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Preface

1. Who Should Read This Document
ThisDocumentis intendedto provide thereaderwith adiscussionof how to usethe
differentcomponentsof theNetSolveSystemandto serveasareferencemanualfor the
commandsandfunctionsmadeavailableby NetSolve.Althoughweoffer abrief
discussionof theNetSolveSystem,this documentis not necessarilyintendedto
providedetailsabouttheNetSolvecomponents.Thereadershouldreferto the
NetSolvedocumentsin thereferencelist andreferto theDocumentationsectionof the
NetSolvehomepage(http://icl.cs.utk.edu/netsolve/)for moreappropriatediscussionof
theNetSolvesystem.

Thereaderis expectedto havesomelevel of familiarity with programmingandat least
oneprogramminglanguages,preferablytheC language.Rudimentaryknowledgeof
theUNIX™ operatingsystemenvironmentandthemake utility will provehandyif
installingandconfiguringNetSolve for theUNIX environment.

2. Organization of This Document
Thisusers’guideis dividedinto six parts.Thesepartsareaimedat theneedsof
differenttypesof users.Therefore,it is notnecessaryfor auserto readall chaptersof
this users’guide.

Part I: Introduction

Thispartof theusers’guideprovidesa generaloverview of theNetSolvesystem,
aswell asadiscussionof relatedprojects.

Part II: TheUser’s Manual

Thesechaptersareaimedat theaverageuserof NetSolvewho is only interested
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Preface

in utilizing theclient interfaces.They provide installationinstructionsfor the
client software,adiscussionof theavailableclient interfacesandhow to utilize
specificfeaturesof theNetSolvesystemsuchasrequestfarming,security, and
user-suppliedfunctions,anda troubleshootingsectionto explainerror-handling
within theNetSolvesystem.

Part III: TheAdministrator’sManual

Thesechaptersareaimedat theuserwho will beinstallingandcustomizinga
stand-aloneNetSolvesystem.They give installationinstructionsfor theagentand
serversoftwareandthemanagementtools,explanationsof how to enablenew
softwareinto theNetSolvesystem,anda thoroughexplanationof thedesignof
featuresin theNetSolvesystemsuchasrequestfarming,security, andthe
user-suppliedfunction.

Part IV: MiscellaneousFeatures

Thesechaptersprovidedetailedinformationonmiscellaneousfeaturesof the
NetSolvesystemsuchastheNetwork WeatherService(NWS).

Part V: Reference

Thesesectionsprovide referencemanualsfor theclient interfaces,aswell asa
listing of error-handlingmessageswithin theNetSolvesystem.

Part VI: Appendices

Theseappendicesprovidesexampleprogramscalling theFortran77andC
NetSolve interfaces.

3. Document Conventions

Program Output

Text thatis outputfrom aprogram.

12
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UNIX>

TheUNIX promptat whichcommandscanbeentered.

User Input

Datato beenteredby theuser.

Replaceable

Contentthatmayor mustbereplacedby theuser.

Action

A responseto auserevent.

Constant

A programor systemconstant.

Function

Thenameof a functionor subroutine.

Parameter

A valueor symbolicreferenceto a value.

Type

Theclassificationof avalue.

Variable

Thenameof avariable.

Application

Thenameof asoftwareprogram.

Command

Thenameof anexecutableprogramor othersoftwarecommand.
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ENVAR

A softwareenvironmentvariable.

Filename

Thenameof afile.

4. Request for Comments
Pleasehelpusimprovefutureeditionsof this documentby reportingany errors,
inaccuracies,bugs,misleadingor confusingstatements,andtypographicalerrorsthat
you find. Email your bug reportsandcommentsto usat netsolve@cs.utk.edu.
(mailto:netsolve@cs.utk.edu)Your helpis greatlyappreciated.
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Chapter 1. A NetSolve Overview

1.1. An Intr oduction to Distrib uted Computing
Theefficient solutionof largeproblemsis anongoingthreadof researchin scientific
computing.An increasinglypopularmethodof solvingthesetypesof problemsis to
harnessdisparatecomputationalresourcesandusetheir aggregatepowerasif it were
containedin asinglemachine.Thismodeof usingcomputersthatmaybedistributedin
geography, aswell asownership,hasbeentermedDistributedComputing. Someof the
majorissuesconcernedwith DistributedComputingareresourcediscovery, resource
allocationandresourcemanagement,fault-tolerance,securityandaccesscontrol,
scalability, flexibility andperformance.Variousorganizationshavedeveloped
mechanismsthatattemptto addresstheseissues,eachwith theirown perspectivesof
how to resolve them.

1.2. What is NetSolve?
NetSolve (http://icl.cs.utk.edu/netsolve/) is anexampleof aDistributedComputing
systemthathopesto presentfunctionalitiesandfeaturesthatawide varietyof scientists
will find highly usefulandhelpful.

1.2.1. Backgr ound
Variousmechanismshavebeendevelopedto performcomputationsacrossdiverse
platforms.Themostcommonmechanisminvolvessoftwarelibraries.Unfortunately,
theuseof suchlibrariespresentsseveraldifficulties.Somesoftwarelibrariesarehighly
optimizedfor only certainplatformsanddo notprovideaconvenientinterfaceto other
computersystems.Otherlibrariesdemandconsiderableprogrammingeffort from the
user. While severaltoolshavebeendevelopedto alleviatethesedifficulties,suchtools
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Chapter1. A NetSolveOverview

themselvesareusuallyavailableononly a limited numberof computersystemsandare
rarelyfreelydistributed.Matlab[matlab]andMathematica[mathematica]areexamples
of suchtools.

Theseconsiderationsmotivatedtheestablishmentof theNetSolveproject.NetSolve
(http://icl.cs.utk.edu/netsolve)project.Thebasicphilosophyof NetSolve is to providea
uniform,portableandefficientway to accesscomputationalresourcesoveranetwork.

1.2.2. Overview and Architecture
TheNetSolveprojectis beingdevelopedat theUniversityof Tennessee’sComputer
ScienceDepartment.It providesremoteaccessto computationalresources,both
hardwareandsoftware.Built uponstandardInternetprotocols,likeTCP/IPsockets,it
is availablefor all popularvariantsof theUNIX™ operatingsystem,andpartsof the
systemareavailablefor theMicrosoft Windows95™,Windows98™,WindowsNT™,
andWindows2000™platforms.Testinghasnot yetbeenconductedon theWindows
ME™ operatingsystem.

TheNetSolvesystemis comprisedof asetof looselyconnectedmachines.By loosely
connected,wemeanthatthesemachinesareon thesamelocal,wideor globalarea
network, andmaybeadministratedby differentinstitutionsandorganizations.
Moreover, theNetSolvesystemis ableto supporttheseinteractionsin aheterogeneous
environment,i.e.machinesof differentarchitectures,operatingsystemsandinternal
datarepresentationscanparticipatein thesystemat thesametime.

17



Chapter1. A NetSolveOverview

Figure 1-1.The NetSolveSystem

UsersApplications

Fault Tolerance
Load Balancing

Server
NS

Server
NS

Client Library
NS

Server
NS

Resource Allocation
Resource Discovery

NS Agent

Figure1-1 showstheglobalconceptualpictureof theNetSolvesystem.In this figure,
wecanseethethreemajorcomponentsof thesystem:

• TheNetSolveclient,

• TheNetSolveagent,

• TheNetSolvecomputationalresources(or servers).

ThefigurealsoshowstherelationNetSolvehasto theapplicationsthatuseit. NetSolve
andsystemslike it areoftenreferredto asGrid Middleware;this figurehelpsto make
thereasonfor this terminologyclearer. Theshadedpartsof thefigurerepresentthe
NetSolvesystem.It canbeseenthatNetSolveactsasagluelayerthatbringsthe
applicationor usertogetherwith thehardwareand/orsoftwareit needsto complete
usefultasks.

At thetop tier, theNetSolveclient library is linkedin with theuser’s application.The
applicationthenmakescallsto NetSolve’sapplicationprogramminginterface(API) for
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Chapter1. A NetSolveOverview

specificservices.ThroughtheAPI, NetSolveclient-usersgainaccessto aggregate
resourceswithout theusersneedingto know anythingaboutcomputernetworkingor
distributedcomputing.In fact,theuserdoesnot evenhave to know remoteresources
areinvolved.

TheNetSolveagentmaintainsadatabaseof NetSolveserversalongwith their
capabilities(hardwareperformanceandallocatedsoftware)anddynamicusage
statistics.It usesthis informationto allocateserver resourcesfor client requests.The
agentfindsserversthatwill servicerequeststhequickest,balancestheloadamongstits
serversandkeepstrackof failedones.

TheNetSolveserver is a daemonprocessthatawaitsclient requests.Theservercanrun
on singleworkstations,clustersof workstations,symmetricmulti-processorsor
machineswith massively parallelprocessors.A key componentof theNetSolveserver
is asourcecodegeneratorwhichparsesaNetSolveproblemdescriptionfile (PDF).
ThisPDFcontainsinformationthatallows theNetSolvesystemto createnew modules
andincorporatenew functionalities.In essence,thePDFdefinesawrapperthat
NetSolveusesto call functionsbeingincorporated.

The(hidden)semanticsof aNetSolve requestare:

i. Client contactstheagentfor a list of capableservers.

ii. Client contactsserverandsendsinput parameters.

iii. Server runsappropriateservice.

iv. Server returnsoutputparametersor errorstatusto client.

No root/superuserprivilegesareneededto install or useany componentof the
NetSolvesystem.

1.3. Who is the NetSolve User?
Therearetwo typesof NetSolveusers.Thefirst typeof useris onewho installsand
accessesonly theclient interface(s)andutilizesexistingpoolsof resources(agent(s)
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Chapter1. A NetSolveOverview

andserver(s)).Thesecondtypeof NetSolveuserinstallsandadministrateshisown
NetSolvesystem(client,agent(s),server(s)),andpotentiallyenableshissoftwareto be
usedby NetSolve.ThisUsers’Guideaddressestheneedsof bothtypesof users.If the
userwishesto only install theclient interface(s),heshouldfollow instructionsin Part
II. TheUser’sManual. However, if theuserswishesto install client,agent(s),and
server(s),heshouldfollow theinstructionsin Part III. TheAdministrator’sManual.

Notethattheterm"administrates"or "administrator"heresimply refersto theperson
settingupandmaintainingtheNetSolveagentandservercomponents-- NO ROOT
PRIVILEGESARE NEEDEDTO INSTALL OR USEANY COMPONENTOFTHE
NetSolveSYSTEM.

1.4. The Status of NetSolve
Theofficial releaseof NetSolve-1.4is July, 2001.Featuresimplementedin this release
includea new JavaGUI to aid in thecreationof PDFs,IBP-enabledclientsandservers,
andmoreservermodulesfor sparsematrix computations.TheJava interfaceandthe
Globusproxyarecurrentlybeingupdatedandarenot availablefor this release.A
Microsoft Excelinterfaceis alsounderdevelopment.NetSolvehasbeenrecognizedas
asignificanteffort in researchanddevelopment,andwasnamedin R & D Magazine’s
top100list for 1999.
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Chapter 2. Related Projects and
Systems

Thereareavarietyof relatedprojects.

CONDOR

Condor (http://www.cs.wisc.edu/condor/)isa softwaresystemthat runson a
clusterof workstationsto harnesswastedCPUcycles.A Condorpool consistsof
anynumberof machines,of possiblydifferentarchitecturesandoperatingsystems,
thatareconnectedbya network.

NetSolvecurrentlyhastheability to accessCONDORpoolsasits computational
resource.With little effort, theservercanbeconfiguredto submittheclient’s
requestto anexistingCONDORpool,collecttheresults,andsendthemto the
client.

Globus

TheGlobusproject (http://www.globus.org/) is developingthefundamental
technology that is neededto build computationalgrids,executionenvironments
thatenableanapplicationto integrategeographically-distributedinstruments,
displays,andcomputationalandinformationresources.Such computationsmay
link tensof hundredsof theseresources.

In its testingphaseis anew NetSolveclientwhich implementsa Globusproxy to
allow theclient to utilize theGlobusgrid infrastructureif available.If not, the
client resortsto its presentbehavior.

IBP (InternetBackplaneProtocol)

IBP (http://icl.cs.utk.edu/ibp/)is astoragemanagementsystemwhichservesup
writablestorageasa wide-areanetwork resource,allows for theremotedirection
of storageactivities,anddecouplesthenotionof useridentificationfrom storage.
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Currentlyavailablein NetSolveareIBP-enabledclientsandserversthatallow
NetSolve to allocateandschedulestorageresourcesaspartof its resource
brokering.This leadsto muchimprovedperformanceandfault-tolerancewhen
resourcesfail.

Legion

Legion (http://legion.virginia.edu/)hasbeenincorporatedin suchaway to allow
theclient-userto programusingtheNetSolve interfacewhile leveragingthe
Legionmeta-computingresources.TheNetSolveclient sideusesLegiondata-flow
graphsto keeptrackof datadependencies.Thiseffort hasbeenextendedonly to
theFORTRAN interfacesandwasdoneby theLegiongroupat theUniversityof
Virginia.

metaNEOS

ThemetaNEOSproject (http://www-unix.mcs.anl.gov/metaneos/)integrates
fundamentalalgorithmicresearch in optimizationwith research andinfrastructure
tool developmentin distributedsystemsmanagement.Algorithmsthat canexploit
thepowerfulbut heterogeneous,high-latencyandpossiblyfailure-pronevirtual
hardwareplatformtypicalof metacomputingplatformshavebeendevelopedin
such areasasglobaloptimization,integer linear optimization,integer nonlinear
optimization,combinatorialoptimization,andstochasticoptimization.

Ninf

Ninf (http://ninf.etl.go.jp)andNetSolveareremotecomputingsystemswhichare
orientedto providenumericalcomputations.Thesetwo systemsareverysimilar to
eachotherin their designandmotivation.Adaptershavebeenimplementedto
enableeachsystemto usenumericalroutinesinstalledon theother.

NWS (Network WeatherService)

NWS (http://www.nws.npaci.edu/NWS/)is asystemthatusessensorprocesses
onworkstationsto monitorthecpuandnetwork connection.It constantlycollects
statisticson theseentitiesandhastheability to incorporatestatisticalmodelsto
runon thecollecteddatato generatea forecastof futurebehavior.
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Chapter2. RelatedProjectsandSystems

NetSolvehasintegratedNWS into its agentto helpits efforts of determining
whichcomputationalserverswouldyield resultsto theclientmostefficiently.
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II. The User’s Manual
Theuserhastwo choiceswheninstallingNetSolve.Hecaninstall only theclient
softwareanduseexistingpoolsof resources(agent(s)andserver(s)),or hecaninstall
hisown stand-aloneNetSolvesystem(client,agent(s)andserver(s)).If theuserwishes
to only install theclient interface(s),heshouldfollow instructionsin Part II. TheUser’s
Manual. However, if theuserswishesto install client,agent(s),andserver(s),heshould
follow theinstructionsin Part III. TheAdministrator’sManual.
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Chapter 3. Downloading, Installing, and
Testing the Client

TheNetSolveclient softwareis availablefor UNIX/UNIX-lik eoperatingsystemsand
Windowsenvironments.All of theclient,agent,andserversoftwareis bundledinto one
tar-gzippedfile. Thereis aseparatedistribution tar file for Unix andWindows
installations.No root/superuserprivilegesareneededto install or useany componentof
theNetSolvesystem.

3.1. Installation on Unix Systems
TheNetSolvedistribution tar file is availablefrom theNetSolvehomepage.
(http://icl.cs.utk.edu/netsolve/download/NetSolve-1.4.tgz)Oncethefile hasbeen
downloaded,thefollowing UNIX commandswill createtheNetSolve directory:

gunzip -c NetSolve-1.4.tgz| tar xvf -

Fromthis point forward,weassumethattheUNIX SHELL is from thecsh family.

Theinstallationof NetSolve is configuredfor a givenarchitectureusingtheGNU tool
configure.

UNIX> cd NetSolve
UNIX> ./configure

For a list of all optionsthatcanbespecifiedto configure,type

UNIX> ./configure --help

Usage: configure [--with-cc=C_COMPILER] [--with-
cnooptflags=C_NOOPT_FLAGS]

[--with-coptflags=C_OPT_FLAGS] [--with-
fc=F77_COMPILER]
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Chapter3. Downloading, Installing, andTestingtheClient

[--with-fnooptflags=F77_NOOPT_FLAGS]
[--with-foptflags=F77_OPT_FLAGS]
[--with-ldflags=LOADER_FLAGS]
[--with-nws=NWSDIR]
[--with-ibp=IBPDIR]
[--with-kerberos]
[--with-proxy=PROXY_TYPE]
[--with-outputlevel=OUTPUT_LEVEL]
[--enable-infoserver=INFOSERVER]
[--with-mpi=MPI_DIR]
[--with-petsc=PETSCDIR]
[--with-aztec=AZTEC_DIR]
[--with-azteclib=AZTEC_LIB]
[--with-superlu=SUPERLU_DIR]
[--with-superlulib=SUPERLU_LIB]
[--with-scalapacklib=SCALAPACK_LIB]
[--with-blacslib=BLACS_LIB]
[--with-lapacklib=LAPACK_LIB]
[--with-blaslib=BLAS_LIB]

where
C_COMPILER = default is to use gcc
C_NOOPT_FLAGS = C com-

piler flags to be used on files that
must be compiled without optimization

C_OPT_FLAGS = C compiler optimization flags (e.g., -O)
F77_COMPILER = default is to use g77
F77_NOOPT_FLAGS = Fortran77 com-

piler flags to be used on files that
must be compiled without optimization

F77_OPT_FLAGS = Fortran77 compiler optimiza-
tion flags (e.g., -O)

LOADER_FLAGS = Flags to be passed only to the loader
NWSDIR = directory where NWS is in-

stalled (optional)
IBPDIR = directory where IBP is in-

stalled (optional)
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Chapter3. Downloading, Installing, andTestingtheClient

PROXY_TYPE = currently supported values are netsolve
and globus (default is netsolve)

OUTPUT_LEVEL = currently supported values are de-
bug, view,

and none (default is view)
INFOSERVER = currently supported values are alone and

nothing specified (default is not alone,
where nothing is specified).

MPI_DIR = location of the MPI directory (optional,
assumes MPICH directory structure)
(default is /usr/local/mpich-1.2.1).

PETSCDIR = location of PETSc installation direc-
tory (optional)

AZTEC_DIR = location of Aztec installation direc-
tory (optional)

AZTEC_LIB = Aztec link line (optional)
SUPERLU_DIR = location of SuperLU installation direc-

tory (optional)
SUPERLU_LIB = SuperLU link line (optional)
SCALAPACK_LIB = ScaLAPACK link line (optional)
BLACS_LIB = MPIBLACS link line (optional)
LAPACK_LIB = LAPACK link line (optional)
BLAS_LIB = BLAS link line (optional)

All argumentsareoptional.Theoptionsparticularlypertinentto NetSolveare:

--with-
nws=NWSDIR location of NWS installation dir

--with-
ibp=IBPDIR location of IBP installation dir

--with-
kerberos use Kerberos5 client authentication

--with-
proxy which Proxy? (netsolve, globus)

--with-
outputlevel output level (debug,view,none)

--enable-infoserver[=alone] use InfoServer [alone]
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TheNetSolveserviceoptionsare:

--with-
petsc=PETSCDIR location of PETSc installation dir

--with-petsclibdir=PETSC_LIB_DIR location of PETSc library
--with-

aztec=AZTEC_DIR location of Aztec installation dir
--with-azteclib=AZTEC_LIB Aztec link line
--with-superlu=SUPERLU_DIR location of SuperLU in-

stallation dir
--with-superlulib=SUPERLU_LIB SuperLU link line
--with-

mpi=MPI_DIR location of MPI Root Directory
--with-lapacklib=LAPACK_LIB LAPACK link line
--with-scalapacklib=SCALAPACK_LIB ScaLAPACK link line
--with-blacslib=BLACS_LIB MPIBLACS link line
--with-blaslib=BLAS_LIB BLAS link line

Theconfigurescriptcreatestwo mainfiles, ./conf/Makefile.$NETSOLVE_ARCH.inc
and./conf/Makefile.inc.Thesefilesarecreatedfrom thetemplates
./conf/Makefile.generic-archand./conf/Makefile.inc.inrespectively.
$NETSOLVE_ARCHis thestringprintedby thecommand./conf/config.guess,with all
’-’ and’.’ charactersconvertedto ’_’ characters.Thevariable$NETSOLVE_ROOT is
thecompletepathnameto theinstalledNetSolvedirectoryanddefinedin
./conf/Makefile.inc. These*.inc filesareincludedby theMakefilesthatbuild the
NetSolvesystem.Manuallyeditingtheseconfigurationfiles is stronglydiscouraged.
However, if theuserprefersto edit this file, detailsof the
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file areexplainedin
Section12.1.

Typingmake in theNetSolve directorywill give instructionsto completethe
compilation.A typical client compilationincludes:

UNIX> make C Fortran tools test

28



Chapter3. Downloading, Installing, andTestingtheClient

to build theC andFortranclient interfaces,NetSolvemanagementtools(seeChapter
16),andNetSolve testsuite(seeSection13.2).To build theMatlabclient interfaceto
NetSolve,type

UNIX> make matlab

andto build theMathematicaclient interfaceto NetSolve,type

UNIX> make mathematica

As previouslystated,theJavaclient interfaceis in theprocessof beingupdated,andis
notavailablein release1.4of NetSolve.After asuccessfulcompilationprocess,the
appropriatebinariesand/orlibrariescanbefoundin the
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH and/or
$NETSOLVE_ROOT/lib/$NETSOLVE_ARCH directoriesrespectively. Thus,to executea
NetSolvebinary, theusermusteitherexecutethecommandfrom within the
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH directory, or addthisdirectorynameto his
UNIX path variable.

3.2. Testing the Unix installation
Testingsolelytheclient softwaremeansthatapre-existingNetSolvesystemwill be
contacted,possiblythedefault agentandserversrunningat theUniversityof
Tennessee.Thatsystemcanbecontactedvia thehostnetsolve.cs.utk.edu
which shouldalwaysberunninganagent.Thestep-by-stepprocedureto testyour
NetSolveclient installationis asfollows:

1. cd NetSolve

2. make test

3. setenv NETSOLVE_AGENT netsolve.cs.utk.edu

4. Test

29



Chapter3. Downloading, Installing, andTestingtheClient

While thetesteris running,it printsmessagesaboutits execution.This testtestsonly
theC andFortran77interfaces.Detailsof this processareexplainedin thefollowing
chapters.For moreinformationon theC andFortran77interfaces,seeChapter5.
Chapter6 andChapter7 detailhow to testtheMatlabandMathematicainterfaces,
respectively.

If anerroris encounteredduringtesting,referto theTroubleshootingsectionof the
Erratafile (http://icl.cs.utk.edu/netsolve/errata.html)for NetSolve.

3.3. Installation on Windo ws systems
Thissectiondescribestheinstallationandtestingof theWindowsversionof the
NetSolveclient software.At present,thesoftwareis distributedin theform of a
self-extractingexefile. An InstallShieldsetupis beingdevelopedto simplify the
installationinstructions,andthissetupwill beavailablesoon.

Thecontentsof theself-extractingexefile areasfollows,whereNETSOLVE_DIR refers
to thedirectorywhereyou haveunzippedthedistribution.

NETSOLVE_DIR\

Thisdirectorycontainsthereadmefile andaninstallationscript.

NETSOLVE_DIR\lib

ThisdirectorycontainstheNetSolveclient library.

NETSOLVE_DIR\matlab

Thisdirectorycontainsthematlabbinaries.

NETSOLVE_DIR\tools

Thisdirectorycontainsvarioustoolsfor managingNetSolve.
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NETSOLVE_DIR\testing

Thisdirectorycontainsvarioussamplebinarytestprogramsthatyou canrun to
verify your installation.

Theinstallationprocessis quitesimple.

a.Runtheexeyou downloadedfrom theNetSolvewebpage.

To determinetheagenthostname,theusercanissuethefollowing command:

a.cd NETSOLVE_DIR\tools

b. getagent

To seta new agenthostname,theusermustissuethefollowing command:

a.cd NETSOLVE_DIR\tools

b. setagent[agent hostname]

If theagenthostnameis notspecifiedon thecommandline, youwill beprompted
for ahostname.You will have theoptionof specifyinga nameor acceptingthe
currentagentnamesetin theregistry.

Thede-installationprocessis quitesimilar.

a.cd NETSOLVE_DIR

b. netsolve_install -uninstall

Theaboveprogramremovesthekeys from theWindowsregistry.

c.delete NETSOLVE_DIR
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3.4. Testing the Windo ws installation
You canusethevariousprogramsin theNETSOLVE_DIR\testing directoryto test
your NetSolve installation.Rememberthatavalid NetSolveagentandservershould
alreadyberunning,andtherequiredproblemsshouldbeinstalledon theservers.Here
is a list of testprogramsandtheproblemsthey makeuseof:

c_test

chartest,doubletest,inttest,stringlisttest,stringtest,totaltest

farming_test

doubletest

sequence_test

mpass,vpass,pass,multipass

For example,to performasamplerun of c_test, theusermustdo thefollowing:

a.Usesetagentto point to thecorrectagenthost

b. Runc_test.exe

3.4.1. Using NetSolve from Windo ws Matlab
A usernew to Netsolvewill find theMatlabinterfaceverysimple.Thematlabinterface
is in NETSOLVE_DIR\matlab. To accesstheinterface

a.StartupMatlab

b. Click on File -> SetPath...

c. Add theNETSOLVE_DIR\matlab directoryto thepath
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Theinterfaceconsistsof 4 NetSolvecalls

netsolve.dll
netsolve_nb.dll
netsolve_err.dll
netsolve_errmsg.dll

TestingNetSolvewithin Matlabinvolvesthefollowing steps:

netsolve(’?’)

Thiscommandprintstheagentandserverscurrentlyavailable.

netsolve

Thiscommandprintsthelist of problemsthatcanbesolved.

Help onany call canbeobtainedby typing just thecall on theMatlabprompt.

3.4.2. Using the NetSolve Management Tools in Windo ws
Therearevarioustoolsin theNETSOLVE_DIR\tools directorythatallow theuserto
exploretheNetSolvemetacomputingsystem.

netsolveconfig.exe[agent_name]

providesa list of agentsandserversasseenby agent_name

netsolveproblems.exe[agent_name]

providesa list of problemsthatcanbesolvedwithin theNetSolve framework as
seenby agent_name
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4.1. NetSolve Problem Specification
Solvingacomputationalproblemwith NetSolve is a functionevaluation:

<output> = <name>(<input>)

where

• <name> is acharacterstringcontainingthenameof theproblem,

• <input> is a list of inputobjects,

• <output> is a list of outputobjects.

