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Preface

Who Should Read This Document
This Documentis intendedto provide thereaderwith a discussionof how to usethedifferent
componentsof theNetSolveSystemandto serveasareferencemanualfor thecommandsandfunctions
madeavailableby NetSolve.Althoughweoffer abrief discussionof theNetSolveSystem,thisdocument
is not necessarilyintendedto providedetailsabouttheNetSolvecomponents.Thereadershouldreferto
theNetSolvedocumentsin thereferencelist andreferto theDocumentationsectionof theNetSolve
homepage(http://icl.cs.utk.edu/netsolve/)for moreappropriatediscussionof theNetSolvesystem.

Thereaderis expectedto havesomelevel of familiarity with programmingandat leastoneprogramming
languages,preferablytheC language.Rudimentaryknowledgeof theUNIX™ operatingsystem
environmentandthemake utility will provehandyif installingandconfiguringNetSolve for theUNIX
environment.

Organization of This Document
This users’guideis dividedinto six parts.Thesepartsareaimedat theneedsof differenttypesof users.
Therefore,it is not necessaryfor a userto readall chaptersof thisusers’guide.

Part I: Introduction

Thispartof theusers’guideprovidesa generaloverview of theNetSolvesystem,aswell asa
discussionof relatedprojects.

Part II: TheUser’sManual

Thesechaptersareaimedat theaverageuserof NetSolvewho is only interestedin utilizing the
client interfaces.They provide installationinstructionsfor theclient software,adiscussionof the
availableclient interfacesandhow to utilize specificfeaturesof theNetSolvesystemsuchasrequest
farming,security, anduser-suppliedfunctions,anda troubleshootingsectionto explain
error-handlingwithin theNetSolvesystem.

Part III: TheAdministrator’sManual

Thesechaptersareaimedat theuserwhowill beinstallingandcustomizingastand-aloneNetSolve
system.They give installationinstructionsfor theagentandserversoftwareandthemanagement
tools,explanationsof how to enablenew softwareinto theNetSolvesystem,anda thorough
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Preface

explanationof thedesignof featuresin theNetSolvesystemsuchasrequestfarming,security, and
theuser-suppliedfunction.

Part IV: MiscellaneousFeatures

Thesechaptersprovidedetailedinformationonmiscellaneousfeaturesof theNetSolvesystemsuch
astheNetwork WeatherService(NWS).

Part V: Reference

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

Part VI: Appendices

Theseappendicesprovidesexampleprogramscalling theFortran77andC NetSolve interfaces.

Document Conventions

Program Output

Text thatis outputfrom a program.

UNIX>

TheUNIX promptatwhich commandscanbeentered.

User Input

Datato beenteredby theuser.

Replaceable

Contentthatmayor mustbereplacedby theuser.

Action

A responseto a userevent.

Constant

A programor systemconstant.

Function

Thenameof a functionor subroutine.
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Parameter

A valueor symbolicreferenceto a value.

Type

Theclassificationof a value.

Variable

Thenameof a variable.

Application

Thenameof a softwareprogram.

Command

Thenameof anexecutableprogramor othersoftwarecommand.

ENVAR

A softwareenvironmentvariable.

Filename

Thenameof a file.

Request for Comments
Pleasehelpusimprovefutureeditionsof this documentby reportingany errors,inaccuracies,bugs,
misleadingor confusingstatements,andtypographicalerrorsthatyoufind. Email yourbug reportsand
commentsto usat netsolve@cs.utk.edu.(mailto:netsolve@cs.utk.edu)Yourhelpis greatlyappreciated.
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Chapter 1. A NetSolve Overview

An Intr oduction to Distrib uted Computing
Theefficient solutionof largeproblemsis anongoingthreadof researchin scientificcomputing.An
increasinglypopularmethodof solvingthesetypesof problemsis to harnessdisparatecomputational
resourcesandusetheir aggregatepowerasif it werecontainedin asinglemachine.This modeof using
computersthatmaybedistributedin geography, aswell asownership,hasbeentermedDistributed
Computing. Someof themajorissuesconcernedwith DistributedComputingareresourcediscovery,
resourceallocationandresourcemanagement,fault-tolerance,securityandaccesscontrol,scalability,
flexibility andperformance.Variousorganizationshavedevelopedmechanismsthatattemptto address
theseissues,eachwith their own perspectivesof how to resolve them.

What is NetSolve?
NetSolve (http://icl.cs.utk.edu/netsolve/)is anexampleof a DistributedComputingsystemthathopesto
presentfunctionalitiesandfeaturesthata widevarietyof scientistswill find highly usefulandhelpful.

Backgr ound
Variousmechanismshavebeendevelopedto performcomputationsacrossdiverseplatforms.Themost
commonmechanisminvolvessoftwarelibraries.Unfortunately, theuseof suchlibrariespresentsseveral
difficulties.Somesoftwarelibrariesarehighly optimizedfor only certainplatformsanddo not providea
convenientinterfaceto othercomputersystems.Otherlibrariesdemandconsiderableprogrammingeffort
from theuser. While severaltoolshavebeendevelopedto alleviatethesedifficulties,suchtools
themselvesareusuallyavailableon only a limited numberof computersystemsandarerarelyfreely
distributed.Matlab[matlab]andMathematica[mathematica]areexamplesof suchtools.

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

Overview and Architecture
TheNetSolveprojectis beingdevelopedat theUniversityof Tennessee’sComputerScienceDepartment.
It providesremoteaccessto computationalresources,bothhardwareandsoftware.Built uponstandard
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Chapter1. A NetSolveOverview

Internetprotocols,likeTCP/IPsockets,it is availablefor all popularvariantsof theUNIX™ operating
system,andpartsof thesystemareavailablefor theMicrosoft Windows95™,Windows98™,Windows
NT™, andWindows2000™platforms.Testinghasnot yetbeenconductedon theWindowsME™
operatingsystem.

