, pwolf@iiw .uni-bielefeld.de
}
\ seeal sof
\code{\link{hist}}, \code{\link{density}}
}
\ exanpl es{
##---- Should be DI RECTLY executable !'! ----
##-- ==> Define data, use random
##- - or do help(data=index) for the standard data sets

par (nfrow=c(3, 3))
for(n.c in c(2,4,8)){ # sonme values for n.class
for(n.h in c(2,4,3)){ # sonme values for nunber of n.hist
ns <- 9 # val ue for nunber of vertical lines
skyl i ne. hist(co2, n.shading=n.s, n.hist=n.h ,n.class=n.c,
ni ght =n. h==3, col . border=n. h! =4)

skyline. hist(x=rivers, n.class=4, n.hist=2, n.shading=0, main="rivers",
cex.data=.5, Iwd.data = .2, col.data = "green", pcol.data = "red",
col . border=NA, ni ght=FALSE, yl ab="density")

skyline. hist(x=rivers, n.class=4, n.hist=5, n.shading=0, nmain="rivers",
cex.data=.5, Iwd.data = 1, col.data = "green", pcol.data = "red",
col . border=NA, night="blue" , ylab="density", col.bars =NA)

skyline. hist(x=rivers, n.class=10, n.hist=2, n.shading=0, main="rivers",

cex.data=.5, Iwd.data = 1, col.data = "green", pcol.data = "red",

col . border=NA, ni ght=FALSE , ylab="density", col.bars = "lightblue")
skyline. hist(x=rivers, n.class=10, n.hist=1, n.shadi ng=0, main="rivers",

cex.data=1, Ilwd.data = 0, col.data = "green", pcol.data = "red"

col . border=NA, night=FALSE , ylab="density", col.bars = "lightblue" )
skyline. hist(x=rivers, n.class=6, n.hist=1, n.shading=0, main="rivers",

cex.data=0.1, Iwd.data = 2, col.data = "red", pcol.data = "green",

ni ght ="orange" , ylab="density", col.bars = "white", col.border=1)
skyline. hist(x=rivers, n.class=6, n.hist=1, n.shading=0, main="rivers",

cex.data=0.1, Iwd.data = 2, col.data = "red", pcol.data = "green",

col . border=NA, ni ght=FALSE , ylab="density", col.bars = "lightblue")
skyline. hist(x=rivers, n.class=6, n.hist=1, n.shading=5, col.shading = "bl ue"

mai n="rivers"

cex.data=0.1, Iwd.data = 1, col.data = "black", pcol.data = "green",

col . border=NA, night=FALSE , ylab="density", col.bars = "green")
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skyline. hist(x=rivers, n.class=6, n.hist=3, n.shading=5, col.shading = "blue",
mai n="rivers", col.bars = "green",
cex.data=0.1, Iwd.data = 1, col.data = "black", pcol.data = "green",
col . border="white", night="nmagenta" , ylab="density")

skyline. hist(x=rivers, n.class=6, n.hist=4, n.shading=5, col.shading = "blue",
mai n="rivers",
cex.data=0.8, Iwd.data = 1, col.data = "blue", pcol.data = "red",

col . border=NA, ni ght=FALSE , ylab="density", col.bars = "green")
}
% Add one or nore standard keywords, see file 'KEYWORDS in the
% R document ation directory.
\ keyword{ msc }
\ keyword{ hplot }

Besides the idea of overlaying several histograms we propose different types of representation of
the relative frequencies of the cells.
111 (define skyl i ne. hi st 111) = C 109,113
skyl i ne. hist <- function(
X, n.class, n.hist =1, main, ylab="density",
ni ght = FALSE, col.bars = NA, col.border = 4, |Iwd.border = 2.5,
n. shadi ng 6, Iwd.shading = 2, col.shading = NA, Ity.shading = 3,
pcol . dat a "green", cex.data = 0.3, pch.data = 16, col.data = 1,
Iwd. data = .2, permutation = FALSE,
xlab, xIim ylim new plot=TRUE, bty="n", ...){
# initialization of variables
i f(mssing(main)) main <- paste("skyline plot")
i f(mssing(xlab)) xlab <- deparse(substitute(x))
# find the width of a cell
hist.res <- hist(x, plot=FALSE)
if(!mssing(n.class)) width.bars <- diff(range(x))/n.class else {
wi dt h. bars <- diff(hist.res$breaks[1:2])
n.class <- ceiling(diff(rank(x))/w dth.bars)
}
# find range for x-axis
X.lim<- (x.range<-range(x)) + c(-1,1) * width. bars
# find size of the bars
starts.bars <- x.range[1l] - width.bars*(n.hist-1)/n.hist # start of bar one
starts.bars <- starts.bars + width.bars+x(0:(n.hist-1))/n.hist # all starts
starts.bars <- sapply(starts.bars, function(x) x + w dth.bars+(0:(n.class+1)))
starts.bars <- starts.bars[starts.bars <= max(x)]
idx <- x==x.range[1]; if(any(idx)) x[idx] <- x[idx]+0.001+diff(x.range)
n.bars <- length(starts. bars)
counts. bars <- rep(0,n. bars)
for(i in 1:n.bars){
counts. bars[i]<-sun{ starts.bars[i] < X & X <= (starts.bars[i] + wi dth.bars))
}
n <- | ength(x)
hei ghts. bars <- counts. bars/n/wi dth. bars
if( 0 < permutation ){
if(!is.nuneric(pernutation)) pernuation <- 1
idx <- rep((pernutation + 13*7654321) %9®573, n)
for(i in 2:n) idx[i] <- (idx[i-1] *» 1234567 + 87654321) %% 9573
idx <- order(idx); x <- x[idx]
}
# prepare plot
if(mssing(xlim) xlim<- x.1im
if(mssing(ylim) ylim<- c(0, max(heights.bars))
i f(new. plot)
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plot (0, xlimxlim ylineylim type="n", bty=bty, xlab=xlab, ylab=ylab, ...)
title(main)
# background
i f( night I'= FALSE ){
col.night <- if(is.logical(night)) "blue" else night
usr <- par()$usr; rect(usr[1], usr[3], usr[2], usr[4], col = col.night)
ni ght <- TRUE
}
# add histogram|like borders # if(broder) hist(x,add=TRUE, pr ob=TRUE)
i f(mssing(col.bars)) col.bars <- if(night) "#555555" else "white"
rect(starts.bars, heights.bars = 0, starts.bars + width.bars
hei ghts. bars, |wd = | wd. border, border = col.border,
col = col.bars)
# add pattern for filling the bars small w ndows
i f(0 < n.shading){
dx <- width.bars * ((1:n.shading) - 0.5)/n.shading
i f(is.na(col.shading)) col.shading <- rainbow(n. bars)
i f(length(col.shading) < n.bars) col.shading <- rep(col.shading, n. bars)
for(i in 1:n.bars){
segnents(starts.bars[i] + dx, rep(0,n.shading),
starts.bars[i] + dx, rep(heights.bars[i], n.shading)
Ity=lty.shadi ng, |wd=lwd.shading, col=col.shading[il])
}
}

# representation of the data
for(i in 1:n.bars){
idx <- starts.bars[i] < x & x <= (starts.bars[i] + width.bars)
i f((count <- sun(idx)) == 0) next
X.i <- c(starts.bars[i] + 0.5 * width.bars, x[idx])
n.i <- count + 1
max. h <- count/n/w dth. bars
i f(mssing(col.data)) col.data <- rainbow count,start=.0, end=. 15)
y.i <- (0O:count)/count * max.h
segnents( x.i[-n.i], y.i[-n.i], x.i[-1], y.i[-1], col = col.data, Iwd = |wd. data)
poi nts(col = pcol.data, pch = pch.data, cex=cex.data, x.i[-1], y.i[-1])
}
# return info of hist
i nvi sible(hist.res)

}

112 (*18)+ =
par (nfrow=c(3, 3))
skyline. hist(x=rivers, n.class=4, n.hist=2, n.shadi ng=0, nmain="rivers"
cex.data=.5, Iwd.data = .2, col.data = "green", pcol.data = "red"
col . border=NA, ni ght =FALSE, yl ab="density"

skyl i ne. hist(x=rivers, n.class=4, n.hist=5 n.shading=0, nain="rivers",
cex.data=.5, |wd.data = 1, col.data = "green", pcol.data = "red",
col . border=NA, night="blue" , ylab="density", col.bars =NA

skyline. hist(x=rivers, n.class=10, n.hist=2, n.shading=0, main="rivers",

cex.data=.5, Iwd.data = 1, col.data = "green", pcol.data = "red",

col . border=NA, ni ght=FALSE , ylab="density", col.bars = "Ilightbl ue"
skyline. hist(x=rivers, n.class=10, n.hist=1, n.shading=0, main="rivers"

cex.data=1, lwd.data = 0, col.data = "green", pcol.data = "red"

col . border=NA, ni ght=FALSE , ylab="density", col.bars = "Ilightblue"
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st(x=rivers, n.class=6, n.hist=1, n.shading=0, main="rivers", col.border=1
cex.data=0.1, Iwd.data = 2, col.data = "red", pcol.data = "green",
ni ght ="orange" , ylab="density", col.bars = "white"

st(x=rivers, n.class=6, n.hist=1, n.shading=0, main="rivers",

cex.data=0.1, Iwd.data = 2, col.data = "red", pcol.data = "green",

col . border=NA, ni ght=FALSE , yl ab="density", col.bars = "Iightbl ue"
st(x=rivers, n.class=6, n.hist=1, n.shading=5, col.shading = "blue",

mai n="rivers",

cex.data=0.1, Iwd.data = 1, col.data = "black", pcol.data = "green",

col . border=NA, night=FALSE , ylab="density", col.bars = "green",

st(x=rivers, n.class=6, n.hist=3, n.shading=5, col.shading = "blue",

mai n="rivers",

cex.data=0.1, Iwd.data = 1, col.data = "black", pcol.data = "green",

col . border="whi te", night="nmagenta" , ylab="density", col.bars = "green
st(x=rivers, n.class=6, n.hist=4, n.shading=5, col.shading = "blue",

mai n="rivers",

cex.data=0.8, Iwd.data = 1, col.data = "blue", pcol.data = "red",

col . border=NA, night=FALSE , ylab="density", col.bars = "green",
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113

114

(start 85)+ =
(define skyl i ne. hi st 111)

8 Data Peeling — Plot Hulls

Sometimes data peeling is a nice way to get some insides into the structure of a bivariate data
set. The idea is simple and you find some articles concerning data peeling by googling "peeling
bivariate data":

Green, PJ. (1981): Peeling bivariate data.
In: Interpreting Multivariate Data, V. Barnett (ed.), pp 3-19, Wiley.

Porzio, Giovanni C., Ragozini, Giancarlo (2000): Peeling multvariate data sets: a new
approach. Quanderni di Statistica, Vol. 2.

Here is a simple version to construct a peeling plot of a bivariate data set:
(definepl ot hul I s 114) = C 117

plothulls <- function(x, y, fraction, n.hull =1, main, add=FALSE
col.hull, Ity.hull, Iwd.hull, density=0, ...){
# function for data peeling
# X,y : data
# fraction.in.inner.hull : nmax percentage of points within the hull to be drawn
# n.hull : nunber of hulls to be plotted (if there is no fractiion argunent)
# col.hull, Ity.hull, Iwd hull : style of hull line
# add : if TRUE old plot is used
# pw 130524

if(ncol(x) == 2){ v <- x[,2]; x <- x[,1] }
if(add) points(x,y,...) else plot(x,y,...)
n <- |ength(x)
if(!'mssing(fraction)) { # find special hul
n.hull < 1
i f(mssing(col.hull)) col.hull < 1
if(mssing(lty.hull)) Ity.hull < 1
if(mssing(lwd.hull)) Iwd. hull <- 1
x.old <- x; y.old <- vy
idx <- chull(x,y); x.hull <- x[idx]; y.hull <- y[idx]
for( i in 1:(length(x)/3)){
X <- x[-idx]; y <- y[-idx]
if( (length(x)/n) < fraction ){
i f(mssing(main))
title(paste("fraction in polygon:\n",
round( (1 ength(x)+l ength(x.hull))/n,4)))
pol ygon(x. hull, y.hull, col=col.hull
Ity=lty.hull, Iwd=lwd. hull, density=density)
return(cbind(x. hull,y.hull))
}
idx <- chull(x,y); x.hull <- x[idx]; y.hull <- y[idx];
}
}
if(mssing(col.hull)) col.hull <- 1:n. hul
if(length(col.hull)) col.hull <- rep(col.hull,n.hull)
if(mssing(lty.hull)) Ity.hull <- 1:n.hul
if(length(lty.hull)) Ity.hull <- rep(lty.hull,n.hull)
if(mssing(lwd.hull)) Iwd. hull <- 1
if(length(lwd. hull)) Iwd.hull <- rep(lwd. hull,n.hull)
result <- NULL
for( i in 1:n. hull){
idx <- chull(x,y); x.hull <- x[idx]; y.hull <- y[idx]
result <- c(result, list( cbind(x.hull,y.hull) ))
pol ygon(x[idx], y[idx], col=col.hull[i],
Ity=lty.hull[i], Iwd=lwd. hull[i], density=density)
X <- x[-idx]; y <- y[-idx]
if(0 == length(x)) return(result)
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i f(m ssing(main))
title(paste("fraction of points within the smallest polygon:\n"
round( (I ength(x)+l ength(x.hull))/n,4)))
result
} # end of definition of plothulls

115 (examples of pl ot hul | s() 115) =
xy <- faithful; #xy <- cars
#l i brary(apl pack)
par (nfrow=c(2, 3))

# 1. plot

plothul I s(faithful,n.hull=10,1ty. hul | =1)

# 2. plot

pl ot (xy)

pl othul I s(faithful,fraction=.90, add=TRUE, col . hul | ="red", | wd. hul | =3)
# 3. plot

pl ot hul I s(faithful,fraction=.10, col. hull="red", | wd. hul | =3)
# 4. plot

n <- 3

plothul I s(cars, n. hull=n,col.hull=1:n,lty. hull =1: n)

# 5. plot

n < 5

cols <- heat.colors(9)[3:(3+n-1)]
plothulls(cars, n. hull=n,col.hull=cols,|ty.hull=1:n, density=NA col =0)
poi nts(cars, pch=17, cex=1)

# 6. plot

n<- 6

cols <- rai nbow n)

plothulls(cars, n. hull=n,col.hull=cols,|ty.hull=1:n, density=NA col =0)
x<-pl ot hul | s(cars, n. hul | =n, add=TRUE, col . hul I =1, I wd. hul | =2, [ t y=1, col =0)
par (nfrow=c(1, 1))

fraction in smallest polygor fraction in polygon: fraction in polygon:
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g
> = >
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116 (define help of pl ot hul | s 116) =
\ narme{ pl ot hul | s}
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\al i as{pl ot hul | s}
\title{plothulls for data peeling }
\ description{
\code{plothulls plots convex hulls of a bivariate data set.}

}

\ usage{

plothul Il s(x, y, fraction, n.hull =1, main, add = FALSE, col.hull
Ity.hull, Iwd.hull, density =0, ...)

}

\ ar gunent s{
\item{x}{ two colum matrix of the coordinates of points of x-values of a data set}
\item{y}{ if x is one dinensional then y contains the y-values of the data set}
\item{fraction}{ ... of points that lies inside the hull to be plotted}
\item{n.hull}{ nunber of directions sequential hulls to be plotted}
\item{main}{ title for the graphics}
\item{add}{ if TRUE no new plot is initialized}
\item{col.hull}{ color(s) of the hull(s)}
\item{Ity.hull}{ line type(s) of the hull(s)}
\Vitem{Iwd. hull}{ line width(s) of the hull(s)}
\item{density}{ density argument of polygon() that draws the hull s}
\iten{...}{ further argunents used in the call of plot() or points()}

}

\detai | s{

The function \code{plothulls} conputes hulls of a bivariate data set using the
function \code{chull}. After finding a hull the hull naybe plotted

Then the data points of the hull will be renoved and

the hull of the remaining points is conputed

The style of plotting a hull depends on the setting of

\code{col .hull}, \code{lty.hull}, \code{lwd.hull} and \code{density}.

\ code{density=NA} has the effect that the regions of the hulls are filled by a color
Using \code{fraction} you can plot a single hull

\code{n. hul I} defines the nunber of hull that should be drawn one after the other

}

\'val ue{
The hull(s) are stored as a list of matrices with two col ums,
the innernmost first and so on
}
\references{
Green, P.J. (1981): Peeling bivariate data
In: Interpreting Miltivariate Data, V. Barnett (ed.), pp 3-19, Wl ey.

