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Recent interest in exploring local vacuum structure of Q@ugh the properties of the eigen-
modes of the lattice Dirac operators rises again the chgdlémvisualize four-dimensional objects
and structures which appear in lattice field theories. Itespicomplex and powerful commercial
visualization software packages on the market, there asores to develop Interactive Visualiza-
tion Package (IVP). We believe that an apprehension of theptex structures is possible only
through the interactive approach, with the user being abtadnipulate data representations and
slices through the lattice in real-time. Further insightsld also be gained by an interactive par-
allel examination of different physical quantities, e.ggemmode density with topological charge
or action densities. Finally, thanks to constantly fallmgydware prices, IVP makes it possible to
use almost any Linux PC as a visualization tool for researdhttice field theory.
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Figure 1: Plot of the eigenmode density: An array of surfaces, eaclesgnting data values on a two-
dimensional slice through the lattice when two of the comatis (e.gz andt) are kept fixed, is shown. The
actual(z,t) position in the lattice is indicated by the white wireframébe. The position can be interactively
changed by pressing the arrow keys.

1. Introduction

The momentum given to the exploration of local vacuum structure of QCugftréhe prop-
erties of the eigenmodes of the lattice Dirac operators by Horvath ef]al. og§ dot decrease.
In recent work Gattringer, llgenfritz and their collaboratdrf [[2[]3, 4¢ @igenmodes to compare
filtering methods and properties of topological excitations. Anna Hadenétaal. [$] draw the
attention to the role played by the localized eigenmodes. All these currestig®ons rose again
the challenge to visualize and compare four-dimensional objects and sasiethich appear in
lattice field theories.

There was a lot of effort to visualize topological objects on the lattice with imeta study
their interplay and to gain better insight into the cooling process. In the ddwihof the 1990s the
Viennese group[]6] paid special attention to the visualization of these prera Visually very
effective and well-known are the visualizations by Leinwelpgr [7] andesof the most sophis-
ticated visualization schemes were proposed by Gutljjod [8]. AlthougHf tilese visualization
schemes use animation, none is really interactive in the immersive virtual reatie svhich is
implemented by Interactive Visualisation Package (IVP) as it is presentei ipetper. 1VP allows
the user to move interactively through the data, to compare the data by shdatmgets side by
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Figure 2: Gauge action density - a sea of seemingly random fluctuat@akor is function of density.
side or to identify peaks and possible other artifacts by using clipping pkmsoloring effects.

2. Concept

It is a lasting challenge how to present a four-dimensional data set tosilg parcepted by
the human brain. Of course, one of the four dimensions can be treated amimes are left with
a problem to express the changes of a three-dimensional function bytamimBRut still, there is
again no simple way to present values of the function defined in three-diona@hspace on a two-
dimensional computer screen because the interior points are inevitabgnedreThe usual way
out is to render only some subsets of the points, e.g. isosurfaces, thidraction has identical
values.

A clean way to present every function value in every point is to rendérnyus-dimensional
slices with function values shown on the third axis. In the case of four-diiforal lattice that
means to fix two of the lattice coordinates (egandt) and to handle the values of the lattice
function for every(x,y) coordinate pair as height. Four such values (vertices) define quadrilate
als (four sided polygons) which are easy to plot and they define two-dimeal surface which
presents the function behavior on the lattice slice under considerationedowve are left with
L2 (for simplicity we assume a cubic lattice with sikgsuch surfaces and they often look rather
similar to each other, which makes it tedious to examine them one by one. Arughway to get
some insight into the whole lattice volume is to pldtsuch independent surfaces in a rectangular
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Figure 3. After clipping by a horizontal plane only the peaks remaisitMie. The position of the clipping
plane can be adjusted interactively.

array. But, individual surfaces become too small and there is no reghingntil separate plots
are joined together to form a common virtual plane. Perspective projedtitwmsgplane enhanced
by color and lighting effects can be rendered on a computer screenyaaddbling interactive
walking through this scenery we get a new essential quality: instead aflfyhanaginable four-
dimensional world, we immerse in a landscape with mountains and valleys familiawr teyes
and everyday experience. In such a situation the superb abilities of hora@nfor orientation in
space and pattern recognition can come to their full advantage. Now it is easiér to identify
some characteristic shapes and to remember the position in the landscap#i@ed. idere such
artifacts have been observed.

Fig. 1 illustrates the concept: just by pressing the arrow keys one cabdlyeaan array of
two-dimensional slices. Moving up or down means to change-ttaordinate, and moving left or
right t-coordinate of the slices in the four-dimensional lattice.

The color can be coded dependent on the data values to emphasizeopédes (Fig. 2).
The position of the color threshold can be changed interactively. Andibesimilar, visual aid is
implemented by a clipping plane. By rising a clipping plane, the surfaces bellopléime become
invisible, and only the peaks above some threshold are left in the scdfigry ). Again, the
position of the clipping plane can be adjusted interactively.

Further insight is provided by an interactive simultaneous examination ofiffepeht config-
urations, eigenmodes or even two different physical quantities (e.giraigde density vs. topolog-
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Figure 4: Comparison of peak positions for two eigenmodes.

ical charge or action densities) at the same position on the lattice. IVP readsuwdimensional
data sets and allows to switch between them by pressing "1’ or '2’, or &vesplit the screen
vertically (Fig. 4) or horizontally (Fig. 5) — just by pressing 'v’ or 'h’ adhe keyboard.

Finally, if one wishes to compare two slices in more detail, one can apply simultaipacallel
rotation of the slices illustrated in Fig. 6.

3. Cading

IVP relies on technologies used for implementation of modern computer gamesonighiex
real-time three-dimensional graphics rendering. Thanks to the poweroDgenGL graphics
library enhanced with OpenGL Utility Libraries (GLUT) only a few hundredebrof standard C
code were enough to provide optimal functionality and amazing visualteff@penGL is one of
the two (another is DirectX) computer graphics industry standards whicldslyvsupported by
graphics cards manufacturers. Many OpenGL routines are perfatimedly by graphics hardware
and that, combined with the coding in C programming language, makes IVPridsgtfficient on
almost any PC or even laptop. For a simple introduction to OpenGL and GLUArikisrsee[]9].

IVP was successfully tested on Fedora and Debian Linux and shouldsilg ported to any
platform with OpenGL and GLUT libraries available. If you are interested $b ¢e apply VP,
please write to van. hi p@nai | . com
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Figure 5: Direct comparison of the filtered gauge action density (tofth the raw gauge action density
(bottom).
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Figure 6: Selected slices can be rotated side by side in real-time.
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