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Abstract

A software package, dxhdf5, for importing HDF5 data into OpenDX is discussed.
HDFS5 is a hierarchical, self-describingdata format that is rapidly becominga stan-
dard for storing large, portable data sets, such as those generatedthrough high-
performance computing. OpenDX, formerly IBM Data Explorer, is a visualization
padkage for examining data of any dimensionality. With dxhdf5, OpenDX users
can easily visualize both eld data on regular grids through the ImportHDF5Field

module, and particle data through the ImportHDF5Species module.
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1 Intro duction

Dewelopmern of Vorpal [1], arelativistic, arbitrary dimensional,hybrid plasma
and beam simulation code, is one of the current projects in the Plasmaand

Beam Physics Group at the Center for Integrated Plasma Studies. Vorpal

profuseresults are saved in HDF5 (Hierarchical Data File 5) les [2], because
this format is capableof storing large amourt of data. Vorpal userswarnt to

visualizetheir resultsin OpenDX, a free, open source,powerful visualization

padkage|3].
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Vorpal usersfacedtwo problemsrelatedto the OpenDX visualization of HDF5
data. First, asthe HDFS5 format is rather new( rst releasedn 1998),0penDX

doesnot support it. ThereforeHDF5 data had to be converted to the ASCII

format (or any other format recognizedby OpenDX) prior to importing. Sec-
ond, OpenDX was unable to import large Vorpal data due to the operating
memory requiremerts. To remedy this problem the data had to be lItered

beforethe cornversionto the ASCII format.

Thusto import HDF5 data in OpenDX it wasrequiredto run specially written
Iter programsto selectthe data, corvert the selecteddata to the ASCII
format, and nally import the ASCII data in OpenDX. This arrangemet is
acceptablefor a small number of times the data needsimporting. When this
needbecomedrequernt, the overheadof work donemanually and the possibility
of making mistakesduring this processis prohibitiv e.

For Vorpal usersthe rst remedyto the problem of data corversionwas the
ImportHDF5padage [4] deweloped by Thomas Radke of the Max Planck In-
stitute for Gravitational Physics. This padkage, however, doesnot fully meet
the needsof Vorpal users:importing data that correspnd to a eld's slabis
not supported and it is alsoimpossibleto import particle data.

Thereforethe dxhdf5 padkage[5] hasbeendeweloped to furnish a uni ed way
of importing HDF5 data directly into OpenDX, without preprocessing.Cur-
rently, with the useof dxhdf5, importing HDF5 data is fast, easyand reliable.
OpenDX userscaneasilyvisualizeboth eld data on regular grids through the
ImportHDF5Field module, and particle data through the ImportHDF5Species
module.

Our software transforms HDF5 data into OpenDX objects. HDF5 les store
data in datasets which are arrays of an arbitrary number of dimensionswhile
OpenDX o ers elds asthe objectsfor storing data to be visualized.Therefore
the dxhdf5 modulescreate OpenDX elds from HDF5 datasets.

The padkage extends the OpenDX capabilities by providing two modules
which are fully integrated with OpenDX and thereforeeasyto use.The mod-
ulesare available in the graphical userinterface and in the script mode. The
padkageis closely bound with OpenDX and HDF5, sinceit senesas an in-
terface betweenthem, and for this reasondxhdf5 cannot be usedwith other
visualization ervironmerts.

The article is organizedas follows: Section 2 preserts the ImportHDF5Field
module, Section 3 presen the ImportHDF5Species module, while Section 4
concludesthe article.



2 ImportHDF5Field

The ImportHDF5Field module imports data of a eld de ned on a regular
and uniform grid of any number of dimensionsand in either single or double
oating point precision.The useris allowed to import all of the eld data or
only the fraction correspnding to a slab. Selectinga slab can considerably
reduceOpenDX memory requiremerns asonly a portion of a very large set of
data is loadedinto the operating memory.