An objectis itself describedby anobjecttypeandadatatype. Thetypesavailablein
thecurrentversionof NetSolveareshown in Table17-1andTable17-2.Ratherthan
giving examplesfor eachobjecttype,we referthereaderto theprogramsin:
$NETSOLVE_ROOT/src/Examples and$NETSOLVE_ROOT/src/Testing. Theuser
canalsoreferto Section17.1.2for adescriptionof therequirementsfor eachNetSolve
objecttypeasit relatesto theproblemdescriptionfile.

4.2. Availab le Client Interfaces
NetSolveprovidesavarietyof client interfaces:

• C, Fortran interfacesaredetailedin Chapter5.
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• Matlab interfaceis detailedin Chapter6.

• Mathematica interfaceis detailedin Chapter7.

Wearein theprocessof updatingourJava interface,thusthis interfaceis notavailable
in version1.4of NetSolve.WearealsodevelopinganExcel interface.

In Section4.1,wedescribedtheinputandoutputargumentsof aNetSolveproblemas
lists of objects. TheMatlab,Mathematica,andJava interfacesto NetSolvecan
manipulateobjectsdirectlyandit is thereforeveryeasyto call NetSolve from their
interfacesonceproblemdescriptionsareknown. Frominterfacesthatarenot
object-oriented(C andFortran),it is necessaryto useacalling sequencethatdescribes
theobjects’featuresindividually. For completedetails,theusershouldreferto Chapter
5 andSection17.1.1.1.

4.3. Problems that can be solved with NetSolve
In orderfor aproblemto besolved(i.e.,a functionor library routineto beinvoked)
usingNetSolve,theremustexist aproblemdescriptionfile (PDF)correspondingto the
problem/routine.A varietyof PDFsareincludedwith theNetSolvedistribution.A user
canalsowrite his own PDFfor his function,asdescribedin Chapter17.

Thedefault NetSolvedistributionprovidesonly a limited subsetof enabledsoftwareto
testthevariousclient interfaces.Interfaceshavebeenwritten for avarietyof software
libraries(referto $NETSOLVE_ROOT/problems/), but asthelibrariesthemselvesare
not includedin theNetSolvedistribution,thelibrary interfacesarenotenabled.The
usercan,therefore,customizehis installationto includetheseexisting interfacesand/or
new interfaces.Referto Section13.1for furtherdetails.

It is possibleto queryaNetSolveagentto obtaina list anddescriptionsof theproblems
thatcanbesolvedby its respectiveservers.Thereareseveralwaysof sendingsuch
queries.

1. FromtheNetSolvehomepage,it is possibleto specifyanagentnameandrun CGI
scriptsto obtaindetailedinformationaboutNetSolveproblems,includingC and
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Fortrancallingsequencespecifications.

2. Problemlistsanddescriptionsarealsodirectlyavailablefrom theMatlabinterface,
theMathematicainterface,andtheJavaGUI.

3. TheNetSolvemanagementtoolsdescribedin Chapter16giveaccessto that
informationfrom theUNIX prompt.

4.4. Naming Scheme for a NetSolve problem
Thefull nameof aNetSolveproblemhastwo parts:

i. thepath, and

ii. thenickname.

Let usdemonstratethis with anexample.Theproblemnicknamedddot, which
computestheinnerproductof two double-precisionvectors,hasthefull name
/BLAS/Level1/ddot. Thisproblemcanbefoundin
$NETSOLVE_ROOT/problems/blas. This full namehastwo purposes.First,whenwe
displaya list of problems,they aresortedalphabeticallyby their full name,andthe
problemsaregroupedby "directory".Second,by convention,thefirst elementof the
full name(e.g.,BLAS) is thenameof thenumericallibrary containingtheoperation
(problem).This conventionhasprovento beuseful,asseenin Section5.2.
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5.1. Intr oduction
As previouslymentionedin Section3.1,theC/Fortran77client interfacesfor NetSolve
arebuilt by typing

UNIX> make C Fortran

in thedirectory$NETSOLVE_ROOT. Thiscompilationproducesthefollowing two
archivefiles:

• $NETSOLVE_ROOT/lib/$NETSOLVE_ARCH/libnetsolve.a : theC library

• $NETSOLVE_ROOT/lib/$NETSOLVE_ARCH/libfnetsolve.a : theFortran77
library

whereNETSOLVE_ROOT is thefull pathnameto theNetSolvedirectoryand
NETSOLVE_ARCHis thearchitecturenamegeneratedby configure.

Beforelinking to oneof theselibraries,theusermustincludetheappropriateheader
file in hisprogram:

• $NETSOLVE_ROOT/include/netsolve.h in C,

• $NETSOLVE_ROOT/include/fnetsolve.h in Fortran77.

TheFortran77includefile is notmandatory, but increasesthesourceprogram
readabilityby allowing callingsubroutinesto manipulatetheNetSolveerrorcodesby
variablenameratherthanby integervalue.

TheFortran77interfaceis built on top of theC interfacesinceall of thenetworking
underneathNetSolve is written in C. However, wechoseto write theFortran77
interfacewith subroutinesinsteadof functions(for reasonsof compiler

37



Chapter5. C andFortran77Interfaces

compatibilities).TheC functionsall returnaNetSolveerror codeequalto 0 if thecall
wassuccessfulor to anegativevaluein caseof error. Chapter24 containsthelist of all
possibleerrorcodes.TheFortran77subroutinestakeanextra outputintegerargument
(passedby reference)at theendof thecallingsequencethatcontainstheerrorcode
aftercompletionof thecall. Thereferencemanualsfor C andFortran77arein Chapter
22 andChapter23.

Thebasicconceptsherearethesameastheoneswe have introducedin Chapter6 for
theMatlabinterface,especiallytheability to call NetSolve in ablockingor
nonblockingfashion.

WedescribetheC andFortran77interfacesby themeansof anexample.In the
following sectionwestartdevelopingtheexampleby demonstratinghow ausercan
obtaininformationaboutthecalling sequenceto agivenproblem.

5.2. What is the Calling Sequence?
As describedin Section4.1,theC andFortran77interfaces,asthey arenot
object-capable,needto usespecificcallingsequencesthataremoreinvolvedthanthe
onesusedfrom Matlabor Mathematica.

Let ustakeaverysimpleexample:theuserwantsto performadenselinearsystem
solve.Thefirst thing to know, asstatedin earlierchapters,is thenameor IP addressof
ahostrunningaNetSolveagent.Thedefault NetSolveagentrunningat theUniversity
of Tennesseeis awareof many serversthatcanperformthecomputation.In fact,a
denselinearsystemsolve is providedwith theNetSolvedistributionasdefault
numericalsoftwarefor theserver. Theuserhasnow two possiblecoursesof actionto
find outabouttheproblem.Let usassumethattheuserchoosesto usetheUNIX
commandline managementtools(seeChapter16 for acompletedescriptionof these
tools).Thealternativewouldbeto usetheCGI scriptson theNetSolvehomepage.

Section13.3showshow theserversspecifythecallingsequenceto agivenproblem.It
is usualfor serversto enforcethesamecallingsequenceastheoriginal numerical
softwareandto giveaproblemthenameof theoriginal library function.In the
example,dgesv() is thenameof anLAPACK subroutineandtheusercantherefore
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expectthecallingsequencefor theproblemdgesv to matchtheoneof thesubroutine.
Onecanseein theproblemlist returnedby NS_problemsa problemcalledlinsol. In
this example,linsol is asimplifiedversionof dgesv andhasasimplifiedcalling
sequencechosenby whomeverstartedthefirst server thatprovidesaccessto that
problem.Sincelinsol is not thenameof anLAPACK subroutine,its callingsequence
canbearbitrary.

UNIX> NS_problems netsolve.cs.utk.edu
/ImageProcessing/Filters/blur
/LAPACK/LinearSystems/dgesv
/LAPACK/LinearSystems/linsol

Next, two situationsarepossible.First, theuseralreadyknowsthenumericalsoftware
(e.g.,LAPACK) andmayevenhavecodealreadywritten in termsof this software.In
thiscase,theswitching to NetSolve is immediate.Thesecondpossibilityis thattheuser
doesnotknow thesoftware.If this is thecase,heneedsto paycloseattentionto the
outputgivenby NS_probdesc. Theoutputfrom this commandfirst givesthecalling
sequenceasit wouldbeinvokedfrom Matlab,andthengivesthecallingsequencefrom
C/Fortran.

UNIX> NS_probdesc netsolve.cs.utk.edu dgesv
-- dgesv -- From LAPACK -
Compute the solution to a real system of linear equations

A * X = b
where A is an N-by-B matrix and X and B are N-by-NRHS matrices.
Matlab Example : [x y z info ] = netsolve(’dgesv’,a,b)
http://www.netlib.org/lapack/index.html
* 2 objects in INPUT
- input 0: Matrix Double Precision Real.
Matrix A
- input 1: Matrix Double Precision Real.
Right hand side

* 4 objects in OUTPUT
- output 0: Matrix Double Precision Real.
LU factors ( A = P*L*U)
- output 1: Vector Integer.
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Vector of pivots (defines the P matrix)
- output 2: Matrix Double Precision Real.
Solution
- output 3: Scalar Integer.
INFO
0 successful
<0 error on calling ?
>0 QR algorithm failed

* Calling sequence from C or Fortran
8 arguments
- Argument #0:

- number of rows of input object #0 (A)
- number of columns of input object #0 (A)
- number of rows of input object #1 (RHS)

- Argument #1:
- number of columns of input object #1 (RHS)

- Argument #2:
- pointer to input object #0 (A)
- pointer to output object #0 (LU)
- pointer to output object #0 (LU)

- Argument #3:
- leading dimension of input object #0 (A)

- Argument #4:
- pointer to output object #1 (PIVOT)

- Argument #5:
- pointer to input object #1 (RHS)
- pointer to output object #1 (PIVOT)
- pointer to output object #2 (SOLUTION)

- Argument #6:
- leading dimension of input object #1 (RHS)

- Argument #7:
- pointer to output object #3 (INFO)

Thisoutputcanappearrathercrypticat first. Let uswork throughit stepby step.First,
thenumberof argumentsin thecallingsequenceis 8. Thismeansthatthecall from C
will look like:
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status = netsl(’dgesv()’,X0,X1,X2,X3,X4,X5,X6,X7);

And from Fortran77,thecall to NetSolvewouldbe:

CALL FNETSL(’dgesv()’,STATUS,X0,X1,X2,X3,X4,X5,X6,X7)

Now, eachargumentis describedin theinformationreturnedby NS_probdescandthis
descriptioncanbetranslatedinto meaningfulvariablenamesin theusersourcecode.
For instance,X2 shouldbea pointerto thematrixof thelinearsystem,andX3 should
beanintegerthatis theleadingdimensionof thematrix.We cannow moveon to the
descriptionsof thedifferentwaysof callingNetSolve from C or Fortran77.

5.3. Bloc king Call
Theblockingcall to NetSolve from C or Fortran77is theeasiestto implement.
Specifically, if themainprogramis in C, onecallsthefunction,netsl(), andif the
mainprogramis in Fortran77,onecallsthefunction,FNETSL(). ThisC function
returnsanerrorcode.It takesasargumentsthenameof aproblemandthelist of input
data.Theseinputsarelistedaccordingto thecalling sequencediscussedin Section5.2.
TheC prototypeof thefunctionis

int netsl(char *problem_name, ... < argument list > ...)

andtheFortran77prototypeis

SUBROUTINE FNETSL( PROBLEM_NAME, STATUS, ...
& < argument list > ...)

wherePROBLEM_NAME is a stringandSTATUS is theintegerstatuscodereturnedby
NetSolve.

Let usresumeour exampleof thecall to dgesv. In Fortran77,thedirectcall to
LAPACK lookslike

CALL DGESV( N, 1, A, LDA, IPIV, B, LDB, INFO )
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Theequivalentblockingcall to NetSolve is

CALL FNETSL(’DGESV()’, STATUS, N, 1, A, LDA, IPIV,
& B, LDB, INFO )

Thecall in C is

status = netsl(’dgesv()’,n,1,a,lda,ipiv,b,ldb,&info);

Noticethatthenameof theproblemis caseinsensitiveandthatit is appendedby an
openingandaclosingparenthesis.Theparenthesesareusedby NetSolve to handle
Fortran/Cinteroperabilityon certainplatforms.In Fortran77,every identifierrepresents
apointer, but in C we actuallyhadthechoiceto usepointersor not.Wechoseto use
integer(int) for thesizesof thematrices/vectors,but pointersfor everythingelse.

Fromtheuser’spoint of view, thecall to NetSolve is exactlyequivalentto acall to
LAPACK. Onedetail,however, needsto bementioned.Most numericalsoftwareis
written in Fortran77andrequiresusersto provideworkspacearraysaswell asdata,
sincethereis no possibilityfor dynamicmemoryallocation.Becausewepreservedthe
exactcallingsequenceof thenumericalsoftware,we requiretheuserto passthose
arrays.But, sincethecomputationis performedremotely, workspaceon theclient side
is meaningless.It will, in fact,bedynamicallycreatedon theserverside.Therefore,
whenthenumericalsoftwarewould requireworkspace,theNetSolveusermayprovide
aone-lengtharrayfor workspace.

This is signaledin theoutputof NS_probdescby anargumentdescriptionsuchas:

- Argument #6:
- ignored

5.4. Nonb loc king Call
Wedevelopedthis nonblockingcall for thesamereasonwedevelopedonefor Matlab
(seeSection6.4): to allow theuserto havesomeNetSolve-parallelism. The
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nonblockingversionof netsl() is netslnb(). Similarly, thenonblockingversionof
FNETSL() is FNETSLNB(). Theusercallsit exactlyashewouldcall netsl() or
FNETSL(). If thecall to netslnb() or FNETSLNB() is successful,it returnsa request
handlerin theform of a (positive) integer. If it is not successful,it returnsanerrorcode.
Continuingwith ourexample:

CALL FNETSLNB( ’DGESV()’, REQUEST, N, 1, A, LDA, IPIV,
& B, LDB, INFO )

andin C :

request = netslnb(’dgesv()’,n,1,a,max,ipiv,b,max,&info);

In caseof anerror, therequesthandleractuallycontainsthe(negative)NetSolveerror
code.

Thenext stepis to checkthestatusof therequest.As in theMatlabinterface,theuser
canchooseto probeor to wait for therequest.Probingis doneby callingnetslpr()
or FNETSLPR() which returnsaNetSolveerrorcode:

CALL FNETSLPR( REQUEST, INFO )

andin C :

info = netslpr(request);

Typical errorcodesreturnedareNetSolveNotReady andNetSolveOK (seeChapter
24).Waiting is doneby usingnetslwt() or FNETSLWT(). This functionblocksuntil
thecomputationis completeandtheresultis available.Hereis theFortran77call:

CALL FNETSLWT( REQUEST, INFO )

andtheC call :

info = netslwt(request);
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If thecall is successful,thefunction/subroutinereturnstheerrorcodeNetSolveOK and
theresultis in theusermemoryspace.

5.5. Catching errors
GivenaNetSolveerrorcode,thereis a functionin theC andFortran77interfacethat
printsexplicit errormessagesto thestandarderror. TheC call is :

netslerr(info);

andin Fortran77

CALL FNETSLERR( INFO )

Theusershouldreferto Chapter24 for a list of all possibleerrorcodes.

5.6. Row- or column-major
To allow theNetSolveuserto storeher/hismatriceseitherin row-wiseor column-wise
fashion,wealsoprovide thefunctionnetslmajor() in C andFNETSLMAJOR() in
Fortran77.This functioncanbecalledat any time in theuser’sprogramin C:

netslmajor("col");
netslmajor("row");

or in Fortran77:

CALL FNETSLMAJOR(’col’)
CALL FNETSLMAJOR(’row’)

All of thesubsequentcallsto NetSolvewill assumethecorrespondingmajor. The
default valuesareof courserow-wisefor C andcolumn-wisefor Fortran77.
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5.7. Limitations of the For tran77 interface
Dueto Fortran77’s restrictionsfor theuseof pointerandits inability to dynamically
allocatememory, theFortran77interfaceto NetSolvedoesnotsupportthe
PACKEDFILESandSTRINGLISTobjecttype.It alsodoesnot supportoutputobjects
of typeSTRING.

5.8. Built-in examples
C andFortran77andJavaexamplesareincludedin theNetSolvedistribution in
$NETSOLVE_ROOT/src/Examples. To build them,theusersimply typesmake
examples in thetop directory. Theexamplesusedifferentproblemsthathavebeen
givenserversat theUniversityof Tennessee.They shouldhelptheuserto understand
how thesystemworks.Wealsohave full examplesin C andFortranin AppendixA and
AppendixB.
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6.1. Intr oduction
Building theMatlabinterfaceby typing

UNIX> make matlab

in thedirectory$NETSOLVE_ROOT producesthefour following mex-files:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/netsolve.mex###

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/netsolve_nb.mex###

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/netsolve_err.mex###

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/netsolve_errmsg.mex###

The### partof theextensiondependson thearchitecture(for instance,theextension
is .mexsol for theSolarisOperatingSystem).Thesefour filesalonearetheMatlab
interfaceto NetSolve.To make thesefour filesaccessibleto Matlab,theusermust
modify theMATLABPATH environmentvariableas:

UNIX> setenv MATLABPATH $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH

It is alsopossibleto usetheMatlabcommandaddpath. For moreinformationabout
mex-files, theusercanreferto [matlab].In thefollowing sections,theuserwill learnto
call four new functionsfrom Matlab:netsolve(), netsolve_nb(),
netsolve_err(), andnetsolve_errmsg().

6.2. What to Do First
Let usassumethattheuserhascompiledtheMatlabinterface,setanagentname,
startedaMatlabsessionandis now readyto useNetSolve.In this sectionwedescribe
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thosefeaturesof theinterfacethatallow theuserto obtaininformationaboutthe
currentlyavailableNetSolvesystem.

As statedbriefly in Section4.3,it is possibleto obtainthelist of solvableproblems
from Matlab,aswell asfrom thehomepageCGI scriptsor themanagementtools.In
thecaseof Matlab,this informationis obtainedby typing thefollowing command

>> netsolve
NetSolve - List of available problems -
/BLAS-wrappers/Level3/dmatmul
/BLAS-wrappers/Level3/zmatmul
/BLAS/Level1/daxpy
/BLAS/Level1/ddot
/BLAS/Level1/zaxpy
/BLAS/Level2/dgemv
/BLAS/Level3/dgemm
/BLAS/Level3/zgemm
/LAPACK-wrapper/Simple/Eig_and_Singular/eig
/LAPACK-wrapper/Simple/Linear_Equations/linsol
/LAPACK/Simple/Linear_Equations/dgesv
/LAPACK/Auxiliary/dlacpy
/Mandelbrot/mandelbrot
/QuickSort/DoublePrecision/dqsort
/QuickSort/Integer/iqsort
/SCALAPACK/LinearSystem/pdgesv
/SCALAPACK/LinearSystem/pdposv
/SCALAPACK/LinearSystem/plinsol
/SuperLU-MA28/sparse_direct_solve
-----------------------
[ output args ] = netsolve(problem name, input args)
-----------------------
Information on a specific problem : netsolve(problem name)
Information on the servers : netsolve(’?’)
-----------------------
>>

whereeachline containsa full problemname.If theuserwould likemoredetailed
informationonaspecificproblem,e.g.,eig, hecantype
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>> netsolve(’eig’)
-- eig -- Wrapper around the LAPACK routine DGEEV --
Simplified version of DGEEV.
Computes the eigenvalues of a double precision real
matrix A. Returns two double precision real
vectors containing respectively the real parts and
the imaginary parts of the eigenvalues.

MATLAB Example : [r i ] = netsolve(’eig’,a)

* 1 objects in INPUT
- input 0: Matrix Double Precision Real.
Matrix A

* 2 objects in OUTPUT
- output 0: Vector Double Precision Real.
Real parts of the eigen values
- output 1: Vector Double Precision Real.
Imaginary parts of the eigen values

--------------------------------------
Output Objects 0 and 1 can be merged.
>>

Thisoutputgivesashortdescriptionof theproblem,anexamplein Matlabusing
netsolve(), the input objectsthatmustbesuppliedby theuser, andtheoutputthat
will bereturnedto theuser. Thisparticularproblemrequiresonly onedouble-precision
matrixon input.Noticethatthis matrixmustbesquare(asstatedin thedescriptionof
theproblem).If theusertriesto call NetSolve for this problemwith a rectangular
matrix,hewill receiveanerrormessagestatingthatthedimensionsof theinput are
invalid. On output,theproblemeig will returntwo vectors,therealandimaginary
partsof theeigenvaluesof theinputmatrix, respectively.

SinceMatlabprovidesamechanismto manipulatecomplex objects,it is probablethat
theuserwould like to haveeig returnonesinglecomplex vectorinsteadof two
separaterealvectors.Thus,in theMatlabinterfaceit is possibleto merge thesetwo real
outputvectorsinto onecomplex vector. Thispoint is furtherdevelopedin thenext
section.

48



Chapter6. Matlab Interface

TheMatlabinterfacehasanotherfeaturethatis concernednot with theactualproblem
solvingbut with providing informationabouttheNetSolveconfigurationitself. We
have just seenhow to getinformationabouttheproblemshandledby theNetSolve
servers;it is alsopossibleto obtainthephysicallocationsof theseservers.Let us
assumethatour NETSOLVE_AGENTenvironmentvariableis setto
netsolve.cs.utk.edu (seeChapter14).Thecommand

>> netsolve(’?’)

producesthefollowing output:

NetSolve - List of available agents -
netsolve.cs.utk.edu(128.169.93.161)
NetSolve - List of available servers -
maruti.cs.berkeley.edu(128.32.36.83)
cupid.cs.utk.edu(128.169.94.221)
torc3.cs.utk.edu(128.169.93.74) (0 failures)

Thesameinformationcanbeobtainedfrom thehomepageCGI scriptsor the
managementtools.

6.3. Calling netsolve() to perf orm computation
Theeasiestway to performanumericalcomputationin NetSolve is to call thefunction
netsolve(). With this function,theusersendsablockingrequestto NetSolve.By
blockingwemeanthataftertyping thecommandin theMatlabsession,theuser
resumescontrolonly whenthecomputationhasbeensuccessfullycompletedona
server. Theotherway to performcomputationis to senda nonblocking requestas
describedin Section6.4.

Let uscontinuewith theeig examplewestartedto developin theprecedingsection.
Theusernow knowsthathehasto provideadouble-precisionsquarematrix to
NetSolve,andheknows thatheis goingto gettwo realvectorsback(or onesingle
complex vector).Hefirst createsa300 � 300matrix, for instance,
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>> a = rand(300);

Thecall to NetSolve is now

>> [x y] = netsolve(’eig’,a)

All thecallsto netsolve() will look thesame.Theleft-handsidemustcontainthe
outputarguments,in thesameorderaslistedin theoutputdescription(seeSection6.2).
Thefirst argumentto netsolve() is alwaysthenameof theproblem.After thisfirst
argumenttheinput argumentsarelisted,in thesameorderasthey arelistedin the input
description(seeSection6.2).This functiondoesnothaveafixedcallingsequence,
sincethenumberof inputsandoutputsdependsontheproblemtheuserwishesto solve.

Let usseewhathappenswhenwe type:

>> [x y] = netsolve(’eig’,a)
Sending Input to Server zoot.cs.utk.edu
Downloading Output from Server zoot.cs.utk.edu

x = y =
10.1204 0
-0.9801 0.8991
-0.9801 -0.8991
-1.0195 0
-0.6416 0.6511

... ...

... ...

As mentionedearlier, theusercandecideto regroupx andy into onesinglecomplex
vector. Let usmake it clearagainthatthis possibilityis aspecificityof eig andis not
availablein generalfor all problems.To mergex andy, theuserhasto type:

>> [x] = netsolve(’eig’,a)
Sending Input to Server zoot.cs.utk.edu
Downloading Output from Server zoot.cs.utk.edu

x =
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10.1204
-0.9801 + 0.8991i
-0.9801 - 0.8991i
-1.0195
-0.6416 + 0.6511i

.........

.........

6.4. Calling netsolve_nb()

Theobviousdrawbackof thefunctionnetsolve() is thatwhile thecomputationis
beingperformedremotely, theusermustwait to regaincontrolof theprompt.To
addressthis drawback,weprovideanonblocking function,netsolve_nb(). Theuser
canthendowork in parallel andcheckfor thecompletionof therequestlater. Hecan
evensendmultiple requeststo NetSolve.Thanksto theload-balancingstrategy
implementedin theNetSolveagent,all theserequestswill besolvedon different
machinesif possible,achieving someNetSolve-parallelism. Let usnow describethis
functionwith theeig example.

As in Section6.3,theusercreatesa 300 � 300matrixandcallsNetSolve:

>> a = rand(300);
>> [r] = netsolve_nb(’send’,’eig’,a)

Obviously, thecallingsequenceto netsolve_nb() is a little differentfrom theoneto
netsolve(). Theleft-handsidealwayscontainsonesingleargument.Upon
completionof this call, it will containaNetSolverequesthandler. Theright-handside
is composedof two parts:theactionto performandtheargumentsthatwouldbepassed
to netsolve(). In this example,theactionto performis ’send’, which meansthat
wesenda requestto NetSolve.Throughoutthis section,wewill encounterall of the
possibleactions,andthey will besummarizedin Chapter21.

Let usresumeour exampleandseewhatNetSolveanswersto thefirst call to
netsolve_nb():
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>> [r] = netsolve_nb(’send’,’eig’,a)
Sending Input to Server zoot.cs.utk.edu
rd->request_id = 0

r =

0

>>

netsolve_nb() returnsa requesthandler:0. This requesthandlerwill beusedin the
subsequentcallsto thefunction.Therequestis beingprocessedoncupid, andthe
resultwill eventuallyreturn.Theusercanobtainthis resultin oneof two ways.The
first oneis to call netsolve_nb() with the’probe’ action:

>> [status] = netsolve_nb(’probe’,r)

netsolve_nb() returnsthestatusof apendingrequest.Theright-handsidecontains
theaction,asis requiredfor netsolve_nb(), andtherequesthandler. Thiscall
returnsimmediately, andprintsamessage.Herearethetwo possiblescenarios:

>> [status] = netsolve_nb(’probe’,r)
Not ready yet
status = -1
...
>> [status] = netsolve_nb(’probe’,r)
Result available
status = 1

To obtaintheresultof thecomputationonemustcall netsolve_nb() with the
’wait’ action:

>> [x y] = netsolve_nb(’wait’,r)
Downloading Output from Server zoot.cs.utk.edu

x = y =
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10.1204 0
-0.9801 0.8991
-0.9801 -0.8991
-1.0195 0
-0.6416 0.6511

... ...