TheNetSolvesystemis comprisedof asetof looselyconnectedmachines.By looselyconnected,we
meanthatthesemachinesareon thesamelocal,wideor globalareanetwork, andmaybeadministrated
by differentinstitutionsandorganizations.Moreover, theNetSolvesystemis ableto supportthese
interactionsin aheterogeneousenvironment,i.e.machinesof differentarchitectures,operatingsystems
andinternaldatarepresentationscanparticipatein thesystemat thesametime.

Figure1-1.The NetSolveSystem

UsersApplications

Fault Tolerance
Load Balancing

Server
NS

Server
NS

Client Library
NS

Server
NS

Resource Allocation
Resource Discovery

NS Agent

Figure1-1shows theglobalconceptualpictureof theNetSolvesystem.In this figure,we canseethe
threemajorcomponentsof thesystem:

• TheNetSolveclient,

• TheNetSolveagent,

• TheNetSolvecomputationalresources(or servers).

Thefigurealsoshows therelationNetSolvehasto theapplicationsthatuseit. NetSolveandsystemslike
it areoftenreferredto asGrid Middleware;this figurehelpsto make thereasonfor this terminology
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Chapter1. A NetSolveOverview

clearer. Theshadedpartsof thefigurerepresenttheNetSolvesystem.It canbeseenthatNetSolveactsas
a gluelayerthatbringstheapplicationor usertogetherwith thehardwareand/orsoftwareit needsto
completeusefultasks.

At thetop tier, theNetSolveclient library is linkedin with theuser’sapplication.Theapplicationthen
makescallsto NetSolve’sapplicationprogramminginterface(API) for specificservices.Throughthe
API, NetSolveclient-usersgainaccessto aggregateresourceswithout theusersneedingto know
anythingaboutcomputernetworkingor distributedcomputing.In fact,theuserdoesnot evenhave to
know remoteresourcesareinvolved.

TheNetSolveagentmaintainsadatabaseof NetSolveserversalongwith their capabilities(hardware
performanceandallocatedsoftware)anddynamicusagestatistics.It usesthis informationto allocate
server resourcesfor client requests.Theagentfindsserversthatwill servicerequeststhequickest,
balancestheloadamongstits serversandkeepstrackof failedones.

TheNetSolveserver is a daemonprocessthatawaitsclient requests.Theservercanrun onsingle
workstations,clustersof workstations,symmetricmulti-processorsor machineswith massively parallel
processors.A key componentof theNetSolveserver is a sourcecodegeneratorwhich parsesa NetSolve
problemdescriptionfile (PDF).This PDFcontainsinformationthatallows theNetSolvesystemto create
new modulesandincorporatenew functionalities.In essence,thePDFdefinesawrapperthatNetSolve
usesto call functionsbeingincorporated.

The(hidden)semanticsof a NetSolverequestare:

i. Clientcontactstheagentfor a list of capableservers.

ii. Clientcontactsserverandsendsinput parameters.

iii. Server runsappropriateservice.

iv. Server returnsoutputparametersor errorstatusto client.

No root/superuserprivilegesareneededto install or useany componentof theNetSolvesystem.

Who is the NetSolve User?
Therearetwo typesof NetSolveusers.Thefirst typeof useris onewho installsandaccessesonly the
client interface(s)andutilizesexistingpoolsof resources(agent(s)andserver(s)).Thesecondtypeof
NetSolveuserinstallsandadministrateshis own NetSolvesystem(client,agent(s),server(s)),and
potentiallyenableshis softwareto beusedby NetSolve.ThisUsers’Guideaddressestheneedsof both
typesof users.If theuserwishesto only install theclient interface(s),heshouldfollow instructionsin
Part II. TheUser’sManual. However, if theuserswishesto install client,agent(s),andserver(s),he
shouldfollow theinstructionsin Part III. TheAdministrator’sManual.
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Notethattheterm"administrates"or "administrator"heresimply refersto thepersonsettingup and
maintainingtheNetSolveagentandservercomponents-- NO ROOT PRIVILEGESARE NEEDEDTO
INSTALL ORUSEANY COMPONENTOF THE NetSolveSYSTEM.

The Status of NetSolve
Theofficial releaseof NetSolve-1.4is July, 2001.Featuresimplementedin this releaseincludea new
Java GUI to aid in thecreationof PDFs,IBP-enabledclientsandservers,andmoreservermodulesfor
sparsematrix computations.TheJava interfaceandtheGlobusproxyarecurrentlybeingupdatedandare
not availablefor this release.A MicrosoftExcelinterfaceis alsounderdevelopment.NetSolvehasbeen
recognizedasa significanteffort in researchanddevelopment,andwasnamedin R& D Magazine’s top
100list for 1999.
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Chapter 2. Related Projects and Systems
Thereareavarietyof relatedprojects.

CONDOR

Condor (http://www.cs.wisc.edu/condor/)isa software systemthat runsona clusterof workstations
to harnesswastedCPU cycles.A Condorpool consistsof anynumberof machines,of possibly
differentarchitecturesandoperatingsystems,thatareconnectedbya network.

NetSolvecurrentlyhastheability to accessCONDORpoolsasits computationalresource.With
little effort, theservercanbeconfiguredto submittheclient’s requestto anexistingCONDORpool,
collecttheresults,andsendthemto theclient.

Globus

TheGlobusproject (http://www.globus.org/) is developingthefundamentaltechnologythat is
neededto build computationalgrids,executionenvironmentsthatenablean applicationto integrate
geographically-distributedinstruments,displays,andcomputationalandinformationresources.
Such computationsmaylink tensof hundredsof theseresources.

In its testingphaseis anew NetSolveclientwhich implementsaGlobusproxy to allow theclient to
utilize theGlobusgrid infrastructureif available.If not, theclient resortsto its presentbehavior.

IBP (InternetBackplaneProtocol)

IBP (http://icl.cs.utk.edu/ibp/)is a storagemanagementsystemwhichservesup writablestorageas
a wide-areanetwork resource,allows for theremotedirectionof storageactivities,anddecouples
thenotionof useridentificationfrom storage.

