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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) =

## 2007/ 08/ 31 peter wol f ##



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) =
(define bagpl ot 29)
library(rpart); cardata<-car.test.frane[,6:7]; par(nfrow=c(1,1))
bagpl ot (cardat a, ver bose=FALSE, f act or =3, show. baghul | =TRUE, dknmet hod=2
show. | oophul | =TRUE, pr eci si on=1) $cent er
#title("car data Chanbers/Hastie 1992")

Disp.
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I
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Weight

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 nmake

Splus ...

> dyn. open("S.s0"); source("bagplot.s") #; postscript("hello.ps")
> bagpl ot (cardata[, 1], cardata[, 2]) #; dev.off()

For R have a1 ook at: http:/ /www.statistik.tuwien.ac.at/public/filz/students/edavis/
ws0607/skriptum/page134.html



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 29)
seed<-222; n<-200
(define rnorm data dat a, seed: seed, size: n 76)
dat an<-r bi nd( dat a, c(106, 294)); datan[, 2] <-datan[, 2] *100
bagpl ot (dat an, f act or =3, cr eat 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)
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 rnorm data dat a, seed: seed, size: n 76)
dat an<-r bi nd(dat a, ¢c( 105, 295))
bagpl ot (dat an, fact or=2. 5, cr eat e. pl ot =TRUE, appr ox. | i mi t =1000
cex=0. 2, show. out | i er =TRUE, show. | ooppoi nt s=TRUE
show. bagpoi nt s=TRUE, dknet 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 29)
nn<- ¢( 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), rnornm(n))
result[j]<-systemtine(
bagpl ot (xy, fact or=3, cr eat 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. | oophul | =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(resul t)<-nn; result
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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 29)

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

200 400 600 800

0
|

(circle 7) =
(define bagpl ot 29)
n<-100; bagpl ot (x=cos((1:n)/ n*x2+pi),y=sin((1:n)/nx2xpi),
preci si on=1, ver bose=FALSE, dknet hod=2, debug. pl ot =FALSE) $cent er
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1.6 Degenerated data sets
What happens if all the data points lie in a one dimensional subspace?
8 (onedim 8) =
bagpl ot (x=10+c(1: 100, 200), y=30-c(1: 100, 200), ver bose=FALSE)

-150

50 100 150 200

Here is a second one dim data set.
9 (one dim test 9) =
bagpl ot (x=(1: 100), y=(1: 100), ver bose=FALSE)

20 40 60 80 100
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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.
(data set of Martin Maechler 10) =
(define bagpl ot 29)
(assing data set of Martin Maechler to x0 and y0 11)
bagpl ot (x0, y0, show. baghul | =TRUE, show. | oophul | =TRUE,
create. pl ot =TRUE, show. whi sker s=TRUE, f act or =3,
debug. pl ot s="not al | ", dknet hod=2, ver bose=FALSE,
preci si on=1) $cent er
#abl i ne( h=4. 85, v=6. 75)

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




1.8 Data sets of Wouter Meuleman, running in an error with ver-
sion 09/2005

An old bagplot version runs into errors with following data set. During the computation

of (find hul| . bag 65) some NaN values occured.

12 (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(afal=""]); a<-nmatrix(a, ncol =3, byr ow=TRUE)
(define bagpl ot 29)
bagpl ot (a[, 2], a[, 3], ver bose=FALSE)

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.

13 (data set 1 of Wouter Meuleman 13) =

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(afal=""])

a<-matri x(a, ncol =3, byr ow=TRUE)

(define bagpl ot 29)

bagpl ot (a[, 2], a[, 3], ver bose=TRUE, dknet hod=2)

T T T T 1
7768 7770 7772 7774 7776

X
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1.9 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 15) =
seed<-444; n<-30
(define rnorm data dat a, seed: seed, size: n 76)
dat an<-r bi nd(dat a, c(102, 298))
bagpl ot (dat an, fact or=2. 5, cr eat 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, 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
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1.10 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
Rart.
(debugplot 16) =

seed<-444; n<-30

(define rnorm data dat a, seed: seed, size: n 76)

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, 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,

show. whi sker s=TRUE, show. | oophul | =FALSE, show. baghul | =TRUE, dkret hod=2,

debug. pl ots="al | ", verbose=TRUE) ; par(nfrow=c(1, 1))
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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:

17

18

19

fetch the fortran code by downloading
$ get ftp://ftp.w n.ua.ac. be/ pub/software/agoras/newfiles/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 CMD SHLIB -0 bagpl ot.so bagpl ot . f

download bagplot-R-function

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

start R and load so-file
(*17) =
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.
(*17)+ =
BAGPLOT<-r eadLi nes(" Tukey/ BAGPLOT. 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,
drawoop = T, truncxmin = NULL, truncxmax = NULL, truncymin = NULL,
truncymax = NULL, xlab ="

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

compute an example bagplot.

F17)+ =
I'i brary( MASS)
dat a( Cars93); x<-Cars93[,"Weight"]; y<-Cars93[, "Engi neSi ze"]
names(x) <-di manes(Cars93)[[1]]; names(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)",

H#Hit mai n="Press Mouse 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, "Ni 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

14



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

and the bagplot:
Chevrolet( o
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A reconstruction of this plot can be done by our bagplot function. For a suitable
loop you have to set f act or =2. 8.
20 F17)+ =
I'i brary( MASS)
dat a(Cars93); x<-Cars93[,"Wight"]; y<-Cars93[, "Engi neSi ze"]
names(x) <-di manes(Cars93)[[1]]; names(y)<-di manes(Cars93)[[1]]
cent er <- bagpl ot (x, y, fact or=2. 8, xl ab="Gewi cht (in Pfund)",
yl ab="Hubraum (in Liter)", cex. | ab=1. 2) $cent er
text (3380, 5.7, "Chevrol et", pos=2); text (2895, 1.3, "Mazda", pos=1)

t ext (4050, 3.0, "Ni ssan", pros=1); text (3785, 2. 4, "Toyot a", pos=1)
t ext (3960, 2. 5, " Vol kswagen", pos=3)
center
Chevrolet .
e 0 —
i)
£
c Y
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S N
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— = | Mazclja |
2000 2500 3000 3500 4000
Gewicht (in Pfund)
We find the center:
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Tue Aug 28 19:06: 10 2007
[1] 2958. 051384 2.413979

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.

21 (BAGPLOT of data set of Martin Maechler 21) =

(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 nedian are ( 6.75 , 4.875 ).

and the following plot

Our procedure will compute slightly different results:
22 (bagplot of data set of Martin Maechler 22) =
(assing data set of Martin Maechler to x0 and y0 11)
cent er <- bagpl ot ( x0, y0, show. baghul | =FALSE, show. | oophul | =FALSE,
creat e. pl ot =TRUE, show. whi sker s=TRUE, f act or =3,
dknet hod=2, preci si on=1) $cent er
abl i ne(h=4.85,v=6.75); center

16



23

24

25

26

The two lines mark the Tukey median computed by BAGPLOT. Our median is:
[1] 6.544480 4.708483

Now we check the stability of the functions by exchanging the variables.
(BAGPLOT of data set of Martin Maechler, exchanged variables 23) =

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

BAGPLOT( y0, x0)

[1] The coordinates 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 24) =
abs((c(6.75 ,4.875)-c(4. 84231, 6. 68461))/c(6. 75, 4. 875))

[1] 0.2826207 0.3712021

How will our function master the test?
(bagplot of data set of Martin Maechler, exchanged variables 25) =
cent er. ex<- bagpl ot (y0, x0, show. baghul | =FALSE, show. | oophul | =FALSE,
creat e. pl ot =TRUE, show. whi sker s=TRUE, f act or =3,
dkmet hod=2, pr eci si on=1) $cent er

[1] 4.708846 6.540282

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 26) =
center <- bagpl ot (x0, y0, creat e. pl ot =FALSE, f act or =3, pr eci si on=6) $cent er
cent er. ex<- bagpl ot (y0, x0, creat e. pl ot =FALSE, f act or =3, pr eci si on=6) $cent er
print(center)
abs(center-center.ex[2:1])/center

The results seems to be identical for we get:

[1] 6.541650 4. 708349
[1] 0 O

By analyzing the scatterplot we find that the area of the points with h-depth 4 is
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 procedure because we got some memory faults during testing BAGPLOT.
These errors killed the R process and some of the computed result 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() .

