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ABSTRACT

In manyresarch fields of nuerical smulaions, programs often
produce a large amount of nhedata withcomplex $ructure. ltis

a fatal bottleneck for scientists to amage sch large-xde
simulation daa. In this paper, wepreent a data model with high
semanticfor smulation dataorganization, whichis based orthe
data characters su@s multi-dimenson, multivariable and tine-
space correlativeWe u® meta-dateto efficiently organize and
manage mesh datargposes the wayo recognize chaderistics
of many kinds of @dtasets and give tk definition andcataloguing
principlesfor the netadata in scientific computationaBed on té
high level data model and metadata, we develop an I/O lifwary
various applications such as insulation and visualization
applicationsor other data anadis toolsto acces data fileswith a
unified method. Under thsupport ofthe I/O library application
prograns dore simlation data intofile systens efficiently with
the unifam data famat includng compresed format, on the other
hand, they ecessdatasets with metada of high semantic, which
are described by the data model in numericalkation fields

Keywords

numerical smulation; data model/O library, metadata.

1. INTRODUCTION

With the developrent of high-peformance computer and parallel
computing theorynumericd ssimulatiors of complex phenoena
in full spacewith high preci® and resolution ar@n sight. A large
amount ofscientific data with complextsucture are pduced by
numerical gmulations, especially byimulationsfor researching
the problems of plassndynamt and electromagnstn. These
large scke of scientificdata need both to be stored efficierdiyd
to be exhanged and shared éps among applications.
Neverthelessso many formats ofimulation data are formed as
scientistsemplgy an enormous veety of discrete approximations
in modeling phgical proceseson computers Without uniform

method tostore ®manticinformation about data, problems occur

when models based on diféat represntationsare requiredto
exchange andsharedata with other. As the speeding-up atad
scale and coplexity in nunmerical sinulations, the limitatiorof
traditional data organization and management methodsoig
and more obviouslywhich kecomesa very importat bottlenek
for scientific computingperformance. \Wh the development of
high-performane computer and parallel computing theory
numerical simulation®f complex phenonena in full space with
high precise andeolution are in sight. A large amount of
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scientific data with complexstructure are produced bynurnrerical

simulatiors. These lage-scale smulation daa need both to be
stored effidgently and to be exadmged andshare easily among

applications

2. DATA MODEL

The data model is atsof conceptional tools whictlescribe data,

data connectiongiata semanteme, and consistency constrg'l]nts
The aimof the data model i offer a method to escribe data
content§!, and to illuminate how data are debed and used
through application interface. Thesifgn of numerical isnulation
data model mst be fit for structural charactetiss d scientifc
computation data, and ntuze convenientor accesisig, operating
and interactindor experts in the field from tke angle of phyical
analyss. We preent a data model wh high semantic for
simulationdataorganization, which is bad on thedatacharacters
such as nulti-dimensio, multivariable and tine-spacecorrelative.
Researchingn tre mesh datan simulationcomputing, usng the
conceptsand method®f building data model in datakafields,
the objectsn the data modehre reognizedon numerical model
semantics, and everyobject's properties operations and
relationshipsbetwe@ one andanother are also prested.Under
the support of @a model, application programs st@imulation
data into file sgtens efficiently with the unifom dataformat
including compressd format, on the dter hand, theyaccess
datasts with metadata of highkemanti¢ which are desdbed by
the data modeh numerical amulation fields.

3. SSIMULATION METADATA

Metadata technology is a common and efficient way data
management andccesslt is fit to smulation data managesmt
too, which partialarities ae the intension and the extensioof
simulation data. According to the features of typical revical
simulationapplicationsand their output data, we propose the way
to recognize characteristics ofany kinds of datasts, and give
the definition and cataloguingripciples for the metadatan
scientific conputation. Extracting etadata online is implemented,
that neans metadata are exttedfrom datasetshich ae writing
into the file system in each output time-step, ancerthstored
autonatically into databse. At the same while, the défect of
metadata can be seen in helping scientistantbysis data. The
key to setup a metadéa managemerfor scientific computdon is
creating and mining metadat®letadata record the content and
backgroun information about data in archives, whigh help
users undersand the Igical structure of archive and provides



information necessary for retieve and nterpre the data. Ater a
series of toolgienerating or extractingetadaa automaticallyto a
database during theomputational applicatiomunning scientists
can analyss and viewng the netadata tohelp them find which
data theywant to get.