Currentlyavailablein NetSolveareIBP-enabledclientsandserversthatallow NetSolve to allocate
andschedulestorageresourcesaspartof its resourcebrokering.This leadsto muchimproved
performanceandfault-tolerancewhenresourcesfail.

Legion

Legion (http://legion.virginia.edu/) hasbeenincorporatedin sucha way to allow theclient-userto
programusingtheNetSolve interfacewhile leveragingtheLegionmeta-computingresources.The
NetSolveclient sideusesLegiondata-flow graphsto keeptrackof datadependencies.Thiseffort
hasbeenextendedonly to theFORTRAN interfacesandwasdoneby theLegiongroupat the
Universityof Virginia.
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Chapter2. RelatedProjectsandSystems

metaNEOS

ThemetaNEOSproject (http://www-unix.mcs.anl.gov/metaneos/)integratesfundamental
algorithmicresearch in optimizationwith research andinfrastructure tool developmentin
distributedsystemsmanagement.Algorithmsthat canexploit thepowerfulbut heterogeneous,
high-latencyandpossiblyfailure-pronevirtual hardwareplatformtypical of metacomputing
platformshavebeendevelopedin such areasasglobaloptimization,integer linear optimization,
integer nonlinearoptimization,combinatorialoptimization,andstochasticoptimization.

Ninf

Ninf (http://ninf.etl.go.jp)andNetSolveareremotecomputingsystemswhich areorientedto
providenumericalcomputations.Thesetwo systemsareverysimilar to eachotherin their design
andmotivation.Adaptershavebeenimplementedto enableeachsystemto usenumericalroutines
installedon theother.

NWS(Network WeatherService)

NWS (http://www.nws.npaci.edu/NWS/)is asystemthatusessensorprocesseson workstationsto
monitorthecpuandnetwork connection.It constantlycollectsstatisticson theseentitiesandhasthe
ability to incorporatestatisticalmodelsto runon thecollecteddatato generatea forecastof future
behavior.

NetSolvehasintegratedNWSinto its agentto helpits effortsof determiningwhich computational
serverswouldyield resultsto theclient mostefficiently.
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II. The User’s Manual
Theuserhastwo choiceswheninstallingNetSolve.He caninstall only theclient softwareanduse
existing poolsof resources(agent(s)andserver(s)),or hecaninstall his own stand-aloneNetSolve
system(client,agent(s)andserver(s)).If theuserwishesto only install theclient interface(s),heshould
follow instructionsin Part II. TheUser’sManual. However, if theuserswishesto install client,agent(s),
andserver(s),heshouldfollow theinstructionsin Part III. TheAdministrator’sManual.
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Chapter 3. Downloading, Installing, and Testing
the Client

TheNetSolveclient softwareis availablefor UNIX/UNIX-lik eoperatingsystemsandWindows
environments.All of theclient,agent,andserversoftwareis bundledinto onetar-gzippedfile. Thereis a
separatedistribution tarfile for Unix andWindows installations.No root/superuserprivilegesareneeded
to install or useany componentof theNetSolvesystem.

Installation on Unix Systems
TheNetSolvedistribution tarfile is availablefrom theNetSolvehomepage.
(http://icl.cs.utk.edu/netsolve/download/NetSolve-1.4.tgz)Oncethefile hasbeendownloaded,the
following UNIX commandswill createtheNetSolve directory:

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

Fromthis point forward,weassumethattheUNIX SHELL is from thecshfamily.

Theinstallationof NetSolve is configuredfor agivenarchitectureusingtheGNU 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]
[--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]

20



Chapter3. Downloading, Installing, andTestingtheClient

[--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]
[--with-mldk=MLDK_PATH]

where
C_COMPILER = default is to use gcc
C_NOOPT_FLAGS = C compiler 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 compiler flags to be used on files that

must be compiled without optimization
F77_OPT_FLAGS = Fortran77 compiler optimization flags (e.g., -O)
LOADER_FLAGS = Flags to be passed only to the loader
NWSDIR = directory where NWS is installed (optional)
IBPDIR = directory where IBP is installed (optional)
PROXY_TYPE = currently supported values are netsolve

and globus (default is netsolve)
OUTPUT_LEVEL = currently supported values are debug, 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 directory (optional)
AZTEC_DIR = location of Aztec installation directory (optional)
AZTEC_LIB = Aztec link line (optional)
SUPERLU_DIR = location of SuperLU installation directory (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)
MLDK_PATH = Path to MathLink Development Kit (optional)

All argumentsareoptional.Theoptionsparticularlypertinentto NetSolveare:
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--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]

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 installation 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
--with-mldk=MLDK_PATH Path to MathLink Development Kit

Theconfigurescriptcreatestwo mainfiles, ./conf/Makefile.$NETSOLVE_ARCH.incand
./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
$NETSOLVE_ROOT is thecompletepathnameto theinstalledNetSolvedirectoryanddefinedin
./conf/Makefile.inc. These*.inc filesareincludedby theMakefilesthatbuild theNetSolvesystem.
Manuallyeditingtheseconfigurationfiles is stronglydiscouraged.However, if theuserprefersto edit
this file, detailsof the$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file areexplained
in thesectioncalledDetailsof theMakefile.NETSOLVE_ARCH.incFile in Chapter12.

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

UNIX> make C Fortran tools test

to build theC andFortranclient interfaces,NetSolvemanagementtools(seeChapter16),andNetSolve
testsuite(seethesectioncalledTestingtheSoftware in Chapter13).To build theMatlabclient interface
to NetSolve,type

UNIX> make matlab

andto build theMathematicaclient interfaceto NetSolve, type
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UNIX> make mathematica

As previouslystated,theJavaclient interfaceis in theprocessof beingupdated,andis not availablein
release1.4of NetSolve.After a successfulcompilationprocess,theappropriatebinariesand/orlibraries
canbefoundin 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 hisUNIX path variable.