27 (args 27) =
ar gs(bagpl ot)
function (x, y, factor = 3, na.rm= FALSE, approx.limt = 300,
show. outlier = TRUE, show whi skers = TRUE, show. | ooppoi nts = 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 oophull = "#aaccff", col.looppoints = "#3355ff",
col . baghull = "#7799ff", col.bagpoints = "#000088",
transparency = FALSE, ...)
The output of bagpl ot is a list of the relevant quantities of the constructed bag-
plot. To identify singular points, use i denti f y(). Here is a short description of
the return values:
center Tukey median
hul | . 1 oop set of points of polygon that defines the loop
hul | . bag set of points of polygon that defines the bag
hul I . 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
random seed random.seed that is set by bagplot
xydat a data set
Xy sample of data set
The help page is defined as a code chunk
28 (define help of bagpl ot 28) =

\ name{ bagpl ot }

\'al i as{bagpl ot}

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

\'al i as{pl ot. bagpl ot}

\title{ bagplot, a bivariate boxplot }

\descri ption{
\ code{ conput e. bagpl ot ()} conputes an obj ect
descri bing a bagplot of a bivariate data set.
\code{pl ot.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.limt = 300,
show. out i er TRUE, show. whi skers = TRUE,
show. | ooppoi nts = TRUE, show. bagpoi nts = TRUE,
show. | oophul | = TRUE, show. baghul|l = TRUE,
create.plot = TRUE, add = FALSE, pch = 16, cex = 0.4,
dknet hod = 2, precision = 1, verbose = FALSE,
debug. pl ots = "no", col .l oophul | ="#aaccff",

18



col . | ooppoi nt s="#3355ff", col.baghul | ="#7799ff",
col . bagpoi nt s="#000088", transparency=FALSE,

)

conput e. bagpl ot (x, y, factor = 3, na.rm= FALSE, approx.linmt = 300,
dknet hod=2, preci si on=1, ver bose=FALSE, debug. pl ot s="no")

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 . I oophul | ="#aaccff", col .| ooppoi nts="#3355ff",
col . baghul | ="#7799ff", col . bagpoi nt s="#000088",
transparency=FALSE, .. .)

}

\ ar gunent s{
\iten{x}{ x values of a data set;
in \code{bagplot}: an object of class \code{bagplot}
conput ed by \code{conpute. bagplot} }
\iten{y}{ y values of the data set }
\iten{factor}{ factor defining the loop }
\iten{na.rm}{ if TRUE 'NA" values are renoved ot herw se exchanged by nean}
\iten{approx.limt}{ if the number of data points exceeds
\code{approx.limt} a sanple is used to conpute
sone of the quantities; default: 300 }
\iten{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 }
\'i ten{ show. bagpoi nts}{ if TRUE bag points are plottet }
\iten{show. | oophul | }{ if TRUE the loop is plotted }
\iten{show. baghul I }{ if TRUE the bag is plotted }
\iten{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 }
\iten{cex}{ sets characters size}
\iten{dknethod}{ 1 or 2, there are two nethod of
approxi mating the bag, method 1 is very rough }
\iten{precision}{ precision of approximtion, default: 1}
\iten{verbose}{ automatic commenti ng of cal cul ati ons

\iten{debug.plots}{ if TRUE additional plots describing
internmedi ate results are constructed }
\iten{col .l oophull}{ color of loop hull }
\iten{col .| ooppoints}{ color of the points of the |oop }
\iten{col.baghull}{ color of bag hull }
\iten{col . bagpoints}{ color of the points of the bag }
\iten{transparency}{ see section details }
\iten{\dots}{ additional graphical paraneters }
}
\det ai | 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 polygon, 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
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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 classica
boxpl ot .

\code{bagpl ot ()} plots bagplots that are very sinmlar

to the one described in Rousseeuw et al.

Remar ks:

The two di mensi onal nedian is approxi mat ed.

For large data sets the error will be very small

On the other hand it is not very wise to nake a (graphical)
sunmary of e.g. 10 bivariate data points

In case you want to plot rmultiple (overlapping) bagplots,
you may want plots that are sem -transparent. For this
you can use the \code{transparency} flag
I f \code{transparency==TRUE} the al pha |ayer is set to '99" (hex).
Thi s causes the bagplots to appear seni-transparent,
but ONLY if the output device is PDF and opened using:
\code{pdf (file="fil enane. 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 Wbuter Meul eman.
}
\val ue{
\ code{ conput e. bagpl ot} returns an object of class
\code{bagpl ot} that could be plotted by
\ code{pl ot. bagplot()}.
}
\references{ P. J. Rousseeuw, |. Ruts, J. W Tukey (1999)
The bagpl ot: a bivariate boxplot, The Anerican
Statistician, vol. 53, no. 4, 382--387 }
\author{ Peter WoIf }
\ not e{
Ver si on of bagplot: 08/2007 }
\'seeal so{ \code{\link[graphics]{boxplot}} }
\ exanpl es{
# exanpl e: 100 random poi nts and one outlier
dat <- cbi nd(rnor m( 100) +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, dkmet 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)),
.Dimames = list(NULL, c("Weight", "Disp.")))
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29

bagpl ot (car dat a, f act or =3, show. baghul | =TRUE,
show. | oophul | =TRUE, pr eci si on=1, dknet 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)
# one di nensi onal subspace
bagpl ot (x=1: 100, y=1: 100)
}

\ keyword{ misc }

Here are some important links:

http://ww. ci mntgill.cal/~lsimrd/ Pattern/ TheBag. ht m
http://ww. mat h. yor ku. ca/ SCS/ Gal | ery/ bri ght -i deas. ht m
http://mven. smt h. edu/ ~strei nu/ Resear ch/ LocDept h/ al gorithm htm
http://ww. agor as. ua. ac. be/ abstract/ Bagbi v97. ht m
http://ww. agor as. ua. ac. be/ Locdept . ht m
http://article.gmane. org/ gmane. conp. | ang. r. general / 25235
http://finzi.psych. upenn. edu/ R Rhel p02a/ ar chi ve/ 45106. ht m
http://delivery.acm org/10. 1145/ 370000/ 365565/

p690-nm | | er. pdf ?key1=365565&key2=9093786211&col | =GUI 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 ptunf pagel34. ht m

4 The definition of bagplot

The funciton 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 29) =
(define comput e. bagpl ot 30)
(define pl ot . bagpl ot 69)
bagpl ot <-function(x,y,
factor=3, # expanding factor for bag to get the | oop
na.r meFALSE, # 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 i s shown
show. baghul | =TRUE, # if TRUE bag is shown
create.plot=TRUE, # if TRUE a plot is created
add=FALSE, # if TRUE graphical elenments are added to actual plot
pch=16, cex=. 4, # sone graphi cal paraneters
dknet hod=2, # in 1:2; there are two nmethods for approxi mating the bag
precision=1, # controls precision of conputation
ver bose=FALSE, debug. pl ot s="no", # tools for debuggi ng
col .l oophul | ="#aaccff", # Alternatives: #ccffaa, #ffaacc
col .l ooppoi nt s="#3355ff", # Alternatives: #55ff33, #ff3355
col . baghul | ="#7799ff", # Alternatives: #99ff77, #ff7799
col . bagpoi nt s="#000088", # Alternatives: #008800, #880000
transparency=FALSE, ... # to define further paraneters of plot

)
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(version of bagplot 1)
bo<- conput e. bagpl ot ( x=x, y=y, factor=factor, na.rnFna.rm
approx. limt=approx.|imt, dkmet hod=dknet hod,
pr eci si on=pr eci si on, ver bose=ver bose, debug. pl ot s=debug. pl ot s)
if(create.plot){
pl ot (bo,
show. out | i er=show. outl 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. | oophul | ,
show. baghul | =show. baghul I,
add=add, pch=pch, cex=cex, ...,
ver bose=ver bose,
col .l oophul | =col . | oophul I,
col . | ooppoi nt s=col . | ooppoi nt s,
col . baghul | =col . baghul | ,
col . bagpoi nt s=col . bagpoi nts,
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.
30 (define conmput e. bagpl ot 30) =
conput e. bagpl ot <-function(x,y,
factor=3, # expanding factor for bag to get the | oop
na.r mFALSE, # shoul d NAs renoved or exchanged
approx.limt=300, # limt
dknmet hod=2, # in 1:2; nethod 2 is recomended
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 31)

}

4.1 The body of conput e. bagpl ot

Here you see the main steps of the construction of a bagplot.
31 (body of conmput e. bagpl ot 31) =
(init 33)
(check and handle linear case 46)
(standardize data and compute: Xyxy, xym xysd 47)
(compute angles between points 48)
(compute hdepths 49)
(find k 50)
(compute hdepths of test points to find center 51)
i f (dkmet hod==1) {
(method one: find hulls of Dy and Dy._q 55)
}el sef
(method two: find hulls of Dy, and Dy,_1 56)
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}
(find value of | ambda 64)