Porzi o, Govanni C., Ragozini, G ancarlo (2000)
Peeling nultvariate data sets: a new approach. Quanderni di Statistica, Vol. 2
}
\author{ Peter WIf }
\ not e{
Version of plothulls: 10/2013 }
\ seeal so{ \code{\Ilink[apl pack] {bagplot}} }
\ exanpl es{
# 10 hulls conputed fromthe faithful data and plotted
plothull s(faithful, n.hull=10, Ity.hull=1)
# plotting additionally a hull with 90 percent of points within the hul
plot(faithful)
plothul I s(faithful, fraction=.90, add=TRUE, col.hull="red", |wd.hull=3)
# hull with 10 percent of points within the hul
plothul I s(faithful, fraction=.10, col.hull="red", |wd.hull=3)
# first 3 hulls of the cars data set
n < 3
plothulls(cars, n.hull=n, col.hull=1:n, Ity.hull=1:n)
# 5 hulls represented by col ored regions
n<-5
cols <- heat.colors(9)[3:(3+n-1)]
plothulls(cars, n.hull=n, col.hull=cols, Ity.hull=1:n, density=NA col =0)
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poi nts(cars, pch=17, cex=1)

# 6 hulls: regions colored and boundaries shown

n<-6

col s <- rai nbow n)

plothulls(cars, n.hull=n, col.hull=cols, Ity.hull=1:n, density=NA col =0)

plothulls(cars, n.hull=n, add=TRUE, col.hull=1, Iwd. hull=2, Ity=1, col =0)
}

Here is the old text of item Value before the improved text of Dietrich Trenkler has been inserted:

The points of the hull(s) are stored in matrices with two columns and the matrices are gathered
in the output object.
(start 85)+ =

(define pl ot hul | s 114)

9 Appendix

9.1 Some further examples — usefull for testing

(define rnorm data dat a, seed: seed, size: n 118) = C 3,4,16,17,119
i T(1exists("seed")) seed<-75 # 267 81 115

set. seed(seed)

#dat a<- mat ri x(sanpl e(1: 10000, si ze=2000) , 1000, 2)
#dat a<- mat ri x(sanpl e( 1: 10000, si ze=300), 50, 2)
if(lexists("n")) n<-100

dat a<- chi nd(rnor m(n) +100, r nor n{ n) +300)

par (nfrow=c(1,1))

(*18)+ =

seed<-222; n<-100

{define rnorm data dat a, seed: seed, size: n 118)

dat an<-r bi nd(dat a, ¢c(106, 294)); par(nfrow=c(1,1))
dat an[, 2] <-dat an[, 2] *100

(define bagpl ot 32)

bagpl ot (dat an, ver bose=TRUE)

(quadratic-test 120) =

(define bagpl ot 32)

dkmethod <- 2; n < 7 #; n < 30

b <- bagpl ot (x=1: n, y=(1:n)~2, ver bose=TRUE, dkmet hod=dknet hod,

show. | oophul | = FALSE)
l'i nes(b$hul | . bag, col ="green", | wd=3)
l'i nes(b$hul I .1 o0op, col ="red")

i nes(b$exp. dk, col ="bl ue", | wd=4)
l'i nes(b$exp. dk. 1, col =" magent a”, | wd=4)

(error 121) =
(define bagpl ot 32)
(data set 1 of Wouter Meuleman 13)
par (nf row=2: 3)
bagpl ot (a[, 2], a[, 3], ver bose=TRUE, debug. pl ot s="al | ", dknet hod=2)
par (nfrow=c(1,1))

(*18)+ =
par (nf row=2: 3)
(define bagpl ot 32)
bagpl ot (x=cos((1: 100)/ 100+ 2*pi ), y=-si n((1: 100)/ 100+ 2*pi ),
preci si on=1, ver bose=TRUE, dkmet hod=2, debug. pl ot ="al I "); "ok"

9.2 Data Sets of AJS
9.2.1 NA/NaN/Inf errors

During the work at her thesis Amanda Joy Shaker (AJS) used a lot of different data sets. Some of them generated situations

with NA /NaN/Inf errors. These data sets can be used for tests.
(define data sets of AJS 123) = C 124,125,126

dat. AJS.NA. 1 <- structure(c(0.700748406122636, 0.782097051744013, 1.19494957848218, 1.47659354666956, 1.22724791287169, 1.00382641917022, 0.983568811815667,

dat.AJS.NA. 2 <- structure(c(l, 2, -2, 2, 4, 6), .Dim= c(3L, 2L))

dat.AJS.NA. 3 <- structure(c(1.21436270375692, 1.55386184789978, 1.32729428163828, 1.47680716244686, 1.72291418554236, 1.90528102063964, 0.998303018606679,

dat.AJS.NA. 4 <- structure(c(0.180068704657341, 0.156415127323711, -0.18231911106215, 0.268752871104897, -0.259677941828763, 0.447044306081937, 0.139654173358102,
dat.AJS.NA. 5 <- structure(c(1.03264386624424, 1.43935200964145, 1.06340967405687, 1.18205321492478, 1.29045381764465, 1.07099564122555, 1.00528855057742, 1.0225907790
dat. AJS.NA. 6 <- structure(c(-1.79145914492076, -1.15875086612266, -1.02145627379982, -0.854737209607734, -2.0630180644543, -1.26431160321251, -0.467161238550217,

dat. AJS.NA. 7 <- structure(c(-1.3684237236938, -1.65516109096198, -1.37767155061742, -2.15270482106296, -2.01673577099271, -1.45717405769748, -1.31497367263747,
dat.AJS.NA. 8 <- structure(c(1.54326030862933, 1.68242734109213, 1.62021301730016, 1.49573128869219, 2.2448544609516, -2.49339265803509, 1.66309449850748, 0.3655547175
dat. AJS.NA 9 <- structure(c(-1.05030572979914, -1.32609971632578, -1.47004504895321, -1.17533756611546, -0.825699561965908, -1.38368827499804, -1.07843553552209,

dat. AJS.NA 10 <- structure(c(-0.257855299240321, 0.241495840089441, 0.151683453816352, -0.00715826699300276, -0.276300525209444, 0.299087905248054, 0.21222362760509,
dat. AJS.NA 11 <- structure(c(-0.279565168686504, 0.491941365497838, -0.173602939876011, -0.19685818172603, -0.534170026008371, -0.190080138935935, 0.504448367630096,
dat.AJS.NA 12 <- structure(c(0.0831725143122457, 0.191529474941752, 0.251507046865818, -0.0192221009951303, -0.0896881582990316, -0.105353605325231, 0.304107284467248
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125

126
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128

-0.991589312444463, -1.

0.392025059314243, 0. 220

-9.66201715251068, -12.3
-12.0331310337032, -9.78
-5.98242652228454, -8.75
-3.00411365069314, -4.01
-1.04086205240606, -1.78

dat. AJS.NA. 13 <- structure(c(-1.20590819190744, -1.22382974805989, -1.58080060817588, -1.28952446673604, -1.20767921371048, -1.53188318008957,

dat. AJS.NA 14 <- structure(c(0.160318166551109, 0.263218455998661, -0.138069776534857, 0.0252208468543689, 0.277932015874982, 0.0136710656708733, 0.000647962159711579,
dat. AJS.NA 15 <- structure(c(1.24249286106101, 1.35303446092109, 1.2529486837982, 1.13531325855934, 0.619887008265003, 1.2940460006555, 2.34074761919455, 1.4542155094
dat. AJS.NA 16 <- structure(c(-0.460755058165587, 0.8172066720615, 0.666905150541366, 0.456814047248765, 0.142898941396717, 0.580196552111308,

dat. AJS.NA 17 <- structure(c(1.36577751048761, 1.84110637374626, 1.46273044580332, 0.890603292480744, 1.00380665882013, 2.11373708423167, 1.98538481298915, 0.83977234
dat. AJS. NA 18 <- structure(c(0.820055739423539, 0.825044475185051, 1.12973 4, 1.16326332610937, 1.89013571843305, 2.41249951079619, 0.745546924669453, 0.998440
dat. AJS.NA. 19 <- structure(c(-2.274721736105, -2.31360040700328, -1.0228510082017, -1.99059049801102, -1.31737496414061, -1.63644528759106, -0.862315543463694, 0.7026
dat. AJS. NA. 20 <- structure(c(2.24578438678207, 1.07306586553063, 0.781878198073328, 2.15808651855139, 1.26756253939963, 1.01232594432679, 1.25772827124044, 1.15596430
dat. AJS.NA 21 <- structure(c(0.997158538921801, 2.58062932297289, 0.614863866430638, 2.55548896378729, 0.806425741060454, 0.662335146824545, 2.22967678970452, 1.43557
dat. AJS. NA 22 <- structure(c(-13.088254941555, -10.5800843933805, -8.57828767593912, -11.5248721239085, -8.91249596585892, -10.4305909452994,

dat. AJS. NA. 23 <- structure(c(-13.7879657469664, -15.1422601555544, -10.5183697346654, -7.10147218821867, -11.377301968002, -9.91384432411673,

dat. AJS.NA. 24 <- structure(c(-5.15758611039991, -4.95032693793226, -5.5575052975057, -4.71606152028894, -4.62746507630567, -5.20432300389483,

dat. AJS.NA 25 <- structure(c(-4.15942747285471, -4.99475833541678, -2.72104114362262, -3.4351147069493, -3.96812138733031, -3.70752204695723,

dat. AJS.NA 26 <- structure(c(-2.18662147519799, -2.7505614660519, -1.60754752457797, -2.26027306824472, -2.38650537221318, -2.07568459110461,

At first the bagplot function could not deal with data sets consisting only of three points (dat 2). Data set 17 runs in an
NA/NaN/Inf error because after removing some artificual points during construction wrong slopes were used. Data sets
with numbers 24, 22, 19, 15, 11 showed a wrong cent er . hul | . Data sets 4, 5, 9, 10, 12, 13, 14 are near one dimensional
and they produce figures similar to a boxplot.
(test of amanda-data-sets 124) =
(define data sets of A]S 123)
(define bagpl ot 32)
par (nfrow=c(4,5))
for(nr in c(1,3,6,7,8,11, 15,16, 17: 26)){
dat.nane <- paste("dat.AJS.NA ", nr,sep="")
dat <- eval (parse(text=dat.nane))
try({bagpl ot (dat, xl ab="", yl ab="", mai n=dat . nane) })

Other errors of these data sets occured by very small data sets or one dimensional cases.
(test of amanda-data-sets 124)+ =
(define data sets of AJS 123)
(define bagpl ot 32)
par (nfrow=c(3, 3))
for(nr in c(2,4,5,9,10,12,13,14)){
dat . nane <- paste("dat.AJS.NA. ", nr, sep="
dat <- eval (parse(text=dat.nane))
try({bagpl ot (dat, xl ab="", yl ab="", mai n=dat . nane) })

")

(a verbose test with AJS data no 26 126) =
(define data sets of AJS 123)
(define bagpl ot 32)
par (nfrow=c(2, 3))
nr <- 26; dat.name <- paste("dat.AJS.NA ", nr,sep="")
dat <- eval (parse(text=dat.nane))
try({bagpl ot (dat, debug. pl ots="al | ", verbose=! TRUE, nai n=dat. nane)})

9.2.2 Vanishing center polygons

Errors concerning vanishing center polygons. Data sets have been proposed by AJS.

To simplify the extraction of the data from a text representation we use the following function:
(define function get . AJS. dat a() 127) = C 128,129, 134, 135, 137, 138,139, 140, 141, 142, 143
get.AJS. data <- function(a){
a <- gsub("RMB.T[0-9]*","",a); a <- gsub("["0-9.-]"," ",a)
a <- gsub(" +"," ",a); a <- gsub("~ ","",a); a <- gsub(" $","",a)
a
a

<- gsub(" ",",",a); a <- paste("dat <- c(",a,")",sep="")
<- eval (parse(text=a)); matrix(a,ncol =2, byrow=2)

}

_mm

dat.name <- paste("dat.AJS.cen." nr,sep="")

(*18)+ =
(define function get . AJS. dat a() 127)
#Original data that causes the error (Bagploterror51)
# Dirl Dir2
a<-"RMB. T2 -0.3216039446622190323133 - 0. 5088442253636682455209
RVB. T6 -0.3189769467668709390651 -0.4593876621644119584431
RVB. T7 -0.3285935044091578549619 -0.5239886751320974589419
RVB. T8 -0.2559059546946075291984 -0.5992055256395006912484
RVB. T5 -0.2957622695531119672019 - 0. 5366769866153198176306
RVB. T3 - 0.2574085563863388603778 -0.5202555871190320813113
RVB. T10 -0.2851383909737250643701 - 0. 5473508555970837408111
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RMVB. T11 -0.3192201201256392173455 -0. 5514560438800543140658"
dat. AJS.cen. 51 <- get.AJS.data(a)

# Data after it has been saved and inported back into R they no |onger causes bagplot errors
# \%8 V2

a<-"

-0.3216039446622189768021 -0.5088442253636680234763

-0.3189769467668709945762 - 0. 4593876621644120139543

-0.3285935044091580214953 - 0. 5239886751320970148527

-0.2559059546946079732876 - 0.5992055256395010243153

-0.2957622695531120227130 - 0. 5366769866153200396752

-0.2574085563863390269113 -0.5202555871190319702890

-0.2851383909737250088590 -0.5473508555970839628557

-0.3192201201256389953009 - 0. 5514560438800539809989

dat. AJS. cen. 5la <- get.AJS.data(a)

# Bagploterror52 (original data)

a<-"

RMVB. T2 -0.5653783183505530773871 -0.08581631422484529980732
RVB. T6 -0.4965104573284281896939 .10281100056188693936399
RVB. T7 -0.4054359073563830184739 -0.11267357439288212817008
RVB. T8 -0.5193619418570573076366 .01898260123444787950131
RVB. T5 -0.3986393540789945899583 -0.05626916023751998147118
RVB. T3 -0.4759403757463211426249 -0.02666424121033471664188
RMVB. T10 - 0. 4440413505805637095492 . 00682853468109060734309
RMVB. T11 -0.5316323986960421743575 -0.08844450490794002195383

cooo

=}

dat . AJS. cen. 52 <- get.AJS. data(a)
#Bagpl oterror53 (original data)
# Dirl Dir2
a<-"
RVB. T2 -0.4584929840556748459335 -0.4181620733398946354598
RVB. T6 -0.4806368903226097555326 -0.3670104855925014897267
RVB. T7 -0.4990824552495897736826 -0.3859610888430542452454
RVB. T8 -0.4225857340800127093239 -0.4779159058790974357045
RVB. T5 -0.4759390192662101282117 -0.4045462910525126631889
RVB. T3 -0.4258465780390215393858 -0.3675420112969287611548
RVB. T10 -0.4791654818900950574267 - 0. 4475245142534178266480
RVB. T11 -0.5025219139233927378996 -0.4142742860227112688953

dat. AJS. cen. 53 <- get.AJS. data(a)

par (nfrow=c(2,2))

{define bagpl ot 32)

bagpl ot (dat . AJS. cen. 51, mai n="dat . AJS. cen. 51")
bagpl ot (dat . AJS. cen. i n="
bagpl ot (dat . AJS. cen.
bagpl ot (dat . AJS. cen. 53, mai n="dat . AJS. cen. 53")

9.2.3 chul |l problem

The data from "12.10.2012 05:25" show some strange behavior due to computational problems. On 64 bit machines there
are situations (using R 2.10.1 as well as on MacLion systems with newer R versions) showing numerical problems of the
chul | () procedure. This problems resulted in an incorrect order of the points of the returned hull. The problems could
be solved by a chul | function that used some jittering of the input data.
(define data set with chull problem 129) = C 133

(define function get . AJS. dat a() 127)