Testing the Unix installation
Testingsolelytheclient softwaremeansthatapre-existingNetSolvesystemwill becontacted,possibly
thedefault agentandserversrunningat theUniversityof Tennessee.Thatsystemcanbecontactedvia
thehostnetsolve.cs.utk.edu whichshouldalwaysberunninganagent.Thestep-by-step
procedureto testyourNetSolveclient installationis asfollows:

1. cd NetSolve

2. make test

3. setenv NETSOLVE_AGENT netsolve.cs.utk.edu

4. Test

While thetesteris running,it printsmessagesaboutits execution.This testtestsonly theC and
Fortran77interfaces.Detailsof this processareexplainedin thefollowing chapters.For more
informationon theC andFortran77interfaces,seeChapter5. Chapter6 andChapter7 detailhow to test
theMatlabandMathematicainterfaces,respectively.

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

Installation on Windo ws systems
This sectiondescribestheinstallationandtestingof theWindowsversionof theNetSolveclient
software.At present,thesoftwareis distributedin theform of aself-extractingexefile. An InstallShield
setupis beingdevelopedto simplify theinstallationinstructions,andthissetupwill beavailablesoon.

Thecontentsof theself-extractingexefile areasfollows,whereNETSOLVE_DIR refersto thedirectory
whereyouhaveunzippedthedistribution.
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NETSOLVE_DIR\

This directorycontainsthereadmefile andaninstallationscript.

NETSOLVE_DIR\lib

This directorycontainstheNetSolveclient library.

NETSOLVE_DIR\matlab

This directorycontainsthematlabbinaries.

NETSOLVE_DIR\tools

This directorycontainsvarioustoolsfor managingNetSolve.

NETSOLVE_DIR\testing

This directorycontainsvarioussamplebinarytestprogramsthatyoucanrun to verify your
installation.

Theinstallationprocessis quitesimple.

a.Runtheexeyoudownloadedfrom theNetSolvewebpage.

To determinetheagenthostname,theusercanissuethefollowing command:

a.cd NETSOLVE_DIR\tools

b. getagent

To setanew agenthostname,theusermustissuethefollowing command:

a.cd NETSOLVE_DIR\tools

b. setagent[agenthostname]

If theagenthostnameis not specifiedon thecommandline, you will bepromptedfor a hostname.
Youwill have theoptionof specifyinga nameor acceptingthecurrentagentnamesetin theregistry.

Thede-installationprocessis quitesimilar.

a.cd NETSOLVE_DIR

b. netsolve_install -uninstall

Theaboveprogramremovesthekeys from theWindowsregistry.
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c.delete NETSOLVE_DIR

Testing the Windo ws installation
You canusethevariousprogramsin theNETSOLVE_DIR\testing directoryto testyourNetSolve
installation.Rememberthata valid NetSolveagentandservershouldalreadyberunning,andthe
requiredproblemsshouldbeinstalledon theservers.Hereis a list of testprogramsandtheproblems
they makeuseof:

c_test

chartest,doubletest,inttest,stringlisttest,stringtest,totaltest

farming_test

doubletest

sequence_test

mpass,vpass,pass,multipass

For example,to performa samplerunof c_test, theusermustdo thefollowing:

a.Usesetagentto point to thecorrectagenthost

b. Runc_test.exe

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

a.Startup Matlab

b. Click on File -> SetPath...

c. Add theNETSOLVE_DIR\matlab directoryto thepath

Theinterfaceconsistsof 4 NetSolvecalls
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netsolve.dll
netsolve_nb.dll
netsolve_err.dll
netsolve_errmsg.dll

TestingNetSolvewithin Matlabinvolvesthefollowing steps:

netsolve(’?’)

This commandprintstheagentandserverscurrentlyavailable.

netsolve

This commandprintsthelist of problemsthatcanbesolved.

Helpon any call canbeobtainedby typing just thecall on theMatlabprompt.

Using the NetSolve Management Tools in Windo ws
Therearevarioustoolsin theNETSOLVE_DIR\tools directorythatallow theuserto explorethe
NetSolvemetacomputingsystem.

netsolveconfig.exe[agent_name]

providesa list of agentsandserversasseenby agent_name

netsolveproblems.exe[agent_name]

providesa list of problemsthatcanbesolvedwithin theNetSolve framework asseenby
agent_name
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NetSolve Problem Specification
Solvinga computationalproblemwith NetSolve is a functionevaluation:

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

where

• <name> is a characterstringcontainingthenameof theproblem,

• <input> is a list of inputobjects,

• <output> is a list of outputobjects.

An objectis itself describedby anobjecttypeanda datatype. Thetypesavailablein thecurrentversion
of NetSolveareshown in Table17-1andTable17-2.Ratherthangiving examplesfor eachobjecttype,
we referthereaderto theprogramsin: $NETSOLVE_ROOT/src/Examples and
$NETSOLVE_ROOT/src/Testing. Theusercanalsoreferto thesectioncalledMnemonicsin Chapter
17 for adescriptionof therequirementsfor eachNetSolveobjecttypeasit relatesto theproblem
descriptionfile.

Availab le Client Interfaces
NetSolveprovidesa varietyof client interfaces:

• C, Fortran interfacesaredetailedin Chapter5.

• Matlab interfaceis detailedin Chapter6.

• Mathematica interfaceis detailedin Chapter7.

We arein theprocessof updatingourJava interface,thusthis interfaceis not availablein version1.4of
NetSolve.We arealsodevelopinganExcel interface.

In thesectioncalledNetSolveProblemSpecification, wedescribedtheinput andoutputargumentsof a
NetSolveproblemaslists of objects. TheMatlab,Mathematica,andJava interfacesto NetSolvecan
manipulateobjectsdirectlyandit is thereforeveryeasyto call NetSolve from their interfacesonce
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problemdescriptionsareknown. Frominterfacesthatarenot object-oriented(C andFortran),it is
necessaryto useacalling sequencethatdescribestheobjects’featuresindividually. For completedetails,
theusershouldreferto Chapter5 andthesectioncalledSparseMatrix Representationin NetSolvein
Chapter17.