(find hul | . bag 65)

(find hul | .| oop 66)

(find points outside of bag but inside loop 67)
(find hull of loop 68)

(output result 32)

4.2 Output of bagpl ot

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

center Tukey median
hul I . | oop set of points of polygon that defines the loop
hul I . 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
pr dat a result of PCA

random seed random.seed that is set by bagplot
xydat a data set

Xy sample of data set

These elements are return as a list.
32 (output result 32) =

res<-list(
center=center,
hul | .center=hull.center,
hul | . bag=hul | . bag,
hul | . 1 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,
is.one.dinFis.one.dim
pr dat a=prdat a,
random seed=r andom seed,
Xy=xy, xydat a=xydat a

)

i f(verbose) res<-c(res,|ist(exp.dk=exp. dk, exp. dk. 1=exp. dk. 1, hdept h=hdept h))

cl ass(res)<-"bagpl ot "

return(res)

4.3 Initilization of bagpl ot

Points with identical coordinates may result in numerical problem. Therefore,
some noise may be added to the data — for this feature the comment signs have
to be deleted.
33 (init 33) =
# define some functions
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(define function wi n 34)
(define function out . of . pol ygon 35)
(define function cut . z. pg 36)
(define function f i nd. cut . z. pg 37)
(define function hdept h. of . poi nt s 39)
(define function expand. hul | 40)
(define function cut . p. sl . p. sl 38)
(define function pos. t 0. pg 45)
(define f i nd. pol ygon. cent er 54)
# check input
xydata<-if(m ssing(y)) x else chind(x,y)
if(is.data.frane(xydata)) xydata<-as. matrix(xydata)
i f(any(is.na(xydata))){
if(na.rm{ xydata<-xydata[!apply(is.na(xydata), 1, any),, dr op=FALSE]
print("Warni ng: NA el enents have been renoved!!")
}el sef
Xy. means<- col Means( xydat a, na. r neTRUE)
for(j in 1:ncol (xydata)) xydata[is.na(xydata[,j]),j]<-xy.neans[j]
print("Warni ng: NA el enents have been set to nean val ues!!")

}

i f(nrow(xydata)<3) {print("not enough data points"); return()}
# sel ect sanple in case of a very large data set
very. |l arge. dat a. set <- nrow xydat a) >approx. | i mt
set. seed(random seed<-13)
if(very.large.data.set){
i nd<-sanpl e(seq(nrow xydata)), si ze=approx.limt)
xy<-xydatalind, ]
} el se xy<-xydata
n<- nr ow( xy)
poi nts.in. bag<-floor(n/2)
#if jittering i s needed
# the following two lines can be activated
#xy<-xy+cbi nd(rnorm(n, 0,.0001xsd(xy[,1])),
# rnorn(n, 0,.0001xsd(xy[,2])))
i f(verbose) cat("end of initialization")

4.4 Some local functions to find intersection points

win: After a lot of experiments the function at an2 is found to compute the gra-
dient in fastest way.
(define function wi n 34) =

wi 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 polygon pg (return value FALSE) or not (return value TRUE).
(define function out . of . pol ygon 35) =
out . of . pol ygon<-functi on(xy, pg){
if(nrow(pg)==1) return(xy[, 1] ==pg[1] & xy[, 2] ==pg[2])
n<- nr ow( Xy<- mat ri x( xy, ncol =2)); n<-nrow pg)
limt<--abs(1E-10«diff(range(pg)))
pgn<-cbi nd(di ff(c(pgl.2],pg[1,2])),-diff(c(pgl,1],pgl1, 1])))
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36

S<-matri x(col Means(xy), 1, 2)
dxy<-cbind(S[1] -pg[, 1], S[ 2] -pg[. 2])
S.in.pg<-all (limt<apply(dxy*pgn, 1, sunj)
if(ltall(limt<apply(dxy*pgn, 1, sum)){
} pg<-pg[n:1,]; pgn<--pgn[n:1,]
in.pg<-rep(TRUE, m
for(j in 1:n){
dxy<-xy-matrix(pg[j,],m 2, byr ow=TRUE)
in.pg<-in.pg & limt<(dxy% %gn[j,])
}
return(!in.pg)
}

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
—rt/2 and 7t/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 p1x, ply, p2x, p2y
and lines that contains zx, zy and origin.
(define function cut . z. pg 36) =
cut. z. pg<-function(zx, zy, plx, ply, p2x, p2y){
az2<-(p2y-ply)/ (p2x-plx); al<-zy/zx
sx<-(ply-a2+plx)/(al-a2); sy<-alxsx
sxy<-chi nd(sx, sy)
h<-any(is.nan(sxy))||any(is.na(sxy))]||any(lnf==abs(sxy))
if(h){
i f(!exists("verbose")) verbose<- FALSE
i f(verbose) cat("special")
# points on line defined by Iine segnent
h<-0==(al-a2) & sign(zx)==sign(plx)
sx<-ifelse(h, plx,sx); sy<-ifelse(h, ply, sy)
h<-0==(al-a2) & sign(zx)!=sign(plx)
sx<-ifelse(h, p2x,sx); sy<-ifelse(h, p2y, sy)
# line segnment vertical
# & center NOT ON |line segnent
h<- plx==p2x & zx!=plx & pix!=0
sx<-ifelse(h, plx, sx); sy<-ifelse(h, zyxplx/zx, sy)
# & center ON |line segnent
h<- plx==p2x & zx!=plx & plx==0
sx<-ifelse(h, plx, sx); sy<-ifelse(h,O0, sy)
# & center ON line segnment & 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 & plx==0 & sign(zy)!=sign(ply)
sx<-ifelse(h, plx,sx); sy<-ifelse(h, p2y, sy)
# points identical to end points of |ine segnment
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)
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# point of z is center
h<-zx==0 & zy==0; sx<-ifelse(h,0,sx); sy<-ifelse(h,O0,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"){
segnent s(sxy[, 1], sxy[, 2], zx, zy, col ="red")
segnents(0, O, sxy[, 1], sxy[,2],type="1",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.
37 (define function f i nd. cut . z. pg 37) =
find.cut.z. pg<-function(z, pg, center=c(0, 0), debug. pl ot s="no"){

if(lis.matrix(z)) z<-rbind(z)
if(l==nrow(pg)) return(matrix(center,nrow z), 2, TRUE))
n. pg<-nrow( pg); n.z<-nrow(z)
# center z and pg
z<-chind(z[, 1] -center[1], z[, 2] -center[2])
pgo<-pg; pg<-cbind(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],pg[1,1]),c(pgl.2],pol1,2]))}
# find angles of pg und z
apg<-win(pg[, 1], pa[, 2])
apg[is. nan(apg)] <-0; a<-order(apg); apg<-apg[a]; pg<-pg[a,]
az<-win(z[,1],z[,2])
# find line segnments
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 %% | engt h(apg))
# conpute 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<-cbi nd(cuts[, 1] +center[ 1], cuts[, 2] +center[2])
return(cuts)

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+my(x —xq)

If both slopes are identical an i nf -value will be returned.
38 (define function cut . p. sl . p. sl 38) =
cut.p.sl.p.sl<-function(xyl, m, xy2, n2){
sx<-(xy2[ 2] - nRxxy2[ 1] - xy1[ 2] +nl*xy1[ 1])/ ( nl- nR)
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39

40

41

Sy<-xyl[ 2] - mlxxy1[ 1] +ml*sX

if(!is.nan(sy)) return( c(sx,sy) )

if(abs(ml)==Inf) return( c(xyl[1], xy2[ 2] +mR*(xy1l[1]-xy2[1])) )
if(abs(m2)==Inf) return( c(xy2[1],xyl[2]+mlx(xy2[1]-xy1[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 57)
(define function hdept h. of . poi nt s 39) =
hdept h. of . poi nt s<-function(tp, n){
n.tp<-nrow(tp)
t phdept h<-rep(0, n.tp); dpi<-2+pi-0.000001
m nuspl us<-c(rep(-1,n),rep(1,n))
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<-suma < pi); a.shift<-(a+pi) %o dpi
m nuspl us<-c(rep(-1,length(a)),rep(1,length(a))) ## 070824
h<- cunsum( m nuspl us[order(c(a,a.shift))])
t phdepth[j]<-init+min(h)+1 # +1 because of the point itself!!
# tphdepth[j]<-init+m n(h)+i dent; cat("SUMVE", i dent)
}
t phdept h
}