# former name: sensitivl
dat.AJS. chul | . 1<-"

0.488588355, 0.4788661146, 0.470541460, 0.4755196116, 0.540839656, 0.3452228415, 0.543894166, 0.2321341635,
0.334708444, 0.2329099471, 0.310019325, 0.2738524661, 0.472109253, 0.3495264831, 0.470475506, 0.4563289060,
0.239453165, 0.3450766932, 0.407620177, 0.2770376896, 0.405310593, 0.3564185094, 0.426707657, 0.2959932986,
0. 474084923, 0.0631711688, 0.518166032, -0.0208338748, 0.389197562, 0.3093495788, 0.386880009, 0.3639057016,
0.425945405, -0.0809788937, 0.397119599, 0.0008433205, 0.438148342, 0.2093625146, 0.328455105, 0.2751572311,
0.461878996, 0.0668381157, 0.414704143, 0.0072959685, 0.432113535, 0.1879563919, 0.395729535, 0.1531312207,
0.333457931, 0.1964919005, 0.401687453, 0.0946544297, 0.400877654, 0.1471504997, 0.464775289, 0.2009438452,
0.549797862, 0.1277673373, 0.381226770, 0.2668278562, 0.550015218, 0.0668506110, 0.477237805, 0.0740817598,
0.458555746, 0.0775954771, 0.528883119, 0.0948835096, 0.486477230, 0.1845105884, 0.418608439, 0.0991275028,
0.431439496, -0.0954497603, 0.410785196, -0.1345022514, 0.395787730, 0.1228479500, 0.469339289, 0.1508086005,
0.503063303, 0.1850048726, 0.573604375, 0.3706804547, 0.539558323, 0.4411575294, 0.457817697, 0.4406435958,
0.389985667, 0.1327410145, 0.395020633, 0.1097348779, 0.439170368, 0.4193358276, 0.121591061, 0.4339624810,
0. 335464949, 0.2473185283, 0.351423426, 0.2246070027, 0.506942440, 0.2389513899, 0.416466941, 0.2150341745,
0. 445740068, 0.2102291025, 0.466276802, 0.0843550997, 0.487222847, 0.3058908093, 0.469796584, 0.3957596935,
0.377076327, 0.1589928857, 0.453156085, 0.1215739645, 0.487773276, 0.3732129409, 0.440684358, 0.4203934197,
0.408433299, -0.1617784087, 0.384397653, -0.0260943984, 0.328457468, 0.1822356067, 0.331533173, 0.2324971255,
0.476101470, 0.2588617367, 0.433777557, 0.2836051641, 0.393777809, -0.1773367157, 0.375883187, -0.0702600981,
0.495420045, 0.3007244720, 0.504617623, 0.2888109972, 0.431188119, 0.0947638338, 0.340934937, 0.1330004897,
0.420439561, 0.0483710223, 0.370461663, 0.0278395062, 0.441039662, 0.2107990385, 0.419965287, 0.2825255013,
0.439766224, 0.2778765905, 0.464379420, 0.3177810056, 0.276301115, -0.1202481539, 0.298233219, -0.0295892006,
0.395396220, -0.1763108102, 0.347408037, -0.0847462807, 0.339337876, -0.0694771178, 0.414951665, -0.0048018001,
0.459726406, 0.2059963736, 0.499616132, 0.1056579095, 0.440375533, 0.0351919354, 0.482810983, 0.1113721218,
0.432128546, 0.2362745203, 0.490179090, 0.2595651429, 0.478780067, 0.2343187346, 0.464693584, 0.2229943353,
0.391961926, 0.1504157125, 0.415383010, 0.2261420094, 0.460120520, 0.2819996100, 0.419861026, 0.1560055650,
0. 439423034, 0.3700449651, 0.480516957, 0.2949836759, 0.437066927, 0.1593231841, 0.476421460, 0.1429883832,
0.271264449, -0.0995625736, 0.353000692, -0.1304770232, 0.357545439, 0.1943493893, 0.457257215, -0.0176474562,
0.427548344, -0.0231445876, 0.432522398, 0.1517096819, 0.451225294, 0.1502057497, 0.361329739, 0.1264532926,
0.435214532, 0.1010238420, 0.470582949, 0.1851516685, 0.437463975, 0.2533124438, 0.417048013, 0.3303409805,
0.384538442, -0.1572839601, 0.371303473, -0.1093184580, 0.421293546, 0.1425996465, 0.495727796, 0.0404091001,
0.302936071, -0.2205527851, 0.279745580, -0.2667278459, 0.248452778, 0.1373261412, 0.281694737, 0.0036316128,
0.475994216, 0.3916927014, 0.401989717, 0.0723050968, 0.503976003, 0.2849699244, 0.462111313, 0.1864648537,
0.451977235, 0.3730726001, 0.484357984, 0.1001568997, 0.470939953, 0.2808115329, 0.359385679, 0.2325216403,
0.494904270, 0.0783018081, 0.459803689, -0.0437143636, 0.439798527, -0.0089031661, 0.491112867, 0.3022055065,
0.418731981, 0.1857299860, 0.390291752, 0.3154725004, 0.399472537, 0.0498061800, 0.454767812, 0.3038274596,
0.435419817, 0.1737104118, 0.445882290, 0.3164461434, 0.458978707, 0.1518294804, 0.335919123, 0.0824141186,
0. 412775582, 0.3319219809, 0.471062889, 0.2155976166, 0.400704784, 0.1395017856, 0.374875509, 0.2793858787,

-0.138096988, 0.1904736671, 0.280579335, 0.1983484280, 0.420128402, 0.2619921934, 0.454072497, 0.3034271682,

0.395793576, 0.0050705166, 0.365257809, -0.0272525317, 0.484044950, 0.3570199113, 0.370868043, 0.1093188543,
0.461285268, 0.2632532003, 0.350116296, 0.0184022352, 0.368931907, 0.2208158238, 0.531850140, 0.2198341291,
0.416720210, 0.1982638678, 0.414312034, -0.0859862833, 0.438835285, 0.0510980754, 0.398296976, 0.0872646406,
0.306207783, -0.0149382671, 0.469371414, 0.1709586638, 0.415926279, 0.1801283181, 0.385563049, 0.2280534621,
0.445041509, 0.1062464264, 0.450434171, 0.1659846969, 0.105995009, 0.2547933195, 0.401549400, -0.0054054975,
0.068326754, 0.1883474596, 0.428085276, 0.1259003630, 0.386667519, 0.2788522754, 0.364941811, 0.1939269163,
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0.388007330, 0.2488991171, 0.313310938, -0.2703923641, 0.352913354,
0. 431455476, 0.3508598056, 0.432434083, 0.1242010665, 0.428347577,
0.438723171, 0.4033360370, 0.375784983, 0.1732615065, 0.519498731,
0.490173805, 0.3545576781, 0.504040802, 0.2314755193, 0.465547217,
0.487052697, 0.0902093812, 0.429959415, 0.0480855954, 0.437206119, -
0.405168014, 0.1902292618, 0.464521889, 0.2275828903, 0.396088688,
0. 464586609, 0.2507695841, 0.483560544, 0.2672001335, 0.373528072,
0. 495812155, 0.2023598468, 0.436919679, 0.1396848934, 0. 420938210,
-0.008673143, 0.4936967464, 0.498878462, -0.0429958219, 0.440685091,
0.341760660, 0.0975451159, 0.351905442, 0.0467315695, 0.510702253,
0.387779601, 0.1468151850, 0.363116992, -0.0182525890, 0.463043764,
0.351764496, 0.1236883913, 0.378846594, -0.2068502412, 0.506541313,
0.197055593, 0.0611038043, 0.369159816, 0.1978663678, 0.437002216,
0.378026956, 0.1140428654, 0.501398826, 0.1154449124, 0.401387838,
0.463515049, 0.0876374263, 0.404737777, 0.2917370814, 0.401168387,
0.353763986, 0.2162801483, 0.356734605, -0.2663552210, 0.342808121,
0. 475349726, 0.3478269079, 0.512681955, 0.1740650182, 0.388882734, -
dat. AJS. chul | . 2<-*
0. 488565925, 0.4788830230,
0.470518883, 0.4755379903, 0.540821319, 0.3452584613, 0.543880329,
0.310005378, 0.2738714765, 0.472091750, 0.3495517610, 0.470453134,
0. 407605742, 0.2770631607, 0.405297910, 0.3564038970, 0.426698947,
0.518165669, -0.0208026310, 0.389182699, 0.3093662369, 0.386863379,
0.397113988, 0.0008999279, 0.438144516, 0.2093360858, 0.328446752,
0.414702341, 0.0073236107, 0.432106261, 0.1879619489, 0.395722604,
0.401681094, 0.0946842860, 0.400866278, 0.1471984008, 0.464762400,
0.381209640, 0.2668751891, 0.550009153, 0.0668940683, 0.477231633,
0.528876578, 0.0949198625, 0.486467492, 0.1845373490, 0.418601288,
0.410791285, -0.1344827904, 0.395781200, 0.1228690810, 0.469332443,
0.573583529, 0.3707267483, 0.539540161, 0.4411587741, 0.457799411,
0.395014994, 0.1097540691, 0.439149132, 0.4193625992, 0.121568356,
0.351411589, 0.2246294927, 0.506931531, 0.2389686803, 0.416453891,
0.466270713, 0.0843892346, 0.487207646, 0.3059151603, 0.469777318,
0.453149791, 0.1215962092, 0.487757526, 0.3732180676, 0.440667092,
0.384406713, -0.0261348064, 0.328457377, 0.1821870524, 0.331531072,
0. 433767577, 0.2835973313, 0.393793742, -0.1773741682, 0.375897238, -
0.504610945, 0.2887805058, 0.431192387, 0.0947182527, 0.340937434,
0.370470482, 0.0277816649, 0.441037167, 0.2107626360, 0.419959108,
0.464372875, 0.3177378989, 0.276309247, -0.1202539042, 0.298239822, -
0.347422594, -0.0848076458, 0.339350477, -0.0695299709, 0.414959369, -
0. 499622833, 0.1055938656, 0.440380491, 0.0351622932, 0.482813054,
0.490176417, 0.2595152506, 0.478778121, 0.2342718275, 0.464692712,
0.415382189, 0.2260871924, 0.460109318, 0.2820022326, 0.419856323,
0.480511783, 0.2949392124, 0.437066976, 0.1592860167, 0.476422133,
0.353014229, -0.1305150420, 0.357543713, 0.1943096579, 0.457267580, -
0. 432525050, 0.1516561842, 0.451225649, 0.1501701068, 0.361330739,
0.470581163, 0.1851202194, 0.437460031, 0.2532716932, 0.417040532,
0.371318093, -0.1093708134, 0.421298482, 0.1425323555, 0.495736478,
0.279767951, -0.2667856264, 0.248455667, 0.1372682707, 0.281703006,
0.401985224, 0.0723292124, 0.503963566, 0.2849822455, 0.462099159,
0.484354627, 0.1001666315, 0.470928061, 0.2808199926, 0.359374566,
0. 459811455, -0.0437362500, 0.439796407, -0.0088666045, 0.491099424,
0.390276222, 0.3154919032, 0.399469456, 0.0498277648, 0.454754097,
0. 445867263, 0.3164638891, 0.458967530, 0.1518767404, 0.335919344,
0.471049431, 0.2156398459, 0.400699273, 0.1395100302, 0.374861658,
0.280570722, 0.1983537837, 0.420120277, 0.2619778732, 0.454057069,
0. 365260425, -0.0272468779, 0.484034991, 0.3569887088, 0.370863417,
0.350125223, 0.0183460251, 0.368930135, 0.2207677738, 0.531849230,
0.414321880, -0.0860104879, 0.438841302, 0.0510552491, 0.398298536,
0.469373834, 0.1709017285, 0.415929594, 0.1800595546, 0.385559535,
0. 450436609, 0.1659285617, 0.105991452, 0.2547355455, 0.401561850, -
0.428084182, 0.1258825829, 0.386663185, 0.2788034267, 0.364941456,
0.313331553, -0.2704348401, 0.352922806, 0.0215689704, 0.448430163, -
0.432438166, 0.1241467239, 0.428358234, 0.0088965389, 0.451061147,
0.375774923, 0.1732898787, 0.519488312, 0.2018627370, 0.440325400,
0.504032360, 0.2314774746, 0.465533674, 0.3347213235, 0.351902301,
0. 429961565, 0.0480713261, 0.437203684, -0.0127309372, 0.469321808,
0.464512601, 0.2275906537, 0.396079699, 0.1754275458, 0.441935381,
0. 483547025, 0.2672255285, 0.373521032, 0.0323174729, 0.350304993,
0.436908707, 0.1397339520, 0.420933304, 0.1287640020, 0.333577474,
0.498882187, -0.0429872111, 0.440681194, 0.2022239918, 0.419736249,
0.351905803, 0.0467274302, 0.510698280, 0.2368967597, 0.319367930,
0.363127252, -0.0183052364, 0.463043825, 0.1998336427, 0.485445196,
0.378860874, -0.2068662282, 0.506548976, 0.0257762531, 0.462348947,
0.369159733, 0.1978140552, 0.437006678, 0.1782706082, 0.353860893,
0.501403770, 0.1153902428, 0.401394224, 0.0588935729, 0.275594490,
0. 404729147, 0.2917155155, 0.401167106, 0.2525394059, 0.429061979,
0. 356755336, -0.2663981227, 0.342817447, 0.0406485442, 0.405826288, -
0.512683744, 0.1740133571, 0.388901598, -0.1687308737, 0.416404997,
par (nfrow=c(2,1))

(define bagpl ot 32)

dat.AJS.chull.1 <- get.AJS.data(dat.AJS.chull.1)
dat.AJS.chull.2 <- get.AJS.data(dat.AJS.chull.?2)
bagpl ot (dat. AJS. chul | . 1, mai n="dat . AJS. chul | . 1)
poi nts(dat . AJS. chul | . 2, col
bagpl ot (dat. AJS. chul | . 2, mai n="

poi nts(dat. AJS. chul | . 1, col ="green")
sunmmary(dat.AJS. chul | . 1-dat. AJS. chul | . 2)

.2")

A time consuming analysis showed that on 64 bit machines chull will not work correct in some rare data situations. Here

is an example:

(Example where chull gives bad results 130) =

# extracted from bagpl ot constrution of data set [[dat.AJS.chull.2]]
# hull <- hull.bag[chull (hull.bag[1:5,1], hull.bag[1:5,2]),]

# print(HL <- H<-hull.bag[c(1:5),]);

options(digits=22)

# DATA

HH<- struct ure(c(0. 490158077, 0.484515879715913, 0. 466198439833506,

0. 484154626783293, 0.46323687483959, 0.244633264125914, 0. 142239809910196,
0.0631969378331613, 0.140680941993944, 0.0504172806067828), .Di m = c(5L,
2L), .Dimmames = list(c(", "*, "", "", ""), NULL))

HHdel ta < structure(c(0, 4.44089209850063e-16, 1.11022302462516e- 16,
1.11022302462516e- 16, - 2. 77555756156289¢- 16, - 2. 4980018054066e- 16,
-1.38777878078145e- 16, 2.77555756156289%e-17, -1.38777878078145e- 16,
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coooeooooo

coooooee

COOOO0O0000000000000000OOOOOO00000000

0917665640,
1955492468,
1348062337,
3282052014,
2619805975,
2202335286,
0555681148,
0. 1964314573,
1800348923,
0144631138,
2410686817,
0841345518,
1619696742,
0233760805,
1795592816,
1289238452,
0422744471"

2329343592,
3450803439,
0632119082,
0809216837,
0668544126,
1965294921,
1278160114,
0776261287,
0954361392,
1850646603,
1327572440,
2473479868,
2102598983,
1590144819,
1618030914,
2588599612,
3006890687,
0483223700,
2778222224,
1763745880,
2059384489,
2362151044,
1503685476,
3699970204,
0995991441,
0231909552,
1009900092,
1573336823,
2206251139,
3917064509,
3730857222,
0783343357,
1857572104,
1737382460,
3319087519,

0.1904884369,

COOOOOOOOL0000

0050987952,
2632357520,
1982293252,
0149914778,
1061824345,
1882970253,
2488389434,
3508000866,
4033386057,
3545691684,
0902528398,
1902570513,
2507926309,
2023701918,

0. 4936956907,

0216299592, 0.448419498,
0089587276, 0.451061960,
2018356726, 0.440336331,
3347197651, 0.351917086,
0127709904, 0. 469334595,
1754067895, 0.441944151,
0322623727, 0.350304411,
0. 1287555760, 0.333588506,
2022473549, 0.419744785,
2369286285, 0.319368430,
1998838022, 0.485449316,
0258194329, 0. 462346785,
1783461539, 0. 353863511,
0589433175, 0.275583568,
2526006111, 0.429059789,
0407156242, 0.405815773,
1686691003, 0.416400594,
2321764386, 0.334695847,
4563524148, 0.239437539,
2959717498, 0.474078975,
3639162011, 0.425943787,
2751362229, 0.461876192,
1531447993, 0. 333445239,
2009867588, 0.549788161,
0741204860, 0.458550419,
0991622310, 0.431444647,
1508254156, 0.503049055,
4406425283, 0.389979310,
4339816581, 0.335450967,
2150714007, 0. 445728307,
3957816522, 0.377067897,
4203912650, 0.408446801,
2324458686, 0.476092076,
0703216254, 0.495413425,
1329507636, 0.420446411,
2824900724, 0.439763007,
0296142651, 0.395415765,
0048385120, 0.459727233,
1113387918, 0.432127974,
2229430093, 0.391963529,
1560030889, 0.439414519,
1429539738, 0.271275838,
0176971730, 0.427558337,
1264174670, 0.435216894,
3302983395, 0. 384555065,
0403531005, 0. 302958385,
0035824033, 0.475976319,
1865073529, 0.451960177,
2325365032, 0.494898857,
3022186063, 0.418721732,
3038404628, 0.435410153,
0823980295, 0.412763921,
2794049727, - 0. 138108934,
3034526292, 0.395791685,
1093298911, 0.461277753,
2197869496, 0.416717917,
0872398038, 0.306217635,
2280161638, 0.445047862,
0054767733, 0.068325138,
1938777481, 0.388006007,
0917932667, 0.431449465,
1955063904, 0. 438706054,
1348568173, 0.490158077,
3282132558, 0.487045154,
2620019309, 0.405157393,
2202391505, 0.464574093,
0555592694, 0.495803894,
1964571050, - 0. 008696645,
1800517691, 0. 341754056,
0144749590, 0.387776486,
2410354073, 0.351766303,
0841091086, 0.197060382,
1619473817, 0.378029585,
0233006882, 0.463520128,
1794993730, 0. 353765868,
1289384243, 0.475344946,
0422453698"