4. 1/0O Library

Based on thehigh level data model and etadita, we develop an
I/O library supporting high-levelimulaion applicaions to sve

andread smulation datain applications It consistsof two main

parts the data-witing interfaces and the data-eadirg interfaces.
In orde to meet the need ofagng andreading original data

(physical  variables nodes coordinates, ithtonnection
information etc.) and their metadata, the library is composed of
the file interface, the origal data intedice and the metaath

interface. Becaus geometrtal dataand physicd data fave to be

managedseparately it is dso needed to dime a interface for
meta-data of thestwo types of déa. The Fig.1 showshe output
procesf sinulation databy a computing program.
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Figure 1. Output proce®f simulation data

First, the program determinesutput times by time geps
controling parametes. In each outputime, the prograncreatesa
specifed file after coniguring metadata of model layer, meta-
data ofgeometricaldata, and meta-data physicd data. Then, it
is time to output geometrical formation and phsicd-variable
information of the correpondingmeshtype. REnally, it will close
the output file to end the tput proces.

Here the geonetrical information isthe congtuction infamation
including coordinate®f med nodesor meé units. In thisproces
one file isgeneratedn one outptitime. For constangeometrial
information onlyoneoutput is needed, i.e. itis not necesary to
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outputat each output time. Fquarallel progams, each prcess
outputs its own file independently To manage outpuffiles
generated froma multi-proces and multi-time program, it is
possible to keepmanagement information imaxternalabstract
file. The information maybe filenames, number of outportocess
starting and endingtime step of the outpy and the time tep
interval of the otput.

We obtain datain an I/O command-driven mode and provide a
simple and uiversal Application Programming InterfadAPI) so
that the application program en use API to define data-field
objects and bymeansof operation®of usng data-fieldobjects to
run reading and writing ogrations instead of directlyasigning
storage and usg I/O sentences to save computingutss

APl is eady accepted byuses beaug it has reduced
modificationsto theoriginal numeical smulation pragram,andit
is na necesary to considr output byusers On the other hand,
the dataorganization and storagawe determinedy API, beng
independent fo computing resachers. D& managenent
peronneltakeover the poweof computing outputs, and thean
diredly obtain operions tosave and nanage data formataswell
as their resilts. And metadata, which are necesry for data
management, arimserted in ordrawn out from the dé#a outpu.
The unifed dataacess inteiface is provided for computing
programsand visualization mgrams In addition, becaus the
complexity of defining andsaving datais obviated, beaue
unified and self-desibing binary data format can efficiently
organize and save sientific daa in the high-performance file
system the aossplatform data sharing @n be realized with no
deed to do format transformsamong differet nunerical
computing programs

5. APPLICATION AND CONCLUSION
Through applicationsof numeri@al simulating the interection
between plawa and lasr, the noleculardynanics,and so onwe
have foud out manyadvantages of the 1/O library First, in
applicationsusers only need to us afew API interfacesto do
output andread/writemes data.Comparing with directlyusing
HDF5? library, the code-writing timean be reducel. Second, for
outputtingdifferent typesof me# data, it is onlyneed tomodify
sevaal interface parameter® thatcodes can be sed epeatedly,
it would beeay to realize the modularizatioor templatesof the
code. Third, therera few outpuinterferes to corputing programs
because the data gamization andstorage aredetermined by
scientific dataaccessAPI. Otherreasonsfor this are that data
management peomd take over the powe of computing outpty
andthey can directlyobtainoperations and resulteeded in data
format dorage and managent. And meta-data, whichare
necessaryor data manaement, areinserted inor drawnout from
the data output. Finally, the unified data accesmterface andhe
unified data fornat are more onvenient for developing comnon
data trasformation tools and anadjstools
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