4.6 A function to expand the hull

expand.hull: expand. hul | expands polygon pk without changing the depth of
its points. Kk is the depth and r esol ut i on is the number of points to be checked
during expandation.
(define function expand. hul | 40) =
expand. hul | <-function(pg, k) {
(find end points of line segments: center — pg — pg0 41)
(search for points with critical hdepth 42)
(find additional points between the line segments 43)
(compute hull pg. new44)

}

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 41) =

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

pgO0<- 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)

| anx- ((0:resol ution)”l)/resolution™l
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The test is performed in two stages. In the interval from start point to end point
resol uti on test points are tested concerning their h-depth. The critical interval
is divided again to find a better limit.
42 (search for points with critical hdepth 42) =
Pg. news<- pg
for(i in 1:nrow pg)){
t p<-cbi nd(pg[i, 1] +l am(end. points[i, 1]-pg[i,1
po[i, 2]+l amx(end. points[i,2]-pg[i,2
hd. t p<- hdept h. of . poi nt s(tp, nrow xy))
i nd<- max(sum( hd. t p>=k), 1)
if(ind<length(hd.tp)){ # hd.tp[ind]>k &&
tp<-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, nrow xy))
i nd<- max(sum( hd. t p>=k), 1)

—_—

}
pg.newi,]<-tp[ind,]
}
pg. new<- pg. new chul | (pg. new , 1], pg. new , 2]), ]
# cat ("depth pg.new', hdepth. of. points(pg. new, n))

Between the spurts we interpolated additional directions and find additional limits
by the same procedure.
43 (find additional points between the line segments 43) =
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 am(end. points[i, 1] -pg.add[i, 1]),
pg. add[i, 2] +l am(end. points[i, 2]-pg.add[i, 2]))
hd. t p<- hdept h. of . poi nt s(t p, nrow xy))
i nd<- max(sunm( hd. t p>=k), 1)
if(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(tp, nrow xy))
i nd<- max(sunm( hd. t p>=k), 1)
}
pg. add[i,]<-tp[ind,]

}
# cat ("depth pg.add", hdepth. of. points(pg.add, n))

Finally the hull of the limits is computed and our numerical solution of hull(dy).
pg. newis the output of expand. hul | .
44 (compute hull pg. new44) =
pg. new<- r bi nd( pg. new, pg. add)

pg. new<- pg. newf chul | (pg. new , 1], pg. new , 2] ), ]

4.7 A function to find the position of points respectively to a poly-
gon

pos.to.pg: pos. to. pg finds the position of points z relative to a polygon pg If a
point is below the polygon " | ower " is returned otherwise " upper".
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(define function pos. t 0. pg 45) =
pos.to. pg<-function(z, pg, reverse=FALSE){

if(reverse){
i nt.no<-apply(outer(pgal, 1], z[,1],">="), 2, sum
zy.on. pg<-pg[int.no, 2] +pg[int.no, 3] *(z[,1]-pg[int.no, 1])

}el sef
i nt.no<-apply(outer(pgl, 1], z[,1],"<="), 2, sum
zy.on. pg<-pg[int.no, 2] +pg[int.no, 3] *(z[,1]-pg[int.no, 1])

ifel se(z[, 2] <zy.on.pg, "lower","higher")

}

4.8 Check if data set is one dimensional

Now the local functions are ready for usage. To detect a data set being one dimen-
sional we apply pr conp( ) . In the one dimensional case we construct a boxplot by
hand.
(check and handle linear case 46) =
pr dat a<- pr conp( xydat a)
is.one.dinm-(mn(prdata[[1]])/ max(prdata[[1]]))<0.0001
i f(is.one.dim{
i f(verbose) cat("data set one dinensional")
cent er <- col Means(xydat a)
res<-1list(xy=xy, xydat a=xydat a, pr dat a=pr dat a,
i s.one.dinFis.one.di mcenter=center)
cl ass(res)<-"bagpl ot"
return(res)

i f(verbose) cat("data not linear")

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, Xxym xysd 47) =

xynx-appl y(xy, 2, nean); xysd<-apply(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 (1 x n)-matrix.
The angle between identical points is coded by entry 1000.
(compute angles between points 48) =
dx<-(outer(xy[,1],xy[,1],"-"))
dy<-(0utel’(xy[ ’ 2] ’ Xy[v 2] ’ "'"))
al pha<- at an2(y=dy, x=dx) ; di ag(al pha)<-1000
for(j in 1:n) alpha[,j]<-sort(alphal,j])
al pha<-al pha[-n,] ; nmk-n-1
## qui ck | ook inside, just for check
i f(debug. pl ots=="all"){
pl ot (xy, bty="n"); xdelta<-abs(diff(range(xy[,1]))); dx<-xdelta*.3
for(j in 1:n) {
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p<-xy[j.]; dy<-dx+tan(alpha[,j])
segment s(p[ 1] - dx, p[ 2] - dy, p[ 1] +dx, p[ 2] +dy, col =j)
text (p[1] -xdel tax.02,p[2],],col =j)
}
}

i f(verbose) print("end of conputation 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, 7r). 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 49) =
hdept h<-rep(0, n); dpi <-2#pi-0.000001; nypi <-pi-0.000001
m nuspl us<-c(rep(-1,m,rep(1,m)
for(j in 1:n) {
a<-al pha[,j]+pi; h<-a<10; a<-a[h]; init<-sumla < nypi) # hallo
a.shift<-(a+pi) %0 dpi
m nuspl us<-c(rep(-1,length(a)),rep(1,length(a))) ## 070824
h<- cunsum( m nuspl us[order(c(a,a.shift))])

hdepth[j]<-init+mi n(h)+1 # or do we have to count identical points?

# hdepth[j]<-init+m n(h)+sum xy[]j, 1] ==xy[, 1] & xy[]j, 2] ==xy[, 2])
}
i f(verbose){print("end of conmputation of hdepth:"); print(hdepth)}
## quick | ook inside, just for a check
i f(debug. plots=="all"){
pl ot (xy, bty="n")
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<l1l0]; 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])
segnment 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])
segnent s(p[ 1] - 5xdx, p[ 2] - 5+dy, p[ 1] +5*dx, p[ 2] +5*dy, col =" bl ack")
text (p[ 1] -xdel tax. 02, p[2], hdepth[]], col =1, cex=2. 5)
}
}

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 n/2):

#Dy < points in the bag:n/2 < #Dj_1.

(find k 50) =
hd. t abl e<-t abl e(sort (hdepth))
d. k<-cbi nd(dk=rev(cunsun(rev(hd.table))),
k =as. numeric(nanes(hd.table)))
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k. 1<-sum(poi nts.in. bag<d. k[, 1])

# if(nrow(d. k)>1){ # version 09/2005, error in data set 1 of Meul eman
if(nrow(d.k)>k.1){ # instead of >2 now >k.1 # 070827
k<-d. k[ k. 1+1, 2]
} else {
k<-d. k[ k.1, 2]
}
i f(verbose){cat ("nunmbers of menbers of dk:"); print(hd.table)}
i f(verbose){cat("end of conputation of k, k=",k)}

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 51) =
cent er <- appl y(xy[ whi ch( hdept h==max( hdept h)),, dr op=FALSE], 2, nean)
hul | . cent er <- NULL
i f(5<nrow xy) &&l engt h(hd. tabl e)>2){
n. p<-floor(c(32, 16, 8) [ 1+(n>50) +(n>200) ] *pr eci si on)
h<-cands<-xy[rev(order (hdepth))[1:6],]
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 52)
(find the polygon of points of maximal h-depth 53)
if(verbose){cat("hull.center", hull.center); print(table(tphdepth)) }
}
i f(verbose) cat("center depth:", hdepth. of.points(rbind(center),n)-1)
i f(verbose){print("end of conputation of center"); print(center)}

(check some points to find the maximal h-depth 52) =

xyextr<-rbi nd(appl y(cands, 2, m n), appl y(cands, 2, nax))
xydel <- 2+ (xyextr[2,]-xyextr[1,])/n.p
hl<-seq(xyextr[1, 1], xyextr[2, 1], ength=n.p)
h2<-seq(xyextr[1, 2], xyextr[2, 2], ength=n.p)
tp<-cbhind(matrix(hl,n.p,n.p)[1:n. pr2],

matri x(h2,n.p,n.p, TRUE)[ 1: n. p~2])
t phdept h<- max( hdept h. of . poi nts(tp,n))-1