OCLoo0o00

0975732594,
1468031004,
1236472952,
0610563781,
1140002595,
0875897916,
2162066871,
3477611726,



131

132

133

-2.77555756156289€e- 17 ), .Dim=c(5L, 2L),

.Dimanes = list(c("", "", "", "", ""), NULL) )
dat. AJS.chull.2a <- H<- HH + HHdel ta

print(H

print(diff(H,2])/diff(H,1]))

# PROBLEM

pl ot (H type="n", xl i mrc(0. 46, 0. 49),)

poi nts(H, 1] - 0. 0015, H , 2], pch=as. character(1:5))
no <- grDevices::chull (H,1],H,2])

hull <= Hno,]

poi nts(hul |, type="b", pch=LETTERS, col ="red")
print(no)

# SOLUTI ON experi nent al

HK <- H+1E-10*sin(H+(1:1ength(H)))

no <- grDevices::chull (HK[, 1], HK[, 2])

hull <- Hno,]

points(hul I [, 1]-0.0005, hul I [, 2], type="b", pch=l etters, col ="bl ue")

print(no)
Output of 64 bits R:

[.1] [.2]
0.4901580770000000 0.24463326412591374
0.4845158797159134 0. 14223980991019586
0.4661984398335061 0.06319693783316133
0.4841546267832931 0. 14068094199394385
0.4632368748395897 0.05041728060678277

18. 147797579590311 4.315170274037586 4.315170274037585 4.315170274037590

[1] 23451
[1] 251

Output 32 bits R

[.1] [.2]
.4901580770000000253361 0. 24463326412591374081629
. 4845158797159134222987 0. 14223980991019585795598
.4661984398335061174912 0. 06319693783316132629224
. 4841546267832931293995 0. 14068094199394384768986
. 4632368748395896962400 0. 05041728060678277167916

[eNeoNoNoNe]

18. 147797579590310590447 4.315170274037585684823 4.315170274037584796645

4.315170274037590125715
[1] 2451
[1] 2 51

The result of chul | should be the indices of points in a clockwise order. To check this condition we propose here a short
algorithm. We build triangles consisting of the gravity center point and the end points of the segments of the polygons
and check the senses of rotation of these triangles. For the check of a triangle we construct an orthogonal vector to a side

of the triangle and multiply this with the vector of a segment of the polynom.
(check clockwise condition of polygon 131) = C 133,136
check. sense. of .rotation <- function(pg, debug=FALSE){
# find segments of pol ygon
Xy <- rbind(pg, pg[1,]); xy <- cbind(diff(xy[,1]),diff(xy[,2]))
# center of gravity nmust be within the polygon
S <- col Means(pg)
# conpute |ine segments fromsS to pol ygon points
S.pg <- cbind(pgl,1] - S[1]. pg[.2] - S[2])
# conpute orthogonal vector to S.pg
S.pg.ortho <- ¢(S.pg[.2]. -S.pg[.1])
# check sign of products of S.pg.ortho and segnents of pol ygon
product <- sign(rowSuns(S. pg.ortho * xy))
i f (debug) print(product)
result <- "undefined"

if(all(product == 1)) result <- "clockw se"
if(all(product == -1)) result <- "counterclockw se"
result

# check. sense. of .rotation(H5:1,])
# check. sense. of .rotation(rbind(0,c(1,0),1))

By a little modification of chull the bagplot function has not to be touched:
(define another chull function 132) =  C 133,136
chull <- function(x, y){ # 121018
x <- x + (diff(range(x))*1E-10)+*sin(x+(1:1ength(x)))
y <- y + (diff(range(y))+*1E-10)*sin(y+(1:1ength(y)))
grDevices::chul | (x,y)
}

In the experiment
(define experiment to check chull error and solution 133) =
(define another chull function 132)
(define bagpl ot 32)
(check clockwise condition of polygon 131)
(define data set with chull problem 129)
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check.sen <- function(){
par (nfrow=c(2,2))
bagpl ot (dat. AJS. chul I . 1, mai n="dat . AJS. chul | . 1")
poi nts(dat. AJS. chul | . 2, col ="green")
S2 <- bagpl ot (dat.AJS. chul | . 2, mai n="dat . AJS. chul | . 2")
cat ("\ncheck of bag:", check.sense.of.rotation(S2$hull.bag),
poi nts(dat. AJS. chul | .1, col ="green")
summar y(dat. AJS. chul | . 1-dat. AJS. chul | . 2)
(define another chull function 132)
assign(“chul |*, chull, env=. d obal Env)
bagpl ot (dat. AJS. chul | . 1, mai n="dat . AJS.chul | .1 / new chul | ")
ro("chull", chull, env=.d obal Env)
poi nts(dat. AJS. chul | . 2, col ="green")
S2new <- bagpl ot (dat. AJS. chul | . 2, mai n="dat . AJS. chul | .2 / new chul | ")
cat("\ncheck of bag:", check.sense.of.rotation(S2newshul | .bag),"\n")
poi nts(dat. AJS. chul | . 1, col ="green")
summar y(dat . AJS. chul | . 1-dat. AJS. chul | . 2)
} # check. sen()
dunp( c("bagplot", "check.sen",
"check. sense. of . rotation",
file="check.sen")

"\n")

"conput e. bagpl ot", "dat.AJS.chull.1",
“dat.AJS.chull.2", "plot.bagplot” ),

To start the experiment you have to source the file check. sen into R and afterwards you have to call function check. sen() .
Maybe you have to open / to close a graphics device.

9.2.4 Missing Fence on 64 Bit Machines

134

Amanda’s data set of 290ct2012: missing fence — A 134) = C 136, 144
8
(define function get . AJS. dat a() 127)
a<-" [1 [2]

-0.85542065713103743185286, 2.15115941176330727202526, - 1. 19208671093331264323467, 3.66774452282849505735385,
-0.44332994411219656116785, -0.21317176141080321216670, - 0. 95322582716228854149421, -0.79758373937012050358675,
-0.85479663725104515492603, 3.61175712324778164230565, - 0. 91268445485646854109518, 1.27949971450243737969288,
-1.02972242035120897796219, 2.62634358700534376040991, - 1. 06578451786594574635103, 2.40797744493886467509469,
-0.99462129329400283950235, 2.19461204176771085272435, - 0. 93615304864389947692160, 3.98785902813514248066440,
-0.87633319305915147179320, - 0. 82248044322106939052475, - 0. 91160849529685894498954, 0.71255600189825929469123,
-0.71553767273962853856517, -1.12608254028895471421379, - 1. 00089398608643542765151, - 1.40287959852118815362587,
-0.89148998709359150716125, 1.46870994188889447684687, - 0. 36605692591031580018779, 4.16028792021881255180915,
-0.68595089215973226171030, -1.85146061828132202364827, - 0. 87627174984264033508197, - 1.92221969981974849517314,
-1.14052717980054918456290, 1.33595462421871857827682, - 0. 88833580137564149836749, 0.96457122750992818627225,
-0.81932857201586739570587, - 1.65177120947502698022902, - 0. 86658855088213104789219, 0. 40855433537343288641353,
-0.73673765728454276846549, -0.49773687235231595105134, - 0. 88554141220049753524535, 0.86994647442387196267788,
-0.79360884407707521503994, 1.33197723079977392579565, - 0. 75110297829525662915984, - 1. 86429685214754492506017,
-0.88603320865447221521549, 2.16300940412966724579746, - 0. 92084115961151147278230, 2.42777488875512670318813,
-0.97846852292064179223985, -0.86081425133438205232750, - 0. 80200388417651757855253, 3. 35789826563776561130226,
-0.82818022245386291313451, -1.41081320281005262451401, - 0. 97780624886553446639681, - 1.96803970412010875712383,
-0.84138941333961292379229, -0.85419759131321548739635, - 1. 11248185778216912567018, - 1.75047269918798797938564,
-0.90861092700168644142877, -0.03154563313117414447007, -0.91222915501874812793659, -0.16875175646029058618147,
-0.74125339243012500212160, -1.50712552710574421155343, - 0. 92081087305956699218257, - 2. 34957445097489436847127,
-0.89265368839120595723102, - 1.58682233425998275855306, - 0. 64533249051768459825240, - 0.63951970842675454065329,
-0.73960699012255393114401, 3.08052358043773111262453, - 0. 27640299765590881087007, 0.97581793030082419893034,
-0.73298122428301526465333, -1.13714950165858486030857, - 0. 79623011220256745268387, 2.63666014221451439070165,
-1.00835243230316029539040, - 1.40945339148407344787017, - 0. 87478918062834831737007, 1.24675696471899977169073,
-0.93946891162959234033991, -2.23575887285715113605988, - 1. 04113028341499225248867, -0.43332693763433755007597,
-0.76258441597715431736759, 3.69076400280236782691645, - 0. 57836809658018817348335, 0.58236063011682748236097,
-0.69977456904717649788239, -0.42784078420383764296275, - 0. 93790621478827507218057, - 1. 23938814395473317908625,
-0.88101264064400186537540, 1. 04036456759652584658227, - 0. 89565716239652615193734, - 1. 15213899494298299686079,
-0.88073661348396981018993, -0.46336430056633926000131, - 0. 83354137703608410792100, -0.27105160655942905911786,
-0.89622502713265317364488, -0.12507798123440422299879, - 1. 12563752613271184088717, -1.62167285494578172766467,
-0.65403324811386631676413, -0.25083729123204911992673, - 0. 79141996681884174691390, - 1. 75375362795426292805701,
-0.81342494079997351708045, -0.56944822640215031483990, - 0. 63545464068483314967750, - 1.05479489085510191870299,
-0.96718903796691368945915, 0.98194230723463771237647, - 0. 71173633102162658925494, 0.08662285463906345406304,
-0.91242534533703412158445, - 1.39957483199717036548293, - 1. 09725750173244129825889, 3.97178173324818706291239,
-1.21052268010369701300988, - 1.48751954527648222459391, - 0. 81908108031154047701250, -1.27198362461345637619559,
-1.14606306248618672327666, -0.44462239094451466714375, - 0. 83951662234607338231029, 1.97383080095296681299999,
-0.69281568011474070623024, -1.08739186954697086839872, - 0. 92702765377606477503747, - 1.90638933837394408676857,
-1.08475990524972520923086, 0.54083768868734993784386, - 0. 74804814036824185397023, - 1. 42725217807927129420875,
-0.78518151235595234904707, -1.99728512981022721106683, - 0. 86017213803678183037249, - 1.73152747779483395795808,
-0.99670662779066943048889, 2.16261737623493743853942, - 1. 00403022304053246571698, 0. 24256266822290292739517,
-1.01467821900339827401183, -2.07116594995068092899260, - 1. 00247798450164249395300, -0.14913070069269826478653,
-0.96438334576132545006288, 1.16208712645935952068044, - 0. 56163412128444445414743, 1.04816397287585671982413,
-0.71434503938257354338504, -0.35783806034041643062693, - 0. 74532409405136224034294, - 1. 75345338759696312003200,
-1.00919859412432599832243, 0. 82797220034547724942797, - 0. 94184002120392762424927, 1.90607649321686811738630,
-0.99394705183593690112076, -1.93964359388215057400373, - 0. 87255876098107965077588, -2.16381752759855094936370,
-0.62639084886192797352322, 4.35823639371033522138532, - 0. 57247573658732819890105, 3.54378219433118113457226,
-0.62315268461537154376373, 0. 13862488040837206426659, - 0. 65419841565757663737202, 0.92369901723464797882457,

0.03309816698677478519208, - 0. 13557140974280332268442, - 0. 87777378708361686321382, 2.90815095470915130348999,
-0.69020108684955261413307, -0.99703789671200426791842, - 0. 74095694478300444529850, 2.10712418212813190621091,
-0.78311270974437130476531, 1. 35943640789450159722662, - 0. 72199281436762197117218, - 1. 16535975642339906244160,
-0.73980115615844443954785, -2.07242115308210284041479, - 0. 85631750269442230560912, -2.36587236356609098564263,
-1.04127739104801664282718, -1.92450576638652903760374, - 0. 80928298412162491537458, 0.72392040011114167086248,
-0.93583032355408235503091, -1.27167197741731108351360, - 0. 95138676011143852306873, - 2. 48335768309353754901281,
-0.69510873525639660375219, 0.74003425362884445171119, - 0. 70828292764230726952235, - 1. 74029456843447971614580,
-0.81702636955651475325624, -2.05636676767318204994694, - 0. 85572166595426168989036, 2.78217824845197725380785,
-0.86741128291380464876426, 1.12033186184798894124981, - 0. 96308575187273048889836, 1.82344575383575158156191,
-0.93159049564866858172962, 3.20834229131545622948352, - 0. 68151907982343462588659, 0.18221251081852365971692,
-0.92400177982538100884824, 0.87270298176576499571411, - 0. 97538875480163556019875, 2.18433079669054741600576,
-0.99919104266104008527094, -1.25971805320735641409158, - 0. 98120649708865659288648, - 1. 54488964063029277085093,
-0.80851827734517944801240, -2.31505004467299890791310, - 0. 85603194542064975358642, -1.41321565504162394155685,
-0.77325144466991402314449, -1.30092335913405610092752, - 1. 01047378468256954242577, - 1.21727202974861303808041,
-0.38529689209950268580229, 0.12314176482201232010194, - 0. 71973981721237956232784, -1.56774140839910991473971,
-0.76005902450584117424626, 1.10837120469666472466486, - 0. 61064683153355137079643, - 1.13939175278273729929879,
-0.76807357828877498295839, -0.00269127688095640183602, - 0. 89317762193375327406386, - 1. 42008903399852659532598,
-1.01254408420323827044740, 1. 64412344792320319619705, - 0. 68277285288512268301986, 0.33100419868027375347452,
-0.81589562866355525017070, -1.99759904852324354784798, - 0. 58658679506311994789058, - 1.46298614773908153274817,
-0.99174871126505703688991, -0.26864432863314841037905, - 0. 77828250249729868937010, 0. 02858300289900294124945,
-0.99784814492361284532507, -1.01801682773381951818692, -0.51771175060428586967021, - 1.42044092792102305544688,
-0.88420493651326714790173, -0.98797560290833985607861, - 0. 99105879193639900837098, 0.30988310585651729356371,
-0.91469596088505922271139, 0.20933151735940622173437, - 0. 61085999973417393071884, - 0. 58778480744151484493898,
-0.96082412847253029219985, -0.02760055760616408893071, - 1. 00908383642081078690467, - 0.23342120830486215443678,
-0.53495137426864836083240, 0. 67135401711554276715788, - 1. 00351606601209342173320, 1.61975151820372742506038,
-0.86163025367487566796854, -1.10313813559391427077117, - 0. 16595557271042252200921, -0.94943637498399602314691,
-0.79340636091193761370022, 0.85180196502530747260096, - 0. 98219121347453497428148, -0.35157957151463703482364,
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-0.
-0.
-1.
-0.
-0.
-1.
-1,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1,
-0.
-1,
-0.
-1,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1.
-0.
-0.
-0.
-0.
-1,
-0.
-0.
-0.
-1,
-0.
-0.

70171562990080948996052,
91119999758376091225642,
12481208976129720689130,
76159739005818971602224,
69009417166443720592639,
13547332040171000677731,
07544933888194038651420,
94837153414965524866886,
59932470879666066565505,
79714090859361974583663,
83754347161269926402838,
82674205334838080094784,
76465448238960143090281,
75492869446957344692350,
62097653530934382448692,
58614497755964112268856,
72184550479257536537148,
71739738939399744221959,
02952923424522979622964,
84668604625847099232061,
10549201237889382909430,
84256347947229526251789,
00601134978073059045300,
54646188412085971997101,
78238616974000174675297,
72532662485869570101471,
81885756448996671608143,
56375204542899770565612,
71349563374569435758588,
13249578359112310077528,
85330821795335043411512,
84799717846286148947854,
75228416807307929570214,
63483041132239192982922,
83557219788865222387386,
13128942768651596928464,
78019693666632394801752,
62536333039563885005663,
77902262249902587409878,
81473457118633252349582,
09745982191787994075582,
35209683987193424181683,
81094257708929540218179,
58942884669778417006114,
07276357918832543347776,
85001710054645984726562,
71101933649891457811520,

dat. AJS.fence. 1 <-

(Amanda’s data set of 290ct2012: missing fence — B 135) =

get. AJS.data(a);

-1.
-1,
-1,
-2.
-0.
-0.
-1,
-1.