The number of dimensionsof the createdOpenDX eld is equalto the number
of dimensionsof the HDF5 dataset. There is no limit on the number of di-
mensionsor their sizesimposedby the module { theseare limited only by the
capabilities of HDF5 and OpenDX. Likewise,the performanceof the module
dependsonly on the performanceof HDF5 and OpenDX.

The ImportHDF5Field module o ers the capability of selectinga slab of the
eld, whereyou specify the coordinates of the lower corner, the thicknessof
the slab, and the stride (number of grid points to move in ead dimensionto
get to the next grid point).

2.1 AcceptableFile Structure

The HDF5 format is exible and allows the same eld data to be describedin
variousways. Thereforethis sectionexplainsthe HDF5 le structure accepted
by the ImportHDF5Field module.

Data for a eld are stored in one dataset. The maximal size in bytes of a
datasetdependson the capabilities of an operating systemand HDF5, not of
dxhdf5. There might be seweral datasetsin a le, sothere might be seweral
elds storedthere, but the module imports one eld only (it doesnot import a
seriesof elds). The data classof the dataset'sdata type must be HSTFLOAT
of which data typesNATIVEFLOAT&Nd NATIVEDOUBL&e examples.

The data of the dataset are not enoughto createa eld; there is still infor-
mation neededabout the eld's origin and delta This information must be
provided in the dataset's attributes named\origin” and \delta” which must
be vectors. The vector's data type must be of the classH5TFLOATwith the
number of elemerts at most equalto the number of dimensionsof the eld.

The \origin" attribute provides Cartesian coordinates of the rst grid point.
The rst elemen of the vector providesthe coordinate in the rst dimension,
the secondelemen in the seconddimension, etc.



Ead entry in the \delta" attribute suppliesinformation about the distance
in Cartesian coordinates betweengrid positionsin a speci ¢ dimension. The
rst elemern speci es the di erence in the rst dimension,the secondelemen
in the seconddimension,etc.

2.2 Example

We usedVorpal to generatea le which contains the description of an electric
eld with two wave padets. The data are stored in a dataset of dimensions
200 100 3 which descrikesatwo-dimensional eld of dimensions200 100
grid points. Positions along the third dimensionof the dataset cortain three
componerts of the electric eld. The h5dumputilit y, which is provided together
with the HDF5 library, reports the following structure of the le:

> h5dump-H samples/ImportHDF5FieldUsage.h5
HDF5"ImportHDF5FieldUsage.h5" {
GROUR" {

DATASETYeeElecFieldData" {
DATATYPEHS5T_IEEE_F32LE
DATASPACEIMPLE{ ( 200, 100, 3) /

( 200, 100, 3) }

ATTRIBUTEtime" {
DATATYPEHS5T_IEEE_F32LE
DATASPACECALAR

}

ATTRIBUTEOorigin"  {
DATATYPEHS5T_IEEE_F32LE
DATASPACEIMPLE{ ( 2) / ( 2) }

}

ATTRIBUTEdelta" {
DATATYPEHS5T_IEEE_F32LE
DATASPACEIMPLE{ ( 2) / ( 2) }

}
}

The le structure complieswith the stated requiremens: there is a dataset
de ned with the data type of the classH5TFLOATand the attributes \origin"
and\delta" of the correctformat are presen. The additional attribute \time"
is ignored.

Figures1 and 2 show the valuesof onecomponert of a eld's slabwhich con-
tains onewave padet. Figure 1 depictsthe eld's slabwith all data available



Fig. 1. Field at original resolution. Fig. 2. Field at lower resolution.

from the HDF5 le, while Figure 2 shavs the eld at lower resolution, using
only one-nirth of the HDF5 data (every third point in both dimensionstaken).

3 ImportHDF5Species

The ImportHDF5Speciesmodule imports particle oating point data in single
or double precision. A particle is described by its position (coordinates) and
its data elemerts (typically velocities or weight). The number of dimensionsof
the createdOpenDX eld is equalto the number of coordinatesof the particles
in the HDF5 dataset. The module canimport particles that have any number
of coordinates and any number of data elemens { thesenumbers are limited
only by the capabilities of HDF5 and OpenDX.