For finding the area of maximal h-depth we use an algorithm that has been im-
plemented for finding the bag, see below. (find kkk-hull: pg 57)
(find the polygon of points of maximal h-depth 53) =
(initialize angl es, ang 60)
kkk<-t phdept h
i f(verbose){cat ("nmax-hdepth found:"); print(kkk)}
(find kkk-hull: pg 57)
hul | . cent er <-cbi nd(pg[, 1] *xysd[ 1] +xyn{ 1], pg[, 2] *xysd[ 2] +xyn{ 2])
center<-find. pol ygon.center(hull.center)
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A function to compute the center of gravity of a polygon. The functionf i nd. pol ygon. cent er

determines the center of gravity of a polygon.
(define f i nd. pol ygon. center 54) =
find. pol ygon. cent er<-function(xy){
## 1 f(m ssing(xy)){n<-50;x<-rnorn(n);y<-rnormn); xy<-cbind(x,y)}
## xy<-xy[chul | (xy),]
i f(length(xy)==2) return(xy[1:2])
## partition polygon into triangles
n<-length(xy[, 1]); nmxy<-col Means(xy)
Xy2<-rbind(xy[-1,]1,xy[1,]); xy3<-cbhind(rep(nmy[1],n), my[2])
## determine 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]))
## conpute center of gravity of polygon
| anbda<- F2/ sun{ F2)
SP<- col Suns(cbhi nd(S[, 1] *l anbda, [, 2] *| anbda) )
ret urn( SP)
}

We compute the convex hull of Dy: polygon pdk and the hull of Dy_q: 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,_q 55) =
# inner hull of bag
xyi <- xy[ hdept h>=k, , dr op=FALSE]
pdk<-xyi [chul | (xyi[, 1], xyi[,2]),,dr op=FALSE]
# outer hull of bag
xyo<- xy[ hdept h>=(k- 1), , dr op=FALSE]
pdk. 1<-xyo[ chul | (xyo[, 1], xyo[, 2] ), , dr op=FALSE]
i f(verbose)cat("hull conputed:")
#; if(verbose){print(pdk); print(pdk.1) }
i f(debug. plots=="all"){
pl ot (xy, bty="n")
h<-r bi nd( pdk, pdk[1,]); lines(h,col="red",|ty=2)
h<-rbi nd(pdk. 1, pdk. 1[ 1,]); I i nes(h, col ="bl ue", | t y=3)
points(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:

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 Dj_; polygon and restandardization
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We determine the hulls on the base of the standardized data xyxy.
(method two: find hulls of Dy and Dy,_1 56) =
(initialize angl es, ang 60)
# standardi zati on of data set xyxy is used
kkk<-k
(find kkk-hull: pg 57)
exp. dk<- cbi nd(pg[, 1] *xysd[ 1] +xyni 1], pg[, 2] *xysd[ 2] +xyn{ 2])
i f(kkk>1) kkk<-Kkkk-1
(find kkk-hull: pg 57)
exp. dk. 1<-cbi nd(pg[, 1] *xysd[ 1] +xyn{ 1], pg[, 2] *xysd[ 2] +xyn{ 2] )

The polygon for h-depth kkk is constructed in a loop. In each step we consider one
direction / angle.
(find kkk-hull: pg 57) =
(initialize loop of directions 59)
for(ia in seq(angles)[-1]){
(body of loop of directions 58)

(combination of lower and upper polygon 61)

At first we search the limiting points for every direction by rotating the data set and
then we determine the quantiles x /, 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.
(body of loop of directions 58) =
# determine critical points pnew and pnewl of direction a
### cat("ia",ia)
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[i nd. kk, ]
i f(debug. plots=="all") points(pnew 1], pnew 2], col ="red")
# new limting lines are defined by pnew/ pnew and slope a
# find segnent of polygon that is cut by newlimting line and cut
i f (abs(angtan)>1el10){ ### cat("y=c case")
pg. no<-sun(pg[, 1] <pnew 1])
cut p<-c(pnew 1], pg[ pg. no, 2] +pg[ pg. no, 3] *(pnew 1] - pg[ pg. no, 1]))
pg. nol <-sun(pgl [, 1] >=pnew [ 1])
cut pl <-c(pnew [ 1], pgl [ pg. nol, 2] +pgl [ pg. nol , 3] *(pnewl [ 1] - pgl [ pg. nol , 1]))
}el se{ ### cat ("normal case")
pg.inter<-pg[, 2] -angtan*pg[, 1]; pnew. i nter<-pnew 2] - angt an*pnewf 1]
pg. no<-sun( pg. i nter<pnew.inter)
cut p<-cut.p.sl.p.sl(pnew ang[ia], pg[ pg. no, 1: 2], pg[ pg. no, 3])
pg.interl<-pgl[,2]-angtanxpgl [,1]; pnew. interl <-pnew [2]-angtan*pnew [ 1]
pg. nol <-sun{pg.interl>pnew.interl)
cutpl <-cut.p.sl.p.sl(pnew, angtan, pgl [ pg. nol, 1: 2], pgl [ pg. nol , 3])
}
# update pg, pgl
pg<-rbi nd(pg[ 1: pg. no, ], c(cutp, angtan), c(cut p[ 1] +dxy, cut p[ 2] +angt anxdxy, NA))
pgl <-rbi nd(pgl [ 1: pg. nol , ], c(cutpl, angtan), c(cutpl [1]-dxy, cutpl[2]-angtan*dxy, NA))
(debug: plot within for loop 62)

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 standard-
ized data set.
(initialize loop of directions 59) =
ia<-1; a<-angles[ia]; xyt<-xyxy% %(cos(a),-sin(a)); xyto<-order(xyt)
# initial for upper part
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i nd. k <-xyto[ kkk]; cutp<-c(xyxy[ind.k,1],-10)
dxy<-di ff(range(xyxy))
pg<-rbind(c(cutp[1],-dxy,Inf),c(cutp[1], dxy, NA))

# initial for |ower part

i nd. kk<-xyt o[ n+1- kkk] ; cutpl <-c(xyxy[ind. kk, 1], 10)
pgl <-rbind(c(cutpl[1],dxy, Inf),c(cutpl[1],-dxy, NA))
(debug: plot ini 63)

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 60) =
# define direction for hdepth search
nunx-f | oor (c(417, 351, 171, 85, 67, 43) [ sun{n>c(1, 50, 100, 150, 200, 250) )] *pr eci si on)
num h<-fl oor (nunf 2); angl es<-seq(0, pi, | engt h=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.
(combination of lower and upper polygon 61) =
## pl ot (xyxy[,1:2],xlimrc(-.5,+.5),ylimec(-.5,.50))
## |ines(pg,type="b",col ="red")
## |ines(pgl,type="b", col ="bl ue")
# remove first and last points and multiple points
limt<-1le-10
pg<-pg[ c( TRUE, (abs(di ff(pg[,1]))>limt)|(abs(diff(pg[,2]))>limt)),]
pgl <-pgl [c( TRUE, (abs(di ff(pgl[,1]))>linmit)]| (abs(diff(pgl[,2]))>limit)),]
pg<-pg[-nrow(pg),][-1,,drop=FALSE]
pgl <-pgl[-nrow(pgl),][-1,, drop=FALSE]
# determ ne position according to the other polygon
# cat("rel ative position: |ower polygon")
i ndl <-pos.to.pg(pgl, pg)
# print(chind(signif(pgl,3),indl))
# cat("rel ative position: upper polygon")
i ndu<- pos. to. pg(pg, pgl, TRUE)
# print(chind(signif(pg,3),indu))
sr<-sl <- NULL
# right region
i f(indu[ (npg<-nrow(pg))]=="Ilower" & indl[1]=="higher"){
# cat("in if of right region: the upper polynomis somewhere |ower")
# checking fromthe right: last point of |ower polygon that is NOT ok
rnum <-whi ch(indl =="lower")[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 <-sum(pg[rnumu, 1] <pgl [, 1])
# special case all points of upper polygon are | ower
if(is.na(rnumu)) rnumu<-sum 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
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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(indl =="1 ower"))[1]
# checking fromthe left: |ast point of upper polygon that is NOT ok
| nunmu<-whi ch(i ndu=="hi gher")[1]-1
# special case all points of |ower polygon are upper
if(is.na(lnum)) | num <-sum(pg[! nunu, 1] <pgl [, 1])
# special case all points of upper polygon are | ower
if(is.na(lnumu)) | nurmu<-sum(pg[, 1] <pg! [| num , 1])
xyl <-pgl [l num ,]; xyu<-pg[l numu, ]
## 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])

}

pg<-rbi nd(pg [indu=="higher", 1: 2, dr op=FALSE], sr,

pgl [i ndl =="1 ower", 1:2,drop=FALSE], sl)

## print(pg)

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

pg<-pg[chul | (pg[, 1], pg[.2]).]