61987022813334813342578,
96270424211922911439387,
42955649956258801225317,
17628822407068733824076,
40384873023512818379643,
04304150012349711174053,
82492898459917007869535,
42255779965187789670722,
-0.79764386660595165690069,
-0.48864062578625833133117,
. 56048697226773325219540,
. 94926611751849154785532,
. 35773157027152419074056,
. 32498902518557637453256,
-0.58968771620255122645204,
-1.42116887519834378394989,
-1.14251491700111573734944,
-1.55466888276810100144587,
. 85086961179459741355657,
-1.34703054251816567443711,
-0.60278827664105838479713,
-1.55158780120198191987413,
-2.40118403419167103507448,
-0.83537679656777819037217,
-2.04181536457609746904041,
-1.14748564835558175545316,
. 72229257598666363193729,
. 72294121136084810164135,
73786842359159754423104,
29969133883730475487184,
44275179489447413772041,
74514093268018632976180,
81662560019176932968321,
96716954625766615727400,
83783234926001504128124,
93698057434386350372790,
44713277528197181709402,
32977199947720503558912,
89592538144002498157192,
13888622052352106450712,
63778886293564251985799,
30125076379655502112342,
03282954100772271510689,
38561313655228945940223,
16586165844052636053618,
34349395653242686954343,
. 47108272238129339504198,

=} corO

roo

FPROOONPEPNAWRORPWORO

o

C 136, 144

(define function get . AJS. dat a() 127)

a<-"

. 488565925036412662674223,
540821318900958192266160,
334695846810999286802257,
472091749674024396821181,
239437538963621576737495,
405297909936674971564941,
474078974951626763711943,
389182699194088488336973,
425943786936054447078703,
438144515529690747879243,
461876192480900560344281,
432106260664682051420016,
333445239047859665060258,
400866278174864976158176,
549788160872832665226895,
550009152816997137769306,
458550418959452921185971,
486467492116636091026294,
431444646527195108109964,
395781199824565221856432,
503049055380703213913307,
539540160667456469845149,
389979310257221101210234,
439149131638831347057561,
335450966887692048068459,
506931530664690099818870,
445728306669456675326302,
487207645781002174345531,
377067896799580637434701,
487757526130484675430665,
408446800624878980645605,
328457377392783189673509,
476092076084575321903714,
393793741503250860347407,
495413425141699670373185,
431192387166821511357284,
420446411323254720660003,
441037167199129720440709,
439763006956421009796543,
276309247060232576753691,
395415764674621084129313,
339350476740504836126178,
459727233012242109122525,
440380490523102519073717,
432127973903995210580575,
478778121283525648355095,
391963528582289721935439,
460109318047086657266220,
439414518877366266913498,
437066976232192427875844,
271275837717732004605864,
357543712693103532540562,

000000000 000000000000 000000000000000000000000000000

0. 4788830230285979205895330,
0. 3452584612790277618366019,
0.2329343592006747343248207,
0.3495517610383970796839037,
0. 3450803438560707259163962,
0. 3564038970003686745968707,
0.0632119081706708912937742,
0. 3093662369282451640728482,
-0.0809216837347255524282019,
0.2093360857799788921074224,
0. 0668544125659962518160029,
0.1879619488777506675081241,
0. 1965294920673828216184376,
0.1471984007921947890107361,
0.1278160114450895834536936,
0. 0668940682809511938389235,
0.0776261286842003100927556,
0. 1845373489642387898612697,
-0.0954361392183528528532221,
0. 1228690809909824266377143,
0. 1850646603028898995457752,
0.4411587741270995288722645,
0. 1327572439545967042384689,
0.4193625991526864771330452,
0.2473479868463136777112510,
0.2389686803487043320615157,
0.2102598983137355936889890,
0. 3059151602998300689684186,
0.1590144819105466233999380,
0.3732180676369796779034971,
-0.1618030914002129283524312,
0.1821870523887156312348168,
0. 2588599611500894681626050,
-0.1773741681645460421812288,
0. 3006890687220556412917460,
0.0947182526586476392083114,
0. 0483223700436425998572254,
0.2107626360386905817190240,
0.2778222223877927499202656,
-0.1202539041759453086744003,
-0.1763745879581422593140871,
-0.0695299708858954784718165,
2059384488751775654780118,
0351622931865073623525220,
2362151044188228743436753,
2342718274692105751011439,
1503685476363093853624520,
2820022326407002344339503,
3699970203676556934624386,
1592860166985547998308448,
-0.0995991440991172982677426,
0. 1943096579024176095984444,

ooooo0o000

-0.
-0.
-0.
-0.
-1,
-0.
-0.
-1
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1,
-0.
-0.
-1
-0.

-0.
-1,
-0.
-0.
-0.
-1,
-1,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1,
-0.
-0.

85380558130534844885062,
47369410497787611813436,
68591498029136899194924,
30774176753390330985027,
09215856416705370257603,
94715770497794005144954,
82569383227340431563590,
03635341123188906564678,
70324574408490092558566,
72779961394791581330566,
68858719457172146150015,
69987160072848875191909,
86219755182467683329861,
84516874464692981483438,
89084522505621299703904,
78279898917940027303075,
65548450442827721484917,
79986165711412759993237,
04653794258775967307429,
84839149177916028943258,
75468710077653500256645,
08702182244534495403343,
71193792804248645644805,
0.28880018017186870338264,
90125240262175132510691,
12352874453347850725038,
92110061861498138124915,
82851790233519451156496,
74942607595237131778987,
06584931484566491910471,
15013113475822548181782,
95020073072400834668372,
73845273625461438360418,
73009804114494858406914,
85473511925759448892848,
96668634873506098514895,
70391582361987770077860,
81222108274463133970045,
84993647888927637001899,
80604966503166086688736,
72605809403965193560282,
91372048589679788488382,
99817961036730040724763,
80786503023236011511443,
07295251746894848565717,
75844877067192684183539,
71349267860304776966984

bagpl ot (dat . AJS. fence. 1, mmi n="dat. AJS. fence. 1")

470518882899528423369162,
543880329284483932106298,
310005377685083016725542,
470453133990287764021332,
407605742194999509653286,
426698946910272269850140,
518165669459433098076317,
386863379163557341566815,
0.397113987796910483663027,
328446751697633210209659,
414702341447854616607316,
395722604485037765531530,
401681093963615620801022,
464762400209403125916907,
381209639768359198619407,
477231632689670060010201,
528876577973242389951736,
418601287671568234038944,
0. 410791284509544551983851,
0. 469332442969894070294856,
0. 573583529063881991660878,
0.457799411020661739524229,
0. 395014994054688040048262,
0.121568355584936352298264,
0.351411588546627129403532,
0
0
0
0
0

oooo0o0o0o000

.416453890776864510403499,
.466270712549676169533797,
.469777318263590537572583,
. 453149790799679430541858,
. 440667092149550854163209,
0. 384406712559258345596191,
0.331531071874300753421494,
0.433767577422285610655450,
0. 375897237966888619897787,
0.504610944570432873312882,
0.340937433712147242026447,
0.370470482089916230972193,
0.419959107781044338469911,
0.464372875417278285770095,
0.298239821897850698739774,
0. 347422594070579682234978,
0.414959369029142932649989,
0.499622833076944272701070,
0.482813054408696429309344,
0.490176416856921814968473,
0.464692711758631471496983,
0.415382188531344009874147,
0.419856322790740588146718,
0.480511782736342096811200,
0. 476422133435934369583009,
0. 353014229438460613863526,
0. 457267580136557938441655,
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0
0
0.
0
0
0

0.

0.
0
0
0
0
0
0
0
0

AR R NS A

0.
0
0
0
0.
0
0
0

e

10234446964598327423079,
1. 24568659795105607379639,
. 24086970329518186950679,
0.94783883220475617648049,
. 06484030358443337860308,
1.31765917652509001456451,
1.35490492090438774397398,
. 72592699650955738732705,
0.56117886859764154472430,
0.26803283834927038586926,
. 00679315949350023373654,
1.99703263637585459733259,
1.18794597298212489810965,
1.79451696945702754426577,
2.09769826909406864601237,
0.22883718172734973661520,
. 80460158305232143405306,
2.00828362990076847438559,
1.58941391932855591306861,
1.43666023259784392251959,
0.65105985980144276403792,
1.17579656519432251826629,
0.08770761907600356510617,
0.25539757411815977583558,
. 62930084060831015246862,
. 95087452398932459374237,
. 45563836704469151683838,
1.18435169808617657416505,
. 51899942217620631534913,
1.09809126239714527351055,
.03186078936976277642401,
1.15803745550225345439799,
2.63485854127420449088959,
2.40174982350467525193949,
. 79747892203358183849105,
. 70876197175452304577448,
. 98235848995349450696324,
1.40500895686213089774697,
. 45811820144298964763152,
1.36019627870992088070068,
0.03755168934339410402590,
1.55310044858275242418699,
. 91418986509012523100637,
. 72786967610222830238342,
2.24887328562919108776441,
0. 96739640833556916899028,
0.61834827276289272557364

=}

N w

N

N

orkrNO

RO o

o

PN

. 4755379903005585995323656,

. 2321764386212968045430927,
2738714764796457146189823,

. 4563524147511247019970426,

. 2770631606622363518610541,

. 2959717498266932200756685,
0.0208026309734368752835110,

. 3639162011488026871042223,
0. 0008999279456975259501583,

. 2751362229330584496800327,

. 0073236107253863329605292,

. 1531447992834467641820595,

. 0946842859784723239746640,

. 2009867588029477236677423,

. 2668751891155876632133470,

. 0741204859518660857942152,

. 0949198625156014996750997,
.0991622310369848491973244,
-0.1344827904070514668077863,
1508254155849814148737664,
3707267482610320796787562,
4406425282522002939700201,
1097540690978915517428405,
4339816580876698637325717,
2246294926689241799877550,
2150714006960237900667465,
0843892346292415551634036,
3957816521807506204844174,
1215962091891261420695258,
4203912649541739487979441,
-0.0261348063728542405470545,
2324458686458765466209542,
2835973312618549346808550,
-0.0703216253522565698519387,
2887805058143382841429059,
1329507636456480346165421,
0277816648668944184141782,
2824900723710290773027509,
3177378989007230702945606,
-0.0296142651449498549298678,
-0.0848076458082471090760279,
-0.0048385120265832422259411,
. 1055938656159665228750910,
.1113387917612616989648799,

. 2595152506103633460732283,

. 2229430092565458654263466,
2260871923819901541108379,

. 1560030888975831031562080,

. 2949392123900372308931139,

. 1429539737753039441159331,
-0.1305150420251256770942661,
0.0176971730175275836216553,



136

427558336829375829069022,
451225648652902766588824,
435216894190775471784605,
437460030660461018925389,
384555064931715928633338,
421298482269021778989782,
302958384980159090016372,
248455666945173819781800,
475976318661099573326112,
503963566232464188487938,
451960176846561534347302,
470928061192341984586562,
494898857108408918303866,
439796406579993748309221,
418721731642468675271829,
399469455790136929174139,
435410152674876649303570,
458967529691548414838564,
412763920830580666176957,
400699272940918671537247,
0.138108934234092650683579,
420120277115559659364408,
395791684619125783139992,
484034990799743880529604,
461277752786707073706651,
368930134538406506727881,
416717917131823767373788,
438841302318247195035639,
306217635368917995286608,
415929594466704966038151,
445047861541811862196028,
105991451516687498757285,
068325138187451131543959,
386663185037617151973421,
388006006739891329271330,
0. 352922805801725303354033,
431449464825348683039152,
428358234301227214224639,
438706053898136660862406,
519488312493662673929862,
490158077485978449505666,
465533674286672471964721,
487045153698114741125380,
437203684433824457666873,
405157392954838768694970,
396079698974603044980825,
464574093329662873852470,
373521032078406201026866,
495803893968995323948690,
420933303726012564283110,
0. 008696645322344730144604,
440681193952783212264279,
341754055915502841234144,
510698280023458961451865,
387776486196835801223415,
463043824984787411036535,
351766303400639024356877,
0. 506548976335976064433453,
197060381522191130354571,
437006678117996483212693,
378029584800037510294857,
401394224316792058715464,
463520128314569346272833,
401167105521437583615096,
353765868289411034020020,
342817446803536374222432,
475344946440783899799243,
388901597797993381355752,

CO0000OOOOOO00 O0PLO00000000R000000

CO0000 000000000 OERe0

gcocooooo000

at. AJS.fence. 2 <- get.AJS data(a);

-0.0231909551915799178045674, 0.432525049981503817431161, 0.1516561841784528630316942,

0.1501701067714517889850612,
0. 1009900091897135004925801,
0.2532716932405828513807933,
-0.1573336822941461821123710,
0. 1425323554856109675714748,
-0.2206251139096475355483307,
1372682706517066586471287,
3917064509029100638493048,
2849822455257227660219144,
3730857221547440039088883,
2808199926061369366969700,
0783343356748880115247857,
0. 0088666044667374890875244,
1857572104407961555150308,
0498277648167823605795945,
1737382459751893870603112,
1518767403682781125251466,
3319087518713340068110540,
1395100301705456957712670,
0.1904884368528304006140672,
0.2619778732066581627968560,
0. 0050987951562562298934989,
0. 3569887088322822310537674,
0. 2632357520089478875036093,
0.2207677738108504150726930,
0. 1982293252409910999656262,
0. 0510552491055184659574095,
0
0
0
0
0
0

OCooo0o00 000000

0.0149914778112886330763143,
. 1800595545698811805745976,
. 1061824345291962623516469,
. 2547355454603117408396429,
. 1882970253456990872287236,
. 2788034267395078646956108,
. 2488389433599013378373144,
0. 0215689704006152803417162,
3508000865839108750598996,
0088965389495472245451335,
4033386057135291413722200,
2018627369504666646538027,
3545691684017332478973117,
3347213235409923770546925,
0902528398319727559462322,
0.0127309372130392176730718,
1902570512550103010163127,
1754275457698743490020377,
2507926308999658404630395,
0323174728928018809015477,
2023701917822340878849730,
1287640020024260756326129,
0.4936956907050398246639134,
2022239917636600992079110,
0975732594081305942834703,
2368967597004825731410449,
1468031004190566979339394,
1998336426667024767755976,
1236472951599203590200560,
0.0257762531349018247928129,
0.0610563781132145988461701,
0.1782706082132221037106490,
0.1140002595451527489522903,
0.0588935729341639457867785,
0.0875897915931757586882611,
0
0
0

COoOoo0 o000 000

oLooo00

. 2525394059250221090451305,

. 2162066871434025205900298,

. 0406485441629076960090572,
0.3477611725526632557858875,
-0.1687308736650941221046907,

(define experiment to check fence error on a 64 bit machine 136) =

define another chull function 132)
define bagpl ot 32)

(Amanda’s data set of 290ct2012: missing fence — A 134)

(i
(i
{check clockwise condition of polygon 131)
(
(

(Amanda’s data set of 290ct2012: missing fence — B 135)

check. fence <- function(){
par (nfrow=c(2,2))

(Amanda’s data set of 290ct2012: missing fence — A 134)
{(Amanda’s data set of 290ct2012: missing fence — B 135)
Rl <- bagpl ot (dat. AJS. fence. 1, mai n="dat . AJS. fence. 1")

cat ("\ncheck of bag:",
poi nts(dat . AJS. fence. 1, col

R2 <-
cat ("\ncheck of bag:",
poi nt s(dat. AJS. fence. 2, col

check. sense. of . rotati on(R1$hul | . bag),

="green")

bagpl ot (dat . AJS. f ence. 2, mai n="dat . AJS. f ence. 2")
check. sense. of . rot ati on( R2$hul | . bag),

="green")

## summary(dat.sensitivl-dat.sensitiv2)

##def i ne another chul|
##assign("chul I", chul |,

function>>
env=. @ obal Env)

##bagpl ot (dat . sensi tivl, mai n="sensitivl / new chul | ")

##rm("chull", chull, env=
##poi nt s(dat . sensitiv2, col

d obal Env)
="green")