Problems that can be solved with NetSolve
In orderfor aproblemto besolved(i.e.,a functionor library routineto beinvoked)usingNetSolve,
theremustexist aproblemdescriptionfile (PDF)correspondingto theproblem/routine.A varietyof
PDFsareincludedwith theNetSolvedistribution.A usercanalsowrite hisown PDFfor his function,as
describedin Chapter17.

ThedefaultNetSolvedistributionprovidesonly a limited subsetof enabledsoftwareto testthevarious
client interfaces.Interfaceshavebeenwritten for avarietyof softwarelibraries(referto
$NETSOLVE_ROOT/problems/), but asthelibrariesthemselvesarenot includedin theNetSolve
distribution, thelibrary interfacesarenot enabled.Theusercan,therefore,customizehis installationto
includetheseexisting interfacesand/ornew interfaces.Referto thesectioncalledInstallationon Unix
Systemsin Chapter13 for furtherdetails.

It is possibleto querya NetSolveagentto obtaina list anddescriptionsof theproblemsthatcanbe
solvedby its respectiveservers.Thereareseveralwaysof sendingsuchqueries.

1. FromtheNetSolvehomepage,it is possibleto specifyanagentnameandrunCGI scriptsto obtain
detailedinformationaboutNetSolveproblems,includingC andFortrancalling sequence
specifications.

2. Problemlistsanddescriptionsarealsodirectlyavailablefrom theMatlabinterface,theMathematica
interface,andtheJavaGUI.

3. TheNetSolvemanagementtoolsdescribedin Chapter16 giveaccessto thatinformationfrom the
UNIX prompt.

Naming Scheme for a NetSolve problem
Thefull nameof aNetSolveproblemhastwo parts:

i. thepath, and

ii. thenickname.
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Let usdemonstratethis with anexample.Theproblemnicknamedddot, whichcomputestheinner
productof two double-precisionvectors,hasthefull name/BLAS/Level1/ddot. Thisproblemcanbe
foundin $NETSOLVE_ROOT/problems/blas. This full namehastwo purposes.First,whenwedisplay
a list of problems,they aresortedalphabeticallyby their full name,andtheproblemsaregroupedby
"directory".Second,by convention,thefirst elementof thefull name(e.g.,BLAS) is thenameof the
numericallibrary containingtheoperation(problem).This conventionhasprovento beuseful,asseenin
thesectioncalledWhatis theCalling Sequence?in Chapter5.
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Intr oduction
As previouslymentionedin thesectioncalledInstallationon Unix Systemsin Chapter3, theC/Fortran77
client interfacesfor NetSolvearebuilt by typing

UNIX> make C Fortran

in thedirectory$NETSOLVE_ROOT. This compilationproducesthefollowing two archivefiles:

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

• $NETSOLVE_ROOT/lib/$NETSOLVE_ARCH/libfnetsolve.a : theFortran77library

whereNETSOLVE_ROOT is thefull pathnameto theNetSolvedirectoryandNETSOLVE_ARCHis
thearchitecturenamegeneratedby configure.

Beforelinking to oneof theselibraries,theusermustincludetheappropriateheaderfile in hisprogram:

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

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

TheFortran77includefile is not mandatory, but increasesthesourceprogramreadabilityby allowing
calling subroutinesto manipulatetheNetSolveerrorcodesby variablenameratherthanby integervalue.

TheFortran77interfaceis built on top of theC interfacesinceall of thenetworkingunderneathNetSolve
is written in C. However, wechoseto write theFortran77interfacewith subroutinesinsteadof functions
(for reasonsof compilercompatibilities).TheC functionsall returna NetSolveerror codeequalto 0 if
thecall wassuccessfulor to a negativevaluein caseof error. Chapter24 containsthelist of all possible
errorcodes.TheFortran77subroutinestakeanextraoutputintegerargument(passedby reference)at the
endof thecalling sequencethatcontainstheerrorcodeaftercompletionof thecall. Thereference
manualsfor C andFortran77arein Chapter22 andChapter23.

Thebasicconceptsherearethesameastheoneswe have introducedin Chapter6 for theMatlab
interface,especiallytheability to call NetSolve in a blockingor nonblockingfashion.

We describetheC andFortran77interfacesby themeansof anexample.In thefollowing sectionwestart
developingtheexampleby demonstratinghow ausercanobtaininformationaboutthecalling sequence
to agivenproblem.
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What is the Calling Sequence?
As describedin thesectioncalledNetSolveProblemSpecificationin Chapter4, theC andFortran77
interfaces,asthey arenot object-capable,needto usespecificcalling sequencesthataremoreinvolved
thantheonesusedfrom Matlabor Mathematica.

Let ustakea verysimpleexample:theuserwantsto performadenselinearsystemsolve.Thefirst thing
to know, asstatedin earlierchapters,is thenameor IP addressof ahostrunningaNetSolveagent.The
defaultNetSolveagentrunningat theUniversityof Tennesseeis awareof many serversthatcanperform
thecomputation.In fact,adenselinearsystemsolve is providedwith theNetSolvedistributionasdefault
numericalsoftwarefor theserver. Theuserhasnow two possiblecoursesof actionto find out aboutthe
problem.Let usassumethattheuserchoosesto usetheUNIX commandline managementtools(see
Chapter16 for a completedescriptionof thesetools).Thealternativewould beto usetheCGI scriptson
theNetSolvehomepage.

thesectioncalledExpandingtheServerCapabilitiesin Chapter13 showshow theserversspecifythe
calling sequenceto a givenproblem.It is usualfor serversto enforcethesamecalling sequenceasthe
originalnumericalsoftwareandto givea problemthenameof theoriginal library function.In the
example,dgesv() is thenameof anLAPACK subroutineandtheusercanthereforeexpectthecalling
sequencefor theproblemdgesv to matchtheoneof thesubroutine.Onecanseein theproblemlist
returnedby NS_problemsa problemcalledlinsol. In this example,linsol is a simplifiedversionof
dgesv andhasa simplifiedcalling sequencechosenby whomeverstartedthefirst server thatprovides
accessto thatproblem.Sincelinsol is not thenameof anLAPACK subroutine,its calling sequence
canbearbitrary.