... ...

As with thenetsolve() function,onecanmergetherealpartandtheimaginarypart
into asinglecomplex vector. Thetypical scenariois to call netsolve_nb() with the
action’send’, thenmakerepeatedcallswith theaction’probe’ until thereis
nothingmoreto do thanwait for theresult.Theuserthencallsnetsolve_nb() with
theaction’wait’. It is of coursepossibleto call netsolve_nb() with theaction
’wait’ beforemakingany call with theaction’probe’. Onelastactioncanbe
passedto netsolve_nb(), asshown here:

>> netsolve_nb(’status’)

Thiscommandwill returnadescriptionof all of thependingrequests.Let usseehow it
workson this lastcompleteexample:

>> a=rand(100); b = rand(150);
>> [r1] = netsolve_nb(’send’,’eig’,a)
Sending Input to Server zoot.cs.utk.edu
rd->request_id = 0

r1 =

0

>> [r2] = netsolve_nb(’send’,’eig’,b)
Sending Input to Server zoot.cs.utk.edu
rd->request_id = 1

r2 =

1
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Now let usseewhat’status’ does:

>> netsolve_nb(’status’)
--- NetSolve: pending requests ---
Requests #0: ’eig’, submitted to zoot.cs.utk.edu (160.36.58.152)

was started 24 seconds ago.
netsolveProbeRequest returned: 1, ns_errno = 0

Completed
Requests #1: ’eig’, submitted to zoot.cs.utk.edu (160.36.58.152)

was started 7 seconds ago.
netsolveProbeRequest returned: 1, ns_errno = 0

Completed

Theusercancheckwhatrequestshehassentsofarandobtainanestimationof the
completiontimes.By usingthe’status’ action,theusercanalsodeterminewhether
a requestis still runningor hasbeencompleted.By sendingmultiplenon-blocking
requeststo NetSolveandrelyingon theagentfor loadbalancing,theusercanachieve
parallelism.

6.5. What Can Go Wrong?
Duringa computation,two classesof errorcanoccur:NetSolve failuresanduser
mistakes.Let usdemonstratea few examples:

>> netsolve
NS:netsolveproxybasics.c:225: : connection refused
Cannot contact agent

...
>> [x] = netsolve(’foo’,a)
unknown problem

x =

[]
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...
>> [x y] = netsolve(’eig’,a,a)
’eig’ requires 1 objects in input (2 provided)
bad problem input/output

x =

[]

y =

[]
>>

In caseof error, thedifferentNetSolve functionsprint appropriateerrormessages.
However, whentheuserwritesMatlabscriptsthatcall NetSolve,he/sheneedswaysto
catchtheerrorswhile thescriptis running.Hencethefunctionsdescribedin thenext
section.

6.6. Catching NetSolve errors
Therearetwo NetSolve functionsthatcanbecalledfrom Matlabto catcherrors.The
first function,netsolve_err() takesnoargumentsandreturnsanintegerthatis the
NetSolveerrorcodereturnedby thelastcall to a NetSolve function(seeChapter24 for
a list of thepossibleerrorcodes).Hereis acall:

>> e = netsolve_err
e = -11

Theotherfunction,netsolve_errmsg() takesanerrorcodeasanargumentand
returnsastringthatcontainsthecorrespondingerrormessage.A typical call to
netsolve_errmsg() is asfollows:
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>> [msg] = netsolve_errmsg(netsolve_err)

msg =

bad problem input/output

With thesetwo functions,it is possibleto write Matlabscriptsthatcall NetSolveand
handleall of theNetSolveerrorsat runtime.

6.7. Demo
A NetSolve-Matlabdemois availablewith theNetSolvedistribution.It consistsof a set
of Matlabscriptsthatcall NetSolve to computepartsof theMandelbrotset.Themain
script is calledmandel.m andis locatedin
$NETSOLVE_ROOT/src/Demo/mandelbrot/. To run thedemo,just typemandelat
theMatlabprompt.

6.8. Optional: Testing the NetSolve BLAS
interfaces

A NetSolve-MatlabBLAS testsuiteis availablewith theNetSolvedistribution,and
testsasubsetof BLAS routinesavailablein theNetSolvedistribution.Theusercantest
thereferenceimplementationBLAS includedin NetSolveor hecouldhaveenabledan
optimizedBLAS library duringtheconfigurationphaseof NetSolve (./configure
--with-blaslib=BLAS_LIB ) or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to the
optimizedBLAS library. TheusermustthenenabletheBLAS in the
$NETSOLVE_ROOT/server_config file, andhe/sheis readyto run this testsuite.The
testsuiteconsistsof asetof Matlabscriptsthattesteachof theBLAS interfaces
availablein NetSolve.Themainscriptis calledblas_test.m andis locatedin
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$NETSOLVE_ROOT/src/Testing/matlab/. To run theBLAS testsuite,type
blas_testat theMatlabprompt.

6.9. Optional: Testing the NetSolve LAPACK
interfaces

A NetSolve-MatlabLAPACK testsuiteis availablewith theNetSolvedistribution.If
theuserenabledLAPACK duringtheconfigurationphaseof NetSolveasinstructedin
Section13.3.1or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to the
LAPACK library andBLAS library, andhasenabledLAPACK in the
$NETSOLVE_ROOT/server_config file, he/shemaychooseto run this testsuite.
Notethatonly asubsetof LAPACK is includedin theNetSolvedistribution.The
completeLAPACK library is not includedasdefault numericalsoftwarefor theserver,
andmustbeinstalledseparately. Thetestsuiteconsistsof asetof Matlabscriptsthat
testeachof theLAPACK interfacesavailablein NetSolve.Themainscriptis called
lapack_test.m andis locatedin $NETSOLVE_ROOT/src/Testing/matlab/. To
run theLAPACK testsuite,type lapack_testat theMatlabprompt.

6.10. Optional: Testing the NetSolve
ScaLAPACK interfaces

Likewise,aNetSolve-MatlabScaLAPACK testsuiteis availablewith theNetSolve
distribution. If theuserenabledScaLAPACK duringtheconfigurationphaseof
NetSolveasinstructedin Section13.3.2or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to the
ScaLAPACK, MPIBLACS,BLAS, andMPI libraries,andhasenabledScaLAPACK in
the$NETSOLVE_ROOT/server_config file, he/shemaychooseto run this testsuite.
TheScaLAPACK library is not includedasdefault numericalsoftwarefor theserver,
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andmustbeinstalledseparately(aswell asMPI). Thetestsuiteconsistsof asetof
Matlabscriptsthattesteachof theScaLAPACK interfacesavailablein NetSolve.The
mainscript is calledscalapack_test.m andis locatedin
$NETSOLVE_ROOT/src/Testing/matlab/. To run theScaLAPACK testsuite,type
scalapack_testat theMatlabprompt.

6.11. Optional: Testing the NetSolve
’spar se_iterative_solve’ interface

TheNetSolve ’sparse_iterative_solve’interfaceto PETSc,Aztec,andITPACK can
only betestedif theuserhasenabledsparse_iterative_solvein the
$NETSOLVE_ROOT/server_config file andhasconfiguredNetSolvewith the
respectivepathsto thePETSclibrary, Azteclibrary, andMPI library. ThePETSc,
Aztec,andITPACK librariesarenot includedasdefault numericalsoftwarefor the
server, andmustbeinstalledseparately(aswell asMPI). Referto Section13.3.3for
furtherdetails.

This interfacecanbetestedmosteffectively by usingsparsematricesgeneratedfrom
collectionssuchastheHarwell Boeingtestcollectionon theMatrix Markethomepage
(http://math.nist.gov/MatrixMarket/).Referto thesectionon thewebpageentitled
Software, wherethetestmatricesareavailablein C, Fortran,andMatlab. For easeof
testing,severalof thetestmatricesfrom this collectionareincludedin thedistribution
of NetSolve.

After Matlabhasbeeninvoked,theusercanthencall thetestscriptspetsc_test.m,
aztec_test.m, anditpack_test.m in the
$NETSOLVE_ROOT/src/Testing/matlab/ directory, by typing

>> petsc_test

and

>> aztec_test
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and

>> itpack_test

Thesescriptsinvoke thePETSc,Aztec,andITPACK interfacesandcheckthevalidity
of thecomputedsolution.

Alternatively, theusercangeneratea seriesof Harwell Boeingmatrix types(1-5),
usingthegenerate.m script.To seea list of Harwell Boeingmatrix typesthatcanbe
generated,type

>> generate(0);

And thencall thefunctionspetsc.m and/oraztec.m by typing

>> [A,rhs] = generate(1);
>> [x1,its1] = petsc(A,rhs);
>> [x2,its2] = aztec(A,rhs);

Notethattheusercanqueryfor thelist of argumentsin thecallingsequenceto the
routineby usingtheNetSolve tool routine.

>> netsolve(’sparse_iterative_solve’)

6.12. Optional: Testing the NetSolve
’spar se_direct_solve’ interface

TheNetSolve ’sparse_direct_solve’interfaceto MA28 andSuperLUcanonly betested
if theuserhasenabledsparse_direct_solvein the$NETSOLVE_ROOT/server_config
file andhasconfiguredNetSolvewith therespectivepathsto theSuperLUandMPI
libraries.TheMA28 library is distributedwith NetSolve in
$NETSOLVE_ROOT/src/SampleNumericalSoftware/MA28/ asa small
modificationto thelibrary wasnecessaryto enableits usein NetSolve.TheSuperLU
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library is not includedasdefault numericalsoftwarefor theserver, andmustbe
installedseparately(aswell asMPI). Referto Section13.3.4for furtherdetails.

This interfacecanbetestedmosteffectively by usingsparsematricesgeneratedfrom
collectionssuchastheHarwell Boeingtestcollectionon theMatrix Markethomepage
(http://math.nist.gov/MatrixMarket/).Referto thesectionon thewebpageentitled
Software, wherethetestmatricesareavailablein C, Fortran,andMatlab. For easeof
testing,severalof thetestmatricesfrom this collectionareincludedin thedistribution
of NetSolve.

After Matlabhasbeeninvoked,theusercanthencall thetestscriptsma28_test.m and
superlu_test.m in the$NETSOLVE_ROOT/src/Testing/matlab/ directory, by
typing

>> ma28_test

and

>> superlu_test

Thesescriptsinvoke theMA28 andSuperLUinterfacesandcheckthevalidity of the
computedsolution.

Alternatively, theusercangeneratea seriesof Harwell Boeingmatrix types(1-5),
usingthegenerate.m script.To seea list of Harwell Boeingmatrix typesthatcanbe
generated,type

>> generate(0);

And thencall thefunctionsma28.m and/orsuperlu.m by typing

>> [A,rhs] = generate(1);
>> [x1] = ma28(A,rhs);
>> [x2] = superlu(A,rhs);

Notethattheusercanqueryfor thelist of argumentsin thecallingsequenceto the
routineby usingtheNetSolve tool routine.
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>> netsolve(’direct_solve_serial’)
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7.1. Intr oduction
TheMathematicaclient interfacefor NetSolve is built by typing

UNIX> make mathematica

in thedirectory$NETSOLVE_ROOT.

Detailsof this interfacecanbefoundin [ns:mathematica]andquick
instructions/requirementsfor building it arein thefile:
$NETSOLVE_ROOT/src/Mathematica/INSTALL Full detailsof theinstallation
procedurecanbefoundin:
$NETSOLVE_ROOT/src/Mathematica/doc/UsersGuide.tex

7.2. What to do fir st
Oncetheinterfaceis successfullyinstalled,thefirst thing to do is to starta
Mathematicaclient andtype

NetSolve[]

which printsinformationonhow to usetheinterface:

In[1]:= NetSolve[]
usage:

NetSolve[FuncName[arg1, ...]] - blocking problem call
NetSolveNB[FuncName[arg1, ...]] - nonblocking problem call
NetSolveProbe[request] -

checks if a request has been completed
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NetSolveWait[request] -
waits for a request to complete

NetSolveGetAgent[] -
returns the current agent name

NetSolveSetAgent[AgentName] -
changes the agent we are working with

NetSolveError[] -
returns the result code of the last

executed NetSolve function
NetSolveErrorMsg[rc] - returns a string describing

the result code passed
NetSolve["?problems"] -

shows a list of available problems
NetSolve["?servers"] -

shows a list of available servers
NetSolve["?FuncName[]"] - shows a problem description

Let usreview thepossibilities:

Information functions -- NetSolve["?problems"], NetSolve["?servers"]

and NetSolve["?FuncName[]"]

Thissetof functionsprovidesinformationaboutaspecificproblem’scalling
sequenceandwhich problemsandserversareavailablethroughtheuser’sagent.

Blocking problem solving -- NetSolve[ProblemName[arguments, ... ]]

This functionis ablockingcall to NetSolve to solveacertainproblem.When
utilizing this typeof call to NetSolve,theuserdoesnot regainexecutioncontrol
until theresultbecomesavailable.

Nonblocking problem solving -- NetSolveNB[ProblemName[arguments, ...

]]

This functionis anon-blockingcall to NetSolve to solveacertainproblem.
Unlikeablockingcall to NetSolve,anon-blockingcall returnstheexecution
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control,aswell asa requesthandler, immediatelyto theuser. Therequesthandler
canthenbe“probed” for thestatusof thecalculation.

Getting/setting an agent -- NetSolveGetAgent[],

NetSolveSetAgent[AgentName]

NetsolveGetAgent[] returnsastringcontainingthehostnameof theagent.
Theusercanchangethecurrentagentby theNetSolveSetAgent[] functionat
any time.

Let usnow assumethattheuserhasstartedMathematicaandis readyto useNetSolve.
Wecancheckwhoour agentis by typing

In[1]:= NetSolveGetAgent[]

Out[1]= unidhp.uni-c.dk

If thereis noagentset,theresultwouldbethe$Null symbol.Onecanchangethe
agentby thefunctionNetSolveSetAgent[]. For instance

In[2]:= NetSolveSetAgent["netsolve.cs.utk.edu"]

Theagentcanbechangedat any timeprovidedthereis anotherNetSolveagentrunning
on thehostwhosenamehasbeenpassedasanargument.However, if theagentis
changed,thenthesetof serversandpossiblythesetof solvableproblemshasalsobeen
changed.

A list of thesolvableproblemscanbeobtainedby thefunction
NetSolve["?problems"]. Hereis apossiblelist (clippedto savespace).

In[3]:= NetSolve["?problems"]
/BLAS/Matrices/dgemm
/BLAS/Matrices/dmatmul
/BLAS/Matrices/zgemm
/BLAS/Matrices/zmatmul
/BLAS/Vectors/daxpy
/BLAS/Vectors/ddot
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/BLAS/Vectors/zaxpy
/LAPACK/Matrices/EigenValues/eig
/LAPACK/Matrices/LinearSystem/dgesv
/LAPACK/Matrices/LinearSystem/linsol
/MinPack/hybrd1
/MinPack/lmdif1
/QuickSort/DoublePrecision/dqsort
/QuickSort/Integer/iqsort
. . .

Similarly, a list of theserverscanbeprintedby thefunctionNetSolve["?servers"]

In[4]:= NetSolve["?servers"]
netsolve.cs.utk.edu (128.169.93.161)
NetSolve Agent
Host: Up Server: Running
cetus1a.cs.utk.edu (128.169.94.21)
Handles 24 problems
Host: Up Server: Running
cetus1b.cs.utk.edu (128.169.94.22)
Handles 24 problems
Host: Up Server: Running
cetus1c.cs.utk.edu (128.169.94.23)
Handles 24 problems
Host: Up Server: Running
. . .

For everyserverassociatedwith a specificagent,thefollowing informationis given:its
name,IP address,hostandserverstatus,andhow many differentproblemsit cansolve.

Theusercaneasilydetermineinformationabouta specificproblem,iqsort for
instance,by typing

NetSolve["?iqsort[]"]

ThebracketsaftertheproblemnamearerequiredbecauseeveryNetSolveproblemis
treatedasa functiondefinedin Mathematica.

65



Chapter7. MathematicaInterface

Theoutputof thatcommandis asfollows:

In[5]:= NetSolve["?iqsort[]"]
iqsort: Quicksort -
Sorts a vector of integers

Input:
# 0 : Integer Vector
Vector of integers to Sort

Output:
# 0 : Integer Vector
Sorted Vector

Mathematica example:
rI0 = NetSolve[iqsort[I0]]

examples for types:

Char Byte/Integer Single/Double Complex
Scalar: "c" 42 66.32 4 - 7 I
Vector: "vector" {1,2,3} {3,4.5,7} {3, -5+3I, 8}
Matrix: {"line 1", {{1,2,3}, {{6.4,2,1}, {{1+2I, 3+4I},

"line 2"} {4,5,6}} {-7,1.2,4}} {5-6I, 7}}

Thefirst partof theoutputis abrief generaldescriptionof theproblem.Thesecond
partdescribestheinput andoutputobjects,their typeanddescription.And lastly, an
exampleis provided.

If theuserdoesnotprovide thenumber, thetype,andthesequenceof arguments
correctly, anerrormessagemessagewill beprintedandthe$Null symbolwill be
returned.

Theargumentsshown in theexamplearevariablesbut theusermayalsochooseto pass
numericalvalues,symbolswith assigneddataor functioncalls.

Herearesomerulestheusermustremember.
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1. Charactersarepassedasstrings(only thefirst characteris used).

2. Integerscanbepassedinsteadof realsandviceversa(conversionis performed
automatically).

3. Integersandrealscanbepassedinsteadof complex numbers.

4. Vectorsof charactersarepassedasstrings.

5. Matricesof charactersarepassedasvectorsof strings.

7.3. Bloc king call to NetSolve
In theprevioussectionwe explainedhow theusercanobtaininformationabouta
problemandits callingsequence.For thecall itself, thefunctionNetSolve[] is
invokedwith theproblemnameandits arguments.For example,

In[6]:= NetSolve[iqsort[{7,2,3,5,1}]]
contacting server merlin.comlab ...

Out[6]= {1, 2, 3, 5, 7}

As statedearliertheusercanpassnotonly numericalvalues,but alsosymbolsthat
containdataof propertypeor functionsthatreturna resultof this type.Indeed,
Mathematicacalculatestheseexpressionsandpassestheargumentsby value.For
example

In[7]:= v = -Range[5]

Out[7]= {-1, -2, -3, -4, -5}

In[8]:= NetSolve[iqsort[v]]
contacting server merlin.comlab ...

Out[8]= {-5, -4, -3, -2, -1}
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or to sorta randomvectorof size7

In[9]:= NetSolve[iqsort[Table[Ceiling[10*Random[]], {7}]]]
contacting server merlin.comlab ...

Out[9]= {1, 2, 2, 2, 4, 6, 7}

SinceNetSolve[] is a functiondefinedin Mathematica,it canbeusedin expressions
like:

In[9]:= NetSolve[iqsort[Table[Ceiling[10*Random[]], {7}]]]
contacting server merlin.comlab ...

Out[9]= {1, 2, 2, 2, 4, 6, 7}

In[10]:= Print["The minimal ele-
ment of v is ", NetSolve[iqsort[v]][[1]]]

contacting server merlin.comlab ...
The minimal element of v is -5

Let usconsideramorecomplex problemsuchastheLevel 3 BLAS subroutine
dgemm[] whichcalculateswhere$op(X) = X$ or $op(X) = X’$.

Theroutinedgemm[] requiresthefollowing 7 arguments.

Let usgeneratethreerandommatrices.

In[11]:= RandomMatrix[m_,n_] := Ta-
ble[Ceiling[10*Random[]], {m}, {n}]

In[12]:= a = RandomMatrix[2,3]

Out[12]= {{9, 2, 3}, {6, 3, 9}}

In[13]:= b = RandomMatrix[3,2]

Out[13]= {{6, 4}, {4, 10}, {2, 9}}
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In[14]:= c = RandomMatrix[2,2]

Out[14]= {{4, 7}, {4, 8}}

andcall dgemm[].

In[15]:= NetSolve[dgemm["N", "N", 2, a, b, 3, c]]
contacting server cetus2a.cs.utk.edu ...

Out[15]= {{148., 187.}, {144., 294.}}

In[16]:= 2 a . b + 3 c

Out[16]= {{148, 187}, {144, 294}}

7.4. Nonb loc king Call to NetSolve
As in theMatlabinterface(seeChapter6), theMathematicainterfacecanbecalledin
anasynchronousfashion.Nonblockingcallsareperformedby thefunction
NetSolveNB[], andits callingsequenceis thesameastheblockingcall NetSolve[].
Thedifferenceis in theresultreturned.NetSolveNB[] alwaysreturnsa request
handler.

NetSolveProbe[] returnsanintegervalueto indicateif theproblemhasbeen
completed.A valueof 0 indicatesthattheresultis availableandavalueof 1 indicates
thatthecomputationis still in progress.Othervaluesareerrorcodes(seeSection7.5).

Let usmultiply two complex matricesusingNetSolveNB[]. Wegeneratethematrices
ac andbc usingalreadygeneratedmatricesa, b andc.

In[17]:= ac = a - 2 a I

Out[17]= {{9 - 18 I, 2 - 4 I, 3 - 6 I}, {6 - 12 I, 3 - 6 I, 9 -
18 I}}
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In[18]:= bc = b - 3 b I

Out[18]= {{6 - 18 I, 4 - 12 I}, {4 - 12 I, 10 - 30 I}, {2 -
6 I, 9 - 27 I}}

In[19]:= request = NetSolve[zmatmul[ac, bc]]
contacting server cetus2a.cs.utk.edu ...

Out[19]= 0

In[20]:= NetSolveProbe[request]

Out[20]= 0

As thecomputationis still in progress,theusercanchooseto performotherwork, or
wait for therequestto complete:

In[21]:= NetSolveWait[request]

Out[21]= {{-340. - 340. I, -415. - 415. I}, {-330. - 330. I, -
675. - 675. I}}

7.5. Catching Errors
As in theMatlabinterface,it is possibleto detecterrorswith thefunctions
NetSolveError[] andNetSolveErrorMsg[]. Thefirst functionreturnsaninteger
which is theerrorcodeof thelastexecutedNetSolve function.NetSolveErrorMsg[]
takesanerrorcodeasaninput argumentandreturnsastringdescribingtheerror.

With thesetwo functions,it is possibleto write Mathematicascriptsthatcall NetSolve
andhandleall of theNetSolveerrorsat runtime.
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7.6. Demo
A NetSolve-Mathematicademois availablewith theNetSolvedistribution. It invokes
andexplainsthevariousNetSolve featuresavailablewithin Mathematica.Themain
script is calledNSdemo.m andis locatedin
$NETSOLVE_ROOT/src/Testing/mathematica/. To run thedemo,just type
<<NSdemo‘ at theMathematicaprompt.

7.7. Optional: Testing the NetSolve BLAS
interfaces

A NetSolve-MathematicaBLAS testsuiteis availablewith theNetSolvedistribution,
andtestsasubsetof BLAS routinesavailablein theNetSolvedistribution.Theusercan
testthereferenceimplementationBLAS includedin NetSolve,or hecanenablean
optimizedBLAS library duringtheconfigurationphaseof NetSolve (./configure
--with-blaslib=BLAS_LIB ) or handmodify the
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to the
optimizedBLAS library. TheusermustthenenabletheBLAS in the
$NETSOLVE_ROOT/server_config file, andhe/sheis readyto run this testsuite.The
testsuiteconsistsof asetof Mathematicascriptsthattesteachof theBLAS interfaces
availablein NetSolve.Themainscriptis calledNSblastest.m andis locatedin
$NETSOLVE_ROOT/src/Testing/mathematica/. To run theBLAS testsuite,type
<<NSblastest‘ at theMathematicaprompt.

7.8. Optional: Testing the NetSolve LAPACK
interfaces

A NetSolve-MathematicaLAPACK testsuiteis availablewith theNetSolve
distribution. If theuserenabledLAPACK duringtheconfigurationphaseof NetSolve
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asinstructedin Section13.3.1or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to the
LAPACK library andBLAS library, andhasenabledLAPACK in the
$NETSOLVE_ROOT/server_config file, he/shemaychooseto run this testsuite.
Notethatonly asubsetof LAPACK is includedin theNetSolvedistribution.The
completeLAPACK library is not includedasdefault numericalsoftwarefor theserver,
andmustbeinstalledseparately. Thetestsuiteconsistsof asetof Mathematicascripts
thattesteachof theLAPACK interfacesavailablein NetSolve.Themainscriptis
calledNSlapacktest.m andis locatedin
$NETSOLVE_ROOT/src/Testing/mathematica/. To run theLAPACK testsuite,
type <<NSlapacktest‘ at theMathematicaprompt.
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Farmingis anew wayof callingNetSolve to managelargenumbersof requestsfor a
singleNetSolveproblem.Many NetSolveusersareconfrontedby situationswhen
many somewhatsimilar computationsmustbeperformedin parallel.Previously, the
way to do this in NetSolvewasto write non-blockingcallsto netslnb() in C for
instance.However, this becomesverycumbersome.Not only becausetheusermust
manageall of therequestshimself,but alsobecausetheNetSolvesystemis at a loss
trying to managesucha largenumberof requestswithoutfloodingtheservers.This is
themotivationfor distributinganew call in NetSolve:netsl_farm(). In thepresent
distribution, thiscall is only availablefrom C andMatlab,but will soonbemade
availablefrom Matlab,Mathematica,andJava.A Fortraninterfacewill mostlikely not
beprovidedbecauseof pointermanagement.

8.1. Calling Farming in C
Likenetsl() andnetslnb(), thenetsl_farm() functiontakesavariablenumber
of arguments.Its first argumentis a stringthatdescribesthe iteration range. Thisstring
is of theform "i=%d,%d" (in C stringformatsymbols).Thesecondargumentis a
problemnameappendedwith anopeningandaclosingparenthesis.Thearguments
following aresimilar in intentto theonessuppliedto netsl(), but areiteratorsas
opposedto integersor pointers.Wheretheuserwaspassing,sayaninteger, to
netsl(), henow needsto passanarrayof integersandtell netsl_farm() which
elementof this arrayis to beusedfor which iteration.This informationis encapsulated
in an iterator andweprovide threefunctionsto generateiterators:

ns_int()

ns_int_array()

ns_ptr_array()

Let usreview thesefunctionsoneby one.