0.361330738603812651188463,
0. 470581162898296934127274,
0.417040531646397594212061,
0.371318092688570966508621,
0.495736478252773005159781,
0.279767950817931709828201,
281703006061099270329606,
401985224405800756208862,
462099158946540189418783,
484354627447674712659165,
359374566259886285557457,
459811454891438209369170,
0. 491099424456228894619869,
390276221729421390893577,
454754096854184497455975,
445867262786282525510728,
335919343619362931185890,
471049431246630845304679,
374861657961513439207835,
0.280570721977494219601112,
454057068735585156460388,
365260424959625518148698,
370863416510424204197705,
350125222763810362014425,
531849229752716645691635,
414321880482149074165221,
398298536249736545578060,
0. 469373833730254985674435,
385559534967464867527553,
450436609467876891699234,
401561850053824997974772,
428084181655836837343543,
364941455716851159696290,
313331553203334722823570,
0. 448430163284227911724145,
432438166022204639737936,
451061146935774315291923,
375774923167026320136586,
440325399842820874862781,
504032360432461246091407,
351902300975328263810127,
429961564597323653291738,
0.469321808013436481132885,
464512600773935580011909,
441935381229888457621513,
483547025428987031769879,
350304993220608817949824,
436908706786744593930649,
333577474493375381037197,
0.498882187348169858776004,
419736248847867643441134,
351905803459053090342934,
319367929544649598039285,
363127251904536374471633,
485445195724856781716028,
378860874310987749691293,
0.462348947369779106342236,
369159733288869140732658,
353860892739909282944666,
501403769547227207148410,
275594489591146629692275,
404729146503447878568949,
429061978765738316621281,
356755335938158446573709,
405826288444388227905080,
512683743910172906588230,
0. 416404996762255230624561

o000 o00

cooo0o00o

OCOO0O0O000 000000 ©O000000

coooo0o

oLooo0o00

ooooo0o0o000

bagpl ot (dat . AJS. fence. 2, nmin="dat.AJS. fence. 2")

")

"\n")

##S2new <- bagpl ot (dat . sensitiv2, mai n="sensitiv2 / new chull")

##tcat ("\ ncheck of bag:",
##poi nt s(dat . sensitivi, col

="green")

##sunmar y(dat . sensi tivl-dat.sensitiv2)

} # . check. fence()
dunp( c("bagplot",

file="check.fence.R")

"check. fence”,
"check. sense. of . rotation",

"conput e. bagpl ot ",
"plot.bagplot" ),

check. sense. of . rot ati on( S2newshul | . bag), "\ n")
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0.1264174670413595047424593,
0.1851202194385961619094161,
0. 3302983395435944435902798,
-0.1093708133581914876408803,
0. 0403531004651603228405854,
-0.2667856263934703653362135,
0. 0035824033289076563819908,
0.0723292124431540173201682,
0. 1865073529325808887602278,
0.1001666314526957063391066,
0.2325365031862380305049953,
-0.0437362500299243728285603,
0.3022186062741255008212704,
3154919031871089019070098,
3038404627830221249595866,
3164638890784514102527680,
0823980294588803341415684,
2156398459278842105746321,
2794049726512318199134199,
0.1983537836884063931819355,
0. 3034526292199665742366221,
-0.0272468778624029156487651,
0.1093298911135483775236565,
0. 0183460251321451266182105,
0.2197869495669303729901145,
-0.0860104879183531539910135,
0. 0872398037610459115009931,
0.1709017284625866106573255,
0.2280161637862092305351069,
0. 1659285616769800852932093,
-0.0054767733163579414637501,
0.1258825829068733470617047,
0.1938777480575513967320234,
-0.2704348400571525146141028,
-0.0917932666811329678324682,
0.1241467238586335397609872,
0. 1955063903810788650261543,
0.1732898787280841290669997,
0.1348568173426236971312875,
0
0
0

oooo000

. 2314774746120594750564692,

. 3282132558030887437006129,

. 0480713260550880150390185,

0.2620019309451309674763309,
0. 2275906537161559162196767,
0.2202391505171113483818601,
0. 2672255285437769023459964,
0. 0555592693927829464617396,
0.1397339520367077425611058,
0.1964571049898150012502640,

-0.0429872110727758799386677,
0.1800517691346032178589809,
0. 0467274302256285301027106,
0.0144749589516537692512888,
-0.0183052364380072371541353,
0.2410354072978813655403485,
-0.2068662281780968004163412,

0.0841091086286257227921936,
0.1978140552312874778095875,
0.1619473817349794397824070,
0.1153902428064478985492158,
0. 0233006881735083951068255,
0.2917155154720760257269774,
0.1794993730327074099584195,
-0.2663981226678143188202341,
-0.1289384243139815866552311,
0.1740133571079716390261893,
0. 0422453698295842117182985 "
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9.2.5 Further Na/NaN-errors

(Amanda’s data set of 290ct2012: Na/NaN-error A137) = C 145

(define function get . AJS. dat a() 127)

a<-"
-0.5287511, 0.29140334, -0.5491688, -0.05484604,
-0.3921559, 0.29079326, -0.4158044, 0.18658202,
-0.2892480, 0.05695156, -0.4405352, 0.12075804,

dat. AJS. NAN. A <- get.AJS. data(a)

bagpl ot (dat . AJS. NAN. A, nai n="dat. AJS. NAN. A") # OK

(Amanda’s data set of 290ct2012: Na/NaN-error B138) =  C 145
(define function get . AJS. dat a() 127)
a<-"
0.33817, 0.02979,0.32204, -0.08801,0.29517, -0.25250,
0.35933, -0.19076, 0.38608, -0.14942,0.45037, -0.12851,
0.20654, -0.08464,0.28204, -0.04508,0.29815, 0.14699,
0.30138, -0.08916,0.18917, 0.17526,0.23798, 0.02009,
dat. AJS. NAN. B <- get.AJS. dat a(a)
bagpl ot (dat. AJS. NAN. B, mai n="dat.AJS. NAN. B") # OK

(Amanda’s data set of 290ct2012: Na/NaN-error C139) = C 145
(define function get . AJS. dat a() 127)

a<-"[1,] 0.3786439 0.097738688 [2,] 0.5362123 0.339630360 [3, ]

[8,] 0.5172927 0.137981797[9,] 0.5433263 0.211029679

[12,] 0.4494423 0.166911911[13,] 0.5122454 0.0657980
[16,] 0.5058579 0.057943131[17,] 0.3867839 0.1758667
[20,] 0.4599295 0.177264912[21,] 0.4500260 0.1053459
[24,] 0.4492211 0.109822612[25,] 0.5160831 0.0159505
[28,] 0.5541721 0.134060064[29,] 0.4727388 0.0068618:
[32,] 0.4378382 0.122520785[33,] 0.4252500 0.0934800
[36,] 0.4117548 0.035776717[37,] 0.5040175 0.1431533
[40,] 0.4061658 0.250111568[41,] 0.4942135 0.1789139
[44,] 0.4559603 0.135323999[45,] 0.4634133 0.1803071
[48,] 0.4120890 -0.010194722[49,] 0.5693523 0.0577303
[52,] 0.4402205 0.097278607[53,] 0.4071411 0.1155815
[56,] 0.4570601 0.046582559[57,] 0.4699092 0.1630477.
[60,] 0.4621933 0.095914941[61,] 0.4115889 0. 1542966
[64,] 0.4529856 0.316883371[65,] 0.5279446 0.0850119

dat. AJS. NAN. C <- get.AJS. data(gsub("\\[[0-9]+,\\]","",
bagpl ot (dat. AJS. NAN. C, mai n="dat.AJS.NAN.C") # K

(Amanda’s data set of 290ct2012: Na/NaN-error D 140) =  C 145

(define function get . AJS. data() 127)

a<-" 0.4015263, -0.26233503, 0. 4317795, -0.20336274,
5019500, -0.16576077, 4465282, -0.22522654,
3168710, -0.18490364, 4637404, -0.31444370,
4686724, -0.42776110, 4710615, -0.40642947,
4881164, -0.14362839, 4331307, -0.32284998,
4221514, -0.26589452, 4611424, -0.26542121,
4571291, -0.32162648, 3930053, -0.39147648,
4393759, -0.22965847, 4964249, -0.49612750,
3462163, -0.18303605, 4071043, -0.15098413,
4869311, -0.39235895, 4441376, -0.52603457,
3883343, -0.35457602, 4627015, -0.10874423,
4584851, -0.02167414, 4887845, -0.25134534,
4342507, -0.03061359, 4245398, -0.49428349,
3868688, -0.27232066, 4491924, -0.41249646,
4475317, -0.27044472, 4851270, -0.41659817,
4392972, -0.35501689, 4987533, -0.17762899,
3379918, -0.34953533, 4950965, -0.34470014,
dat. AJS.NAN. D <- get. AJS. data(gsub("\\[[0-9] +,\\]", """,
bagpl ot (dat. AJS. NAN. D, mai n="dat . AJS. NAN. D") # OK

COOOOOOOOOOO0000
COOOOOOOOOLOOO00

(Amanda’s data set of 290ct2012: Na/NaN-error E141) = C 145
(define function get . AJS. dat a() 127)
a<-"
-0. 4430864, 0.4296289, -0.5519971, 0.4087558, -0.2946
-0.4904851, 0.5480627, -0.4942082, 0.4333985, -0.5649
-0.2580041, 0.5321808, -0.4294454, 0.3233148, -0.5088
-0. 3330553, 0.5655698, -0.3485064, 0.4550155, -0.1443
-0.5700096, 0.4911063, -0.4136021, 0.4748494, -0.3843
-0.3683185, 0.5664984, -0.3274923, 0.4623527, -0.2061
-0.5705104, 0.4594555, -0.4143036, 0.5280171, -0.4130
dat. AJS. NAN. E <- get.AJS.data(gsub("\\[[0-9]+\\]"
bagpl ot (dat. AJS. NAN. E, mai n="dat.AJS. NAN. E") # OK

(Amanda’s data set of 290ct2012: Na/NaN-error F 142) = C 145
(define function get . AJS. dat a() 127)
a<-"
-0.4062338461342518969310,
-0.4930885230817930175995,
-0.4413398310321014483826, . 06415051270490622348230,
-0.4525924267924343324943, .02382016149426484027951,

0. 14754908336994210227289,
0
0
0
-0.3600453131384418470340, 0.20299195732165442596084,
0
0
0
0

. 13041599158936770241901,

-0.3691294180636163213549, . 13757254829898393766463,
-0.4460341706072293299634, . 08927344826865776794556,
-0.4400074650713454715856, . 13572835300482041787085,
-0.4477093868839493451262, . 07732543881534685581425
-0.4912126267418248093399, 06559481278535840564903
dat. AJS.NAN. F <- get.AJS.data(gsub("\\[[0-9]+\\]","
bagpl ot (dat. AJS. NAN. F, mai n="dat.AJS. NAN. F*) # OK

°
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-0.3919317, -0.11957324, -0.2342807,
-0.2871524, 0.05062737, -0.3617926,

-0.3838563  0.03978882

0. 22258,
0. 04225,
0. 30624,
0. 23924,

[10,] 0.4827819 0.015513368[11,] O.
73[14,] 0.

56[ 18, ]
54[ 22,
60[ 26, ]
38[ 30, |
24[ 34,]
39[ 38, ]

04[ 46, ]
16[ 50, ]
65[ 54, ]
44[58,]
80[ 62, ]
58[ 66, |
a))

0
0
0
0
0
0
67[42,] 0.
0
0
0
0
0
0

-0.08154, 0. 26135,
-0.16722, 0. 29133,

0.12807, 0. 15477,

-0.14238,0. 17265

-0.
-0.

0.
-0.

0.02022132,
0.29075199,

08324, 0. 34717, -0.11121,
04328, 0. 33022, -0.09896,
03248, 0. 32912, -0.07302,

11008"

0.5193582 0.157707944
[4,] 0.3338111 -0.115373436[5,] 0.4582097 -0.043625237[6,] 0.4921440 0.074836745[7,] 0.5218369 0.102194532

3460246 0.080163464

4136952 0.162839099[ 15,] 0.4979262 0.083749028
. 5063583 0.065406168[19,] 0.4807745 0.201581462
. 4336654 0.197944371[23,] 0.4406115 -0. 060430011
. 5043602 0.066780298[27,] 0.5465611 0.145911903
.5613212 0.077141184[31,] 0.5369902 -0.024873891
.5039986 0.075154013[35,] 0.5216457 0.196010331
. 4845090 0.136095252[39,] 0.2075045 0.154560697

5407099 0.008868236[43,] 0.5317494 0.095625935
. 5268978 -0.041798329[47,] 0.5831482 0.127251165
. 4794066 0.129579450[51,] 0.5242518 0.134452331
. 5605076 0.094539922[55,] 0.4889528 0.155507716
. 5025529 -0.019894103[59,] 0.5441058 0.218039267
. 3124742 0.118646650[63,] 0.3777633 0.177376132
. 5126856 0.142196509[ 67,] 0.3278320 0.199462024"

0.3630288, -0.17533677, 0.4665716, -0.43077830,

4564547,
2084304,
4341304,
3839510,
4804025,
4628674,
2991952,
4252945,
2704323,
4425959,
4651791,
5156233,
6022689,
5006870,
4711685,
3751116
a))

034,
365,
054,

874,
843,
142,
a))

-0. 19561030,
-0.18378842,
-0.23033476,
-0. 01538800,
-0.51445482,
-0.07719377,
-0.19227342,
-0.38060330,
-0.30335612,
-0.48179784,
-0. 29775759,
-0.21271206,
-0.45291968,
-0.47004304,
-0.32507225,
-0.33303722

COO0O0O0000O000000

0.5730177, -0.4017741,
0.5723637, -0.4574408,
0. 4833570, -0.4557215,
746, 0.5873422, -0.4588404,
0.5453594, -0.4944427,
0.6071268, -0.2989706,
0.5165166, -0.3615246

-0.4641202518436023383153,
-0.4908548984150178373653,
-0.3790487599768575521786,
-0.4568684921740411852831,
-0.3786537514469233700609,
-0.3634668772645677226052,
-0.3931134284548397639369,
-0.3687761227741535030589,
-0.5047983341975119664369,
0.3162564550157994092139
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5397231, -0.05622721,
5039862, -0.27860019,
5164032, -0.18469189,
4679067, -0.42500528,
5115250, -0.45830031,
4653781, -0.27503555,
4852176, -0.41668100,
5436867, -0.33408535,
3871155, -0.36949791,
3449825, -0.29517753,
4767561, -0.29090887,
4240498, -0.45404050,
4623975, -0.33215390,
4542369, -0.31246866,
3651114, -0.12669620,

0
0
0
0.
0
0
0

0.
0.
-0.
0.
0.
0.
0.
0.
0.
0.