(debug: plot within for loop 62) =
HHH A
#### cat ("angtan", angt an, "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, ¢(10, -10), hy+ang[ia] *(c(10,-10)-hx),|ty=2)
# text(hx+rnorm(l,,.1), hy+rnorm(1,,.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)]
segnent s( hx, hy, ¢(10, -10), hy+ang[ia] *(c(10,-10)-hx),|ty=2)
# text(hx+rnorm(l,,.1), hy+rnorm(1,,.1),ia)
# print(pgl)

—

(debug: plot ini 63) =

i f(debug. plots=="all"){ pl ot (xyxy,type="p", bty="n")

# text(xy,,1:n,col ="blue")

# hx<-xy[ind.k,c(1,1)]; hy<-xy[ind. k,c(2,2)]

# segment s( hx, hy, c(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 approximation. 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.
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64

65

66

67

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 —]),
where Dy contains |% of the original points and Dy_4 contains L% of the original points:

A= 50-]  n/2—#Dy number in bag — number in inner contour

L—] #Dy_;—#D, number in outer contour — number in inner contour

If bag and inner contour is identical then A « 0.
k. 1is the number of the rows of dk that represent points within the bag / h-depths
greater n/2.
(find value of | anbda 64) =
i f(nrow(d. k)==k. 1| | nrowd. k)==1) |anbda<-0 el se {
| ambda<- (n/ 2-d. k[ k. 1+1, 1] )/ (d. k[ k. 1, 1] - d. k[ k. 1+1, 1])

}
i f(verbose) cat ("l anbda", | anbda)

The bag is constructed by lambda * outer polygon + (1-lambda)* inner polygon.
In former versions it happened that some lines of h get NaNvalues because nr ow( d. k) ==
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.

(find hul | . bag 65) =

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

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

# expand i nner pol gon exp. dk

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

# shrink outer polygon exp.dk.1

h2<- (1-1 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 | . bag<-h[chul | (h[, 1], h[, 2]),]

i f(verbose)cat ("bag conpleted:") #if(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 .

(find hul | . 1 oop 66) =
hul I . 1 oop<-cbind(hull . bag[, 1]-center[1], hul | .bag[,2]-center[2])
hul | . 1 oop<-factor+hul |l .l oop
hul | . 1 oop<-cbind(hull .l oop[, 1] +center[1], hull.l oop[, 2] +center[2])
i f(verbose) cat ("l oop conputed")

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 67) =
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]
i f (I ength(pkt.cand)>0){
out si de<- out . of . pol ygon( pkt. cand, hul | . bag)
i f(sum(!outside)>0)
pxy. bag <-rbi nd( pxy. bag, pkt.cand[!outside,])
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i f(sum( outside)>0)
pkt. not. bag<-rbi nd(pkt. not. bag, pkt.cand][ outside,])
}
el se {
extr<-out. of. pol ygon(xydat a, hul I . bag)
pxy. bag <-xydata[!extr,]
pkt . not. bag<- xydat a[ extr,, dr op=FALSE]

}

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 se{
pxy. out er <- pxy.outlier<-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 I . | oop.
68 (find hull of loop 68) =
hul I . 1 oop<-rbi nd( pxy. outer, hul | . bag)
hul I . 1 oop<-hul I .1 oop[chul | (hull.loop[, 1], hull.loop[,2]),]
i f(verbose) cat("end of conputation of |oop")

413 The definition of pl ot . bagpl ot

Finally we have to draw the bagplot. This job is managed by a new plot method.
69 (define pl ot . bagpl ot 69) =
pl ot . bagpl ot <- f uncti 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 plot
pch=16, cex=.4, # to define further paraneters of plot
ver bose=FALSE, # tools for debugging
col .l oophul | ="#aaccff", # Alternatives: #ccffaa, #ffaacc
col .l ooppoi nt s="#3355ff", # Alternatives: #55ff33, #ff3355
col . baghul | ="#7799ff", # Alternatives: #99ff77, #ff7799
col . bagpoi nt s="#000088", # Alternatives: #008800, #880000
transparency=FALSE, . ..
)£
(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 34)
(define function cut . z. pg 36)
(define function f i nd. cut . z. pg 37)
bagpl ot obj <- x
for(i in seq(al ong=bagpl ot obj))
eval (parse(text=paste(nanes(bagplotobj)[i],"<-bagplotobj[[",i,"]]")))
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70

if(is.one.dim({
(construct plot for one dimensional case and return 71)

}
(construct bagplot as usual 70)

}

The following elements allows us to draw the bagplot: xydat a (data set), Xy (sam-
ple of data set), hdept h (location depth of data points in xy), hul | . | oop (points
of polygon that define the loop), hul | . bag (points of polygon that define the
bag), hul | . cent er (region of points with maximal Idepth), pxy. out | i er (out-
lier), pxy. out er (outer points), pxy. bag (points in bag), cent er (Tukey me-
dian), i s. one. di mis TRUE if data set is one dimensional, pr dat a result of PCA
(construct bagplot as usual 70) =

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)
- o o]« M

i f(show. loophull){ # fill |oop

h<-rbind(hul I .1 oop, hul'l .1 oop[1,]); lines(h[,1],h[,2],Ity=1)
pol ygon(hul I .l oop[, 1], hul | .l oop[, 2], col =col . | oophul I')

i f(show. | ooppoints && | engt h(pxy.outer)>0){ # points in | oop
poi nt s(pxy.outer[, 1], pxy.outer[, 2], col =col . | ooppoi nts, pch=pch, cex=cex)
}
#obag: -
i f(show. baghull){ # fill bag
h<-rbind(hul I . bag, hul'l . bag[1,]); lines(h[,1],h[,2],Ity=1)
pol ygon(hul | . bag[, 1], hul I . bag[, 2], col =col . baghul )

}
i f(show. bagpoi nts && | engt h(pxy. bag)>0){ # 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 && | engt h( pxy. out er)>0){
debug. pl ot s<-"not "
if((n<-length(xy[,1]))<15){
segment s(xy[, 1], xy[, 2], rep(center[1],n),rep(center[2],n),
col ="red")
}el sef
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")
}
}

11| =] S e T
i f(show. outlier && | ength(pxy.outlier)>0){ # points in |oop
points(pxy.outlier[,1], pxy.outlier[,2],col="red", pch=pch, cex=cex)
}
# center:
if(exists("hull.center")&& ength(hull.center)>2){
h<-rbind(hull .center, hull.center[1,]); lines(h[,1],h[,2],Ity=1)
pol ygon(hull.center[, 1], hull.center[, 2], col =" orange")

points(center[ 1], center[2], pch=8, col ="red")
i f(verbose){
h<-rbi nd(exp. dk, exp. dk[1,]); lines(h, col ="blue",|ty=2)
h<-rbi nd(exp. dk. 1, exp.dk.1[1,]); lines(h, col ="bl ack",|ty=2)
i f(exists("tphdepth"))
text(tp[,1],tp[, 2], as.character(tphdepth), col ="green")
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text (xy[, 1], xy[, 2], paste(as. character(hdepth)), cex=2)
poi nts(center[ 1], center[2], pch=8, col ="red")

}
"bagpl ot plottet”

71 (construct plot for one dimensional case and return 71) =
if(verbose) cat("data set one dinmensional ")
prdata<-prdatal[[2]];
trdat a<- xydat a% %r data; ytr<-nean(trdatal, 2])
boxpl ot r es<- boxpl ot (trdat a[, 1], pl ot =FALSE)
dy<-0. 1di ff (range(st at s<-boxpl otres$stats))
dy<-0. 05+*nean(c(di ff(range(xydata[, 1])),
di ff(range(xydata[,2]))))
segtr<-rbind(cbind(stats[2:4],ytr-dy, stats[2:4],ytr+dy),
chind(stats[c(2,2)],ytr+c(dy, -dy),
stats[c(4,4)],ytr+c(dy, -dy)),
chind(stats[c(2,4)],ytr,stats[c(1,5)],ytr))
segnk-chi nd(segtr[, 1: 2] % % ( prdata),
segtr[,3:4] % % (prdata))
if(!'add) plot(xydata,type="n",bty="n", pch=16, cex=.2,...)
extr<-c(mn(segni6, 3], segn 7,3]), max(segni6, 3],segn{7,3]))
extr<-extr+c(-1,1)*0.000001«diff(extr)
xydat a<- xydat a[ xydat a[ , 1] <extr[1] |
xydat a[, 1] >extr[ 2], , dr op=FALSE]
i f (0<nrow( xydat a)) poi nts(xydata[, 1], xydat a[, 2], pch=pch, cex=cex)
segnent s(segni, 1], segn{, 2], segni, 3], segni, 4],)
return("one di nensional boxplot plottet")