Again, if needed,only a portion of a very large set of data is loaded into
the operating memory Particles can be selectedrandomly, periodically, or by
limits (maxima and minima) on the particle coordinates and data elemerns.
The module acceptsconditions on up to three coordinates and up to three
data elemens. Particles with more than three coordinates can be loaded, but
the conditions can be speci ed for the rst three coordinates only. The same
limitation appliesto data elemerts.

3.1 AcceptableFile Structure

This section de nes the structure of the HDF5 le which is acceptableby
the ImportHDF5Speciesmodule. Particle data must be storedin onedataset.
The maximal sizein bytes of a dataset dependson the capabilities of an op-
erating system and HDF5, not of dxhdf5. There might be seweral datasets
in a le, and thereforese\eral particle setsstored there. The module imports
particle data only from one dataset, which must be an array of dimensions
(number of particles) (a particle's length). Particle positions and data ele-



merts must be of the samedata type, which additionally must must be of the
classH5TFLOATA particle's length is the number of elemens that composea
particle. For instance, particles which have two coordinatesand three velocity
componerts, are of the length v e.

The dataset must be supplied with the attribute \n umSpatialDims" which
must be of the datasmoee! H5SSCALARN of the classH5TINTEGERThe
value of the attribute providesthe number of a particle's coordinates. Other
attributes may be de ned for a dataset, but they are of no usefor the module
and thereforeare ignored.

3.2 Example

Again, we employed Vorpal to producea sample le, which cortains a dataset
with a description of electrons.Eacd electronis described by two spatial co-
ordinates and three velocity componerts. The h5dumgputilit y reports the fol-
lowing structure of the le:

> h5dump-H samples/ImportHDF5SpeciesUsage.h5
HDF5"samples/ImportHDF5SpeciesUsage.h5" {
GROUR" {
DATASETImportHDF5SpeciesUsage.h5" {
DATATYPEHS5T_IEEE_F32LE
DATASPACEIMPLE{ ( 5889, 5) / ( H5S_UNLIMITEDS ) }
ATTRIBUTEnumSpatialDims" {
DATATYPEH5T_STD_I32LE
DATASPACECALAR

}
}

The le structure complieswith the previously stated requiremens: thereis a
datasetde ned with the data type of the classH5TFLOATand the attribute
\n umSpatialDims" of the correct format is presen.

The easiestway to use the module is only to supply the le name to the
module, in which caseall the particles from the dataset will be imported as
shown in Figure 3. Figure 4 shows randomly selectedpatrticles (roughly 750
particles), and the particles with xo > 10’, wherex, is the horizortal velocity
componert of a particle.

1 Pleaseconsult the HDF5 documertation for the de nition.



Fig. 3. All particles. Fig. 4. Selectedparticles.

4  Conclusion

The padage proves useful for the Vorpal usersand for usersoutside of the
plasmaphysicsdomain. John Stark of the SouthamptonOceanograply Centre,
UK, reports usinga customizedversionof dxhdf5 to visualizeOCCAM [6] data
which are saved in numerous les of 3.5GB size,totaling to 500GB of data.
Andreas Klaedtke of the University of Surrey, UK, usesa customizedversion
of dxhdf5 to import results of his simulations of a microdisk cavity with a
laseractive material inside.

The padkage successfullyfunctions not only on desktop computers running
the Linux, Mac OS X, or Sun Solaris operating systemsbut also on large
mainframes that operate under the cortrol of the AIX or IRIX operating
systems.The portabilit y of dxhdf5, which allows OpenDX to import the same
HDF5 data on variouscomputer platforms, is achieved by harnessingree GNU
tools: Auto conf and Automake.

dxhdf5 is an open sourceproject and is available under a very liberal license
and socanbeincorporatedinto any other padkages.Anyonewishingto extend
the functionality of the padageis welcometo coriribute. The padkagealong
with documertation can be obtained from its website [5], from whereit is
downloadedse\eral times a week.
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