. 3810218, -0.2382924, O
. 5466591, -0.2514772, O
. 4735297, -0.2792391, 0.5351567,
4143949, -0.3619520, O
. 4202887, -0.4823245, 0
. 5654522, -0.4170459, O
. 4938318 "

. 5786751,
. 5538926,

. 5101329,
. 3963911,
. 3988646,

12300598652603220162227,
19042039835354312993232,
01908092520419982923707,
10729137283566912708377,
10782855344122767304871,
13779499172315048949322,
12375939206240904599809,
08977980927726944559986,
12008152848553328706505,
12716570436622953721439"



143 (Amanda’s data set of 290ct2012: Na/NaN-error G 143) = C 145
(define function get . AJS. dat a() 127)
a<-"-0.3365320800051156413524, -0.16465634271153567480539, - 0. 3212439795751604876273, -0.02769957746625343469882,
-0.3131092390672871039747, -0.02145017540830633506754, - 0. 2169780789017450306488, -0.05420179428591438003382,
-0.2382998530537111248062, -0.15665613626385860301937, - 0. 3274251750565500551637, -0.16269511294063973561030,
-0.1792897122532586817734, 0.12172548044581302240097, - 0. 3644874055796215595038, -0.11017113099332566383826,
-0.2597330667315013164043, -0.13667626910135124984613, - 0. 1857087775577647981162, -0.12185261831753121941624,
-0.4410627956771460689289, -0.24517450662929113347488, - 0. 4328369531394934965896, -0.09192268795017878579845,
-0.3162373978549153918927, -0.09289939950677550406510, - 0. 3527203678927318675207, -0.04575999789018787844430,
-0.3072802538232928259987, -0.15452276450236571148089, - 0. 1900264843388008995095, -0.19329920713585954650249,
-0.3581798974648294220380, -0.18092585691592122376647, - 0. 4087284209462124784373, -0.07075846280518945097260,
-0.3143274825737536470882, -0.10093548347883234128641, - 0. 3566729290036041999379, -0.07337318053477877299873,
-0.3809771622860922968279, -0.13936364479847815345259, - 0. 2029868237921297058346, . 08934781459090822275382,
-0.2476551957000060755210, -0.07158142266137049181118, -0. 3710390854098435942099, -0.01787010019324387563588,
-0.2911476980688867954861, -0.04232827341335163723324, -0. 2253901616470012636562, -0.25359051915261998644269,
-0.1347541765844346151049, -0.04372012527641970514036, - 0. 2665596373370596738894, -0.08639269553985037819466,

0. 5589372043228539865822, -0.05442746424681436240300, - 0. 2892559615112646476121, -0.15214455887285957547128,

-0.3248426515933379166157, -0.07294253882500667529598, - 0. 4280514652785712970129, -0.04237105698433304284967,
-0.3992184363626437582084 -0.03510167488593822493481
dat. AJS. NAN. G <- get.AJS.data(gsub("\\[[0-9]+,\\]","", a))
bagpl ot (dat. AJS. NAN. G nmi n="dat. AJS. NAN. G') # OK

<}

144 (show missing fence data 144) =  C 145
par (nf row=c(3, 3))
{Amanda’s data set of 290ct2012: missing fence — A 134)
{Amanda’s data set of 290ct2012: missing fence — B 135)

145 (Na-NaN-error-data-test 145) =

par (nf row=c(3, 3))

(show missing fence data 144)

{Amanda’s data set of 290ct2012: Na/NaN-error A 137)
(Amanda’s data set of 290ct2012: Na/NaN-error B 138)
(Amanda’s data set of 290ct2012: Na/NaN-error C 139)
(Amanda’s data set of 290ct2012: Na/NaN-error D 140)
{Amanda’s data set of 290ct2012: Na/NaN-error E 141)
(Amanda’s data set of 290ct2012: Na/NaN-error F 142)
(Amanda’s data set of 290ct2012: Na/NaN-error G 143)

9.2.6 Identical x-values

The cars data set has some points with identical x-values.
146 (checke cars data set 146) =

par (nfrow=c(2,3)) # 121030

(define bagpl ot 32)

# normalising cars data

c2 <- cars[6:10,]; c2 <- c2 - matrix(apply(c2,2,nin),5,2, byrow=TRUE)
c2 <- c2/matrix(apply(c2, 2, nax), 5, 2, byr ow=TRUE)

# rotation of the data

a<-4*pi/2; c2 <- as.matrix(c2) %% mtrix(c(cos(a),-sin(a),sin(a),cos(a)),2,2)
aa<-bagpl ot (c2, debug. pl ot s="al | ", ver bose=TRUE) ;

poi nts(c2, cex=2)

10 frabol2 Daten

The frabol12 data set has some variables with a lot of ties and helped to discover some problems of bagpl ot () .
147 (frabo12 147) =
(define bagpl ot 32)
# source("http://ww. wiw.uni-bielefeld. de/fileadm n/stat/wolf/data/frabol2. R'); xy <- frabol2[, 3:4]

Xy <- structure(list(Haarfarbe = c(2, 2, 1, 3, 3, 3, 2, 3, 1, 5 3,
3, 3,2 3,2 2, 2 42, 83,2 2 2 1,2 3,2 3,2 3,1,

1, 3,3, 2,2, 3,2, 33 2 3 2, 3 2 3 2 3 2 6,1, 3,
2,8 2 2 3,3,6, 3,36, 2 3,2 6,2 2 3,2 3,2 3,

5), Schuhgroesse = c(42, 42, 44, 41, 41, 42, 40, 37, 36, 37,

44, 45, 36, 38, 3, 46, 41, 40, 42, 39, 43, 45, 45, 43, 40, 40,
39, 36, 39, 47, 44, 41, 45, 46, 42, 45, 45, 39, 39, 39, 41, 46,
46, 34, 42, 44, 47, 44, 45, 43, 42, 42, 37, 44, 44, 1.88, 45,
41, 41, 38, 42, 45, 42, 43, 41, 41, 36, 45, 43, 45, 43, 38, 46,
39, 41)), .Nanes = c("Haarfarbe", "Schuhgroesse"), row names = c(NA,
75L), class = "data.frane")

par (nfrow=c(3, 3))

bagpl ot (xy[ 1: 20, ], dkmet hod=2, cex=1); title("20 val ues")

bagpl ot (xy[ 1: 25, ], dknet hod=2, cex=1); title("20 val ues")

bagpl ot (xy[ 1: 30, ], dkmet hod=2, cex=1); title("30 val ues")

bagpl ot (xy[ 1: 35, ], dkmet hod=2, cex=1); title("35 val ues")

bagpl ot (xy[ 1: 40, ], dknmet hod=2, cex=1); title("40 val ues")

bagpl ot (xy[ 1: 45, ], dkmet ho cex=1); title("45 values")

bagpl ot (xy[ 1: 50, ], dknmet hod=2, cex=1); title("50 val ues")

bagpl ot (xy[ 1: 60, ], dknmet hod=2, cex=1); title("60 val ues")

bagpl ot (xy, dkmet hod=2, cex ; title("75 values")

par (nfrow=c(1,1))

148 (Error in 1:pg.nol : NA/NaN Argument 148) =
XY <- structure(c(25, 20, 5, 40, 20, 20, 50, 10, 12, 30, 30, 39, 10,
30, 20, 15, 15, 15, 5, 30, 7, 35, 21.66, 25, 40, 20, 4, 15, 20,
25, 50, 3.3, 10, 15, 30, 15, 10, 10, 48, 24, 3, 15, 40, 35, 20,
42, 30, 20, 35, 5, 25, 25, 20, 10, 40, 10, 10, 12, 35, 35, 5,
15, 20, 45, 20, 30, 20, 40, 25, 40, 20, 40, 35, 30, 36, 39, 32,
30, 17.5, 10, 10, 10, 41, 7, 25, 31, 13, 34, 5, 40, 3.9, 30,
20, 12, 25, 40, 40, 15, 5, 19.9, 25, 39.95 50, 18, 25, 20, 10,
35, 15, 20, 30, 10, 15, 10, 7, 10, 15, 20, 15, 15, 20, 6, 19.95,
30, 15.95, 24.95, 22, 35, 15, 20, 8, 15, 30, 18, 50, 5, 30, 5,
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17, 9.9, 30, 22.5, 50, 50, 35, 15, 3, 30, 25, 2, 1, 1, 1, 1,
1,22, 1,1, 1,2, 1, 2, 2 2 1,2 2, 1, 1, 1, 1, 2, 2, 2,

1,1, 2,1, 1, 2,1, 2,1, 1, 2,1, 2, 1, 2, 2, 1, 1, 1, 2, 1,

1, 1,1, 2,2, 1, 1, 1, 2,1, 1, 1, 2, 2, 1, 1, 2, 1, 1, 1, 2,

2,1, 1,1, 2,1, 1, 1, 2,1, 1, 1, 2, 1, 1, 1, 1, 2, 1, 1, 1,

1, 2,1, 2,1, 1, 1, 1, 2,1, 1, 2, 2, 2, 2, 2, 1, 1, 2, 2, 2,

2,1, 2 2 2 2 2 1,1, 2 2 2 1,1, 2,1, 2, 2, 1, 2, 2,

1,1, 1,1, 1, 1, 2,1, 1, 1, 1, 2, 1, 2, 1, 1, 2, 2), .Dim= c(149L,
2L), .Dimmames = Iist(NULL, c("X', "Y")))

bagpl ot ( XY, ver bose=TRUE)

149 (*18)+ =
(define bagpl ot 32)
par (nf row=3: 4)
set. seed(17)
for( i in 1:11){
xy <- frabol2[1:20,1J <- sanple((1:49)[-c(23,28,49)],2)]; print(lJ)
bp <- bagpl ot (xy, dknet hod=2, mai n=as. character(1J), precisi on=1. 1, cex=1. 5)
}
xy <- frabol2[1: 20, 10: 9]
#xy <- frabol2[0, 10: 9]
#pl ot (xy)
#bp <- bagpl ot (xy, preci si on=2, mai n="correct center\nby precision 2\n10,9: ", cex=1.5)

Setting precision to 1.0 will result in a center field in plot four that is a little bit too big. To get rid of this effect the precision

has been set to 1.1.
150 (doit 150) =

(define bagpl ot 32)

trimxy <- function(xy,trim= 0.2){
Xy <- as.matrix(xy)
xy <- xy[ lis.na(xy[,1]) & !'is.na(xy[,2]), ]
xlimts <- quantile(xy[,1], c(trim 1-trim)
ylimts <- quantile(xy[,2], c(trim 1-trim)
xy <- xy[ xlimts[1] <= xy[,1] & xlimts[2] >= xy[,1] &

ylimts[1] <= xy[,2] &ylimts[2] >= xy[,2] ,]

return(xy)

}

par (nfrow=2: 3); names(frabol2)

xy <- frabol2[,c("Gewicht","Goesse")]; xy <- trimxy(xy, 0.2)

bagpl ot (xy, preci si on=1, cex=1)

xy <- frabol2[,c("GoesseMitter”,"GoesseVater")]; xy <- trimxy(xy, trim= 0.01)
bagpl ot (xy, preci si on=1, cex=1)

xy <- frabol2[,c("G oesseMutter”,"Goesse")]; xy <- trimxy(xy,0.2)
bagpl ot (xy, preci si on=1, cex=1)

xy <- frabol2[,c("Schul Note","EurMaterial")]; xy <- trimxy(xy,0.01)
bagpl ot (xy, preci si on=1, cex=1)

xy <- frabol2[,c("EurMete","EurLuxus")]; xy <- trimxy(xy,0.01)

bagpl ot (xy, preci si on=1, cex=1)

xy <- frabol2[, c("EurHandy", "EurHandyKosten")]; xy <- trimxy(xy,0.01)
bagpl ot (xy, preci si on=1, cex=1)

10.1 Indices

Object Index
al €40

a2 €40

aa €146

ai  €165,167

alpha € 31,55, 56,160

ang € 64,67,69,72,74,75

angles € 34,41, 44, 55, 64, 67, 68, 69, 71, 72

angtan € 69,74

ao €56,165,168

apdk €163

apg €41

a.shift € 43, 44,56, 163

az €41

bagplot €1,2,3,4,5,6,7,8,9,10,12,13, 14, 15, 16, 17, 21, 23, 27, 28, 29, 30, 31, 32, 33, 35, 45, 52, 53, 81, 83, 85, 86, 88, 90,
91,116, 119, 120, 121, 122, 124, 125, 126, 128, 129, 130, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 146, 147, 148, 149,
150, 156, 157,158, 173,174, 175, 176,177, 178,179, 181

BAGPLOT €19,20,22,25

bagplotobj € 81

bagplot.pairs € 88, 89,90, 91, 181

bo €32

boxplotres € 84,172

bp €149

BP €88

breaks € 111, 151,152,153
c2 €146

cands € 62,63,161,162
cardata €2,31
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center € 2,7,10,21, 23,27, 28, 31, 34, 35, 38, 39, 40, 41, 46, 47, 49, 52, 53, 62, 64, 65, 66, 77, 78, 82, 83, 91, 131, 149, 157,

161,162, 167,170,171, 174
centerex € 27,28

check.fence €

136

check.sen € 133

check.sense.of .rotation
chull € 47,48,50,62,65,66,73,77,80,114, 116, 130, 132, 133, 136, 159, 161, 162, 169

colnight €111

colors € 31,92,107, 110, 151, 152
cols €93,115,
compute.bagplot

116

cosphi €59, 60

counts.bars €

111,152

critical.angles.of points € 163
cutonpdk €77
cutonpdk.l €77

cutp €69,71
cut.pkt €170

cutpl €69,71,
cut.p.slp.sl € 36,42, 69,73,159

cuts €41,170
cut.z.pg €36,

dat € 31,93, 105,107, 108, 124, 125, 126, 127, 177
data €2,3,4,5,10,16,17,20, 21, 22, 23, 25, 27, 28, 30, 31, 34, 36, 44, 45, 52, 53, 60, 61, 67, 84, 90, 91, 92, 93, 99, 106, 107,
110, 111, 114, 116, 118, 119, 121, 124, 125, 126, 128, 130, 133, 136, 144, 145, 146, 147, 164, 172,173,174, 177

dat.AJS.cen.51
dat.AJS.cen.51a
dat.AJS.cen.52
dat.AJS.cen.53
dat.AJS.chull.1
dat.AJS.chull.2
dat.AJS.chull.2a
dat.AJS.fence.1
dat.AJS.fence.2
dat.AJS.NA.1
dat.AJS.NA.10
dat.AJS.NA.11
dat.AJS.NA.12
dat.AJS.NA.13
dat.AJS.NA.14
dat.AJS.NA.15
dat.AJS.NA.16
dat.AJS.NA.17
dat.AJS.NA.18
dat.AJS.NA.19
dat.AJS.NA.2
dat.AJS.NA.20
dat.AJS.NA.21
dat.AJS.NA.22
dat.AJS.NA.23
dat.AJS.NA.24
dat.AJS.NA.25
dat.AJS.NA.26
dat.AJS.NA.3
dat.AJS.NA.4
dat.AJS.NA.5
dat.AJS.NA.6
dat.AJS.NA.7
dat.AJS.NA.8
dat.AJS.NA.9
dat.AJS.NaN.1
dat.AJS.NaN.2
dat.AJS.NAN.A
dat.AJS.NAN.B
dat.AJS.NAN.C
dat.AJS.NAN.D
dat.AJS.NAN.E
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40, 41, 81

€128
€128
€128
€128
€ 129,133,179
€ 129,130, 133
€130
€ 134,136
€ 135,136
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€123
€15
€15
€137
€138
€139
€ 140
€141

€131, 133,136

€ 31, 32, 33,133, 136, 181
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dat.AJSNANF €142

dat.AJSNAN.G € 143,156, 158

datan €3,4,16,17,119

data.name €93

datname € 124,125,126

dat.type € 105,107,108

debug.plots € 4,10,17,31, 32,33, 40, 41, 47, 55, 56, 66, 69, 73, 74,75, 77, 83, 91, 121, 126, 146, 159, 163
dk €61,62,67,76,164,170

dkmethod €2,4,6,7,10,13,16,17,23,27,31, 32,33, 34,120, 121, 122, 147, 149, 156, 158
dm € 388,90

DM1 €91

dpi € 43,44,56,163

ds.of R € 105,107, 108

dx €37,43,44,55,56,84,102,111, 152, 163
dxlim €172

dxy €38,39,69,71

dy €37,43,44,55,56,84,163,172

dylim €172

end.points € 40, 46, 47, 48, 49

expand.hull € 36, 46, 66

exp.dk € 35,53, 61,66, 67,77,82,83,120, 171
exp.dk.l € 35,61,66,67,77,82,83,120,171
extr €79,160,172