73



Chapter8. NetSolveRequestFarming

ns_int()

This functiontakesonly oneargument:acharacterstringthatcontainsan
expressionthatis evaluatedto anintegerateachiteration.Theformatof thatstring
is basedonaShellsyntax.$i representsthecurrentiterationindex, andclassic
arithmeticoperatorsareallowed.For instance:

ns_int("$i+1")

returnsaniteratorthatgeneratesanintegerequalto oneplusthecurrentiterationindex
ateachiteration.

ns_int_array()

This functiontakestwo arguments:

i. apointerto anintegerarray(int *);

ii. a characterstringthatcontainsanexpression.

For instance,

ns_int_array(ptr,"$i")

returnsaniteratorthatgeneratesat eachiterationanintegerequalto thei-th elementof
thearrayptr wherei is thecurrentiterationindex.

ns_ptr_array()

This functiontakestwo arguments:

i. apointerto anarrayof pointers(void **);

ii. a characterstringthatcontainsanexpression.

For instance,

ns_ptr_array(ptr,"$i")

returnsaniteratorthatgeneratesat eachiterationapointerwhich is thei-th elementof
thearrayptr wherei is thecurrentiterationindex.
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8.2. An example
Let usassumethattheuserwantsto sortanarrayof integerswith NetSolveusingtheC
interface.Thedefault NetSolveservercomeswith a default problemcallediqsort
thatdoesaquicksorton anintegervector. Thecall lookslike

status = netsl(’iqsort()’,size,ptr,sorted);

wheresize is thesizeof thearrayto besorted,ptr is apointerto thefirst elementof
thearray, andsorted is apointerto thememoryspacethatwill hold thesortedarray
on return.Whatif theuserwantsto sort200arrays?Oneway is to write 200callsas
theoneabove.Not only would it betedious,but alsoinefficientasthesortswouldbe
donesuccessively, with no parallelism.In orderto obtainsomeparallelism,onemust
call netslnb() andmake thecorrespondingcallsto netslpr() andnetslwt() as
explainedin Chapter5. Again, this is tediousandasit is a rathercommonsituationwe
decidedto addressit with netsl_farm(). Beforecallingnetsl_farm(), theuser
needsto constructarraysof pointersandintegersthatcontaintheargumentsof eachof
theNetSolvecalls.This is straightforward:wheretheuserwouldhavecalledNetSolve
as:

requests1 = netslnb(’iqsort’,size1,ptr1,sorted1);
requests2 = netslnb(’iqsort’,size2,ptr2,sorted2);
...
requests200 = netslnb(’iqsort’,size200,array200,sorted200);

andthento havecallsto netslpr() andnetslwt() for eachrequest.

With farming,oneonly needsto constructthreearraysas:

int size_array[200];
void *ptr_array[200];
void *sorted_array[200];

size_array[0] = size1;
ptr_array[0] = ptr1;
sorted_array[0] = sorted1;
...
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Then,netsl_farm() canbecalledas:

status_array = netsl_farm("i=0,199","iqsort",
ns_int_array(size_array,"$i"),
ns_ptr_array(ptr_array,"$i"),
ns_ptr_array(sorted_array,"$i"));

In short,netsl_farm() is aconcise,convenientwayof farmingout groupsof
requests.Of course,it usesnetslnb() underneath,therebyensuringfault-tolerance
andload-balancing.

8.3. Catching errors
netsl_farm() returnsanintegerarray. Thatarrayis dynamicallyallocatedandmust
befreedby theuserafterthecall. Thearrayis at leastof size1. Thefirst elementof the
arrayis either0 or -1. If it is 0, thenthecall wascompletedsuccessfullyandthearrayis
of size1. If first elementof thearrayis -1, thenat leastoneof therequestsfailed.The
arrayis thenof sizeoneplusthenumberof requestsandthe(1+i)-th elementof the
arrayis theerrorcodefor thei-th request.Hereis anexampleonhow to print error
messages:

status = netsl_farm("i=0,200",....);
if (status[0] == 0){

fprintf(stderr,"Success\n");
free(status);

} else {
for (i=1;i<201;i++) {
fprintf(stderr,"Request #%d:",i);
netslerr(status[i]);

}
}
free(status);
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8.4. Calling Farming in Matlab
NetSolveprovidesMatlabuserwith aconvenientinterfacewherebyhecanmake
multiple requeststo thesameNetSolveprogrampossiblywith differentarguments.
This facility is usefulin taskfarmingproblemslikeMonteCarlosimulationwhere
multiplesimulationrunsareexecutedacrossdifferentmachinesandtheresultsfrom
thesimulationrunsarecombinedto form thefinal output.

TheMatlabtaskfarminguses"cell" functioncallsin Matlab. TheNetSolveuserneeds
to haveMatlabversion6.2andhigherto usethis functionality.

Theusercallsthematlabtaskfarmas

netsolve_farm(iterator string, problem name,
argument cell 0, argument cell 1, ...)

Theiteratorstringrepresentsthenumberof requeststo bemadeto thenetsolve
problemwhosenameis representedby problemnameargument.Thevalueof the
iteratorstringassumestheform "i=0,numberof requests-1". Thenetsolvearguments
neededby thenetsolveproblemarepassedascells.Eachcell is a one-dimensional
arrayandthesizeof thecell is equalto thenumberof requestsin thefarming.Each
elementin thecell correspondsto asingleargumentneedby theNetSolveproblem.
Thei-th elementcorrespondsto theargumentfor thei-th requestin thefarm.

8.5. An example
In this example,theMatlabtaskfarminginterfaceis invokedto makemultiple requests
to aNetSolveproblem,totalarea.Theinputsto theproblemarethenameof a function
which is astring,thestartingpoint on thex-axiswhich is anintegerandtheending
point on thex-axiswhich is anotherintegervalue.Theproblemcomputestheareaof
thefunctionunderthecurveboundedwithin a regionandgivesbackthetotal area
underthecurve.Thus,usingthenormalNetSolvecall, theuserwould invoke this
problemas
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area = netsolve(’totalarea’, xstart, xend);

Oneway to solve this problemis to divide thefunctioninto many subareasandmake
multiple requeststo the’totalarea’problempassingdifferentstartandendpointson the
x-axis.TheNetSolveprogramthatusesthetaskfarminginterfacefor this methodis
givenbelow.

function [total_area] = totalarea ( func, a, b, num_strips )

strip_length = (b-a)/num_strips

x1 = cell(num_strips, 1);
x2 = cell(num_strips, 1);

x1{1} = a;
for i=1:num_strips

funcs{i} = func;
x2{i} = x1{i}+strip_length;
if i < num_strips
x1{i+1} = x2{i};

end
end

str1 = ’i=0,’;
str2 = int2str(num_strips-1);

str = [str1,str2];

area = netsolve_farm(str, ’area’, funcs, x1, x2);

total_area = 0.0;
for i=1:num_strips

total_area = total_area+area{i};
end
end

78



Chapter8. NetSolveRequestFarming

fprintf(2, ’total_area: %f\n’, total_area);

8.6. Current Implementation and Future
Impr ovements

Oneof theadvantagesof farmingis thattheuserdoesnothave theresponsibilityof
managingtherequests.As it wouldbeunreasonableto sendall of therequestsif there
arenotenoughserversto performthecomputations,thenetsl_farm() farming
algorithmavoidsthis problemby dynamicallytuningthemaximumnumberof pending
requeststo reflectchangesin thecomputationalserverpool (sizeandload).This is
doneby constantlymeasuringthethroughputof thecomputations.
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9.1. Goals and Methodologies
Our aim in requestsequencingis to decreasenetwork traffic amongstNetSolveclient
andservercomponentsin orderto decreaseoverall requestresponsetime.Ourdesign
ensuresthati) no unnecessarydatais transmittedandii) all necessarydatais
transferred.As briefly discussedbelow, wealsoreduceexecutiontimeby executing
computationalmodulessimultaneouslywhenpossible.All this is accomplishedby
performinga detailedanalysisof theinput andoutputparametersof every requestin
thesequenceto produceadirectedacyclic graph(DAG) thatrepresentsthetasksand
their executiondependences.ThisDAG is thensentto aserver in thesystemwhereit is
scheduledfor execution.More detailsregardingthis interfaceandsomeresultscanbe
foundin [sequencing].

In orderto build theDAG or taskgraph,weneedto analyzeevery inputandoutputin
thesequenceof requests.Weevaluatetwo parametersasthesameif they sharethe
samereference.Weusethesizefieldsandreferencepointerof theinput parametersto
calculatewheninputsoverlapin thememoryspace.Only matricesandvectorsare
checkedfor recurrenceson thepremisethatthesearetheonly objectsthattendto be
largeenoughfor theoverheadof theanalysisto paydividends.Throughthis analysis
webuild aDAG in which thenodesrepresentcomputationalmodulesor NetSolve
servicesandthearcsrepresentdatadependenciesamongstthesemodules.Thegraphis
acyclic becauseloopingcontrolstructuresarenot allowedwithin thesequence,and
therefore,anodecanneverbeits own descendant.

9.2. The Application Programming Interface
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For requestsequencing,weaddthreefunctionsto theNetSolveclientAPI:

void netsl_sequence_begin();

This functiontakesno arguments,andreturnsnothing.It notifiestheNetSolve
systemto collectinformationfrom subsequentcallsto netsl() from which to
constructaDAG asexplainedabove.Thenetsolveserviceswill notbescheduled
for executionuntil a subsequentcall to netsl_sequence_end()

int netsl_sequence_end(void *, ...);

This functiontakesasargumentsanNS_NULL-terminatedlist of pointers.(For
technicalreasons,theusermustusethespecialvariableNS_NULL definedin the
netsolve.h headerfile. Thesepointersareto bereferencesto objectsdesignated
asoutputpointersin previouscallsmadeto netsl() afterthemostrecentcall to
netsl_sequence_begin(). Thesepointersdesignateto theNetSolvesystem
whichoutputparametersNOT to returnto theclientprogram.In otherwords,
theseoutputparametersserveonly asintermediaryinput to callswithin thechain
or sequence.At thepoint wherenetsl_sequence_end() is called,theNetSolve
systemwill transferthecollectedsequence(in theform of aDAG) to a
computationalserver(s)for execution.netsl_sequence_end() returnsanerror
codethatcanbeusedto determinesuccessor failure,andthecausein thecaseof
thelatter.

int netsl_sequence_status();

This functiontakesno arguments,andreturnsTRUE (non-zero)if thesystemis
currentlycollectingNetSolve requests(i.e. constructingaDAG or is in themiddle
of a sequence)andFALSE (zero)otherwise.

Figure9-1 illustrateswhatasequencingcall might look like.Two pointsto notein this
example:i)for all requests,only thelastparameteris anoutput,andii)the useris
instructingthesystemnot to returntheintermediateresultsof command1 and
command2.
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Figure 9-1.SampleC CodeUsingRequestSequencingConstructs

...
begin_sequence();
submit_request("command1", A, B, C);
submit_request("command2", A, C, D);
submit_request("command3", D, E, F);
begin_end(C, D, NS_NULL);
...

For thesystemto bewell-behaved,wemustimposecertainrestrictionsupontheuser.
Our first restrictionis thatnocontrolstructurethatmaychangetheexecutionpathis
allowedwithin asequence.We imposethis restrictionbecausetheconditionalclauseof
this controlstructuremaybedependentupontheresultof aprior requestin the
sequence,andsincetherequestsarenotscheduledfor executionuntil theendof the
sequence,theresultswill likely notbewhattheprogrammerexpects.

Theotherrestrictionis thatstatementsthatwouldchangethevalueof any input
parameterof any componentof thesequenceareforbiddenwithin thesequence(with
theexceptionof callsto theNetSolveAPI itself thatthesystemcantrack.)This is
becauseduringthedataanalysis,only referencesto thedataarestored.Soif changed,
thedatatransferredat theendof thesequencewill notbethesameasthedatathatwas
presentwhentherequestwasoriginally made.Wecontemplatedsaving theentiredata,
ratherthanjust thereferences,but this directlyconflictswith oneof our premises-- that
thedatasetsarelarge;multiplecopiesof thesedataarenotdesirable.

9.3. Execution Scheduling at the Server
OncetheentireDAG is constructed,it is transferredto a NetSolvecomputational
server. In this first versionof requestsequencing,theNetSolveagentusesa large
granularityanddecideswhichservershouldexecutetheentiresequence.Weexecutea
nodeif all its inputsareavailableandtherearenoconflictswith its outputparameters.
Currentlytheonly modeof executionwesupportis on asingleNetSolveserver --
though,thatservermaybea symmetricmulti-processor(SMP).
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For datapartitioning,we transfertheunionof theinput parametersetsto theselected
serverhost.Thismakesinput for all nodes,exceptthosewhichareintermediateoutput
from prior nodes,availablefor theexecutionof thesequence.Ourschedulingalgorithm
canbesummarizedasfollows:

while(problems left to execute)
{
execute all problems with satisfied dependencies;
wait for at least one problem to finish;
update dependencies;

}
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10.1. Intr oduction
This is thefirst versionof NetSolvewith (rudimentary)Kerberossupport.NetSolve
componentsincludeclients,agents,andservers.Currentlytheonly requeststhat
requireauthenticationarerequeststhattheclientmakesto theserver, andof those,only
the“run problem”request.Otherrequestscouldbeauthenticated(anobviousonebeing
“kill server”), but drasticchangesalongtheselineswouldprobablyrequiredrastic
restructuringof NetSolve.For instance,aclient cancurrentlyinform anagentthata
particularserver is down, andtheagentwill notadvertisethatserver for usein other
problems.It seemsof dubiousvalueto requireauthenticationfor suchrequestsuntil
thereis amechanismfor specifyingthetrustrelationshipbetweenclientsandagents.

An attempthasbeenmadeto allow KerberizedNetSolveclientsto interoperatewith
bothKerberizedandnon-KerberizedNetSolveservers.In eithercasetheclient sendsa
requestto theserver. An ordinaryserverwill returnastatuscodeindicatingthathewill
accepttherequestedoperation.By contrast,a Kerberizedserverwill immediately
returnan“authenticationrequired”errorin responseto therequest.Theclient is then
requiredto sendKerberoscredentialsto theserverbeforetherequestwill beprocessed.
Thisallows theserver to requireauthenticationof theclient.Currentlythereis no
mechanismto allow theclient to insistonauthenticationof theserver - aKerberized
client will happilytalk with eitherKerberizedor non-Kerberizedservers.

Theserver implementsaccesscontrolvia asimplelist of Kerberosprincipalnames.
This list is keptin a text file which is consultedby theserver. A requestto aNetSolve
servermustbemadeon behalfof oneof thoseprincipalnames.If theprincipalname
associatedwith theKerberoscredentialsin therequestappearsin thelist, andthe
credentialsareotherwisevalid, therequestwill behonored.Otherwise,therequestwill
bedenied.

SincetheNetSolveserverwasnotdesignedto runasaset-uidprogram,it is not
currentlyfeasibleto have theNetSolveserver run processesusingtheuser-id of the
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particularUNIX userwhosubmittedtherequest.NetSolve thususesits own service
principalnameof “netsolve” ratherthanusingthe“host” principal.Whatthis means
(amongotherthings)is thatyouneedto generateserviceprincipalsandkeytabsfor
eachof yourNetSolveservers,evenif youalreadyhavehostprincipalsin place.

TheNetSolveserver, by default, runsin non-Kerberizedmode.To startup theserver in
Kerberizedmodeyou needto addthe-k optionto thecommand-line,andalsoset
environmentvariablesNETSOLVE_KEYTAB (pointingto thekeytab)and
NETSOLVE_USERSpointingto thelist of authorizedusers).

Thisversionof KerberizedNetSolveperformsnoencryptionof thedataexchanged
amongNetSolveclients,servers,or agents.Nor is thereany integrity protectionfor the
datastream.

10.2. Compiling a Kerberiz ed Server

1. CompileKerberos.SeetheKerberosV5 InstallationGuidefor instructionsfor
how to do this.

2. CompiletheNetSolveclient librarieswith Kerberossupport.Referto the
instructionsin theSection13.1sectionfollowing thenotesthattalk about
authenticationandauthenticationlibraries.In part,this involveseditingthe
$NETSOLVE_ROOT/conf/Makefile.NETSOLVE_ARCH.inc andmodifying the
KLIBS field to point to theappropriateKerberoslibrariesandsettingthe
AUTHENTICATION field to KERBEROS5.
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10.3. Running a Kerberiz ed NetSolve Client

1. Setup thenecessaryenvironmentvariables:

UNIX> setenv NETSOLVE_AGENT netsolve.agent.host

2. Runkinit to geta ticket-grantingticket for yourself.You don’t have to do this if
youalreadyhavea ticketandit hasnotexpired.

3. Runyour NetSolveprogram.If theservercontactedrequiresauthentication,the
NetSolveclientautomaticallycontactstheKerberosKey DistributionCenterfor a
ticketandsendsit to theserver. If this client is authorizedto utilize theNetSolve
serverserviceswill begrantedto theclient, if not,an
AUTHENTICATION_REJECTEDerrorprotocolwill bereturnedto theclient.
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11.1. Motiv ation
In theprecedingsections,wedescribedall theclient interfacesto NetSolve.In these
descriptionsweassumedthattheonly input theuserhadto supplyto NetSolvewas
numericaldata,thatis, matrices,vectors,or scalars.Thisassumptionis valid for a lot of
numericalsoftware.However, for somesoftwarethatwewould like to includein
NetSolvevia NetSolveservers,weneedanadditionalfeature.Indeed,numerous
scientificpackagesrequiretheuserto providenumericaldataaswell asa function.
Typically, nonlinearsoftwarerequirestheuserto passapointerto asubroutinethat
computesthenonlinearfunction.This is aproblemin NetSolvebecausethe
computationis performedremotelyandtheusercannotprovideNetSolvewith a
pointerto oneof his linked-insubroutines.Theonly solutionis to sendcodeover the
network to theserver. Thisapproachraisesa lot of issues,includingsecurity.

11.2. Solution
Let usdescribeherethesolutionwehaveadopted.This is reallyafirst attempt,and
thereis definitelyroomfor improvement.However, webelieve thatit provides
reasonablecapabilitiesfor now, consideringthatNetSolve is still at anearlystageof
development.As wenoted,weneedto shipcodeover to thecomputationalserver.
SinceNetSolveworksin aheterogeneousenvironment,it is notpossibleto migrate
compiledcode.Thus,we requirethattheuserhavehis subroutineor functionin a
separatefile, writteneitherin C or Fortran.Wesendthisfile to thecomputational
server. Theservercompilesit andis thenableto usethis user-suppliedfunction.

Thesecurityimplementationis quitesimple.Whencompilingtheuser’s function,we
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usethenm UNIX commandto disallow any systemcall. Theapproachis very
restrictive for theuser, but typically thesubroutinethathasto bepassedneedsonly to
performcomputations.If course,therearea lot of hacker waysto goaroundthis
problem,andour systemcurrentlydoesnot pretendto bea realsecuritymanager. We
areinvestigatingJava to dealwith this user-suppliedfunctionissue.

11.3. For the Client

11.3.1. Determining the Format of the Function to Suppl y
Wenow understandthattheuserhasto write aFortransubroutineor a C functionto
call aproblemthatrequiresauser-suppliedfunction.For now, theprototypeof this
subroutine/functioncanbefoundin thedescriptionof theproblem,availablefrom
Matlabor theCGI scriptsof theNetSolvehomepage(seeSection4.3).Following the
usualphilosophyof NetSolve,theprototypeof theuser-suppliedfunctionis exactly the
sameasif theuserwereusingthenumericalsoftwaredirectly. Somesoftwaresrequire
theuserto providemorethanonefunction.Whenthatis thecase,thedescriptionof the
problemmentionsit andgivesall theprototypesfor all thefunctionsto supply.

11.3.2. From Matlab, Mathematica, C and For tran
A UPFis passedto NetSolveasastringthatcontainsthepathto thefile thatcontains
thesourcecodeof thefunction.

11.3.3. From the NetSolve Java API
Usersof theNetSolveAPI mayspecifyaUPFinput itemasthey wouldany otherinput
item,usingthepushArg() method.However, anextraargumentis requiredwhen
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pushingaUPFitem: thelanguagethattheUPFis written in. For example:

n.pushArg(new String(upf0,0),GlobalDefs.LANG_FORTRAN);
n.pushArg(new String(upf1,0),GlobalDefs.LANG_C);

Currently, theusermustpasstheUPFasaString.Therefore,if theUPFis storedin a
file, it is up to theuserto readthefile into aString.Futureversionsof theAPI will
allow theuserto simplypassthenameof thefile.

11.3.4. From the Java GUI
Enteringauser-suppliedfunctionvia theJava interfaceis verymuchsimilar to entering
any otherkind of data.If theproblemrequiresauser-suppliedfunction,therewill bean
entryin the InputList called“UserProvidedFunction”for whichdatamustbe
specified,just likeany otherinput object.Theusermaychooseto enterthe
user-suppliedfunctionmanuallyinto theData Input Boxor from afile specifiedin the
FilenameSelectionBox. If theuserentersthefunctionmanually, thelanguagemust
alsobespecifiedby choosingeitherC or FORTRAN from an“option menu”that
appearsjust above theData InputBox. If theuser-suppliedfunctioncomesfrom afile,
thefile mustendwith either“.c” or “.f ” (with namesendingin “.c” interpretedasC
functionsandnamesendingin “.f ” interpretedasFORTRAN functions).

11.4. For the Server
Theproblemdescriptionof aproblemthatrequiresoneor moreuser-suppliedfunctions
mustcontaina line:

@OBJECT UPF CHAR

for eachfunctionasaninputobjectsothatmnemonicscanbeusedin thedescriptionof
thecallingsequence(afterthe’@FORMAT’ clause).In thepseudo-codesection,the
functionsshouldbedeclaredasexternlike:
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extern int upf0();
extern double upf1();
etc....

for instance.Theidentifiersupf0, upf1, . . . canbeusedin therestof thepseudocode
to designatetheuser-suppliedfunctions.This is not verynatural.It wouldbebetterto
beableto usemnemonicsasfor classicobjects,but it makescompilationdifficult on
someplatforms.

11.5. Conc lusion
Thisnew featureof NetSolve is still underinvestigation.We areawarethatsecurityis
animportantissuehere.For now, NetSolve is still a researchprojectdevelopedto allow
experimentationswith this relatively new typeof software.In thefuture,moreattention
will begivento theuser-suppliedmechanismin orderto make it assafeaspossible.As
mentionedearlier, wemayuseJava in orderto setup aviablesecuritymanager. Using
Javacurrentlyappearsto bethebestsolutionfor security, but it hasobviousdrawbacks.
First, theuserwouldhave to write his functionin Java: thetypicalNetSolveuseris a
scientistwhodoesnothave thetimeor inclinationto learnnew languages,especially
object-orientedones.Second,with thecurrentimplementationsof Java,efficiency
wouldalsobeaproblem.
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If anerroroccursduringtheinvocationof NetSolve,avarietyof diagnosticruntime
errormessages,aswell aserrorcodesthatcanbereturnedwhencallinga NetSolve
functionfrom theC or Fortraninterfaces,areprovided.Theerrorcodesandruntime
errormessagesarelistedin Chapter24 andmayhaveseveralpossible
explanations/causes.If oneof theseerrormessagesoccurs,theusershouldfirst check
theagentandserver log files,$NETSOLVE_ROOT/nsagent.log or
$NETSOLVE_ROOT/nsserver.log, respectively. Thesefilesmaycontainmore
informationto clarify thereasonfor theerrormessage.

For diagnostichelpin explainingthereasonsfor specificNetSolve run-timeerror
messages,referto theNetSolveErrataFile (http://icl.cs.utk.edu/netsolve/errata.html)

12.1. Details of the
Makefile .NETSOLVE_ARCH.inc File

Althoughsuitabledefault optionsareprovidedfor thecompilationof thesoftware,
onemaylook in theNetSolve/conf directoryto edit the
Makefile.NETSOLVE_ARCH.inc file. Thisfile containsparametersto customize
thecompilationprocess.

Note:

All of the parameters in this include file can (and should) be modified using
command line arguments to configure .
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Most of thecontentsof this file arestraightforward,includingdefinitionsfor compilers,
linkers,etc.,andwill notbeexplainedhere.Therearehowevera few entriesthatmay
needexplanation.

NETSOLVE SPECIFICOPTIONS:

TheOUTPUT_LEVEL macrodefinestheamountof debug outputto print during
installation.PROXY specifieswhichclient proxy to use.CPU_STAT defineswhich
methodto useto monitorserverprocessesin termsof workload,etc.andwhat
methodto useto assigntasksto servers.TheAUTH_LIBS andAUTHENTICATION
macrosdefinetheauthenticationto use(if any) in thesystem.Currently, theonly
optionsareKERBEROS5or NO_AUTH (no authentication)for the
AUTHENTICATION macro.If authenticationis setto KERBEROS4,then
AUTH_LIBS mustbesetto thelocationof theappropriatelibrariesneededto use
thekerberosapplicationprogramminginterface.

AUXILIAR Y PACKAGES:

If NWSis enabled,i.e.,CPU_STAT = NWS, thevariableNWSDIR providesthepath
to theNWSdistribution.SeeChapter19) for furtherdetails.

In thecaseof aparallelserver, it is necessaryto settheMPI_DIR,
MPI_INCLUDE_DIR, andMPI_INCDIR variablesto theproperpaths.

If IBP is enabled,i.e.,IBPDIR providesthepathto theIBP distribution.See
Chapter20 for furtherdetails.

Auxiliary Libs:

Thissectioncontainsvariablesfor settingpathnamesandto optionalsoftware
packagessuchasPETSc,Aztec,ITPACK, SuperLU,LAPACK, ScaLAPACK,
MPIBLACS,andBLAS.

An exampleMakefile.NETSOLVE_ARCH.inc for IRIX is listedbelow.