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

Next, two situationsarepossible.First, theuseralreadyknows thenumericalsoftware(e.g.,LAPACK)
andmayevenhavecodealreadywritten in termsof this software.In thiscase,theswitching to NetSolve
is immediate.Thesecondpossibilityis thattheuserdoesnot know thesoftware.If this is thecase,he
needsto paycloseattentionto theoutputgivenby NS_probdesc. Theoutputfrom this commandfirst
givesthecalling sequenceasit wouldbeinvokedfrom Matlab,andthengivesthecalling sequencefrom
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)
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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.
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)
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This outputcanappearrathercrypticat first. Let uswork throughit stepby step.First, thenumberof
argumentsin thecalling sequenceis 8. Thismeansthatthecall from C will look like:

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 descriptioncan
betranslatedinto meaningfulvariablenamesin theusersourcecode.For instance,X2 shouldbeapointer
to thematrixof thelinearsystem,andX3 shouldbeanintegerthatis theleadingdimensionof thematrix.
We cannow moveon to thedescriptionsof thedifferentwaysof calling NetSolve from C or Fortran77.

Bloc king Call
Theblockingcall to NetSolve from C or Fortran77is theeasiestto implement.Specifically, if themain
programis in C, onecallsthefunction,netsl(), andif themainprogramis in Fortran77,onecallsthe
function,FNETSL(). ThisC functionreturnsanerrorcode.It takesasargumentsthenameof a problem
andthelist of input data.Theseinputsarelistedaccordingto thecalling sequencediscussedin the
sectioncalledWhatis theCalling Sequence?. TheC prototypeof thefunctionis

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

andtheFortran77prototypeis

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

wherePROBLEM_NAME is astringandSTATUS is theintegerstatuscodereturnedby NetSolve.

Let usresumeourexampleof thecall to dgesv. In Fortran77,thedirectcall to LAPACK lookslike

CALL DGESV( N, 1, A, LDA, IPIV, B, LDB, INFO )

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);

33



Chapter5. C andFortran77Interfaces

Noticethatthenameof theproblemis caseinsensitiveandthatit is appendedby anopeninganda
closingparenthesis.Theparenthesesareusedby NetSolve to handleFortran/Cinteroperabilityoncertain
platforms.In Fortran77,every identifierrepresentsa pointer, but in C we actuallyhadthechoiceto use
pointersor not.We choseto useinteger(int) for thesizesof thematrices/vectors,but pointersfor
everythingelse.

Fromtheuser’spointof view, thecall to NetSolve is exactlyequivalentto a call to LAPACK. Onedetail,
however, needsto bementioned.Most numericalsoftwareis written in Fortran77andrequiresusersto
provideworkspacearraysaswell asdata,sincethereis no possibilityfor dynamicmemoryallocation.
Becausewepreservedtheexactcalling sequenceof thenumericalsoftware,we requiretheuserto pass
thosearrays.But, sincethecomputationis performedremotely, workspaceon theclient sideis
meaningless.It will, in fact,bedynamicallycreatedon theserverside.Therefore,whenthenumerical
softwarewould requireworkspace,theNetSolveusermayprovideaone-lengtharrayfor workspace.

This is signaledin theoutputof NS_probdescby anargumentdescriptionsuchas:

- Argument #6:
- ignored

Nonb loc king Call
We developedthis nonblockingcall for thesamereasonwe developedonefor Matlab(seethesection
calledCalling netsolve_nb() in Chapter6): to allow theuserto havesomeNetSolve-parallelism. The
nonblockingversionof netsl() is netslnb(). Similarly, thenonblockingversionof FNETSL() is
FNETSLNB(). Theusercallsit exactlyashewould call netsl() or FNETSL(). If thecall to
netslnb() or FNETSLNB() is successful,it returnsa requesthandlerin theform of a (positive) integer.
If it is not successful,it returnsanerrorcode.Continuingwith our example:

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)NetSolveerrorcode.

Thenext stepis to checkthestatusof therequest.As in theMatlabinterface,theusercanchooseto
probeor to wait for therequest.Probingis doneby callingnetslpr() or FNETSLPR() which returnsa
NetSolveerrorcode:
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CALL FNETSLPR( REQUEST, INFO )

andin C :

info = netslpr(request);

Typical errorcodesreturnedareNetSolveNotReady andNetSolveOK (seeChapter24).Waiting is
doneby usingnetslwt() or FNETSLWT(). This functionblocksuntil thecomputationis completeand
theresultis available.Hereis theFortran77call:

CALL FNETSLWT( REQUEST, INFO )

andtheC call :

info = netslwt(request);

If thecall is successful,thefunction/subroutinereturnstheerrorcodeNetSolveOK andtheresultis in
theusermemoryspace.

Catching errors
GivenaNetSolveerrorcode,thereis a functionin theC andFortran77interfacethatprintsexplicit error
messagesto thestandarderror. TheC call is :

netslerr(info);

andin Fortran77

CALL FNETSLERR( INFO )

Theusershouldreferto Chapter24 for a list of all possibleerrorcodes.

Row- or column-major
To allow theNetSolveuserto storeher/hismatriceseitherin row-wiseor column-wisefashion,we also
providethefunctionnetslmajor() in C andFNETSLMAJOR() in Fortran77.This functioncanbe
calledat any time in theuser’sprogramin C:

netslmajor("col");
netslmajor("row");
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or in Fortran77:

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

All of thesubsequentcallsto NetSolvewill assumethecorrespondingmajor. Thedefault valuesareof
courserow-wisefor C andcolumn-wisefor Fortran77.

Limitations of the For tran77 interface
Dueto Fortran77’srestrictionsfor theuseof pointerandits inability to dynamicallyallocatememory,
theFortran77interfaceto NetSolvedoesnotsupportthePACKEDFILESandSTRINGLISTobjecttype.
It alsodoesnot supportoutputobjectsof typeSTRING.