In case of problems some additional plottings may be helpful.
72 (additional graphical comments if necessary 72) =
# poi nts(exp.dk[, 1], exp.dk[, 2], type="b", col ="red")
# poi nts(exp.dk[, 1], exp. dk[, 2], type="b", col ="green")
# poi nts(exp.dk. 1[, 1], exp. dk. 1[, 2], type="b", col ="bl ue")

414 Some technical leftovers
4.14.1 Definition of bagpl ot on start

73 (start 73) =
(define bagpl ot 29)

4.14.2 Extracting the R code file bagpl ot . R

74 (some functions for generating bagplots 74) =
(define bagpl ot 29)

75 (call t angl eRto extract tangle function bagpl ot () 75) =
tangl eR("bagpl ot. rev", expand. root s="some functions for generating bagpl ots",
expand. r oot . st art =FALSE)
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77

78

79

80

81

82

83

84

5 Appendix

5.1 Some further examples — usefull for testing

(define rnorm data dat a, seed: seed, size: n 76) =
if(!exists("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<- cbi nd( r nor n{ n) +100, r nor n( n) +300)

par (nfrow=c(1,1))

(error 77) =
(define bagpl ot 29)
(data set 1 of Wouter Meuleman 13)
bagpl ot (a[, 2], a[, 3], ver bose=TRUE, debug. pl ot s="al | ", dknet hod=2)

(*17)+ =
seed<-222; n<-100
(define rnorm data dat a, seed: seed, size: n 76)
dat an<-rbi nd(data, c(106, 294)); par(nfrow=c(1,1))
dat an[, 2] <-datan[, 2] *100
{define bagpl ot 29)
bagpl ot ( dat an, ver bose=TRUE)

(quadratic 6)+ =
(define bagpl ot 29)
bagpl ot (x=1: 30, y=(1: 30) ~2, ver bose=TRUE, dknet hod=2)

(error 77)+ =
(define bagpl ot 29)
(data set 1 of Wouter Meuleman 13)
bagpl ot (a[, 2], a[, 3], ver bose=TRUE, debug. pl ot s="al | ", dknet hod=2)

(*17)+ =
par (nf row=2: 3)
{define bagpl ot 29)
bagpl ot (x=cos( (1: 100)/ 100* 2% pi ), y=-si n( (1: 100) / 100* 2+ pi ),
preci si on=1, ver bose=TRUE, dknet hod=2, debug. pl ot ="al | "); "ok"

5.2 Some old code chunks for comparison

{old version of the combination of lower and upper polygon 82) =
pg<-pg[-nrow(pg),][-1,,drop=FALSE]; pgl <-pgl [-nrow(pgl),][-1,,drop=FALSE]
indl <-pos. to.pg(pgl,pg): indu<-pos.to.pg(pg,pgl, TRUE)
npg<-nrow(pg); npgl <-nrow(pgl)
rnum <-rnumu<- I num <-1 nunu<-0; sl<-pg[1,1:2]; sr<-pgl[1,1:2]

# right region

i f(indl[1]=="higher"& ndu[ npg] =="1 ower") {
rnuni <-whi ch(indl =="lower")[1]-1; xyl<-pgl[rnum, k] #
rnunu<- whi ch(rev(i ndu=="hi gher"))[1]; xyu<-pg[npg+l-rnunu,] #
sr<-cut.p.sl.p.sl(xyl[1:2],xyl [3],xyu[1: 2], xyu[3])

# left region

if(indl[npgl]=="higher"& ndu[1] =="1ower"){
I num <-whi ch(rev(indl =="lower"))[1]; xyl<-pgl[npgl +1-Inum ,] #
| nunu<- whi ch(i ndu=="hi gher")[1]-1; xyu<-pg[l nunu,] #?
sl<-cut.p.sl.p.sl(xyl[1:2],xyl [3], xyu[ 1: 2], xyu[ 3] )

}

pgl <-pgl [ (rnum +1): (npgl -1 nuni ), 1: 2, dr op=FALSE]

pg <-pg [ (I numu+1): (npg -rnum), 1: 2, dr op=FALSE]

pg<-rbi nd(pg, sr, pgl, sl)

pg<-pg[ chul I (pg[, 1], pg[, 2]),]

if(debug.plots=="all") lines(rbind(pg,pg[1,]),col="red")

In the old version of out . of . pol ygon the angles between the lines that are defined by a point of [[xy]
and the vertices of pg are computed. If maximal angle > 27t than the point is not an inner point of the

polygon:
(old version: define function out . of . pol ygon 83) =
out . of . pol ygon<-function(xy, pg){
if(nrow(pg)==1) return(pg)
pgcent er <- appl y(pg, 2, nean) # not necessary
pg<-cbi nd(pg[, 1] - pgcenter[ 1], pg[, 2] - pgcenter[ 2] ) # not necessary
xy<-chind(xy[, 1] - pgcenter[1], xy[, 2] - pgcenter[ 2] )# not necessary
extr<-rep(FALSE, nrow(xy))
for(i in seq(nrow(xy))){
al pha<-sort ((win(xy[i,1]-pg[, 1], xy[i,2]-pg[. 2])) %84 2*pi))
extr[i]<-pi<max(diff(alpha)) |
pi <(al pha[ 1] +2*pi - al pha[ | engt h(al pha)])

extr

}

This was an alternative approach to find the center but the brute force method seems to be better.
(beta 84) =
# lam<-matrix(runif(n.cxn.p),n.p, n.c)
set.seed(13); n.p.beta<-10*n.p
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| am<-matrix(rbeta(n.c+n.p.beta,.5,.5),n.p.beta,n.c)

| am<-1 anf matri x(appl y(l am 1, sum), n. p. bet a, n. ¢, FALSE)

t p<-cbind( | ants %ands[, 1], | ans %cands[, 2])

t phdept h<- hdept h. of . poi nts(tp, n)

hul I . cent er <-t p[ whi ch(t phdept h==max(t phdept h) ), , dr op=FALSE]
center<-apply(hull.center, 2, mean)

hul'l . center<-hull.center[chull (hull.center[,1],hull.center[,2]),]

85 (old version: check points on a grid to find center 85) =

xyextr<-rbind(appl y(cands, 2, m n), appl y(cands, 2, max))
xydel <- 2% (xyextr[2,]-xyextr[1,])/n.p
hil<-seq(xyextr[1,1], xyextr[2,1],|ength=n.p)
h2<-seq(xyextr[1,2], xyextr[2,2],|ength=n.p)
tp<-cbind(matrix(hi, n.p,n. p)[1:n. pr2],

matrix(h2, n.p,n.p, TRUE)[ 1: n. p*2])
t phdept h<- hdept h. of . poi nts(tp, n)
hul I . cent er <-t p[ whi ch(t phdept h>=(max(t phdepth))),, dr op=FALSE]
center<-appl y(hull.center, 2, mean)
cands<-hul | .center[chul | (hull.center[,1],hull.center[,2]),,drop=FALSE]
xyextr<-rbind(appl y(cands, 2, m n), appl y(cands, 2, max) )
## xydel <-(xyextr[2,]-xyextr[1,])/n.p
xyextr<-rbind(xyextr[1,]-xydel,xyextr[2,]+xydel)
hil<-seq(xyextr[1,1], xyextr[2,1],|ength=n.p)
h2<-seq(xyextr[1,2], xyextr[2,2],I|ength=n.p)
tp<-cbind(matrix(hi, n.p,n. p)[1:n. pr2],

matrix(h2, n.p,n.p, TRUE)[ 1: n. p*2])
t phdept h<- hdept h. of . poi nts(tp, n)
hul I . cent er <-t p[ whi ch(t phdept h>=max(t phdept h)), , dr op=FALSE]
center<-appl y(hull.center, 2, mean)
hull.center<-hull.center[chull (hull.center[,1],hull.center[,2]),]

86 (old: experiment for finding bag 86) =
critical.angles. of.points<-function(tp){
n. tp<-nrow(tp)
tphdept h<-rep(0, n. tp); dpi <-2+pi-0.000001

mi nuspl us<-c(rep(-1,n),rep(1,n))
result<-matrix(0,n.tp,4)
for(j in lin.tp) {
dx<-tp[j,1]-xy[,1]; dy<-tp[j,2]-xy[,2]
a<-wi n(dx, dy) +pi ; a<-a[a<10]; a<-sort(a)
a.shift<-(a+pi) %0 dpi
h<- cunsum( mi nuspl us[order(c(a,a.shift))])
no<-whi ch(mi n(h) ==h); no<-c(no[ 1], no[l ength(no)])
no<- c( no, 1+( (no- 2) %))
# print(no)
result[j,]<-c(a, a)[no]

pl ot (xy, type="n")