# Generated automatically from Makefile.generic-
arch.in by configure.
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# Never include this file directly!
# Always include ./Make-
file.inc and make sure it is appropriately
# set to include the proper platform specific file.
# CUSTOMIZING CONFIGURATION
#

SHELL = /bin/sh

#############################
#### INSTALL DIRECTORIES ####
#############################

PLATFORM = mips-sgi-irix6.5
NETSOLVE_VERSION = 1.4
EXEC_PREFIX = $(NETSOLVE_ROOT)/$(NETSOLVE_ARCH)
BINDIR = $(NETSOLVE_ROOT)/bin/$(NETSOLVE_ARCH)
LIBDIR = $(NETSOLVE_ROOT)/lib/$(NETSOLVE_ARCH)
OBJDIR = $(NETSOLVE_ROOT)/obj/$(NETSOLVE_ARCH)
MATLABOBJDIR = $(OBJDIR)/MATLAB
PDFGUICLASSDIR = $(BINDIR)/PDFGUICLASSDIR

###############################
#### COMPILERS AND OPTIONS ####
###############################
CC = /usr/bin/cc
C_OPT_FLAGS = -O3
C_NOOPT_FLAGS = -n32 -mips4 -r12000 -common
CFLAGS = $(C_OPT_FLAGS) $(C_NOOPT_FLAGS)
NS_C_OPT_FLAGS = $(C_OPT_FLAGS) $(HBMFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \

$(INCDIR) $(PROXY) ${CPU_STAT} ${IBPFLAG} \
${AUTHENTICATION} $(DSIFLAGS)

NS_C_NOOPT_FLAGS = $(C_NOOPT_FLAGS) $(HBMFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \

$(INCDIR) $(PROXY) ${CPU_STAT} ${IBPFLAG} \
${AUTHENTICATION} $(DSIFLAGS)
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NS_CFLAGS = $(CFLAGS) $(HBMFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \

$(INCDIR) $(PROXY) ${CPU_STAT} ${IBPFLAG} \
${AUTHENTICATION} $(DSIFLAGS)

FC = /usr/bin/f77
F_OPT_FLAGS = -O3
F_NOOPT_FLAGS = -n32 -mips4 -r12000
FFLAGS = $(F_OPT_FLAGS) $(F_NOOPT_FLAGS)
NS_FFLAGS = $(FFLAGS) $(INCDIR) $(ARCHCFLAGS)
NS_F_OPT_FLAGS = $(F_OPT_FLAGS) $(INCDIR) $(ARCHCFLAGS)
NS_F_NOOPT_FLAGS = $(F_NOOPT_FLAGS) $(INCDIR) $(ARCHCFLAGS)

LINKER = $(FC)
LDFLAGS = -LD_MSG:OFF=15,84 -n32 -mips4 -r12000

MEX = /usr/local/matlab/bin/mex
MEXFLAGS = -O
MEXEXT = .mexsg
NS_MEXFLAGS = $(MEXFLAGS) $(HBMFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHMFLAGS) \

$(INCDIR) $(PROXY) ${CPU_STAT} ${IBPFLAG} \
${AUTHENTICATION} $(DSIFLAGS) -g -DMATLAB

JAVAC =
NS_JAVAFLAGS = -classpath $(NET-
SOLVE_ROOT)/src/PDF_GUI/classes:$(PDFGUICLASSDIR) \

-d $(PDFGUICLASSDIR)

##############################
### LIBS, DIRS AND DEFINES ###
##############################

LIBS = -lm -lc
INCDIR = -I$(NETSOLVE_ROOT)/include \

$(NWS_INCDIR) \
$(IBP_INCDIR) \
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$(MPI_INCDIR)

ARCHCFLAGS = -D$(NETSOLVE_OS) \
-D$(F2CSTR) -D$(F2CINT) -D$(F2CNAMES) -

D$(RUSAGE) \
-DNETSOLVE_ROOT=\"$(NETSOLVE_ROOT)\" \
-DNETSOLVE_ARCH=\"$(NETSOLVE_ARCH)\" \

-DMPI_DIR=\"$(MPI_DIR)\"

ARCHMFLAGS = -D$(NETSOLVE_OS) \
-D$(F2CSTR) -D$(F2CINT) -D$(F2CNAMES) -

D$(RUSAGE) \
-D’NETSOLVE_ROOT=\"$(NETSOLVE_ROOT)\"’ \
-D’NETSOLVE_ARCH=\"$(NETSOLVE_ARCH)\"’

#### $F2CINT options
#### FINT2CLONG : F77 INTEGER -> C long
#### FINT2CINT : F77 INTEGER -> C int (default)
#### FINT2CSHORT : F77 INTEGER -> C short
F2CINT = FINT2CINT

#### $F2CNAMES options
#### F2CADD_ : F77 netsl( ) -> C netsl_( ) (default)
#### F2CADD__ : F77 netsl( ) -> C netsl__( )
#### F2CNOCHANGE : F77 netsl( ) -> C netsl( )
#### F2CUPCASE : F77 netsl( ) -> C NETSL( )
F2CNAMES = F2CADD_

#### $F2CSTR options
#### F2CSTRSUNSTYLE : Sun style of passing strings from f2c
#### F2CSTRCRAYSTYLE : Cray style of passing strings from f2c
#### F2CSTRSTRUCTPTR : Struct * style of pass-
ing strings from f2c
#### F2CSTRSTRUCTVAL : Struct style of pass-
ing strings from f2c
F2CSTR = F2CSTRSUNSTYLE
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##########################
### AUXILIARY PROGRAMS ###
##########################
FLEX = /usr/bin/flex
BISON = /usr/bin/bison
AR = /usr/bin/ar
ARFLAGS = cr
RANLIB = :
RUSAGE = HAVERUSAGE

###################################
#### NETSOLVE SPECIFIC OPTIONS ####
###################################

#================#
# F2C
#================#
F2CFLAG = -DNOCHANGE

#================#
# Program Output #
#================#
#### DEBUG : For really verbose debugging information
#### VIEW : For smooth information during the execution
#### NO_OUTPUT : no output
OUTPUT_LEVEL = -DVIEW

#==============#
# Client Proxy #
#==============#
#### Proxies are currently mutually exclusive
#### GLOBUS_PROXY : build and enable globus proxy
#### NETSOLVE_PROXY : build and enable netsolve proxy
PROXY = -DNETSOLVE_PROXY

#====================#
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# Information Server #
#====================#

# options for INFOSERVERFLAGS
# INFOSERVER-
FLAGS = (blank means do not use)
# INFOSERVERFLAGS = -
DINFOSERVER (use as part of agent)
# INFOSERVERFLAGS = -DINFOSERVER -
DSTANDALONEISERV (use in standalone mode)
INFOSERVERFLAGS =
INFOSERVER =

#=================#
# Workload Prober #
#=================#
## Which probes? options are NWS, NS_WORKLOAD (NetSolve)
CPU_STAT = -DNS_WORKLOAD

#=====#
# DSI #
#=====#
DSIFLAGS =

########################
## AUXILIARY PACKAGES ##
########################
#================#
# AUTHENTICATION #
#================#

## options are NO_AUTH, KERBEROS5
AUTHENTICATION = -DNO_AUTH
AUTH_LIBS =

#=====#
# NWS #
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#=====#
NWSDIR =
NWS_INCDIR =
NWSLIBS =
NWSEXECSSTUB =

#=====#
# MPI #
#=====#
MPI_DIR = /usr/local/mpich
MPI_INCLUDE_DIR = $(MPI_DIR)/include
MPI_INCDIR = -I$(MPI_INCLUDE_DIR)

#=====#
# IBP #
#=====#
IBPDIR =
IBPARCH =
IBP_INCDIR =
IBPLIB =
IBPOBJS_STUB =
IBPOBJS =
IBPFLAG =

#========#
# Globus #
#========#

#GLOBUS_DIR =
#include $(GLOBUS_DIR)/etc/makefile_header
#G_LIBS = -L$(GLOBUS_DIR)/lib $(GLOBUS_GRAM_CLIENT_LIBS) $(LIBS)
#G_CFLAGS = $(GLOBUS_GRAM_CLIENT_CFLAGS) -I$(GLOBUS_DIR)/include
#G_LDFLAGS = $(GLOBUS_GRAM_CLIENT_LDFLAGS)
#LDAP_DIR = /usr/local/ldap
#LDAP_LIBS = -L$(LDAP_DIR)/lib
#LDAP_CFLAGS = -I$(LDAP_DIR)/include
#LDAP_LDFLAGS = -lldap -llber
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#================#
# Auxiliary Libs #
#================#

HAVE_petsc = 0
PETSC_DIR = /src/icl2/petsc/petsc-2.0.29/
PETSC_ARCH = linux
BOPT = O
PETSC_LIB_DIR = $(PETSC_DIR)/lib/lib$(BOPT)/$(PETSC_ARCH)

HAVE_aztec = 0
AZTEC_DIR = /src/icl2/Aztec/
AZTEC_LIB_DIR = /src/icl2/Aztec/lib/libg/linux

HAVE_superlu = 0
SUPERLU_DIR = /src/icl2/SuperLU/
SUPERLU_LIB_DIR = /src/icl2/SuperLU/lib/sequential/linux
USE_SUPERLU_SERIAL = -DUSE_SERIAL
USE_SUPERLU_DIST =

LAPACK_LIB_LINK = /usr/local/lib/liblapack-n32.a

SCALAPACK_LIB_LINK = /usr/local/lib/libscalapack.a

BLAS_LIB_LINK = /usr/lib32/mips4/libblas.a

BLACS_LIB_LINK = /usr/local/lib/libmpiblacsCinit-
p4.a /usr/local/lib/libmpiblacs-
p4.a /usr/local/lib/libmpiblacsCinit-p4.a
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III. The Administrator’ s
Manual

Theuserhastwo choiceswheninstallingNetSolve.Hecaninstall only theclient
softwareanduseexistingpoolsof resources(agent(s)andserver(s)),or hecaninstall
hisown stand-aloneNetSolvesystem(client,agent(s)andserver(s)).If theuserwishes
to only install theclient interface(s),heshouldfollow instructionsin Part II. TheUser’s
Manual. However, if theuserswishesto install client,agent(s),andserver(s),heshould
follow theinstructionsin Part III. TheAdministrator’sManual.
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Chapter 13. Downloading, Installing,
and Testing the Agent and Server

TheNetSolveagentandserversoftwareis currentlyonly availablefor UNIX and
UNIX-lik eoperatingsystems.All of theclient,agent,andserversoftwareis bundled
into onetar-gzippedfile. Thereis aseparatedistribution tar file for Unix andWindows
installations.No root/superuserprivilegesareneededto install or useany componentof
theNetSolvesystem.

13.1. Installation on Unix Systems
TheNetSolvedistribution tar file is availablefrom theNetSolvehomepage.
(http://icl.cs.utk.edu/netsolve/download/NetSolve-1.4.tgz)Oncethefile hasbeen
downloaded,thefollowing UNIX commandswill createtheNetSolve directory:

gunzip -c NetSolve-1.4.tgz| tar xvf -

Fromthis point forward,weassumethattheUNIX SHELL is from thecsh family.

Theinstallationof NetSolve is configuredfor a givenarchitectureusingtheGNU tool
configure.

UNIX> cd NetSolve
UNIX> ./configure

For a list of all optionsthatcanbespecifiedto configure,type

UNIX> ./configure --help

Usage: configure [--with-cc=C_COMPILER] [--with-
cnooptflags=C_NOOPT_FLAGS]

[--with-coptflags=C_OPT_FLAGS] [--with-
fc=F77_COMPILER]
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[--with-fnooptflags=F77_NOOPT_FLAGS]
[--with-foptflags=F77_OPT_FLAGS]
[--with-ldflags=LOADER_FLAGS]
[--with-nws=NWSDIR]
[--with-ibp=IBPDIR]
[--with-kerberos]
[--with-proxy=PROXY_TYPE]
[--with-outputlevel=OUTPUT_LEVEL]
[--enable-infoserver=INFOSERVER]
[--with-mpi=MPI_DIR]
[--with-petsc=PETSCDIR]
[--with-aztec=AZTEC_DIR]
[--with-azteclib=AZTEC_LIB]
[--with-superlu=SUPERLU_DIR]
[--with-superlulib=SUPERLU_LIB]
[--with-scalapacklib=SCALAPACK_LIB]
[--with-blacslib=BLACS_LIB]
[--with-lapacklib=LAPACK_LIB]
[--with-blaslib=BLAS_LIB]

where
C_COMPILER = default is to use gcc
C_NOOPT_FLAGS = C com-

piler flags to be used on files that
must be compiled without optimization

C_OPT_FLAGS = C compiler optimization flags (e.g., -O)
F77_COMPILER = default is to use g77
F77_NOOPT_FLAGS = Fortran77 com-

piler flags to be used on files that
must be compiled without optimization

F77_OPT_FLAGS = Fortran77 compiler optimiza-
tion flags (e.g., -O)

LOADER_FLAGS = Flags to be passed only to the loader
NWSDIR = directory where NWS is in-

stalled (optional)
IBPDIR = directory where IBP is in-

stalled (optional)
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PROXY_TYPE = currently supported values are netsolve
and globus (default is netsolve)

OUTPUT_LEVEL = currently supported values are de-
bug, view,

and none (default is view)
INFOSERVER = currently supported values are alone and

nothing specified (default is not alone,
where nothing is specified).

MPI_DIR = location of the MPI directory (optional,
assumes MPICH directory structure)
(default is /usr/local/mpich-1.2.1).

PETSCDIR = location of PETSc installation direc-
tory (optional)

AZTEC_DIR = location of Aztec installation direc-
tory (optional)

AZTEC_LIB = Aztec link line (optional)
SUPERLU_DIR = location of SuperLU installation direc-

tory (optional)
SUPERLU_LIB = SuperLU link line (optional)
SCALAPACK_LIB = ScaLAPACK link line (optional)
BLACS_LIB = MPIBLACS link line (optional)
LAPACK_LIB = LAPACK link line (optional)
BLAS_LIB = BLAS link line (optional)

All argumentsareoptional.Theoptionsparticularlypertinentto NetSolveare:

--with-
nws=NWSDIR location of NWS installation dir

--with-
ibp=IBPDIR location of IBP installation dir

--with-
kerberos use Kerberos5 client authentication

--with-
proxy which Proxy? (netsolve, globus)

--with-
outputlevel output level (debug,view,none)

--enable-infoserver[=alone] use InfoServer [alone]
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TheNetSolveserviceoptionsare:

--with-
petsc=PETSCDIR location of PETSc installation dir

--with-petsclibdir=PETSC_LIB_DIR location of PETSc library
--with-

aztec=AZTEC_DIR location of Aztec installation dir
--with-azteclib=AZTEC_LIB Aztec link line
--with-superlu=SUPERLU_DIR location of SuperLU in-

stallation dir
--with-superlulib=SUPERLU_LIB SuperLU link line
--with-

mpi=MPI_DIR location of MPI Root Directory
--with-lapacklib=LAPACK_LIB LAPACK link line
--with-scalapacklib=SCALAPACK_LIB ScaLAPACK link line
--with-blacslib=BLACS_LIB MPIBLACS link line
--with-blaslib=BLAS_LIB BLAS link line

Theconfigurescriptcreatestwo mainfiles, ./conf/Makefile.$NETSOLVE_ARCH.inc
and./conf/Makefile.inc.Thesefilesarecreatedfrom thetemplates
./conf/Makefile.generic-archand./conf/Makefile.inc.inrespectively.
$NETSOLVE_ARCHis thestringprintedby thecommand./conf/config.guess,with all
’-’ and’.’ charactersconvertedto ’_’ characters.Thevariable$NETSOLVE_ROOT is
thecompletepathnameto theinstalledNetSolvedirectoryanddefinedin
./conf/Makefile.inc. These*.inc filesareincludedby theMakefilesthatbuild the
NetSolvesystem.Manuallyeditingtheseconfigurationfiles is stronglydiscouraged.
However, detailsof the$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc
file areexplainedin Section12.1.

Typingmake in theNetSolve directorywill give instructionsto completethe
compilation.A typicalagentandservercompilationincludes:

UNIX> make standard

to build theagent,server, NetSolvemanagementtools(seeChapter16),andNetSolve
testsuite(seeSection13.2).After asuccessfulcompilationprocess,theappropriate
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binariesand/orlibrariescanbefoundin the
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH and/or
$NETSOLVE_ROOT/lib/$NETSOLVE_ARCH directoriesrespectively. Thus,to executea
NetSolvebinary, theusermusteitherexecutethecommandfrom within the
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH directory, or addthisdirectorynameto his
UNIX path variable.

13.2. Testing the Software
Testingthesoftwareconsistsof startinganagentandaserverandrunningaclient test
(Section13.2.1).Alternatively, thedefault agentandserversrunningat theUniversity
of Tennesseecanbeusedto testtheclientonly (seeSection3.2).Wedescribeherethe
step-by-stepprocedurethatinvolvesmanipulationsthatwill bedetailedandexplained
in thefollowing chapters.

13.2.1. Agent-Ser ver-Client Test

1. Choosea machineto run theagent,serverandclient (say
netsolve.world.net),

2. cd NetSolve,

3. edit thefile ./server_config to replacenetsolve.cs.utk.edu by
netsolve.world.net, andsave thefile.

4. setenv NETSOLVE_AGENT netsolve.world.net

5. $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/agent

6. $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/server

7. cd $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH

8. Test
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While thetestsuiteis running,it printsmessagesaboutits execution.This testtests
only theC andFortraninterfaces.SeeChapter6 for detailsonhow to testtheMatlab
interface.Successfulcompletionof thesetestsassuresyou thatyouhaveproperly
installedtheNetSolveagentandserver.

If anerroris encounteredduringtesting,referto theTroubleshootingsectionof the
Erratafile (http://icl.cs.utk.edu/netsolve/errata.html)for NetSolve.

13.3. Expanding the Server Capabilities
It is possibleto addnew functionalitiesto aNetSolvecomputationalserverby
specifyingadditionalproblemdescriptionfiles in theserverconfigurationfile. In fact,a
numberof PDFshavebeenwritten for avarietyof serialandparallelsoftware
packages:ARPACK, Aztec,BLAS, ITPACK, LAPACK, MA28, PETSc,ScaLAPACK,
andSuperLU.ThesePDFsareavailablein the$NETSOLVE_ROOT/problems/
directory. If auserhasoneof thesesoftwarelibrariescompiledon thearchitectureto
which heis installingNetSolve,hecaneasilyaddthis functionalityto hisserver in
threesteps.

• During theconfigurephaseof NetSolve,specifytheconfigureoption(s)for enabling
therespective library. Referto Section13.1for details.Thisstepwill automatically
settheneeded@LIB line(s)in therespective$NETSOLVE_ROOT/problems/ PDF
file, aswell assettherequiredvariablesin the
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file.

• Uncommenttherespective line in thekeyword section@PROBLEMS: of the
$NETSOLVE_ROOT/server_config file.

• Recompiletheserverby typing makeserver in the$NETSOLVE_ROOT/ directory.
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Note

If you are enabling sparse_iterative_sovle or sparse_direct_solve, you will need to
type make wrapper s followed by make server .

NetSolve’sdistributedmemoryservices(e.g.,ScaLAPACK, PETSc)arespawnedusing
MPI (mpirun -machinefileMPImachines ...) andthusrequireanMPI machinefile
describingtheparallelmachineon which to run.Thenameof thefile containingthis
list of homogeneousmachinesis called$NETSOLVE_ROOT/MPImachines andis
referencedin thefile $NETSOLVE_ROOT/server_config for configuringtheserver.
Therefore,if youareenablingparallelserviceswithin aserver, theuserMUSTedit this
$NETSOLVE_ROOT/MPImachines file to list thespecificmachinesto beused.The
currentimplementationof NetSolveallowsonly oneMPImachines file perserver. This
spawningfile is tied to theserver, andnot to a specificserviceenabled.Thus,
unfortunately, if you wish to enableparallelserviceson differentclusters,thenyou
mustenablethesoftwareon differentservers-- i.e.,maintainaseparateNetSolve
sourcecodetreefor eachserverenablementsothateachparallelservicecanhave its
own MPImachines file from which to spawn. A futurereleaseof NetSolveshould
identify aseparateMPImachines file with eachparallelservicethatcanbeenabled.

13.3.1. Enabling the LAPACK librar y
To enableLAPACK within NetSolve,onemustperformthefollowing steps:

• During theconfigurephaseof theNetSolve installation,type

UNIX> ./configure --with-lapacklib=LAPACK_LIB --with-
blaslib=BLAS_LIB

whereLAPACK_LIB denotesthenameof theLAPACK library, andBLAS_LIB denotes
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thename(s)of theBLAS library. If theselibrariesarenotalreadyavailableon the
user’smachine,hecandownloadLAPACK from theLAPACK webpage
(http://www.netlib.org/lapack/lapack.tgz).If anoptimizedBLAS library is not
availableon theuser’smachine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6) for detailsof availability; otherwise,hecan
downloadATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.

• Theusermustthenuncommenttherespective line

#./problems/lapack

in the@PROBLEMS: sectionof the$NETSOLVE_ROOT/server_config file by
removing the# from thebeginningof theline.

• And lastly, theusermustrecompiletheserverby typing makeserver in the
$NETSOLVE_ROOT/ directory.

13.3.2. Enabling the ScaLAPACK librar y
To enableScaLAPACK within NetSolve,onemustperformthefollowing steps.

• During theconfigurephaseof theNetSolve installation,type

UNIX> ./configure --with-scalapacklib=SCALAPACK_LIB \
--with-blacslib=BLACS_LIB --with-blaslib=BLAS_LIB \
--with-mpidir=MPI_DIR

whereSCALAPACK_LIB denotesthenameof theScaLAPACK library, BLACS_LIB
denotesthename(s)of theMPIBLACSlibraries,andBLAS_LIB denotesthename(s)
of theBLAS library. If theselibrariesarenotalreadyavailableon theuser’s
machine,hecandownloadScaLAPACK from theScaLAPACK webpage
(http://www.netlib.org/scalapack/scalapack.tgz),andtheMPIBLACSfrom the
BLACSwebpage (http://www.netlib.org/blacs/mpiblacs.tgz).If anoptimizedBLAS
library is notavailableon theuser’s machine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6) for detailsof availability; otherwise,hecan
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downloadATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.
MPI_DIR denotesthelocationof theMPI library (assumesthestandardMPICH
distribution).

• Theusermustthenuncommenttherespective line

#./problems/scalapack

in the@PROBLEMS: sectionof the$NETSOLVE_ROOT/server_config file by
removing the# from thebeginningof theline.

• And lastly, theusermustrecompiletheserverby typing makeserver in the
$NETSOLVE_ROOT/ directory.

13.3.3. Enabling Sparse Iterative Solver s (PETSc, Aztec,
and ITPACK)

NetSolveoffersa ’sparse_iterative_solve’serviceasaconvenientinterfaceto sparse
iterativemethodspackagessuchasPETSc,Aztec,andITPACK. If theuserwould like
to enablePETSc,Aztec,or ITPACK within NetSolve,hemustperformthefollowing
steps.

• During theconfigurephaseof theNetSolve installation,type

UNIX> ./configure --with-petsc=PETSC_DIR --with-
aztec=AZTEC_DIR \

--with-azteclib=AZTEC_LIB --with-lapacklib=LAPACK_LIB \
--with-blaslib=BLAS_LIB --with-mpidir=MPI_DIR

wherePETSC_DIR denotesthelocationof thePETScdirectorycontainingthestandard
distribution,AZTEC_DIR denotesthelocationof theAztecdirectorywherethe
includefilescanbefound,AZTEC_LIB is thelink line for theAzteclibrary,
LAPACK_LIB denotesthenameof theLAPACK library, BLAS_LIB denotesthe
name(s)of theBLAS library, andMPI_DIR denotesthelocationof theMPI library
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(assumesthestandardMPICH distribution).If theselibrariesarenotalready
availableon theuser’smachine,hecandownloadandinstall thesoftwarefrom the
respectivewebpages-- (PETSchomepage (http://www-fp.mcs.anl.gov/petsc/),and
Aztechomepage (http://www.cs.sandia.gov/CRF/aztec1.html)).ThePETScinterface
is compatiblewith PETSc,version2.0.29.LAPACK canbedownloadedfrom the
LAPACK webpage (http://www.netlib.org/lapack/lapack.tgz).If anoptimizedBLAS
library is notavailableon theuser’s machine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6) for detailsof availability; otherwise,hecan
downloadATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.
TheITPACK library is distributedwith NetSolve in
$NETSOLVE_ROOT/src/SampleNumericalSoftware/ITPACK/ sinceasmall
modificationto thelibrary wasnecessaryto enableits usein NetSolve.

• Theusermustthenuncommenttherespective line

#./problems/sparse_iterative_solve

in the@PROBLEMS: sectionof the$NETSOLVE_ROOT/server_config file by
removing the# from thebeginningof theline.

• And second,theusermustcompiletheserverby typingmake wrappers andmake
server in the$NETSOLVE_ROOT/ directory.

13.3.4. Enabling Sparse Direct Solver s (SuperLU and
MA28)

NetSolveoffersa ’sparse_direct_solve’serviceasaconvenientinterfaceto sparse
directmethodspackagessuchasSuperLUandMA28. If theuserwould like to enable
SuperLUor MA28 within NetSolve,hemustperformthefollowing steps.

• During theconfigurephaseof theNetSolve installation,type(for example,to enable
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SuperLU)

UNIX> ./configure --with-superlu=SUPERLU_DIR --with-
superlulib=SUPERLU_LIB \

--with-lapacklib=LAPACK_LIB --with-blaslib=BLAS_LIB \
--with-mpidir=MPI_DIR

whereSUPERLU_DIR denotesthelocationof theSuperLUdirectorywheretheinclude
filescanbefound,SUPERLU_LIB is thelink line for theSuperLUlibrary,
LAPACK_LIB denotesthenameof theLAPACK library, BLAS_LIB denotesthe
name(s)of theBLAS library, andMPI_DIR denotesthelocationof theMPI library
(assumesthestandardMPICH distribution).If theselibrariesarenotalready
availableon theuser’smachine,hecandownloadandinstall thesoftwarefrom the
respectivewebpage-- SuperLUhomepage
(http://www.nersc.gov/~xiaoye/SuperLU/).TheMA28 library is distributedwith
NetSolve in $NETSOLVE_ROOT/src/SampleNumericalSoftware/MA28/ sincea
smallmodificationto thelibrary wasnecessaryto enableits usein NetSolve.
LAPACK canbedownloadedfrom theLAPACK webpage
(http://www.netlib.org/lapack/lapack.tgz).If anoptimizedBLAS library is not
availableon theuser’smachine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6) for detailsof availability; otherwise,hecan
downloadATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.