Built-in examples
C andFortran77andJavaexamplesareincludedin theNetSolvedistribution in
$NETSOLVE_ROOT/src/Examples. To build them,theusersimply typesmake examples in thetop
directory. Theexamplesusedifferentproblemsthathavebeengivenserversat theUniversityof
Tennessee.They shouldhelptheuserto understandhow thesystemworks.Wealsohavefull examplesin
C andFortranin AppendixA andAppendixB.
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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,theextensionis .mexsol for
theSolarisOperatingSystem).Thesefour filesalonearetheMatlabinterfaceto NetSolve.To makethese
four filesaccessibleto Matlab,theusermustmodify theMATLABPATH environmentvariableas:

UNIX> setenv MATLABPATH $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH

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

What to Do First
Let usassumethattheuserhascompiledtheMatlabinterface,setanagentname,startedaMatlab
sessionandis now readyto useNetSolve.In this sectionwe describethosefeaturesof theinterfacethat
allow theuserto obtaininformationaboutthecurrentlyavailableNetSolvesystem.

As statedbriefly in thesectioncalledProblemsthat canbesolvedwith NetSolvein Chapter4, it is
possibleto obtainthelist of solvableproblemsfrom Matlab,aswell asfrom thehomepageCGI scripts
or themanagementtools.In thecaseof Matlab,this informationis obtainedby typing thefollowing
command

>> netsolve
NetSolve - List of available problems -
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/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 likemoredetailedinformationon a
specificproblem,e.g.,eig, hecantype

>> 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.
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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.
>>

This outputgivesa shortdescriptionof theproblem,anexamplein Matlabusingnetsolve(), the input
objectsthatmustbesuppliedby theuser, andtheoutputthatwill bereturnedto theuser. This particular
problemrequiresonly onedouble-precisionmatrixon input.Noticethatthismatrix mustbesquare(as
statedin thedescriptionof theproblem).If theusertriesto call NetSolve for this problemwith a
rectangularmatrix,hewill receiveanerrormessagestatingthatthedimensionsof theinputareinvalid.
Onoutput,theproblemeig will returntwo vectors,therealandimaginarypartsof theeigenvaluesof
theinput matrix, respectively.

SinceMatlabprovidesamechanismto manipulatecomplex objects,it is probablethattheuserwould
like to haveeig returnonesinglecomplex vectorinsteadof two separaterealvectors.Thus,in the
Matlabinterfaceit is possibleto merge thesetwo realoutputvectorsinto onecomplex vector. Thispoint
is furtherdevelopedin thenext section.

TheMatlabinterfacehasanotherfeaturethatis concernednot with theactualproblemsolvingbut with
providing informationabouttheNetSolveconfigurationitself. We have just seenhow to getinformation
abouttheproblemshandledby theNetSolveservers;it is alsopossibleto obtainthephysicallocationsof
theseservers.Let usassumethatour 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 themanagementtools.

Calling netsolve() to perf orm computation
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Theeasiestway to performa numericalcomputationin NetSolve is to call thefunctionnetsolve().
With this function,theusersendsa blockingrequestto NetSolve.By blockingwemeanthataftertyping
thecommandin theMatlabsession,theuserresumescontrolonly whenthecomputationhasbeen
successfullycompletedon a server. Theotherway to performcomputationis to sendanonblocking
requestasdescribedin thesectioncalledCalling netsolve_nb().

Let uscontinuewith theeig examplewestartedto developin theprecedingsection.Theusernow
knowsthathehasto provideadouble-precisionsquarematrix to NetSolve,andheknowsthatheis going
to gettwo realvectorsback(or onesinglecomplex vector).He first createsa 300× 300matrix, for
instance,

>> a = rand(300);

Thecall to NetSolve is now

>> [x y] = netsolve(’eig’,a)

All thecallsto netsolve() will look thesame.Theleft-handsidemustcontaintheoutputarguments,
in thesameorderaslistedin theoutputdescription(seethesectioncalledWhatto Do First). Thefirst
argumentto netsolve() is alwaysthenameof theproblem.After this first argumenttheinput
argumentsarelisted,in thesameorderasthey arelistedin the input description(seethesectioncalled
Whatto Do First). This functiondoesnot haveafixedcalling sequence,sincethenumberof inputsand
outputsdependson theproblemtheuserwishesto solve.

Let usseewhathappenswhenwetype:

>> [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 clearagainthatthispossibilityis a specificityof eig andis not availablein generalfor all problems.
To mergex andy, theuserhasto type:

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

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

.........

.........

Calling netsolve_nb()

Theobviousdrawbackof thefunctionnetsolve() is thatwhile thecomputationis beingperformed
remotely, theusermustwait to regaincontrolof theprompt.To addressthis drawback,we providea
nonblocking function,netsolve_nb(). Theusercanthendo work in parallel andcheckfor the
completionof therequestlater. Hecanevensendmultiple requeststo NetSolve.Thanksto the
load-balancingstrategy implementedin theNetSolveagent,all theserequestswill besolvedon different
machinesif possible,achieving someNetSolve-parallelism. Let usnow describethis functionwith the
eig example.

As in thesectioncalledCalling netsolve() to performcomputation, theusercreatesa 300× 300
matrix andcallsNetSolve:

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

Obviously, thecalling sequenceto netsolve_nb() is a little differentfrom theoneto netsolve().
Theleft-handsidealwayscontainsonesingleargument.Uponcompletionof this call, it will containa
NetSolverequesthandler. Theright-handsideis composedof two parts:theaction to performandthe
argumentsthatwouldbepassedto netsolve(). In this example,theactionto performis ’send’,
which meansthatwe sendarequestto NetSolve.Throughoutthis section,wewill encounterall of the
possibleactions,andthey will besummarizedin Chapter21.