# poi nts(xy);

t ext (xy, as. charact er (hdepth))
h<-rbind(tp,tp[1,]); lines(h)
points(tp[1,,drop=FALSE], col ="red")
dx<-3; ro<-1
dy<-dx*tan(result[ro,1])

# segments(tp[ro,1]-dx,tp[ro,2]-dy,tp[ro, 1] +dx, t p[ro, 2] +dy, col ="orange")
dy<-dxxtan(result[ro,3])
segments(tp[ro, 1]-dx, tp[ro, 2] -dy, tp[ro, 1] +dx, t p[ro, 2] +dy, col ="red")
dy<-dxxtan(result[ro,2])

# segments(tp[ro,1]-dx,tp[ro,2]-dy,tp[ro, 1] +dx, tp[ro, 2] +dy, col ="green")
dy<-dx*tan(result[ro, 4])

# segments(tp[ro,1]-dx,tp[ro,2]-dy,tp[ro, 1] +dx, t p[ro, 2] +dy, col ="bl ue")

}
result

}

a. pdk<-critical . angl es. of . poi nt s( pdk)

87 (old version to find | anbda 87) =
# ol d version based on pol ygon of data points
if(nrow(d.k)>1){
| anbda<- 1- (poi nts.in.bag-d. k[ k. 1+1,1])/(d. k[ k. 1, 1] -d. k[ k. 1+1, 1] )
} else {
| anbda<-0.5
}

88 {0ld 88) =
pdk. 1<- pdk. 1- mat ri x( pcent er, nrow( pdk. 1) , 2, byr ow=TRUE)

pcent er <- appl y( pdk, 2, mean)

pdk<- pdk- matri x( pcent er, nrow pdk) , 2, byr ow=TRUE)

ai <-wi n(pdk[, 1], pdk[, 2] )

a<-order(ai); ai<-ai[a]; pdk<-pdk[a,,drop=FALSE]

ai <-wi n(pdk[, 1], pdk[, 2] )

ao<-wi n( pdk. 1[, 1], pdk. 1[, 2] )

a<-order(ao); ao<-ao[a]; pdk.1<-pdk.1[a,, drop=FALSE]

ao<-wi n(pdk. 1[, 1], pdk. 1[, 2] )

# for display the two polygons in verbose node we store them

89 (old: find bag 89) =
{find points of outer polygon to be shift NA)
(find points to shift on inner polygon NA)
(shift points on polygons and construct hul | . bag NA)

Some points of the two polygon will be identical, so the subsets of points has to be moved.
90 {old: find points of outer polygon to be shift 90) =
hi<-match(pdk. 1[, 1], pdk[,1]); h2<-match(pdk.1[,2], pdk[,2])
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i nd. pdk. 1<- seq(al ong=h1); found<-!is.na(hl)
uni on. poi nt s<- pdk. 1[ f ound, 2] ==pdk[ h1[ f ound] , 2]
uni on. poi nt s<-i nd. pdk. 1[ f ound] [ uni on. poi nt s]
ind. 0. points. to.shift<-ind. pdk. 1[ - uni on. poi nt s]
outer.shift. points<-pdk.1[ind. 0. poi nts.to.shift,, drop=FALSE]
if(length(ai)==1){
# inner polygon and center center identical / ai==NaN

outer.shift.points<- | anbda *outer.shift.points
} else {

for(i in seq(along=outer.shift.points[,1])){

# get point

xy0<-outer.shift.points[i,]
# get segment of inner polygon
indl<-sun{ai <wi n(xy0[ 1], xy0[2])); if(indl==0) indl<-length(ai)
ind2<-ind1+1; if(ind2>ength(ai)) ind2<-1
xyl<-pdk[indl,]; xy2<-pdk[ind2,]
# deterninate cut of inner segnent and line (0,0) -> point
| anx-sol ve(matrix(c(xy0, xyl-xy2), 2, 2)) % %yl
xy. cut <-1anf 1] *xy0
# deterninate new position of point of outer polygon
outer.shift.points[i,]<- | ambda *outer.shift.points[i,]+
(1-1 anbda) *xy. cut
} # end of for
} # end of if
if(verbose) {cat("outer polygon points have been shifted:") }

91 (old: find points to shift on inner polygon 91) =
hl<-mat ch(pdk[, 1], pdk.1[,1]); h2<-match(pdk[, 2], pdk.1[,2])
ind.i.points.to.shift<-is.na(hl)& s.na(h2)
inner.shift. points<-pdk[ind.i.points.to.shift,,drop=FALSE]
for(i in seq(along=inner.shift.points[,1])){
# get point
xyO0<-inner.shift.points[i,]
# get segnment of outer polygon
i ndl<-sun{ao<wi n(xyO[1],xy0[2])); if(ind1==0) indl<-I|ength(ao)
ind2<-ind1+1; if(ind2> ength(ao)) ind2<-1
xyl<-pdk.1[indl,]; xy2<-pdk.1[ind2,]
# determinate cut of outer segment and line (0,0) -> point
| amk- sol ve(mat ri x(c(xy0, xyl-xy2), 2, 2)) % %yl
Xxy. cut <-lanf 1] *xy0
# deternminate new position of point of inner polygon
inner.shift.points[i,]<-(1-1anbda)+inner.shift.points[i,]+
| anbda *xy. cut

}
if(verbose) {cat("inner polygon points have been shifted:") }

92 (old: shift points on polygons and construct hul | . bag 92) =
pdk[ind.i.points.to.shift,]<-inner.shift.points
pdk. 1[ind. 0. points.to.shift,]<-outer.shift.points
hul | . bag<-r bi nd( pdk. 1, pdk)
hul | . bag<-hul | . bag[ chul | (hul | . bag[, 1], hul | . bag[, 2] ), , dr op=FALSE]
i f (verbose){cat("bag conpleted:"); print(hull.bag) }

93 {old: find value of | anbda — old version 93) =
if(nrow(d. k)>1){
| anbda<- 1- (poi nts.in. bag-d. k[ k. 1+1, 1] )/ (d. k[ k. 1, 1] -d. k[ k. 1+1, 1] )
} else {
| anbda<-0.5
}

vt<-find. cut.z.pg(xy, pdk, center=center)

vt.1<-find. cut.z. pg(xy, pdk. 1, cent er =cent er)

h<-cbi nd(xy[, 1] -center[1],xy[, 2] -center[2]); |z<-apply(h+h, 1, sum)"0.5
h<-cbind(vt[,1]-center[1],vt[,2]-center[2]); |v<-apply(h*h, 1, sum)”~0.5
h<-cbind(vt.1[,1]-center[1],vt.1[,2]-center[2]); |v.1<-apply(h*h, 1, sum"0.5
lambda. i <-(lz-1v)/(lv.1-1v)

lanbda. i <-(lanbda.i[!is.na(lanmbda.i) & ! is.nan(lanbda.i)])

# | anbda<- nedi an(| anbda. i)

# cat ("nedi an? | anbda", medi an(| anbda.i))

i f (1 anbda<0| | anbda>1) | anbda<- 0.5

if(verbose) cat("lambda", | anbda)

segm no[is. na(segmno)]<-1
cut.pkt[is.nan(cut.pkt)]<-z[is.nan(cut.pkt)]

cut. pkt <-cbi nd(cut. pkt[, 1] +center[1], cut. pkt[, 2] +center[2])
h<-is.na(cuts[, 1])

if(any(h)){cut.pkt[h, 1] <-pgo[1,1];cut.pkt[h, 2]<-pgo[1,2]}

B

# car data: |anbda==0.6918136

In this definition it follows: | arbda==1 iff bag is identical with inner polygon exp. dk.

94 (old: find value of | anbda 94) =

vt<-find. cut.z.pg(xy, exp.dk, center=center)

vt.1<-find. cut.z. pg(xy, exp. dk. 1, center=center)

h<-cbi nd(xy[, 1] -center[1],xy[,2]-center[2]); |z<-apply(h+h,1, sum)*0.5

h<-cbind(vt[,1]-center[1],vt[,2]-center[2]); |v<-apply(h+h,1, sum)”"0.5

h<-cbind(vt.1[,1]-center[1],vt.1[,2]-center[2]); |v.1<-apply(h*h, 1, sum"0.5

lambda.i<-(lz-1v)/(lv.1-1v)

lanbda. i <-(lanbda.i[!is.na(lambda.i) & ! is.nan(lanbda.i)])

| anbda<- nedi an(| anbda. i)

if(verbose) cat("\nmedian | anbda", | anhda)

i f (I anbda<0| | anbda>1) | ambda<- | anbda<-ni n(1, max(0, medi an(| anbda.i)))
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