• Theusermustthenuncommenttherespective line

#./problems/sparse_direct_solve

in the@PROBLEMS: sectionof the$NETSOLVE_ROOT/server_config file by
removing the# from thebeginningof theline.

• And lastly, theusermustcompiletheserverby typingmake wrappers andmake
server in the$NETSOLVE_ROOT/ directory.
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After compilingtheagentasexplainedin Section13.1,theexecutableof theNetSolve
agentis locatedin:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/agent.

Thepropercommandline for this programis

agent [-a agent_name][-l logfile]

Wheninvokedwith no arguments,astand-aloneagentis started.Thisagentis now
availablefor registrationsof NetSolveserverswantingto participatein anew NetSolve
system.After serversareregistered,clientprogramscancontactthis agentandhave
requestsservicedby oneor moreof theregisteredservers.

Note:

Only one NetSolve agent can be running on a given machine at a given time.

Whenthe-a optionis used,asin:

UNIX> agent -a netsolve.cs.utk.edu

thenew agentwill registeritself with theagentrunningon thehostspecifiedby the
agent_nameargument.If no agentis runningon this host,thenew agentwill exit with
anappropriateerrormessage.However, whenit is ableto contactthatagent,it will
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receive from thatagent,a list of servers(whohavegiventhepreviousagentthe
permissionto broadcasttheir status,seeChapter15) andpossiblyotheragents.These
serversthenalsobecomeavailablefor theservicingof requestssentvia thenew agent.

The-l optionspecifiesthenameof afile to usefor loggingpurposes.

UNIX> agent -l /home/me/agent_logfile

Thisfile is wheretheagentlogsall of its interactions(andpossiblyerrors)sinceit is a
daemonwith nocontrollingterminalandthereforehasno way to do thisotherwise.
This log file alsoproducesveryusefulinformationaboutrequests,amongotherthings,
thathelpsadministratorsknow how theirNetSolvesystemis beingused.If no-l
optionis specified,thedefault log file is $NETSOLVE_ROOT/nsagent.log. This
meansthatsuccessiverunsof theagentwith no specificationof a log file will overwrite
theoriginal log file, soif theinformationis needed,it mustbecopiedto anotherfile.

To terminateanexistingagent(or queryanexistingNetSolvesystem),theusershould
referto theNetSolvemanagementtools,particularlyNS_killagent, asoutlinedin
Chapter16.
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15.1. Star ting a Server
After compilingtheserverasexplainedin Section13.1,theexecutableof theNetSolve
server is locatedin:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/server.

Thepropercommandline for this programis

server [-f config_file][-l logfile] [-k]

Thisexecutableusesaconfigurationfile for initializing theNetSolveserver. When
invokedwith no argumentsas:

UNIX> server

thedefault configurationfile locatedin $NETSOLVE_ROOT/server_config is used.
This is thefile thatshouldbeusedfor first experimentsandfor testingthesystem.
However, it is possibleto customizeor expandthefunctionalityof aserver (Section
15.2),or to specifyanotherconfigurationfile by calling theexecutableasin

UNIX> server -f /home/me/my_config

for instance.

The-l optionspecifiesthenameof afile to usefor loggingpurposes.

UNIX> server -l /home/me/agent_logfile
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Thisfile is wheretheserver logsall of its interactions(andpossiblyerrors)sinceit is a
daemonwith nocontrollingterminalandthereforehasno way to do thisotherwise.If
the-l optionis not specified,thedefault log file is
$NETSOLVE_ROOT/nsserver.log. Successive runsof theserverwith no
specificationof a log file will overwritetheoriginal log file, soif theinformationis
needed,it mustbecopiedto anotherfile!

Note:

Multiple NetSolve servers can be running on a given machine if and only if they
have a different NetSolve agent.

Whentheserverhasbeencompiledwith theKerberoslibraries,theadministratorhas
theoptionof having theserver requireclientsto authenticatebeforerenderingservices.
To mandatethis authentication,the-k optionmustbeused,otherwiseno
authenticationwill beaskedfor, andtheserverwill beavailableto servicerequeststo
ANY clientaskingfor services.

To terminateanexistingserver (or queryanexistingNetSolvesystem),theusershould
referto theNetSolvemanagementtoolsasoutlinedin Chapter16.

15.2. The Server Configuration File
Theserverconfigurationfile is usedto customizetheserver. Thedefault configuration
file in $NETSOLVE_ROOT/server_config shouldbeusedasa templateto createnew
configurationfiles.Thisconfigurationfile is organizedasfollows.A line canstartwith
a’#’ in whichcasetheline is ignoredandcanbeusedfor comments.A line canalso
startwith akeyword thatis prefixedby a’@’ typically followedby asinglevalueor
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parameter. Let usreview all of thepossiblekeywordsandhow they canbeusedto
preciselydefineaNetSolveserverasit is donein thedefault configurationfile.

• ’@AGENT:<hostname>’[*] specifiestheagentthattheNetSolveservermust
contactto registerinto aNetSolvesystem.Theagentis identifiedby thenameof the
hostonwhich it is runningandtherecanbeonly onesuchline in theconfiguration
file. If the’*’ is present,thentheserverwill broadcastits existenceto all NetSolve
agentsknown to theonerunningon<hostname>. Otherwise,theserverwill only be
known to theagenton<hostname>.

• ’@PROC:<number>’ specifiesthenumberof processors(=1 for asingleprocessor,
=2 for adualprocessor, =4 for aquadprocessor)thatcanbeusedby theserver to
performsimultaneouscomputationson thelocal hosts.Therecanonly beonesuch
line in theconfigurationfile.

• ’@MPIHOSTS <filename> <number>’ specifiesthepathto thefile thatcontains
thelist of machinesthatcanbeusedby MPI, andthemaximumnumberof
processorsthatcanbespawnedby MPI.

• ’@WORKLOADMAX:<max>’ specifiesthevalueof theworkloadbeyondwhich the
server refusesnew requests(e.g.’@WORKLOADMAX:100’). A valueof -1 meansthat
theserveracceptsrequestsregardlessof theworkload.

• ’@SCRATCH:<path>’ specifieswheretheNetSolveservercanput temporary
directoriesandfiles.Thedefault is /tmp/.

• ’@CONDOR:<path>’ specifiesthattheNetSolveserver is usingaCondor[condor1]
[condor2]poolasacomputingresource.Thepathto theCondorbasedirectorymust
beprovided.Therecanbeonly onesuchline in theconfigurationfile.

• ’@PROBLEMS:’ marksthebeginningof thelist of problemdescriptionfile (PDF)
namesthatareenabledin theNetSolveserver installation.Eachof theseproblem
descriptionfilescontainsinterfacesto anumberof problems/subroutinesfrom a
particularsoftwarelibrary. If aparticularproblemdescriptionfile is enabledin the
serverconfigurationfile, thentheproblems/subroutinescontainedthereinbecome
availableon thatserver. A numberof PDFshavebeenwritten for avarietyof
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softwarepackages,but thedefaultNetSolve installationonly enablesasmallsubset,
asthereis only a limited amountof softwareincludedwith theNetSolvedistribution.
Detailsof descriptionfilesaregivenin Section13.3.

• ’@RESTRICTIONS:’ marksthebeginningof thelist of accessrestrictionsthatare
applicableto theNetSolveserver. Thelist consistsof linesformattedas:

<domain name> <number of pending requests allowed>

Thesymbol’*’ is usedasa wildcardin thedomainname.For instance,theline:

*.edu 10

meansthatonly 10 requestsfrom clientsresidingona.edu machinecanbeserviced
simultaneously. Whentheserver receivesa requestfrom somemachine,it
determineswhich line in thelist mustbeusedto acceptor rejecttherequestby
takingthemostrefineddomainname.For instance,if thelist of therestrictionsis:

*.edu 5
*.utk.edu 10

thentheserveracceptsat most5 simultaneousrequestscomingfrom .edu machines
thatarenot in the .utk.edusub-domain,andat most10 requeststhatcomefrom
machinesin the.utk.edu sub-domainfor a total of 15possiblesimultaneous
requests.
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TheNetSolvedistributioncomeswith asetof toolsto manage/queryaNetSolve
system.After compilingthetoolsasexplainedin Section13.1,thefollowing six
executablesareavailable:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_conf
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_problems
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_probdesc
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_killagent
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_killserver
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/NS_killall

Let usreview theseexecutablesoneby one.

16.1. NS_conf
Thisexecutabletakesoneargumenton thecommandline, thenameof ahostrunninga
NetSolveagent:

UNIX> NS_conf netsolve.cs.utk.edu

It printsthelist of hostsparticipatingin theNetSolvesystem:

AGENT: netsolve.cs.utk.edu (128.169.93.161)
SERVER: maruti.cs.berkeley.edu (128.32.36.83)
SERVER: cupid.cs.utk.edu (128.169.94.221)
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16.2. NS_problems
Thisexecutabletakesthenameof ahostrunninganagentassingleargumenton its
commandline. It printsthelist of problemsthatcanbesolvedby contactingthatagent:

UNIX> NS_problems netsolve.cs.utk.edu
/BLAS/Matrices/matmul
/ItPack/jsi
/LAPACK/Matrices/EigenValues/eig
/LAPACK/Matrices/SingularValues/svd

16.3. NS_probdesc
Thisexecutabletakestwo argumentson its commandline: thenameof ahostrunninga
NetSolveagentandthenicknameof aNetSolveproblem.It printsthedescriptionof the
problem:

UNIX> NS_probdesc netsolve.cs.utk.edu linsol
-- linsol -- From LAPACK -
Compute the solution to a real system of linear equations

A * X = b
where A is an N-by-B matrix and X and B are N-by-NRHS matrices.
Matlab Example : [x] = netsolve(’dgesv’,a,b)
http://www.netlib.org/lapack/index.html
* 2 objects in INPUT
- input 0: Matrix Double Precision Real.
Matrix A
- input 1: Matrix Double Precision Real.
Right hand side

* 1 objects in OUTPUT
- output 0: Matrix Double Precision Real.
Solution

* Calling sequence from C or Fortran
6 arguments
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- Argument #0:
- number of rows of input object #0 (A)
- number of columns of input object #0 (A)
- number of rows of input object #1 (RHS)

- Argument #1:
- number of columns of input object #1 (RHS)

- Argument #2:
- pointer to input object #0 (A)

- Argument #3:
- leading dimension of input object #0 (A)

- Argument #4:
- pointer to input object #1 (RHS)
- pointer to output object #0 (SOLUTION)

- Argument #5:
- leading dimension of input object #1 (RHS)

16.4. NS_killa gent
Thisexecutabletakesoneargumenton its commandline, thenameof ahostrunninga
NetSolveagent.After a (basic)userauthentication,theexecutablekills theagent.

UNIX> NS_killagent netsolve.cs.utk.edu
Agent on netsolve.cs.utk.edu : killed

16.5. NS_killser ver
Thisexecutabletakestwo argumentson its commandline, thenameof ahostrunninga
NetSolveagentandthenameof ahostrunningaNetSolveserver. After a (basic)user
authentication,theexecutablekills theserver, usingtheagentasanentry-pointinto the
system.
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UNIX> NS_killserver netsolve.cs.utk.edu cupid.cs.utk.edu
Server on cupid.cs.utk.edu killed : killed

16.6. NS_killall
ThisShellscripttakesoneargumenton its commandline, thenameof ahostrunninga
NetSolveagent.After a (basic)userauthentication,theexecutablekills theagent,along
with all otherNetSolveprocesses(agentsandservers)known to thatagent:

UNIX> NS_killall netsolve.cs.utk.edu
Server on cupid.cs.utk.edu : killed
Server on maruti.cs.berkeley.edu : killed
Agent on netsolve.cs.utk.edu : killed
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File

Theproblemdescriptionfile (PDF)is themechanismthroughwhich NetSolveenables
servicesfor theuser. TheNetSolvedistributioncontainsthesourcecodefor MA28,
ITPACK, qsort,andasubsetof BLAS andLAPACK routines.Thissoftwareis
containedin the$NETSOLVE_ROOT/src/SampleNumericalSoftware/ directory.
Therefore,thedefault NetSolveenablement(containedin
$NETSOLVE_ROOT/server_config) only accessesthePDFsrelatedto theincluded
softwarepackages.Theusershouldreferto Section13.3for detailsonexpandingthe
capabilitiesof aserver, andreferto Section17.1for detailson thestructureof a
problemdescriptionfile.

17.1. Contents of a Problem Description File
In whatfollowswedescribethecontentsof a problemdescriptionfile (PDF).We offer
all of thedetailsbecauseit maybenecessaryor desirableto beawareof them,but we
stronglyrecommendtheuseof theGUI applicationdescribedin Section17.1.6to
createnew PDFs.

Therationalefor thesyntaxof thedescriptionfiles is explainedin [ima]. Each
descriptionfile is composedof severalproblemdescriptions. Beforeexplaininghow to
createaproblemdescription,we reiteratetheconceptof objectsin NetSolve,andthen
definetheconceptof mnemonics.

17.1.1. NetSolve Objects
As detailedin Section4.1,thesyntaxof aNetSolveproblemspecificationis a function
evaluation:

<output> = <name>(<input>)
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where

• <name> is acharacterstringcontainingthenameof theproblem,

• <input> is a list of inputobjects,

• <output> is a list of outputobjects.

An objectis itself describedby anobjecttypeandadatatype. Thetypesavailablein
thecurrentversionof NetSolveareshown in Table17-1andTable17-2.

Table 17-1.Available data types

Data Type Description Note

NETSOLVE_I Integer

NETSOLVE_CHAR Character

NETSOLVE_BYTE Byte neverXDR encoded

NETSOLVE_FLOAT Singleprecisionreal

NETSOLVE_DOUBLE Doubleprecisionreal

NETSOLVE_SCOMPLEX Singleprecisioncomplex

NETSOLVE_DCOMPLEX Doubleprecisioncomplex

Table 17-2.Available object types

Object Type Description Note

NETSOLVE_SCALAR scalar

NETSOLVE_VECTOR vector

NETSOLVE_MATRIX matrix

NET-
SOLVE_SPARSEMATRIX

sparsematrix CompressedRow Storage
(CRS)format
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Object Type Description Note

NETSOLVE_FILE file only of datatype
NETSOLVE_CHAR

NET-
SOLVE_PACKEDFILES

packedfiles only of datatype
NETSOLVE_CHAR

NETSOLVE_UPF UserProvidedFunction only of datatype
NETSOLVE_CHAR

NETSOLVE_STRING Characterstring only of datatype
NETSOLVE_CHAR

NETSOLVE_STRINGLIST Characterstringlist only of datatype
NETSOLVE_CHAR

A problemdescriptionfile (PDF)usestheseobjectsto defineaproblemspecification
for agivenservice.Section17.1.2describestherequirementsfor eachNetSolveobject
typeasit relatesto theproblemdescriptionfile.

17.1.1.1. Sparse Matrix Representation in NetSolve

NetSolveusestheCompressedRow Storage(CRS)for storingsparsematrices.The
CompressedRow Storage(CRS)formatputsthesubsequentnonzerosof thematrix
rows in contiguousmemorylocations.Assumingwe haveanonsymmetricsparse
matrix,wecreatevectors:onefor floating-pointnumbers(val), andtheothertwo for
integers(col_ind,row_ptr).Theval vectorstoresthevaluesof thenonzeroelementsof
thematrix,asthey aretraversedin a row-wisefashion.Thecol_indvectorstoresthe
columnindexesof theelementsin theval vector. Therow_ptr vectorstoresthe
locationsin theval vectorthatstarta row.

For example,if

1 0 3 1
A = 0 0 5 2

6 1 0 8
4 0 0 0
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then,

val: 1 3 1 5 2 6 1 8 4
col_ind: 0 2 3 2 3 0 1 3 0
row_ptr: 0 3 5 8 9

Thus,if aproblemin NetSolvehasthefollowing specifications:

-- sm_prob --
* 1 object in INPUT
- input 0: Sparse Matrix Double Precision Real.
the sparse matrix

* Calling sequence from C or Fortran
11 arguments
- Argument #0:

- number of rows of input object #0 (sm)
- number of columns of input object #0 (sm)

- Argument #1:
- number of non-zero values of input object #0 (sm)

- Argument #2:
- pointer to input object #0 (sm)

- Argument #3:
- column indices of non-zeros of input object #0 (sm)

- Argument #4:
- row pointers of the sparse matrix #0 (sm)

aMatlabuserwouldcall this programas:

>> netsolve(’sm_prob’, SM);

whereSM is aMatlabconstructedsparsematrixobject.

andaC userwould invoke thisproblemas:

double* val;
int* col_index;
int* row_ptr;

125



Chapter17.TheProblemDescriptionFile

int rows, num_nzeros;

/* initialize the arrays and variables */
...
...
...

sta-
tus = netsl("sm_prob()", rows, num_nzeros, val, col_index, row_ptr);

17.1.2. Mnemonics
As describedin Section17.1.1,theNetSolvesystemdefinesdatastructuresthatwecall
NetSolveobjects. Thesearehigh-level objectsthatarecomprisedof integers,and
arraysof charactersandfloats.To beableto relatehigh-level andlow-level descriptions
of theinput andoutputobjectsof agivenproblem,weneedto developsomekind of
syntax.Wedecidedto termthis syntaxmnemonics. A mnemonicis acharacterstring
(typically 2 or 3 characterslong) thatis usedto accesslow level detailsof thedifferent
input andoutputobjects.We index thelist of objects,startingat 0. Therefore,thefirst
objectin input to aproblemis theinput objectnumber0 andthethird objectin output
to aproblemis theoutputobjectnumber2, for instance.WeuseanI or anO to specify
whetheranobjectis in input or output.Herearetheeighttypesof mnemonicsfor an
objectindexedx:

• Pointerto thedata: [I|O]x,

• Numberof rows : m[I|O]x (only for matrices,vectors,packedfilesandstringlists),

• Numberof columns: n[I|O]x (only for matrices),

• Leadingdimensions: l[I|O]x (only for matrices).

• Specialdescriptor: d[I|O]x (only for distributedmemoryobjects).
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• Nonzerovaluesof thesparsematrix:f[I|O]x

• Row pointersfor thesparsematrix:i[I|O]x

• Columnindicesfor thesparsematrix:p[I|O]x

For example,mI4 designatesthenumberof rowsof theinputobjectnumber4, whereas
O1 designatesthepointerto thedataof outputobjectnumber1. In thenext section,we
describethedifferentsectionsthatarenecessaryto build aproblemdescriptionandwill
seehow themnemonicsareused.

17.1.3. Sections of a Problem Description
Thestructureof a problemdescriptionfile is verysimilar to thatof aserver
configurationfile. Thelinesstartingwith a’#’ areconsideredcomments.Keywords
areprefixedby a’@’ andmarkthebeginningof sub-sections.In whatfollows,we
describeeachsectionseparatelyaswell aseachkeywordandsub-sectionswithin each
section.Keepin mind to look atoneexistingproblemdescriptionfile asa template
whenreadingthis section.

17.1.3.1. Problem ID and General Information

Thefollowing keywordsarerequiredandmustoccurin theorderin which they are
presented.

• ’@PROBLEM <nickname>’ specifiesthenameof aproblemasit will bevisible to
theNetSolveusers(clients).

• ’@INCLUDE <name>’ specifiesa C headerfile to include(Seetheexamplein
Section17.1.5).Therecanbeseveralsuchlinesasaproblemcancall several
functions.

• ’@DASHI <path>’ specifiesadefault directoryin which headerfilesareto be
lookedfor, in a similarwayasthe-I optionof mostC compilers.Therecanbe
severalsuchlinesasa problemcancall severalfunctions.
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• ’@LIB <name>’ specifiesa library or anobjectfile to link to, or a-L optionfor the
linker (Seetheexamplein Section17.1.5).If multiple librariesarerequired,a
separate@LIB line mustbespecifiedfor eachlibrary, andthelibrarieswill belinked
in theorderin which they arespecified.The@LIB line(s)cancontainvariablename
substitutionssuchas$(NETSOLVE_ROOT).

• ’@FUNCTION <name>’ specifiesthenameof a functionfrom theunderlying
numericalsoftwarelibrary thatis beingcalledto solve theproblem.Therecanbe
severalsuchlinesasa problemcancall severalfunctions.

• ’@LANGUAGE [C|FORTRAN]’ specifieswhethertheunderlyingnumericallibrary is
written in C or in Fortran.This is usedin conjunctionwith thefunctionnames
specifiedwith ’@FUNCTION’ to handlemulti-languageinteroperability.

• ’@MAJOR [COL|ROW]’ specifieswhatmajorshouldbeusedto storetheinput
matricesbeforecalling theunderlyingnumericalsoftware.For instance,if the
numericallibrary is LAPACK [lapack],themajormustbe’COL’.

• ’@PATH <path>’ specifiesapath-likenamefor theproblems.Thispathis only a
namingconventionandis usedfor presentationpurposes.

• ’@DESCRIPTION’ marksthebeginningof thetextualdescriptionof theproblem.
Thissub-sectionis mandatoryasit is usedby theNetSolvemanagementtoolsto
provide informationto theNetSolveusers(clients)aboutaspecificproblem.

17.1.3.2. Input Specification

• ’@INPUT <number>’ specifiesthenumberof objectsin input to theproblem.This
line is followedby thatcorresponding<number> of objectdescriptions(seebelow).

• ’@OBJECT <object type> <data type> <name>’ specifiesanobjecttype,
datatype,andname.Thenameis only usedfor presentationpurposes.This line is
followedby amandatorytextualdescriptionof theobject.Thedatatypesare
abbreviatedby replacingNETSOLVE_I by I, NETSOLVE_CHAR by CHAR,
NETSOLVE_BYTE by B, NETSOLVE_FLOAT by S, NETSOLVE_DOUBLE by D,
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NETSOLVE_SCOMPLEX by C, andNETSOLVE_DCOMPLEX by Z, (seeTable17-1).
Similarly, theobjecttypesareabbreviatedby replacingNETSOLVE_SCALAR by
SCALAR, NETSOLVE_VECTOR by VECTOR, NETSOLVE_MATRIX by MATRIX,
NETSOLVE_SPARSEMATRIX by SPARSEMATRIX, NETSOLVE_FILE by FILE,
NETSOLVE_PACKEDFILES by PACKEDFILES, NETSOLVE_UPF by UPF,
NETSOLVE_STRING by STRING, andNETSOLVE_STRINGLIST by STRINGLIST,
(seeTable17-2).Theobjectsof objecttypeFILE, STRING,UPF,and
PACKEDFILESdonot haveadatatype.Herearea few examples:

@OBJECT VECTOR I X
An integer vector named ’X’

@OBJECT MATRIX D A
A double precision real matrix named ’A’

@OBJECT FILE foo
A file named ’foo’

17.1.3.3. Output Specification

• ’@OUTPUT <number>’ specifiesthenumberof objectsin outputfrom theproblem.
This line is followedby thatcorresponding<number> of objectdescriptions(see
below).

• ’@OBJECT <object type> <data type> <name>’ specifiesanobjecttype,a
datatypeandaname.This line is followedby amandatorytextualdescriptionof the
object.Theabbreviationsfor datatypesandobjecttypesareasdefinedpreviously in
Section17.1.3.2.

17.1.3.4. Additional Information
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Thefollowing list of tagsareoptional.

• ’@MATLAB_MERGE <number1>,<number2>’ specifiesthattheoutputobjects
number<number1> and<number2> canbemergedasacomplex objectupon
receiptof thenumericalresultsfrom theMatlabclient interface(seeChapter6).

• ’@COMPLEXITY <number1>,<number2>’ specifiesthatgiventhesizeof the
problem,sayn, theasymptoticcomplexity, sayC, of theproblemin numberof
floatingpoint operationsis

C = number1 * n^(number2)

• ’@CUSTOMIZED <name>’ is aninternalcustomizationusedby thecodedevelopers.
It meansthattheNetSolveservercodewill do somethingdifferent(or custom)
beforeinvokinga routine.For example,this optionis usedfor theenablementof
ScaLAPACK andthesparsesolvers.Thefunctionalityof this keywordwill be
expandedin thefuture.Noviceusersareadvisedto avoid usingthis keyword.

• ’@PARALLEL MPI’ specifiesthatthesoftwareenabledin theproblemdescription
file is parallelandusesMPI. Thus,MPI mustbeinstalledon theserver to whichyou
areenablingthis service.

17.1.4. Calling Sequence
Thecallingsequenceto theproblemmustbedefinedsothattheNetSolveclientusing
theC or Fortraninterfacescancall theproblem.Thematerialdescribedin this section
is ignoredby NetSolvewhentheclient is Matlab,Mathematicaor Java.To clarify, let
ustakeanexample.Let ussaythattheproblem’ toto’ takesamatrix in input and
returnsamatrix in output.Thecall from theMatlabinterfacelookslike:

>> [b] = netsolve(’toto’,a)

for instance.However, therecanbeseveralpossiblecallingsequencesfrom C or
Fortran.Assumingthefollowing declarationsin Fortran:

130



Chapter17.TheProblemDescriptionFile

DOUBLE PRECISION A(M,N)
DOUBLE PRECISION B(K,L)

thefollowing callingsequencesareall possible:

CALL FNETSL(’toto()’,A,B,M,N,K,L)
CALL FNETSL(’toto()’,A,M,N,B,K,L)
CALL FNETSL(’toto()’,M,N,A,K,L,B)
etc.....

TheCallingSequencesub-sectionin theproblemdescriptionspecifiestheorderof the
arguments(representedwith mnemonics)in theC andFortraninterfacecalling
sequence.Indeed,still with thesameexample,theintegerN canberepresentedby the
mnemonicnI0, andthepointerB canberepresentedby themnemonicO0.

It is very importantto notethatthenumberof rowsor columnsor theleading
dimensionof inputandoutputargumentsmustbespecifiedin the@CALLINGSEQUENCE
sub-section.If adimensionis notpassedasaninput argument,or equivalencedwith an
existing input argument(via @ARG), it mustbeset/computedusing@COMP.

• ’@CALLINGSEQUENCE’ marksthebeginningof acallingsequencedescription.This
descriptionconsistsof a list of argumentspecifications(seebelow).

• ’@ARG <comma-separated list of mnemonics>’ specifiesanargumentof
thecallingsequence.For instancetheline

@ARG I0

specifiesthatthecurrentargumentin thecallingsequenceis thepointerto thedataof
thefirst objectin input.Theline

@ARG mI0,lI0

specifiesthatthecurrentargumentin thecallingsequenceis thenumberof rowsand
theleadingdimensionof thefirst objectin input (which in this caseis amatrix).The
line

@ARG ?

