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HippoDraw is aNeXTSTEPapplication for viewing statistical data. It has several unique features which
make viewing data distributions highly interactive. It also incorporates a set of simple drawing tools.
HippoDraw is written in Objective-C and uses the Hippoplotamus library package to handle the n-tuples
and displays.

1. Introduction allows one to select the data to be entered into a distribution
depending on the value of a datum in the same row but
HippoDraw is a result of research into finding betteranother column. This selection process is commonly called
ways to visualize the kind of statistical data that is sc*applying cuts to the data.”
common in high energy physics analyses. In thes: HippoDraw extends this basic technique by making
analyses, frequency distributions are visualized athe creation and display of plots even more interactive than
histograms, contour plots, scatter plat; Traditionally, the command line driven programs of the past. It achieves
one used a library of subroutines, called a histograrthis by making every aspect of the creation and display
package, within one’s analysis programs to create ancontrolled by a mouse in a Graphical User Interf&igl)
display such distributions. The problem with this approactenvironment. The user’s interaction with the plots is further
was that one frequently selected parameters of the createnhanced by the use of sliders and the continuous updating
plots that poorly represented the data distributions. Thu:of plots while the user drags a slider with a mouse.
one needed to re-run the analysis program, for exampl In the next section, the interactive features of the
just to change the number of bins in a histogram. HippoDraw will be described along with some user
With the advent of powerful time-shared mainframeimpressions of these features. HippoDraw was written
computers, it became possible for analysis programs tusing object oriented programming techniques in the
store the data that one wanted to visualize in a file and 1Objective-C language for tideXTSTEPenvironment. For
use an interactive program to create and display the dathe management of n-tuples and displays a library package
distributions at a later time. In high energy physics, this wacalled Hippoplotamus[4], which is written in tiR&SI C
first demonstrated with théEF1] program atDESY in language, was used.
1978. The utility of this technique was further proven ai
SLAC in 1983 with theDA[2] program and aCERN in 2. Basic Features
1987 with thePAW[3] program. The most common way of
storing this data has been in the form of a table of floatin Figure 1 is a screen image with HippoDraw running.
point numbers. The table has a fixed and small number There is a large window in the center which is the drawing
columns and an indefinite, perhaps large, number of rowdocument and a smaller window in the lower right called
Technically, each row of the table is an ordered n-tuple, bithe inspector panel. This is where the “Draw” of
commonly in high energy physics the whole table is calleHippoDraw comes in, because it is a simple drawing
an n-tuple. Having the data represented in this form allowprogram like one might find on popular personal
not only interactive creation of data distributions, but alsccomputers. Drawing tools can be selected from the small

*Work supported by Department of Energy, contract DE-AC03-76SF00515.
Presented at the conference on Computing in High Energy Physics, Annecy, France, September 21-25, 1992.



HippoDraw

oy e b it lmhrs il oozl s Tupden

Fig. 1 Screen image showing HippoDraw windows.