F2 €65

find.cut.z.pg € 36,41,47,49,77,81,83,170,171
find. hdepths € 32, 56, 57

find.hdepths.tp € 32,43, 44, 48, 49, 60, 62, 63
find.polygon.center € 36, 64, 65

five €84

fn €100, 103

found €40, 64,167

get.A]S.data € 127,128,129, 134, 135, 137, 138, 139, 140, 141, 142, 143
greinerdata € 14

hl €63,77,162,167,168

h2 €63,77,162,167,168

hd €57,59

hdepth € 24, 30, 32, 35, 44, 45, 46, 47, 53, 56, 61, 62, 64, 66, 72,79, 82, 83, 163
hdepth.of.points € 30, 36, 43, 48, 49, 62, 63, 161, 162
hdepths € 31, 34, 35, 53, 82

hd.table € 61,62

hdtp €60

hd.tp €48,49

heights.bars € 111,152

h.fn €88

HH €130

HHdelta € 130

histres € 111,151, 152, 153

HK €130

hptp €48

hull €31, 34, 46,64, 66,67,114, 116, 130
hullbag € 31,34, 35,53,77,78,79, 80, 82, 83, 120, 130, 133, 136, 166, 169
hull.center € 31, 35, 53, 62, 64, 82, 83,161, 162
hullloop € 31, 34, 35,53,78,79, 80, 82, 83, 120
hx €39,74,75

hy €39,74,75

ia €68,69,70,71,74,75

ident €43,44

idx €73,88,91,111,114

idxna €99,101, 102

idx.out €84

idx.visible € 92,99, 100, 102, 103, 104

ind € 36,48,49,76,101,103, 104

indl € 167,168

ind2 €167,168

ind.i.points.to.shift € 168, 169

indk €69,71,74,75

indkk €69,71,74

82



indl € 73,159

ind.o.points.to.shift € 167, 169
ind.pdk.l1 €167

indu € 73,159

init € 34,43, 44,56
inner.shift.points € 168, 169

inpg €38,39

intno €51

IROT €84

is.one.dim € 31, 35, 52, 53, 81, 82, 83
jitterhist € 151,153

k1 €34,61,66,76,79,164,170
kkk €64,67,68,69,70,71,73

lam €47,48,49, 161,167, 168
lambda € 34, 65,76,77,164,167,168,170,171
lambda.i € 170,171

limit € 32,33, 38,39, 69,73
limit.hdepth.to.check € 62

Inuml € 73,159

Inumu € 73,159

Iv €170,171

vl €170,171

Iz €170,171

max.h € 111,151

mfrow € 2,15,17,45, 88,91, 93,100, 109, 110, 112, 115, 118, 119, 121, 122, 124, 125, 126, 128, 129, 133, 136, 144, 145, 146,
147,149, 150, 156, 157, 158, 174, 177
mids € 151

mins € 84

minusplus € 43, 44, 56, 163

mxy € 65

mycols € 92,93, 95, 96,100, 103, 107, 108, 154
mypi €56

na.idx € 88

name € 30, 31,90, 107, 110, 116, 129, 177
namelist € 105,107, 108

Names €93

nbars € 111,152

nc €62,72,109,110, 161

n.cells €151

n.class € 109,110,111, 112,152
ndk €76

ndk.l €76

nextno €41

nhull € 114,115,116

ni €111,151

night € 109, 110, 111, 112, 152

nn €5

nn €70

no € 4,31,32,33,40,41, 56,110, 114, 116, 128, 130, 163
noise € 151

np €62,63 161,162

npbeta €161

npg €73,159

npg €41

npgl €73,159

nr € 124,125,126,177

ns € 109,110

ntp €43,44,60,163

n.types €100

num € 72,105,107, 108

numh €72

nxx €104

nz €41

oldpar € 93,100

out € 84,103

outer.shift.points € 167, 169

out.of polygon € 36, 38, 39, 79, 160
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outside € 34,79

pcenter € 165

pdk €61, 66,163, 165, 167, 168, 169, 170
pdk.l € 66,165,167, 168,169, 170

pg €38,39,41,46,47,48,49,51, 64,67, 68, 69,70,71, 73,74, 131, 159, 160
pg0 €46,47,49

pgadd €49,50

pgeenter € 160

pg.inter € 69

pg.interl € 69

pgl €68,69,70,71,73,74,159

pgn €38,39

pgnew € 46,48,49,50

pgno €69,74

pgnol €69

pgo €41,170

phi €59,60

pktcand €79

pkt.cut €83

pktnotbag €79

plot.bagplot € 31, 32,81, 133, 136, 181
plothulls € 114, 115, 116, 117
plot_single_summary € 92,93, 154
plotsummary € 93, 94, 105, 106, 107, 108, 154, 155, 181
pnew € 69,74

pnew.inter € 69

pnew.interl € 69

pnewl €69

points.inbag € 32,36, 61, 81, 83, 164, 170
pos.to.pg € 36,51, 73,159

prdata € 31, 35,52, 53, 82, 84, 172
product €131

pxybag €31,35,53,79,82,83
pxy.outer € 31, 35,53,79, 80, 82,83
pxy-outlier € 31, 35,53,79, 82, 83

R1 €136

R2 €136

range.bars € 152

ranges €84

res € 35,52,53

resolution € 47

result € 5,31, 34,38, 39,51,103, 110, 114, 131, 163
RM1 €59,60,180

rmuml € 73,159

rmumu € 73,159

ro €163

ROT €84

52 €133

S2new € 133,136

seed €3,4,5,16,17,118,119

segm € 172

segm.no € 41,170

segtr €172

shift € 153,166

Sin.pg € 38,39

sinphi €59, 60

skyline.hist € 109, 110, 111, 112, 113, 152
sl €73,159

SP €65

Spg €131

S.pg.ortho €131

sr €73,159

starts.bars € 111, 152

step €36

sx €40,42

sxy €40

sy €40,42
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tp €30,43, 44, 45, 48, 49, 60, 63, 82, 83, 161, 162, 163
TP € 24,45,63,91, 156, 158

TPD € 24,63,91,156,158

tphdepth € 43, 44, 62, 63, 64, 82, 83, 161, 162, 163
tpt €60

trdata €172

trim € 88,90, 91, 92, 93, 99, 105, 107, 108, 150, 154, 155
trim.xy €150

type €39,70,73,74,75, 83, 84,92, 93,100, 101, 102, 103, 104, 105, 107, 108, 110, 111, 116, 130, 151, 152, 156, 163, 172
union.points € 167

usr € 84,100,111, 154, 172

vec €84

vec.ortho € 84

verylarge.data.set € 36,79

vt €170,171

vt.l €170,171

width.bars € 111,152

win € 36, 37,41, 43, 44, 81, 160, 163, 165, 167, 168
x0 €10,11,22,23,24,25,27,28,102,174

x1 €174

x2 €174

x3 €174

xdelta € 55,56

xhull €114

xi €66,111,151

xlim € 23,39, 70, 73, 84, 88,99, 100, 101, 103, 104, 110, 111, 130, 152, 172
xlim €111

xlimits € 150

x.old €114

x.split € 151

xx €104

xy €5,30,31,35,36,38,39,43, 44, 47, 48, 49, 52, 53, 54, 55, 56, 57, 58, 59, 60, 62, 63, 65, 66, 75,77, 82, 83, 91, 105, 107, 108,
115, 131, 147, 149, 150, 154, 156, 158, 160, 163, 170, 171, 180
XY €39,148

xy0 € 167,168

xyl €42,167,168

xy2 €42,65,167,168

xy3 €65

xy.cut € 167,168

xydata € 31, 35,36, 52, 53,79, 82, 83, 84, 172

xydel € 63,162

xy.delta € 84

xyextr € 63,162

xyi €66

xyl €73,159

xym € 34,54, 64, 67

xy.medians € 36

Xyo € 66

xysd € 34,54, 64,67

xyt €59,60,69,71

xyto €69,71

xytr €84

xyu €73,159

xyxy € 34,54,67,69,71,73,74,75

y0 €10, 11,22, 23,24, 25,27, 28,101, 102, 103, 104, 174
yl €174

y2 €174

y3 €174

yhull €114

yi €111

ylim € 23,39, 70, 73, 84, 100, 110, 111, 152, 172
ylimits € 150

ymins € 100, 101, 102, 103, 104

yold €114

ytr €172

yy €104

zyonpg €51
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Code Chunk Index
<*18U19U20U21U24U96U106U109U112U119U122U128U149U151U153U154U155U157U 177 U

178 U 179U T80 U LB ottt ittt ettt et et et pl5
(Amanda’s data set of 290ct2012: missing fence — A 134)  C 136,144 . ..., p75
(Amanda’s data set of 290ct2012: missing fence — B 135)  C 136,144 ... p76
(Amanda’s data set of 290ct2012: Na/NaN-error A137)  C 145 ....iiiiiiiiii i p78
(Amanda’s data set of 290ct2012: Na/NaN-error B138)  C 145 ..ottt p78
(Amanda’s data set of 290ct2012: Na/NaN-error C139)  C 145 ....ooiiiiiiiii i p78
(Amanda’s data set of 290ct2012: Na/NaN-error D 140)  C 145 ... . oot p78
(Amanda’s data set of 290ct2012: Na/NaN-error E141)  C 145 ... oo oo p78
(Amanda’s data set of 290ct2012: Na/NaN-error F142)  C 145 .. ... .. ... i, p78
(Amanda’s data set of 290ct2012: Na/NaN-error G143)  C 145 ... i P79
(another data set T173) . .ooo oo e p??
(another data set 2 174Y .. ..o e e p??
(another data set 3175 U IT760) ..ottt e et et e e p??
(A7GS 29) et p20
(assing data set of Martin Maechler to X0 and y0 11) € 10,22,23,25 ... .ouiiiiiiiiiiiiiiiiiae e P9
(a verbose test with AJS data 10 26 126) ... iii i p71
(BAGPLOT of data set of Martin Maechler 22) .............cooiiiiiiiiiii i, pl7
(bagplot of data set of Martin Maechler 23) . ...... ... o o pl7
(bagplot of data set of Martin Maechler, difference if precision is increased 28) ............................... p19
(BAGPLOT of data set of Martin Maechler, exchanged variables 25) ....................cciiiiiiiiiiiii.... p18
(bagplot of data set of Martin Maechler, exchanged variables 27) .............. ...t pl8
(BAGPLOT of data set of Martin Maechler, relative difference 26) ...............cooviiiiiiiiiiiiiiniiiinai.. pl8
Q227 1 p??
(body of loop of directions 69)  C 68 ... .. p42
(body of conmput e. bagpl Ot 34)  C 33 ..ottt p25
(call t angl eRto extract tangle function bagpl ot () 87) ...ttt p50
(CArdAEA 2) ... oo p3
(check and handle linear case 52)  C 34 ... oo i p35
(check clockwise condition of polygon 131)  C 133,136 ......iiiii e p74
(checke cars data set TA6) ... ... i i P79
(check of function hdept h() 45) ... .. i p32
(check some points to find the maximal h-depth 63)  C 62 ... ... oottt p39
(chunk for checking function out . of . POl YGON 39) .. ..iiiiii i p28
e I S p7
(combination of lower and upper polygon 73)  C 68 ... ... p43
(compute angles between points 55)  C 34 ...t p36
(compute boxplot 103) € 92 .ttt p57
(compute density trace 102) € 92 ...ttt p57
(compute ecdf 104) € 92 Lo i p57
(compute hdepths 56) T 34 ... p36
(compute hdepths of test points to find center 62)  C 34 ... ... p39
(compute hull pg. NEWSB0)  C 46 ...t p34
(compute stripes 101)  C 92 ..ot P56
(comstruct bagplot as usual 83)  C 81 ... . i i i p48
(construct plot for one dimensional case and return 84)  C 8L ... ... ...l p49
(data set 1 of Wouter Meuleman 13)  C 121 ..o p10
(data set 2 of Wouter Meuleman 12) ... p10
(data set of Amanda Joy Shaker 15) ... ... . o pl2
(data set of Martin Maechler 10) ........ .. i e P9
(AebUGPIOE 17) oo e e e e e pl4
(debug: plot ini 75)  C 71 o oo p45
(debug: plot within for 10op 74)  C 69 ... i p44
(define another chull function 132)  C 133,136 . ..uuuniii it p74
(define data sets of AJS 123)  C 124,125,126 ... .ouuuuni it p70
(define data set with chull problem 129)  C 133 ... .. oot p72
(define experiment to check chull error and solution 133) . ...... ... ittt p74
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(define experiment to check fence error on a 64 bit machine 136) ............ooiiiiiiiiiiini i p77
(define function cut . P. SI . P.SI 42)  C 36 coiiiiiit it p31
(define function cut . z. Pg40)  C 36,81 ..ot e P29
(define function expand. hul | 46)  C 36 ..ot p33
(define function find. cut. z. pg4l) C36,81 ....ooiiiiiii p30
(define function get . AJS. data() 127) C 128,129,134,135,137,138, 139, 140, 141,142,143 ......... p71
(define function hdept h() 44)  C 32,45 ..o i p31
(define function hdept h. of . poi Nt 43)  C36 ...ttt p31
(define function out . of . POl ygon 38) €36 .......ooiiiiiiii p28
(define function POS. 1 0. PG 51)  C 36 ..ottt p34
(define function Wi N 37) € 36,44, 81 ..ot p28
(define help of DAGP] Ot 31) oo p21
(define help of bagpl Ot . Pai 'S 90) ...ttt e p51
(define help of hdept h 30) ... o i i p20
(define help of Pl Ot NUL T S 116) ..o p68
(define help of pl ot SUMTTRIY 107) ... oo e p58
(define help of skyl i ne. hi st 110) ... i e p6l
(define rnorm data dat a, seed: seed, size: N 118) € 3,4,16,17,119 .....coiiiiiiiiiiiiiiiin i p70
(define bagpl ot 32) C2,3,4,5,6,7,10,12,13, 14, 15, 17, 45, 85, 86, 91, 119, 120, 121, 122, 124, 125, 126,
128,129, 133, 136, 146, 147, 149, 150, 156, 157,158, 177,178 .. ..o p24
(definebagpl ot . pai rs 88)  C 89,91 ... i e p51
(define comput e. bagpl 0t 33)  C 82 ... i p25
(define find. hdept hs 57) € 32,56 ... oot p37
(definefind. hdepths. tp60) C 32 ... oo p37
(define find. pol ygon. CeNter 65)  C 36 .oouuniiinniii ettt p40
(define pl ot . bagpl Ot 81) € 32 . ittt p47
(define Pl Ot RUL TS T14)  C 117 L..iiee e P67
(define pl ot _singl e_summary 92) € 93 ... o ittt p54
(define pl ot summary 93)  C 94,105,106, 154, 155 ... ..ottt p55
(define skyl i ne. hist 111)  C 109, 113 ..o p64
(A0IE1B0Y oo p80
(dobagpl Ot . PaAI IS EESEOLY oottt ettt e et p53
(error 121) ............................................................................................ p70
(Error in 1:pg.nol : NA/NaN Argument 148) ... ... o o i P79
(examples of pl ot hul 1 S() 115) .. oo p68
(Example where chull gives bad results 130) .......o.oiiiu it p73
(find additional points between the line segments 49)  C 46 ........coooiiiiiiiiiii i p34
(find end points of line segments: center — pg — Pg047)  C46 ... p33
(find hull of I00p 80)  C 34 oottt p47
(find Kik-hull: Y 68) € 64,67 ..o oot p4l
(find limits for trimming, normalize data and store visibility: i dx. vi sibl e99) C92 ................... p56
(find points outside of bag but inside loop 79)  C 34 ... i i p46
(find the polygon of points of maximal h-depth 64)  C 62 ... ... . i i p39
(find hul | . Dag 77) € 34 . p46
(find hul | . 100P 78)  C B4 ..o p46
(AAK 61)  C 34 oot p38
(find value of | aMbda 76)  C 34 ... i i i p45
(fix main title 97)  C 92 oo P56
(frADOT2 TAT) oot e e e P79
(handle three or four data points 53)  C 34 ... p35
(I 36) € B i p26
(initialize graphics and find ymi n 100)  C 92 ... oo i p56
(initialize loop of directions 71)  C 68 . ... ...t p43
(initialize some variable 82)  C 8L ... ... p48
(initialize angl @S, @NG 72)  C 64, 67 oot p43
(IArQe A) e p5
(loop over directions 59)  C 57 ... p37
(method one: find hulls of Dy and Dy_1 66)  C 34 ....ooiiiiii i p40
(method two: find hulls of Dy and Dy_1 67)  C 34 ..o p4l
(Na-NaN-error-data-test 1T45) ... ... oot e e e e p79
(OIA 1B5) ottt p??



(OLD: construct plot for one dimensional case and return 172) .......oooiiiiiiinie i p??
(old: define skyl i ne. hi St 152) ..o o i i e p??
(old: experiment for finding bag 163) ... ... . o e p??
(OId: find Bag 166) . ...t p??
(old: find points of outer polygon to be shift 167) .. ... .. ...t p??
(old: find points to shift on inner polygon 168) . ... ... .. o i p??
(old: find value of | MA@ 171) ... ..o p??
(old: find value of | ambda — old version 170) ......... ... oo oo p??
(old: shift points on polygons and construct hul | . bag 169) ......... ... p??
(old version: check points on a grid to find center 162) ........oiiii ittt p??
(old version: define function out . of . POl YGON 160) .....coouuuiiiiiit i p??
(old version of the combination of lower and upper polygon 159) . ......oooiiiiii i p??
(old version to find | ambd@a 164) .. ..ot p??
(OMEAIM B) ..o e p8
(0me dIM EESE D) .o p8
(output result 35)  C B4 o i p26
(UAdTALIC 6) ..o p7
(quadratic-test 120) . ... . p70
(PROTTILB) e ettt e et p4
(PROTM, dIfferent SIZES 5Y . ..ottt e p6
(search for points with critical hdepth 48)  C 46 ... .. oo p33
(Select cOlOTS 95) T 92 ittt p55
(show missing fence data 144)  C 145 ... i i P79
(SHOW PG PZLTOY <o p43
(some functions for generating bagplots 86) .......... ... .. p50
(standardize data and compute: XyXy, Xym Xysd 54) T34 ..ottt p36
(standardize dimensions 58)  C 57 ... .. i p37
(start 85 U89 U AU TI3 U TLT7) oottt ettt et e et e e e p50
(best 121126 156 U IB8) ..ttt et ettt et e e e e e e e p??
(test: data set of Ben Greiner 14) ......oo .o pll
(test of amanda-data-sets 124 U T125) ..o oottt e p71
(Test of R data sets 105) .. ..ovoi ittt e et et p57
(test of the examples of plotsummary 108) ..........oio it p60
(transform data into numerical vectors 98)  C 92 ... it p56
(VETBOSEEESE LO) ..ottt e p13
(version of bagplot 1) € 32,33, 81 .ot p2
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