131



Chapter17.TheProblemDescriptionFile

specifiesthatthecurrentargumentin thecallingsequenceshouldbeignoredby
NetSolve (usefulin somecases).Notethatno argumentdescriptioncontains
mnemonicsof theform [m|n]O*.

• ’@CONST <mnemonic>=<number>’ specifiesthatthenumberof rowsor columns
or theleadingdimensionof aninputobjectis constantandcannotbefoundin the
callingsequence.For instance,theline

@CONST mI4=12

meansthatthenumberof rowsof thefifth objectin input is always12andis notpassed
in by theNetSolveuser.

• ’@COMP <mnemonic>=<expression>’ specifiesthatthenumberof rowsor
columnsor theleadingdimensionof aninput objecthasnotbeensuppliedasan
argumentin thecallingsequence,but canbecomputedusingargumentsin the
callingsequence.

Herearesomeexamples:

@COMP mI1=mI0
@COMP mI0=op(+,mI3,1) // performs an addition
@COMP mI3=array(I2,0) // performs an indirection
@COMP mI1=op(-,array(I0,op(-,mI0,1)),1)
@COMP mI2=op(+,op(+,array(I1,0),1),op(*,array(I0,0),2))
@COMP mI2=if(array(I0,0)=’N’,mI1,if(array(I0,0)=’T’,nI1,op(-
,0,1)))

// conditionals

wheretheop notationis usedto performadditionandsubtraction,andthearray
notationis usedto accessthevalueof aspecificelementof anarray. For example,
mI3 is equalto thevalueof thezero-thelementof thearrayI2.

This featureof NetSolve is rarelyused,andis only necessaryin routineswhenthe
user’sarraystoragediffersfrom thearraystoragepassedto thecomputational
routine.A goodexampleof suchanoccurrenceis in theinterfacesto theLAPACK
routinesfor bandandtridiagonalmatrices.
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17.1.4.1. Pseudo-Code

• ’@CODE’ marksthebeginningof thepseudo-codesection.

• ’@END_CODE’ markstheendof thepseudo-codesection.

Thepseudo-codeis C codethatusesthemnemonicsdescribedin Section17.1.2.This
codecontainscall(s)to thenumericallibrary function(s)thattheproblemis supposed
to useaspartof its algorithm.Theargumentsin thecallingsequencesof theselibrary
routineswill beprimarily thedifferentmnemonics.In thepseudo-code,themnemonics
arepre-andap-pendedby a’@’ to facilitatetheparsing.Let usreview againthe
meaningof somepossiblemnemonicsin thepseudo-code:

• ’@I0@’: pointerto theelementsof thefirst objectin input.

• ’@mI0@’: pointer to anintegerthatis numberof rowsof thefirst objectin input.

• ’@nO1@’: pointer to anintegerthatis numberof columnsof thesecondobjectin
output.

Usually, thepseudo-codeis organizedin threeparts.First, thepreparationof theinput
(if necessary).Second,thecall to thenumericallibrary function(s).Third, theupdateof
theoutput(pointerandsizes).At this point, it is bestto giveanexample.Let usassume
thatwehaveaccessto ahypotheticalnumericalC library thatpossessesa function
matvec() thatperformsamatrix-vectormultiply for squarematrices.Theprototypeof
thefunctionis

void matvec(float *a, float *b, int n, int l);

wherea is apointerto thematrix,b is apointerto thevector, n is thedimensionof the
matrix,l is theleadingdimensionof thematrixandtheresultis storedin b
(overwriting theinput).Wemaydefinetheproblemsuchthatthematrix is thefirst
objectin theinput, thevectorthesecondobjectin theinput,andtheresulttheonly
objectin output.Possiblepreparationscouldbefor instancethecreationof workspace,
testof input valuesto detectmistakes,testof matchingdimensions.In this case,we
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maywantto checkthatthedimensionof vectorb agreeswith thenumberof columns
of matrixa. Thiscanbedoneasfollows:

@CODE
if (*@mI1@ != *@nI0@)

return NS_PROT_DIM_MISMATCH;

ThemacroNS_PROT_DIM_MISMATCH is definedby NetSolve.Othermacrosavailable
areNS_PROT_BAD_VALUES (for invalid inputparameters),
NS_PROT_INTERNAL_FAILURE (for amalfunctionof thenumericalsoftware)or
NS_PROT_NO_SOLUTION (sometimesusefulif nonumericalsolutionhasbeenfound
andtheclient is interactive).Noticetheuseof ’*’ for accessingtheintegersat
addresses@mI1@ and@nI0@.

Thesecondpartof thepseudo-codeconsistsof calling thefunctionmatvec andis:

matvec(@I0@,@I1@,*@mI0@,*@mI0@);

A few thingscanbesaidon this call. First,we usethe’*’ to accessintegersvia the
pointers.Notethatif matvec() wereaFortransubroutine,wewouldpassthe
addressesthemselves(seeExamplebelow). Second,theleadingdimensionis takento
beequalto thedimension.Thiscodeis executedat theserver level wherethematrix (or
sub-matrix)hasbeenreceivedfrom theclient over thenetwork. As such,it hasbeen
storedcontiguouslyin memoryandhasa leadingdimensionequalto its numberof
rows.As ageneralrule, themnemonics@l[I|O]*@ neverappearin thepseudo-code.
Thelastthing to doat this point is to updatetheoutput:

@O0@ = @I1@;
*@mO0@ = *@mI1@;
@END_CODE

Thefirst line expressesthefactthattheinput hasbeenoverwrittenby theoutput.The
secondline setsthenumberof rowsof theoutput.Thefollowing sectiongivesa
completeexample,with all of thesectionsof theproblemdescription.
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17.1.5. A Simple Example
Let usimaginethatwehaveaccessto aFortrannumericallibrary thatcontainsa
function,sayLINSOL, to solvea linearsystemaccordingto thefollowing prototype:

SUBROUTINE LINSOL( A, B, N, NRHS, LDA, LDB )

DOUBLE PRECISION A( LDA, * ) // Left-hand side (NxN)
DOUBLE PRECISION B( LDB, * ) // Right-hand side (NxNRHS),

// overwritten with the solution
INTEGER N
INTEGER NRHS
INTEGER LDA // Leading Dimension of A
INTEGER LDB // Leading Dimension of B

Then,anappropriatedescriptionfor aproblemthatsolvesa linearsystemusing
LINSOL andthatexpectsfrom theclient thesamecallingsequenceastheonefor
LINSOL is:

@PROBLEM linsol
@INCLUDE <math.h>
@INCLUDE "/home/me/my_header.h"
@LIB -L/home/lib/
@LIB -lstuff
@LIB /home/me/lib_$(NETSOLVE_ARCH).a
@LIB /home/stuff/add.o
@FUNCTION linsol
@LANGUAGE FORTRAN
@MAJOR COL
@PATH LinearAlgebra/LinearSystems/
@DESCRIPTION
Solves the square linear system A*X = B. Where:
A is a double-precision matrix of dimension NxN
B is a double-precision matrix of dimension NxNRHS
X is the solution

@INPUT 2
@OBJECT MATRIX D A
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Matrix A (NxN)
@OBJECT MATRIX D B
Matrix B (NxNRHS)
@OUTPUT 1
@OBJECT MATRIX D X
Solution X (NxNRHS)
@COMPLEXITY 3,3
@CALLINGSEQUENCE
@ARG I0
@ARG I1,O0
@ARG nI0,mI0,mI1
@ARG nI1
@ARG lI0
@ARG lI1,lO0
@CODE

linsol(@I0@,@I1@,@mI0@,@nI1@,@lI0@,@lI1@);

@O0@ =@I1@; /* Pointing to the overwritten input */
*@mO0@ = *@mI1@; /* Setting the number of rows */
*@nO0@ = *@nI1@; /* Setting the number of columns */

@END_CODE

17.1.6. PDF Generator
Theprocessof creatingnew problemdescriptionscanbedifficult, especiallyfor afirst
timeuser. It is truethatafterwriting a few files, it becomesratherroutineandseveral
NetSolveusershavealreadygeneratedagoodnumberof workingPDFsfor avarietyof
purposes(includinglinearalgebra,optimization,imageprocessing,etc.).However, we
havedesignedagraphicalJavaGUI applicationthathelpsusersin creatingPDFs.To
compilethis GUI, type

UNIX> make pdgui
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from the$NETSOLVE_ROOT directory. Thiscreatesasetof Javaclassfilesneededto run
theGUI applicationandplacesthemin the
$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH directory. After thiscompilation,you can
alsofind ashellscriptnamedNS_pdguithatcanbeusedfrom any directoryto
properlyrun theGUI applicationwhichneedsto locatetheabovementionedclassfiles.
Apart from beingeasyto use,theGUI alsohasahelpmenuthatoffersgreathelp,so
wedeferotherdetailsaboutrunningtheGUI to thosehelpfiles.Onenotethatwemust
mentionis thatcurrentlytheGUI doesnothave thecapabilityof loadingPDFs,so
while usingit to createPDFs,we recommendkeepingtheGUI openuntil you are
assuredthePDFis correct.Thispreventshaving to startfrom scratchonceerrorsare
foundto exist in thePDF.
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18.1. Intr oduction
Thisversionof NetSolvehas(rudimentary)Kerberossupport.NetSolvecomponents
includeclients,agents,andservers.Currentlytheonly requeststhatrequire
authenticationarerequeststhattheclientmakesto theserver, andof those,only the
“run problem”request.Otherrequestscouldbeauthenticated(anobviousonebeing
“kill server”), but drasticchangesalongtheselineswouldprobablyrequiredrastic
restructuringof NetSolve.For instance,aclient cancurrentlyinform anagentthata
particularserver is down, andtheagentwill notadvertisethatserver for usein other
problems.It seemsof dubiousvalueto requireauthenticationfor suchrequestsuntil
thereis amechanismfor specifyingthetrustrelationshipbetweenclientsandagents.

An attempthasbeenmadeto allow KerberizedNetSolveclientsto interoperatewith
bothKerberizedandnon-KerberizedNetSolveservers.In eithercasetheclient sendsa
requestto theserver.An ordinaryserverwill returnastatuscodeindicatingthathewill
accepttherequestedoperation.By contrast,a Kerberizedserverwill immediately
returnan“authenticationrequired”errorin responseto therequest.Theclient is then
requiredto sendKerberoscredentialsto theserverbeforetherequestwill beprocessed.
Thisallows theserver to requireauthenticationof theclient.Currentlythereis no
mechanismto allow theclient to insistonauthenticationof theserver - aKerberized
client will happilytalk with eitherKerberizedor non-Kerberizedservers.

Theserver implementsaccesscontrolvia asimplelist of Kerberosprincipalnames.
This list is keptin a text file which is consultedby theserver. A requestto aNetSolve
servermustbemadeon behalfof oneof thoseprincipalnames.If theprincipalname
associatedwith theKerberoscredentialsin therequestappearsin thelist, andthe
credentialsareotherwisevalid, therequestwill behonored.Otherwise,therequestwill
bedenied.

SincetheNetSolveserverwasnotdesignedto runasaset-uidprogram,it is not
currentlyfeasibleto have theNetSolveserver run processesusingtheuser-id of the
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particularUNIX userwhosubmittedtherequest.NetSolve thususesits own service
principalnameof “netsolve” ratherthanusingthe“host” principal.Whatthis means
(amongotherthings)is thatyouneedto generateserviceprincipalsandkeytabsfor
eachof yourNetSolveservers,evenif youalreadyhavehostprincipalsin place.

TheNetSolveserver, by default, runsin non-Kerberizedmode.To startup theserver in
Kerberizedmodeyou needto addthe-k optionto thecommand-line,andalsoset
environmentvariablesNETSOLVE_KEYTAB (pointingto thekeytab)and
NETSOLVE_USERSpointingto thelist of authorizedusers).

Thisversionof KerberizedNetSolveperformsnoencryptionof thedataexchanged
amongNetSolveclients,servers,or agents.Nor is thereany integrity protectionfor the
datastream.

18.2. Compiling a Kerberiz ed Server

1. CompileKerberos.SeetheKerberosV5 InstallationGuidefor instructionsfor
how to do this.

2. CompiletheNetSolveserverwith Kerberossupport(./configure
--with-k erberos).

18.3. Installing a Kerberiz ed Server

1. InstallKerberoson theservermachine.SeeKerberosV5 InstallationGuidefor
instructionsfor how to do this.Youdo nothave to install all of theKerberosclients
just to run aNetSolveserver, but youdo needkadmin andcomponentsthatdeal
with Kerberosticketslikekinit andkdestroy.

2. DefineaKerberosserviceprincipalfor theNetSolveserver. To definethe
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principalfor machinefoo.bar.com:

a. Getthenameandthepassword of a Kerberosprincipalthatis authorizedto
run kadmin andcreateprincipals.

b. Log on to themachinewhereyouwantto install theKerberizedNetSolve
server. Makesureyouhaveasecureconnectionto theclient machine(perhaps
you’re typingon themachine’skeyboard,or perhapsyou’reusingsshto log in
to thatmachine),sothatyour passwordwill notbeexposedon thenet.

c. Do a kinit to acquirea ticket thatidentifiesyou assomeonewhocancreate
principals.

d. Createaserviceprincipalfor theNetSolveserveronyour host.If yourhostis
namedfoo.bar.com, theserviceprincipalshouldbenamed
netsolve/foo.bar.com:

UNIX> kadmin

(if youdon’t haveaKerberosticketyet,kadmin will try to getonefor you based
onyour UNIX username.If thereis aKerberosprincipalfor thatusername,
andthatprincipalhastheability to createnew principals,just typein your
passwordwhenaskedto do so.Otherwiserun kinit to geta ticket for some
otherprincipal- onethathastheability to createnew principals- andthenrun
kadmin again.)

UNIX> kadmin: addprincipal -randkey netsolve/foo.bar.com
UNIX> kadmin: ktadd -
k /etc/netsolve.keytab netsolve/foo.bar.com

Thiswill extractthekey into thefile /etc/netsolve.keytab. Youcanput this
keytabany placeyouwantit but it mustbeona local filesystem.If youput the
file onaNFS-mountedfilesystemthen(a)youwill compromisethesecurityof
yourserverby exposingthekey to eavesdroppers,and(b) there’s agood
chancethatNFSfile lockingbugswill causeyourNetSolveserver to get
wedged.
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e. While you’reat it, you mightwantto defineotherserviceprincipalsfor the
samehost.For instance,aserviceprincipalof theform host/foo.bar.comis
neededif youwantto allow Kerberizedloginsto thathost.This is
straightforward:

UNIX> kadmin: addprincipal -randkey host/foo.bar.com
UNIX> kadmin: ktadd host/foo.bar.com

f. Makesurethat/etc/netsolve.keytab is readableonly by theUNIX
user-id thatwill run theNetSolveserver. (Permissionsshouldbe0600,
-rw-------). Theownershouldnot beroot.

18.4. Running a Kerberiz ed Server

1. You musthaveaNetSolveagentrunningsomewherefirst.

2. You mustbeloggedinto UNIX astheownerof the/etc/netsolve.keytab
file, sincetheserverneedsto beableto readthisfile.

3. Setup theenvironmentvariables:

UNIX> setenv NETSOLVE_AGENT netsolve.agent.host
UNIX> setenv NETSOLVE_KEYTAB /etc/netsolve.keytab
UNIX> setenv NETSOLVE_USERS /etc/netsolve.users

TheNETSOLVE_USERSfile is a text file thatcontainsa list of Kerberosprincipal
names,oneperline, who areauthorizedto usetheserver. It is reopenedeachtime
ausertriesto authenticateto theserver, soyoucanadduserswhile theserver is
running.

4. Starttheserver

UNIX> /path/to/netsolve/server -k &
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If youdonot usethe-k flag, theserverwill not requireauthentication.
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Chapter 19. Using the Network Weather
Service

19.1. Intr oduction
In NetSolve,asin othermetacomputingsystems,theschedulingof tasksto available
resourcesis difficult. NetSolveusesa limited load-balancingstrategy to improvethe
utilizationof computationalresources.This load-balancingstrategy takesinto account
thecurrentworkloadof thecomputationalresourcesavailablein theNetSolvesystem.
In schedulingtheclient’s requestsovera network, theworkloadestimateshouldbe
“forecast”for whenthecomputationwill execute,andnota workloadestimate
obtainedat a timeprior to therequest.Therearealsoothercharacteristicsof distributed
metacomputingresourcessuchastheCPUspeedof theresource,theamountof
physicalmemoryof theresource,aswell asthelatency/bandwidthfrom theclient to
thecomputationalresource,thatcanbeeffectively utilized in schedulingdecisionsfor
thecomputationalresources.

TheNetwork WeatherService(NWS) is asystemwhich providesawayof forecasting
dynamicallychangingperformancecharacteristics,suchastheworkload,from
distributedmetacomputingresources.IntegratingNWSinto NetSolve improvesthe
load-balancingstrategy by takinginto accountthefutureloadinsteadof thecurrent
loadof thecomputationalresources.

19.2. To Use NWS:
To useNWSwithin NetSolve,onemustenabletheNWSfeatureby typing

UNIX> ./configure --with-nws=NWS_DIR
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duringtheconfigurephaseof NetSolve,whereNWS_DIR denotesthelocationof the
NWS directory. NWSis downloadablefrom theNWSwebpage (http://nws.cs.utk.edu/)

19.3. NWS Components utiliz ed in NetSolve

Nameserver

ThisprocessimplementsaDNS-likedirectorycapabilityusedto bindprocessand
datanameswith low-level contactinformation.It knowswhichhostsarerunning
in theNWSsystem,andprovidesadatabase(name,location,function)for the
NWSprocesses.To ensurethatall hostsareknown andwell-referenced,there
mustbeonly onenameserverperNWSsystem.Theaddressof thenameserver
processis theonly well-known addressusedby thesystem,allowing bothdataand
serviceto bedistributed.All NWSprocessesmustregistertheir name,their
locationandtheir functionwith thenameserverassoonasthey arestarted.One
roleof thenameserver is to know at any timewhereis thememorycorresponding
to asensor.

Sensor

Thesensoris amonitoringprocessrunningoneachresource.It periodically
measurestheworkloadof theresourceandsendsthis informationto thememory
processdescribedbelow. Moreover, it empiricallymeasuresthenetwork
“weather”betweenacollectionof specifiedhosts.A sensorexecutesinfinitely to
providerecentmeasurementsat any time.Theearliertheprocessis started,the
morenumerousarethemeasurementsandthusthemoreaccuratearetheforecasts.

Memory

Thememoryprocessstoresmeasurementssentby sensorsandretrieves
measurementsfor theforecaster. As thesemeasurementsrepresentakey in NWS,
they areimmediatelywritten to thememoryandstoredwith a timestampanda
valuenamecorrespondingto thehost/experimentto which they correspond.
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Forecaster

Theforecastergeneratespredictionsby requestingtherelevantmeasurement
historyfrom thememoryprocess.As themeasurementsarecontinuallyupdated
by asensor, themostrecentdatawill beavailableto theforecasterwhenit makes
its request.

A nameservermustbestartedfirst in anNWSsystem,asall otherNWSprocesses
dependuponit. After startingthenameserver, memoriescanthenregisterthemselves,
andsensoror forecasterprocessescanbeinitializedon any host.

Thedefault portnumbersreservedfor theNWSprocesses(nameserver, memory,
forecaster, andsensor)arespecifiedin thefile
$NETSOLVE_ROOT/include/nwsutils.h.

Theintegrationof NWSinto NetSolve requiresthestartupof NWSprocesses,their
managementandtheaccurateuseof theforecaster. TheNWSprocesses(nameserver,
memory, forecaster, andsensor)canbestartedin variousplaceswithin NetSolve.We
now presentour designfor theintegrationandmotivateourchoices.

19.4. NetSolve agent and the NWS nameser ver,
memor y and forecast

As previouslystated,only oneNWSnameservercanexist in anNWSsystem,andthis
processmustbeplacedin NetSolvewhereit will have full knowledgeof the
computationalresourcesandbevisible to all componentsof theNetSolvesystem.The
Netsolveagentis the“brain” of theNetSolvesystem,knowing how many resources
exist andwherethey arelocated,andmakingall decisionson theexecutionof requests
in thesystem.Moreover, theNetSolveagentis known by all componentsof the
NetSolvesystem.Thus,thelogical choicefor theplacementof theNWS nameserver is
on theNetSolveagent.

Thefirst startedagentin NetSolve is calledthemaster. During its initialization,a
nameserverandamemoryarestarted.In factthememoryis startedfor thesakeof
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simplicity. Indeed,themasteragentis known by thewholesystem.It enableseach
sensorto registerandeasilystoreits measurements.Furthermorethis schemeavoids
unnecessarycommunicationcosts.A forecasterprocessis thenstartedby eachagent.It
generatesinformationassoonasneededby theagent.Thus,eachagentpossessesits
own forecasterandcandealwith client requests.We shallnow examinewhathappens
on computationalresources.

19.5. NetSolve server and the NWS sensor
As soonasaNetSolveserver (computationalresource)is addedto theNetSolve
system,it is necessaryto startanNWS sensor. Thissensoris startedon theserverafter
its registrationwith theagentto avoid any incoherency with theNetSolvesystem.The
NWS sensoris totally independentfrom theNetSolveprocessesrunningon theserver.

At present,theNWSsensoris only detectingtheCPUspeedof thecomputational
resource.Futureimplementationswill expandthis functionalityto includemonitoring
for theamountof physicalmemoryavailablepercomputationalresource,aswell asthe
latency/bandwidthof thecommunicationbetweeneachserverandtheclient.These
improvementswill requireanadditionalsensorto bestartedon theclient.
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Infrastructure (DSI) in NetSolve

20.1. Intr oduction
TheDistributedStorageInfrastructure(DSI) in NetSolve1.4is anew featureaddedto
NetSolve.It is afirst attempttowardsachieving coschedulingof thecomputationand
datamovementover theNetSolveGrid. TheDSI APIshelptheuserin controllingthe
placementof datathatwill beaccessedby aNetSolveservice.This is usefulin
situationswherea givenserviceaccessesasingleblock of dataanumberof times.
Insteadof multiple transmissionsof thesamedatafrom theclient to theserver, theDSI
featurehelpsto transferthedatafrom theclient to astorageserver justonce,and
relatively cheapmultiple transmissionsfrom thestorageserver to thecomputational
server. ThusthepresentDSI featurehelpsNetSolve to operatein acache-like setting.
Presently, only InternetBackplaneProtocol(IBP) is usedfor providing thestorage
service.In thefuture,we hopeto integrateothercommonlyavailablestorageservice
systems.

20.2. To Use DSI:
To useDSI, oneshouldenabletheDSI featurebothat theNetSolveclient andthe
server. Type

UNIX> ./configure --with-ibp=IBP_DIR

duringtheinitial configureof NetSolve.HereIBP_DIR denotesthelocationof theIBP
directory. This is specificallythedirectoryof theIBP full distributiondownloadable
from theIBP website (http://icl.cs.utk.edu/ibp/)
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20.3. DSI APIs:
TheDSI APIs aremodeledaftertheUNIX file manipulationcommands(open,close
etc.)with a few extra parametersthatarespecificto theconceptsof DSI. Thissection
providesthesyntaxandsemanticsof thedifferentDSI APIs availableto theNetSolve
user.

DSI_FILE* ns_dsi_open(char* host_name, int flag, int
permissions, int size, dsi_type storage_system);

host_name

Nameof thehostwheretheIBP server resides.

flag

Thisflaghasthesamemeaningastheflag in open() callsin C. Specifically
O_CREAT is usedfor creatinga dsi file andsoon.

permissions

While creatingthefile with O_CREAT flag, theusercanspecifythepermissions
for himselfandothers.Thepermissionsaresimilar to theonesusedin UNIX.
Henceif theuserwantsto setread,write, executepermissionsfor himselfand
readandwrite permissionsfor others,hewouldcall ns_dsi_open with 74 asthe
valuefor thepermissions.

size

Representsthemaximumlengthof theDSI file. Write or readoperationsover this
sizelimit will returnanerror.

storage_system

At present,IBP.
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ns_dsi_open() is usedfor allocatingachunkof storagein theIBP storage.On
success,ns_dsi_open returnsapinterto theDSI file. On failure,returnsNULL.
Following arethevariouserrorvaluessetin caseof failure.

NetSolveUnknownDsiFile

If thefile doesnotexist andif thefile is openedwithout O_CREAT.

NetSolveIBPAllocateError

Errorwhile allocatingIBP storage.

NetSolveDsiDisabled

If DSI is notenabledin theNetSolveconfiguration.

int ns_dsi_close(DSI_FILE* dsi_file);

dsi_file

Pointerto theDSI file.

ns_dsi_close() is usedfor closingaDSI file.

On successreturns1. On failure,returns-1. Following arethevariouserrorvaluesset
in caseof failure.

NetSolveIBPManageError

Error in IBP internalswhile closing.

NetSolveDsiDisabled

If DSI is notenabledin theNetSolveconfiguration.

DSI_OBJECT* ns_dsi_write_vector(DSI_FILE* dsi_file, void* data,
int count, int data_type);
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dsi_file

Thenameof theDSI file wherethevectorwill bewritten.

data

Vectorto write to theDSI storage.

count

Numberof elementsin thevector.

data_type

Oneof netsolvedatatypes.

ns_dsi_write_vector() is usedfor writing avectorof aparticulardatatypeto a
DSI file.

On success,ns_dsi_write_vector() returnsapointerto theDSI objectcreatedfor
thevector. On failure,returnsNULL. Following arethevariouserrorvaluessetin case
of failure.

NetSolveIBPStoreError

Errorwhile storingthevectorin IBP.

NetSolveDsiEACCESS

Not enoughpermissionsfor writing to theDSI file.

NetSolveDsiDisabled

If DSI is notenabledin theNetSolveconfiguration.

DSI_OBJECT* ns_dsi_write_matrix(DSI_FILE* dsi_file, void* data,
int rows, int cols, int data_type);

Samefunctionalityandreturnvaluesasns_dsi_write_vector() except
ns_dsi_write_matrix() is usedto write matrixof rows rowsandcols columns.
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int ns_dsi_read_vector(DSI_OBJECT* dsi_obj, void* data, int
count, int data_type);

dsi_obj

Pointerto theDSI objectthatcontainsthedatato read.

data

Actual vectorto read.

count

Numberof elementsof thevectorto read.

data_type

Oneof NetSolvedatatypes.