panel in the upper right of the screen. Histogram plots anthe desired file using only the mouse or keyboard shortcuts.
other data displays are treated like drawing objects in thwhen the file is found, the user can double click on its
drawing document. The inspector panel is used to displename, which appears in a scrollable list called a browser,
and change attributes of plots and other graphic objectclick on a button labeledOK,” or use the carriage return
The design philosophy of HippoDraw was on the one hankey on the keyboard. All this functionality is provided by
to keep this panel small so it doesn’t obscure the draan object of the Open Panel class, one of the many classes
document, while on the other hand to make all attributawhich are provided in thBeXTSTEP environment that
changes easily accessible. Thus, it is actually siHippoDraw uses.
sub-panels with only one being displayed at a time. Thr  The next step is to create and display a distribution.
others are reachable via the pop up button near the top One of the inspector panels displays a browser with the
the panel. labels of the n-tuple’s columns. There are also 8 buttons to
The first step a user takes in using HippoDraw is tcselect what kind of data display is desired and in the case of
open a file containing the n-tuple. In theXTSTEP 2D displays, which data columns will be used for which
environment, this is done via a standard panel, called traxis. A new plot is created by clicking onew plotbutton.
Open Panel, which gives the user a view of the underlyinThe association of data columns to axis can be changed at
UNIX file system and a means to navigate around it to finany time with a simple point and click operation. For each
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such change, the selected histogram is thrown away ancThere is no rule which says that any one histogram is better
new one put in it’'s place while keeping the displaythan another; itis the judgment of the user that counts. Thus
attributes intact. This operation is very fast, thus allowinchaving the ability to very rapidly change the histogram is
the user to quickly browse the n-tuple columns. important. Users of HippoDraw find that they are in much
Once a plot has been created, it can be moved withicloser contact with the data and can understand it much
the drawing document using the drawing programrmore quickly, or they find things they did not know were
paradigm of clicking on it to select it, then dragging it withthere much more quickly than with tradition applications.
a mouse. It can be resized by dragging on one of th One of the sliders for controlling the histogram is
“handles” that are displayed when the plot is selectecrather unique. It controls the offset of the bins by a fraction
Characteristics, such as line width and color, can bof the width of a bin. Sometimes, due to poor statistics, an
changed just like any other graphic object and new plotapparent peak in the distribution is caused by accidental
can also be created by cut and paste operations. accumulation in one bin. By varying the placement of the
Since it is very common for a user to want to see moredges of the bins interactively, one can very quickly see if
than one distribution at a time, new plots are initially smalla peak is real or an artifact of the binning. Another feature
in size, only about 5 cm square, which is half the width ois to change the action of the upper and lower range sliders
the drawing window. This makes it easy for the user tinto zoom and pan sliders. When operating in this mode,
arrange many plots in the window in any way that isthe user can quickly center a peak in the display then
desired. Thus, HippoDraw has quite an advantage oveexpand around it.
programs that only allow viewing one distribution at a time,
or only allow viewing multiple distributions in some fixed 3. Other Features
arrangement. HippoDraw users make use of the drawin
features to arrange and annotate plots for their privat  The interactive nature of controlling histograms has
study, for presentation to collaborators or at conferences, @also been used when applying cuts to the distributions. To
to make camera ready copies for publication. apply a cut, the user of HippoDraw first chooses the column
A new plot is inserted onto the drawing canvas with eof the n-tuple that will be used as selection criteria for a
default set of parameters. For example, histograms ahistogram of another column and what kind of cut is to be
created with 50 bins and scaled so all data is visible. Almade €.g, within a range). A histogram of the column
parameters of a histogram, such as the number of bins abeing used for selection is automatically displayed in the
the display range, are changeable via sliders and/or fordrawing canvas with a shaded region showing what range
fields. As the user drags a slider with the mouse, the ploof values will be accepted. After the cut is applied to the
are continuously updated. For histograms, this requires thtarget histogram, the selected range can be changed with
the counts in the histogram bins be refreshed bsliders or typed into a form field. As the user drags the
re-accumulating them with each change of a parameter aislider(s), the target histogram is continuously refreshed as
redrawing the plot completely. However, this is a very faswell as the shading on the selection display. In Figure 1, the
operation. With 10K rows in the n-tuple data set, the refreslarge histogram at the top of the window has a cut applied
rate is about 2 histograms per second and is dominated to it, which is being displayed at the bottom of the window.
the drawing speed. At 100K rows, the refresh rate is abot  The use of cuts to select entries into distributions is an
1 per second and the accumulation time starts to bimportant tool in analyses. It can also be abused, in that
noticeable. These measurements were made onsometimes ontnesthe cuts to generate peaks that are not
NeXTstation machine which has a 25 MhZ 683@HU. really meaningful. With HippoDraw, it is not possible to
Changing the parameters in this manner isadjust a cut without having a histogram of the selection
qualitatively different and an order of magnitude faster thawvariable visible, because the authors feel that users must be
a command line driven program. One should recall that conscious of the distribution of the data used for the cut in
histogram is a means of projecting a frequency distributiothe region around the cutoff point(s). Thus, if as one varies
onto two dimensions so it can be made visible. But in dointhe cut parameters and one sees significant changes in the
so, one loses some information in the process. If one ustarget histogram, then the one can immediately see what
too few bins, one might not see a detail in the data, but orthe cause might be by looking at the histogram of the
will have good statistics. If one uses too many bins, then thselection variable. This leads to a quicker understanding of
plot might be dominated by fluctuations from bin to bin.the data set.
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A cut can be applied to one or more target histogramHippoDraw to view them. The authors are aware of six
and one or more cuts can be applied to a target histograisuch applications and there may be more.
A cut can be applied to a histogram being used to displa
the selection variable of another cut, in which case, the c4. Conclusions
is also applied to that cut’s target histogram. Thus thi
interaction between different cuts can be readily studiec HippoDraw demonstrates several innovations that lead
As the cut parameters are changed, all distributions tto a qualitatively different environment for visualizing
which that cut was applied are updated continuously. Thustatistical data. HippoDraw also attempts to be as easy to
with HippoDraw, the control of cuts is qualitatively use as a&hrink-wrappedapplication one might find on a
different and an order of magnitude faster than commanpersonal computer. To test both the innovations and the
line driven programs. ease of use, HippoDraw was made available by anonymous
Multiple cuts on target histograms are effectivelyftp in February of 1992. It has since gained widespread use
ANDed together. To be able to do more complex cuts and tboth inside and outside BEP For example, HippoDraw is
allow display of data that can be derived by calculations obeing used by academics in the field of economics and
the n-tuple, HippoDraw allows functions that can bebiology; it is even being used by a financial planning firm
dynamically linked with the running application. Theseand other companies.
functions are given one row of the n-tuple as an argumel  All users seem to agree that interacting with the data
and return the contents of that row for a new n-tuplewith HippoDraw is much faster than with command line
column. The new column can be used for display or for driven programs. The user is more likely to discover
cut variable. aspects of his data because the various changes may be
Two of the display types in HippoDraw are based on i«done quickly, while they might not be done at all with a
3D view of the data. They are the traditional lego plots ancommand line driven program. Users also feel that the
3D scatter plots. Each of these have a user controlleDraw aspects of HippoDraw are important as well, since it
perspective. It is felt that with perspective, users can bettallows one to easily organize the displays for analysis or
sense what data points are in the foreground versus tlpresentation. One might say that HippoDraw redefines the
background. This is especially true as 3D plots are rotatemeaning of the word interactive when applied to data
since foreground points move faster on the screen theanalysis.
background points. The user also seems to be able to ret:
for a longer period of time this information than is the cass
with the traditional 3D views. Acknowledgments
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