On success,returnsthenumberof elementsread.On failure,returns-1. Following are
thevariouserrorvaluessetin caseof failure.

NetSolveIBPLoadError

Errorwhile loadingthevectorfrom IBP.

NetSolveDsiEACCESS

Not enoughpermissionsfor readingfrom theDSI file.

NetSolveDsiDisabled

If DSI is notenabledin theNetSolveconfiguration.

int ns_dsi_read_matrix(DSI_OBJECT* dsi_obj, void* data, int
rows, int cols, int data_type);
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Samefunctionalityandreturnvaluesasns_dsi_read_vector() except
ns_dsi_read_matrix() is usedto readmatrixof rows rowsandcols columns.

20.4. Example
Thissectionshows two exampleprograms.Thefirst programsolvesquicksortwithout
usingtheDSI feature.Thesecondprogramsolvesthesamequicksort,but with using
thedsi feature.

Figure 20-1.Example1 (without usingDSI)

int main(){
int i;
int length;
int* inputVec;
int* outputVec;
int status;

printf("Enter the number of vector elements: \n");
scanf("%d", &length);

inputVec = (int*)malloc(sizeof(int)*length);
outputVec = (int*)malloc(sizeof(int)*length);

for(i=0; i<length; i++){
printf("Element %d: ", i+1);
scanf("%d", &inputVec[i]);

}

status = netsl("iqsort()", length, inputVec, outputVec);

printf("\n\nSorted Elements: \n");
for(i=0; i<length; i++)
printf("%d ", outputVec[i]);
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printf("\n");

return 0;
}

Figure 20-2.Example2 (usingDSI)

int main(){
int i;
int length;
int* inputVec;
int* outputVec;
int status;
DSI_FILE* dsi_file;
DSI_OBJECT* dvec;

printf("Enter the number of vector elements: \n");

scanf("%d", &length);

inputVec = (int*)malloc(sizeof(int)*length);
outputVec = (int*)malloc(sizeof(int)*length);

for(i=0; i<length; i++){
printf("Element %d: ", i+1);
scanf("%d", &inputVec[i]);

}

dsi_file = ns_dsi_open("torc1.cs.utk.edu", O_CREAT|O_RDWR , 744 , 3000, IBP);
if(dsi_file == NULL){
printf("error in open\n");

}

dvec = ns_dsi_write_vector(dsi_file, in-
putVec, 10, NETSOLVE_D);

if(dvec == NULL){
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printf("error in write\n");
}

status = netsl("iqsort()", length, dvec, outputVec);

printf("\n\nSorted Elements: \n");
for(i=0; i<length; i++)
printf("%d ", outputVec[i]);

printf("\n");

ns_dsi_close(dsi_file);

return 0;

}
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Chapter 21. Matlab Reference Manual
In this appendix,wedescribeall of theNetSolvecallsthatcanbeinvokedfrom within
Matlab. In thecaseof anerror, all of thesecallswill print verysimpleandexplicit error
messages.Theusershouldreferto Chapter24 for a list of all possibleNetSolveerror
messages.

>> netsolve

Printsto thescreenthelist of all problemsthatareavailablein theNetSolve
system.

>> netsolve(’<problem name>’)

Printsall informationavailablefrom Matlababoutaspecificproblem.

>> netsolve(’?’)

Printsthelist of all theagentsandserversin theNetSolvesystem,thatis, the
NetSolvesystemcontainingthehostwhosenameis in theenvironmentvariable
NETSOLVE_AGENT.

>> [ ... ] = netsolve(’<problem name>’, ...)

Sendsa blocking requestto NetSolve.Theleft-handsidecontainstheoutput
arguments.Theright-handsidecontainstheproblemnameandtheinput
arguments.Theargumentsarelistedaccordingto theproblemdescription.Upon
completionof thiscall, theoutputargumentscontaintheresultof thecomputation.

>> [r] = netsolve_nb(’send’,’<problem name>’, ...)

Sendsa non-blocking requestto NetSolve.Theright-handsidecontainsthe
keywordsend, theproblemname,andthelist of inputarguments.These
argumentsarelistedaccordingto theproblemdescription.Theleft-handsidewill
containa requesthandleruponcompletionof thecall.
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>> [ ... ] = netsolve_nb(’wait’,r)

Waits for a request’scompletion.Theright-handsidecontainsthekeywordwait
andtherequesthandler. Theleft-handsidecontainstheoutputarguments.These
argumentsarelistedaccordingto theproblemdescription.Uponcompletionof
thiscall, theoutputargumentscontaintheresultof thecomputation.

>> [ status ] = netsolve_nb(’probe’,r)

Probesfor a requestcompletion.Theright-handsidecontainsthekeyword
probe andtherequesthandler. Theleft-handsidecontainstheoutputarguments.
Theseargumentsarelistedaccordingto theproblemdescription.Theright-hand
sidecontainsthekeywordprobe andtherequesthandler. Uponcompletionof
thiscall, theoutputargumentscontaintheresultof thecomputation.

>> netsolve_nb(’status’)

Printsout thelist of all thependingrequests.This list containsestimatedtimeof
completion,thecomputationalservershandlingtherequestsandthecurrentstatus.
ThestatuscanbeCOMPLETED or RUNNING.

>> netsolve_err

Returnstheerrorcodeof themostrecentlycalledNetSolve function.

>> netsolve_errmsg(e)

Returnsastringcontainingtheerrormessagethatcorrespondsto theerrorcode
passedastheargument.
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Wedescribehereall of thepossiblecallsto NetSolve from C. All of thesecallsreturna
NetSolvecodestatus.Thelist of thepossiblecodestatusis givenin Chapter24.

status = netsl("<problem name()>()", ...)

Sendsa blocking requestto NetSolve.netsl() takesasargumentthenameof
theproblemandthelist of argumentsin thecallingsequence.SeeSection5.2for a
discussionaboutthis callingsequence.It returnstheNetSolvestatuscode(integer
status). If thecall is successful,theresultof thecomputationis storedin the
outputarguments.Theoutputargumentsarespecifiedin thecallingsequence.

status = netslnb("<problem name()>()", ...)

Sendsa nonblocking requestto NetSolve.netslnb() takesasargumentthe
nameof theproblem,andthelist of argumentsin thecallingsequence.SeeSection
5.2for adiscussionaboutthiscallingsequence.It returnstheNetSolvestatuscode
(integerstatus). If thecall is successful,status containstherequesthandler.

status = netslwt(<request handler>)

Waits for a requestcompletion.netslwt() takesasargumenta requesthandler
(aninteger).If thecall is successful,theresultof thecomputationis storedin the
outputarguments.Theoutputargumentsarespecifiedin thecallingsequence
duringthecall to netslnb().

status = netslpr(<request handler>)

Probesfor a requestcompletion.netslpr() takesasargumenta request
handler(aninteger).If thecall is successful,theresultof thecomputationis stored
in theoutputarguments.Theoutputargumentsarespecifiedin thecalling
sequenceduringthecall to netslnb().
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netslerr(<error code>)

Displaysanexplicit errormessagegivenaNetSolveerrorcode.

netslmajor("<major>")

Setstheway theuserhasstoredhermatrices(row- or column-wise).The
argumentcanbe"col" or "row". It is case-insensitiveandin factonly thefirst
characteris usedby NetSolve.
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Wedescribehereall thepossiblecallsto NetSolve from Fortran.All thesecallsreturna
NetSolvecodestatus.Thelist of thepossiblecodestatusis givenin Chapter24.

CALL FNETSL(’<problem name()>}()’,INFO, ...)

Sendsa blocking requestto NetSolve.FNETSL() takesasargumentthenameof
theproblem,aninteger, andthelist of argumentsin thecallingsequence.See
Section5.2 for adiscussionaboutthis callingsequence.Whenthecall returns,the
integerINFO containstheNetSolvestatuscode.If thecall is successful,theresult
of thecomputationis storedin theoutputarguments.Theoutputargumentsare
specifiedin thecallingsequence.

CALL FNETSLNB(’<problem name()>}()’,INFO, ...)

Sendsa nonblocking requestto NetSolve.FNETSLNB() takesasargumentthe
nameof theproblem,aninteger, andthelist of argumentsin thecallingsequence.
SeeSection5.2 for adiscussionaboutthis callingsequence.It returnsthe
NetSolvestatuscode(integerstatus). If thecall is successful,status
containstherequesthandler.

CALL FNETSLWT(<request handler>,INFO)

Waits for a requestcompletion.FNETSLWT() takesasargumenta request
handlerandaninteger. Whenthecall returns,INFO containstheNetSolvestatus
code.If thecall is successful,theresultof thecomputationis storedin theoutput
arguments.Theoutputargumentsarespecifiedin thecallingsequenceduringthe
call to FNETSLNB().

CALL FNETSLPR(<request handler>,INFO)

Probesfor a requestcompletion.FNETSLPR() takesasargumenta request
handlerandaninteger. Whenthecall returns,INFO containstheNetSolvestatus
code.If thecall is successful,theresultof thecomputationis storedin theoutput
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arguments.Theoutputargumentsarespecifiedin thecallingsequenceduringthe
call to FNETSLNB().

CALL FNETSLERR(<error code>)

Displaysanexplicit errormessagegivenaNetSolveerrorcode.

CALL FNETSLMAJOR(’<major>’)

Setstheway theuserhasstoredhermatrices(row- or column-wise).The
argumentcanbe’col’ or ’row’. It is case-insensitiveandin factonly thefirst
characteris usedby NetSolve.

162



Chapter 24. Error Handling in NetSolve
If anerroroccursduringtheinvocationof NetSolve,avarietyof diagnosticruntime
errormessages,aswell aserrorcodesthatcanbereturnedwhencallinga NetSolve
functionfrom theC or Fortraninterfaces,areprovided.Table24-1listsall of the
possibleerrorcodesthatcanbereturnedwheninvokingaNetSolve functionfrom theC
or Fortraninterfaces.Theseerrorcodesarelistedin the
$NETSOLVE_ROOT/include/netsolveerror.h includefile. Eachof thesereturn
codeshasanequivalentruntimeerrormessage,alsolistedin Table24-1.Theseruntime
errormessagesaredefinedin
$NETSOLVE_ROOT/src/CoreFunctions/netsolveerror.c. If oneof theseerror
messagesoccurs,theusershouldfirst checktheagentandserver log files,
$NETSOLVE_ROOT/nsagent.log or $NETSOLVE_ROOT/nsserver.log,
respectively. Thesefilesmaycontainmoreinformationto clarify thereasonfor the
errormessage.Otherwise,theusercanreferto Chapter12 for anexplanationof
possiblecausesfor specificerrormessages.

Table 24-1.Err or Codes

ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveOK 0 NS: noerror

NetSolveNotReady -1 NS: not ready

NetSolveSetNetSolveAgent -2 NS:NETSOLVE_AGENT not set

NetSolveSetNetSolveRoot -3 NS:NETSOLVE_ROOT not set

NetSolveSetNetSolveArch -4 NS:NETSOLVE_ARCH not set

NetSolveInternalError -5 NS: internalerror

NetSolveUnknownHost -6 NS: Unknown host

NetSolveNetworkError -7 NS: network error

NetSolveUnknownProblem -8 NS: unknown problem
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ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveProtocolError -9 NS: protocolerror

NetSolveNoServer -10 NS: noavailableserver

NetSolveBadProblemSpecification -11 NS: badprobleminput/output

NetSolveNotAllowed -12 NS: notallowed

NetSolveBadValues -13 NS: badinputvalues

NetSolveDimensionMismatch -14 NS: dimensionmismatch

NetSolveNoSolution -15 NS: nosolution

NetSolveUnknownError -16 NS: unknown error

NetSolveInvalidRequestID -17 NS: invalid requestID

NetSolveBadProblemName -18 NS: invalid problemname

NetSolveInvalidMajor 19 NS: invalid majorspecification

NetSolveTooManyPendingRequests -20 NS: toomany pendingrequests

NetSolveFileError -21 NS: file I/O error

NetSolveUnknownDataFormat -22 NS: unknown machinetype

NetSolveInvalidUPFFilename -23 NS: invalid upf filename

NetSolveMismatch -24 NS: inconsistentobjecttransfers

NetSolveSystemError -25 NS: systemerror

NetSolveConnectionRefused -26 NS: connectionrefused

NetSolveCannotBind -27 NS: impossibleto bind to port

NetSolveUPFError -28 NS: impossibleto compileUPF

NetSolveUPFUnsafe -29 NS: UPFsecurityviolation

NetSolveServerError -30 NS: servererror

NetSolveBadIterationRange -31 NS: invalid interationrange

NetSolveFarmingError -32 NS: Oneor morerequestfailed

NetSolveCannotStartProxy -33 NS: Cannotstartproxy

164



Chapter24.Error Handlingin NetSolve

ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveUnknownServer -34 NS: Unknown server

NetSolveProxyError -35 NS: Errorwhile talking to proxy

NetSolveCondorError -36 NS: Condorerror

NetSolveCannotContactAgent -37 NS: Cannotcontactagent

NetSolveTimedOut -38 NS: operationtimedout

NetSolveAuthenticationError -39 NS: Authenticationto server failed

NetSolveUnknownHandle -40

NetSolveUnknownDsiFile -41 NS: DSI file not found

NetSolveIBPAllocateError -42 NS: errorin IBP_Allocate

NetSolveIBPManageError -43 NS: errorin IBP_Manage

NetSolveIBPLoadError -44 NS: errorin IBP_Load

NetSolveIBPStoreError -45 NS: errorin IBP_Store

NetSolveDsiEACCESS -46 NS: permissiondeniedto DSI file

NetSolveDsiDisabled -47 NS: NetSolvenotconfiguredwith DSI
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Appendix A. Complete C Example

/*******************************************************************/
/* Example of the C call to Net-
Solve */
/* This pro-
gram sends : */
/* */
/* -
One blocking request for the problem ’dgesv’ */
/* - One non-
blocking request for the problem ’dgesv’ */
/* */
/* and */
/* */
/* -
One blocking request for the problem ’linsol’ */
/* - One non-
blocking request for the problem ’linsol’ */
/* */
/* The problem ’linsol’ is a simplified ver-
sion of ’dgesv’ */
/* */
/* The matrices are stored column-
wise in a Fortran fashion */
/* */
/* WARNING : The matrix may be singular, in which case Net-
Solve */
/* will print out an error mes-
sage. */
/* */
/*******************************************************************/

#include <stdio.h>
#include "netsolve.h"
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>
#include <unistd.h>

main(int argc,char **argv)
{

int m; /* Size of the matrix and right-
hand side */

double *a1,*b1; /* Matrix and right-
hand side for the 1st call */

double *a2,*b2; /* Matrix and right-
hand side for the 2nd call */

double *a3,*b3; /* Matrix and right-
hand side for the 3rd call */

double *a4,*b4; /* Matrix and right-
hand side for the 4th call */

int *pivot; /* Vector of pivots re-
turned by ’dgesv’ */

int ierr; /* ’dgesv’ er-
ror code */

int i; /* Loop in-
dex */

int init=1325; /* Seed of the random number genera-
tor */

int info; /* NetSolve er-
ror code */

int request; /* NetSolve request han-
dler */

if (argc != 2)
{
fprintf(stderr,"Usage : %s <size>\n",argv[0]);
exit(0);

}
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if ((m = atoi(argv[1])) <= 0)
{
fprintf(stderr,"’%s’ : Should be a posi-

tive integer\n",argv[1]);
exit(0);

}

/*
* Generating the random mxm matrices, as well as the
* random right hand sides.
*/

fprintf(stderr,"Generating the problem ...\n");

a1 = (double *)malloc(m*m*sizeof(double));
a2 = (double *)malloc(m*m*sizeof(double));
a3 = (double *)malloc(m*m*sizeof(double));
a4 = (double *)malloc(m*m*sizeof(double));
for (i=0;i<m*m;i++) {
init = 2315*init % 65536;
a1[i] = (double)((double)init - 32768.0) / 16384.0;
a2[i] = a1[i]; /* */
a3[i] = a1[i]; /* In this exam-

ple, we solve 4 times the same problem */
a4[i] = a1[i]; /* */

}

b1 = (double *)malloc(m*sizeof(double));
b2 = (double *)malloc(m*sizeof(double));
b3 = (double *)malloc(m*sizeof(double));
b4 = (double *)malloc(m*sizeof(double));
for (i=0;i<m;i++) {
init = 2315*init % 65536;
b1[i] = (double)((double)init - 32768.0) / 16384.0;
b2[i] = b1[i];
b3[i] = b1[i];
b4[i] = b1[i];
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}
pivot = (int *)malloc(m*sizeof(double));

/* Calling Netsolve for ’dgesv’ in a blocking fashion */
/* For ’dgesv’, the right-hand side is overwritten */
/* with the solution */

netslmajor("Col");

fprintf(stderr,"Calling NetSolve for ’dgesv’, blocking :\n");
info = netsl("dgesv()",m,1,a1,m,pivot,b1,m,&ierr);
if (info <0)
{
netslerr(info);
exit(0);

}
if (ierr != 0)
fprintf(stderr,"Cannot solve for this Matrix and right-

hand side\n");
else
{
fprintf(stderr,"Solution :\n");
for (i=0;i<m;i++)

fprintf(stderr,"--> %f\n",b1[i]);
}

/* Calling Netsolve for ’dgesv’ in a non-blocking fashion */
/* For ’dgesv’, the right-hand side is overwritten */
/* with the solution */

fprintf(stderr,"Calling NetSolve for ’dgesv’, non-
blocking :\n");

request = netslnb("dgesv()",m,1,a2,m,pivot,b2,m,&ierr);
if (request <0)
{
netslerr(request);
exit(0);
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}
fprintf(stderr,"Request #%d being processed\n",request);
fprintf(stderr,"Probing......\n");
info = netslpr(request);
while(info == NetSolveNotReady)
{
sleep(4);
fprintf(stderr,".");
fflush(stderr);
info = netslpr(request);

}
fprintf(stderr,"\n");
if (info == NetSolveOK)
{

info = netslwt(request);
}

if (info < 0)
netslerr(info);

else
{

if (ierr != 0)
fprintf(stderr,"Cannot solve for this Matrix and right-

hand side\n");
else
{

fprintf(stderr,"Solution :\n");
for (i=0;i<m;i++)
fprintf(stderr,"\t--> %f\n",b2[i]);

}
}

/* Calling Netsolve for ’linsol’ in a blocking fashion */
/* For ’linsol’, the right-hand side is overwritten */
/* with the solution */

fprintf(stderr,"Calling NetSolve for ’linsol’, blocking :\n");
info = netsl("linsol()",m,1,a3,m,b3,m);
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if (info <0)
{
netslerr(info);

}
else
{
fprintf(stderr,"*************\n");
fprintf(stderr,"** Success **\n");
fprintf(stderr,"*************\n");
fprintf(stderr,"Solution :\n");
for (i=0;i<m;i++)

fprintf(stderr,"\t --> %f\n",b3[i]);
}

/* Calling Netsolve for ’linsol’ in a non-blocking fashion */
/* For ’linsol’, the right-hand side is overwritten */
/* with the solution */

fprintf(stderr,"Calling NetSolve for ’linsol’, non-
blocking :\n");

request = netslnb("linsol()",m,1,a4,m,b4,m);
if (info <0)
{
netslerr(info);
exit(0);

}
fprintf(stderr,"Request #%d being processed\n",request);
fprintf(stderr,"Probing......\n");
info = netslpr(request);
while(info == NetSolveNotReady)
{
sleep(4);
fprintf(stderr,".");
fflush(stderr);
info = netslpr(request);

}
fprintf(stderr,"\n");
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if (info == NetSolveOK)
{

info = netslwt(request);
}

if (info < 0)
netslerr(info);

else
{
fprintf(stderr,"*************\n");
fprintf(stderr,"** Success **\n");
fprintf(stderr,"*************\n");
fprintf(stderr,"Solution :\n");
for (i=0;i<m;i++)

fprintf(stderr,"\t--> %f\n",b4[i]);
}

return 1;
}
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C Example of the FORTRAN call to NetSolve
C This program sends :
C
C - One blocking request for the problem ’dgesv’
C - One non-blocking request for the problem ’dgesv’
C
C and
C
C - One blocking request for the problem ’linsol’
C - One non-blocking request for the problem ’linsol’
C
C The problem ’linsol’ is a simplified version of ’dgesv’
C
C WARNING : The matrix may be singular, in which case NetSolve
C will print an error message.
C

PROGRAM EXAMPLE

INCLUDE ’../../include/fnetsolve.h’

INTEGER MAX
PARAMETER (MAX = 500)
INTEGER M
DOUBLE PRECISION A1(MAX,MAX)
DOUBLE PRECISION A2(MAX,MAX)
DOUBLE PRECISION A3(MAX,MAX)
DOUBLE PRECISION A4(MAX,MAX)
DOUBLE PRECISION B1(MAX)
DOUBLE PRECISION B2(MAX)
DOUBLE PRECISION B3(MAX)
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DOUBLE PRECISION B4(MAX)

INTEGER PIVOT(MAX)
INTEGER IERR

INTEGER I,J, II, III
INTEGER INIT
INTEGER INFO,REQUEST

EXTERNAL FNETSL, FNETSLNB, FNETSLPB, FNETSLWT

INTRINSIC DBLE, MOD

WRITE(*,*) ’Enter the size of your matrix M =’
READ(*,*) M

IF(M.GT.MAX) THEN
WRITE(*,*) ’Too big !!’
STOP

ENDIF

C
C Generating the matrices
C

WRITE(*,*) ’Generating the problem ...’
INIT = 1325
DO 10 I = 1,M

DO 11 J = 1,M
INIT = MOD(2315*INIT,65536)
A1(J,I) = (DBLE(INIT) - 32768.D0)/16384.D0
A2(J,I) = A1(J,I)
A3(J,I) = A1(J,I)
A4(J,I) = A1(J,I)

11 CONTINUE
10 CONTINUE

175



AppendixB. CompleteFortran77Example

C
C Generating the right-hand sides
C

DO 12 I = 1,M
INIT = MOD(2315*INIT,65536)
B1(I) = (DBLE(INIT) - 32768.D0)/16384.D0
B2(I) = B1(I)
B3(I) = B1(I)
B4(I) = B1(I)

12 CONTINUE

C Calling Netsolve for ’dgesv’ in a blocking fashion
C For ’dgesv’, the right-hand side is overwritten
C with the solution

WRITE(*,*) ’Calling NetSolve for "dgesv", blocking :’
CALL FNETSL( ’dgesv()’,INFO,M,1,A1,MAX,PIVOT,B1,MAX,IERR )
IF( INFO.LT.0 ) THEN

CALL FNETSLERR( INFO )
STOP

END IF
IF( IERR.NE.0 ) THEN

WRITE(*,*) ’Cannot solve for this Matrix and right-
hand side’

ELSE
WRITE(*,*) ’*************’
WRITE(*,*) ’** Success **’
WRITE(*,*) ’*************’
WRITE(*,*) ’ Result :’
DO 13 I = 1,M
WRITE(*,*) ’ --> ’,B1(I)

13 CONTINUE
END IF

C Calling Netsolve for ’dgesv’ in a non-blocking fashion
C For ’dgesv’, the right-hand side is overwritten
C with the solution
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WRITE(*,*) ’Calling NetSolve for "dgesv", non-blocking :’
CALL FNET-

SLNB( ’dgesv()’,REQUEST,M,1,A2,MAX,PIVOT,B2,MAX,IERR )
IF( REQUEST.LT.0 ) THEN

CALL FNETSLERR( REQUEST )
STOP

END IF
WRITE(*,*) ’Request #’,INFO,’ being processed’
WRITE(*,*) ’Probing......’

14 CONTINUE
CALL FNETSLPR( REQUEST, INFO )
IF( INFO.EQ.NetSolveNotReady ) THEN

DO 21 II=1,50
III = II + 3*II

21 CONTINUE
GO TO 14

END IF
IF( INFO.EQ.NetSolveOK )

$ CALL FNETSLWT( REQUEST, INFO )

IF( IERR.NE.0 ) THEN
WRITE(*,*) ’Cannot solve for this Matrix and right-

hand side’
ELSE

WRITE(*,*) ’*************’
WRITE(*,*) ’** Success **’
WRITE(*,*) ’*************’
WRITE(*,*) ’ Result :’
DO 16 I = 1,M
WRITE(*,*) ’ --> ’,B2(I)

16 CONTINUE
END IF

C Calling Netsolve for ’linsol’ in a blocking fashion
C For ’linsol’, the right-hand side is overwritten
C with the solution
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WRITE(*,*) ’Calling NetSolve for "linsol", blocking :’
CALL FNETSL( ’linsol()’,INFO,M,1,A3,MAX,B3,MAX )
IF( INFO.LT.0 ) THEN

CALL FNETSLERR( INFO )
ELSE

WRITE(*,*) ’*************’
WRITE(*,*) ’** Success **’
WRITE(*,*) ’*************’
WRITE(*,*) ’ Result :’
DO 17 I= 1,M
WRITE(*,*) ’ -->’,B3(I)

17 CONTINUE
END IF

C Calling Netsolve for ’linsol’ in a non-blocking fashion
C For ’linsol’, the right-hand side is overwritten
C with the solution

WRITE(*,*) ’Calling NetSolve for "linsol", non-blocking :’
CALL FNETSLNB( ’linsol()’,REQUEST,M,1,A4,MAX,B4,MAX )
IF( REQUEST.LT.0 ) THEN

CALL FNETSLERR( INFO )
STOP

END IF
WRITE(*,*) ’Request #’,REQUEST,’ being processed’
WRITE(*,*) ’Probing......’

18 CONTINUE
CALL FNETSLPR(REQUEST,INFO)
IF (INFO.EQ.NetSolveNotReady) THEN

DO 22 II=1,50
III = II + 3*II

22 CONTINUE
GO TO 18

END IF
IF( INFO.EQ.NetSolveOK )

$ CALL FNETSLWT( REQUEST, INFO )
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IF( INFO.LT.0 ) THEN
CALL FNETSLERR( INFO )

ELSE
WRITE(*,*) ’*************’
WRITE(*,*) ’** Success **’
WRITE(*,*) ’*************’
WRITE(*,*) ’ Result :’
DO 20 I= 1,M
WRITE(*,*) ’ -->’,B4(I)

20 CONTINUE
END IF

STOP
END
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