Let usresumeourexampleandseewhatNetSolveanswersto thefirst call to netsolve_nb():

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

r =
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0

>>

netsolve_nb() returnsa requesthandler:0. This requesthandlerwill beusedin thesubsequentcalls
to thefunction.Therequestis beingprocessedoncupid, andtheresultwill eventuallyreturn.Theuser
canobtainthis resultin oneof two ways.Thefirst oneis to call netsolve_nb() with the’probe’
action:

>> [status] = netsolve_nb(’probe’,r)

netsolve_nb() returnsthestatusof apendingrequest.Theright-handsidecontainstheaction,asis
requiredfor netsolve_nb(), andtherequesthandler. Thiscall returnsimmediately, andprintsa
message.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 =
10.1204 0
-0.9801 0.8991
-0.9801 -0.8991
-1.0195 0
-0.6416 0.6511
... ...
... ...

As with thenetsolve() function,onecanmergetherealpartandtheimaginarypartinto asingle
complex vector. Thetypicalscenariois to call netsolve_nb() with theaction’send’, thenmake
repeatedcallswith theaction’probe’ until thereis nothingmoreto do thanwait for theresult.The
userthencallsnetsolve_nb() with theaction’wait’. It is of coursepossibleto call
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netsolve_nb() with theaction’wait’ beforemakingany call with theaction’probe’. Onelast
actioncanbepassedto netsolve_nb(), asshown here:

>> netsolve_nb(’status’)

This commandwill 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

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 thecompletiontimes.By
usingthe’status’ action,theusercanalsodeterminewhethera requestis still runningor hasbeen
completed.By sendingmultiple non-blockingrequeststo NetSolveandrelyingon theagentfor load
balancing,theusercanachieveparallelism.
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What Can Go Wrong?
Duringa computation,two classesof errorcanoccur:NetSolve failuresandusermistakes.Let us
demonstratea few examples:

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

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

x =

[]

...
>> [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, whenthe
userwritesMatlabscriptsthatcall NetSolve,he/sheneedswaysto catchtheerrorswhile thescriptis
running.Hencethefunctionsdescribedin thenext section.

Catching NetSolve errors
Therearetwo NetSolve functionsthatcanbecalledfrom Matlabto catcherrors.Thefirst function,
netsolve_err() takesno argumentsandreturnsanintegerthatis theNetSolveerrorcodereturnedby
thelastcall to aNetSolve function(seeChapter24 for a list of thepossibleerrorcodes).Hereis acall:

>> e = netsolve_err
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e = -11

Theotherfunction,netsolve_errmsg() takesanerrorcodeasanargumentandreturnsastringthat
containsthecorrespondingerrormessage.A typical call to netsolve_errmsg() is asfollows:

>> [msg] = netsolve_errmsg(netsolve_err)

msg =

bad problem input/output

With thesetwo functions,it is possibleto write Matlabscriptsthatcall NetSolveandhandleall of the
NetSolveerrorsat runtime.

Demo
A NetSolve-Matlabdemois availablewith theNetSolvedistribution.It consistsof asetof Matlabscripts
thatcall NetSolve to computepartsof theMandelbrotset.Themainscriptis calledmandel.m andis
locatedin $NETSOLVE_ROOT/src/Demo/mandelbrot/. To run thedemo,just typemandel at the
Matlabprompt.

Optional: Testing the NetSolve BLAS interfaces
A NetSolve-MatlabBLAS testsuiteis availablewith theNetSolvedistribution,andtestsasubsetof
BLAS routinesavailablein theNetSolvedistribution.Theusercantestthereferenceimplementation
BLAS includedin NetSolveor hecouldhaveenabledanoptimizedBLAS library duringthe
configurationphaseof NetSolve (./configure--with-blaslib=BLAS_LIB ) or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to theoptimizedBLAS library.
TheusermustthenenabletheBLAS in the$NETSOLVE_ROOT/server_config file, andhe/sheis
readyto run this testsuite.Thetestsuiteconsistsof a setof Matlabscriptsthattesteachof theBLAS
interfacesavailablein NetSolve.Themainscriptis calledblas_test.m andis locatedin
$NETSOLVE_ROOT/src/Testing/matlab/. To run theBLAS testsuite,typeblas_testat theMatlab
prompt.

Optional: Testing the NetSolve LAPACK interfaces
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A NetSolve-MatlabLAPACK testsuiteis availablewith theNetSolvedistribution. If theuserenabled
LAPACK duringtheconfigurationphaseof NetSolveasinstructedin thesectioncalledEnablingthe
LAPACK library in Chapter13 or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to theLAPACK library and
BLAS library, andhasenabledLAPACK in the$NETSOLVE_ROOT/server_config file, he/shemay
chooseto run this testsuite.Notethatonly a subsetof LAPACK is includedin theNetSolvedistribution.
ThecompleteLAPACK library is not includedasdefaultnumericalsoftwarefor theserver, andmustbe
installedseparately. Thetestsuiteconsistsof a setof Matlabscriptsthattesteachof theLAPACK
interfacesavailablein NetSolve.Themainscriptis calledlapack_test.m andis locatedin
$NETSOLVE_ROOT/src/Testing/matlab/. To run theLAPACK testsuite,type lapack_testat the
Matlabprompt.

Optional: Testing the NetSolve ScaLAPACK interfaces
Likewise,a NetSolve-MatlabScaLAPACK testsuiteis availablewith theNetSolvedistribution.If the
userenabledScaLAPACK duringtheconfigurationphaseof NetSolveasinstructedin thesectioncalled
EnablingtheScaLAPACK library in Chapter13or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to theScaLAPACK,
MPIBLACS,BLAS, andMPI libraries,andhasenabledScaLAPACK in the
$NETSOLVE_ROOT/server_config file, he/shemaychooseto run this testsuite.TheScaLAPACK
library is not includedasdefaultnumericalsoftwarefor theserver, andmustbeinstalledseparately(as
well asMPI). Thetestsuiteconsistsof asetof Matlabscriptsthattesteachof theScaLAPACK
interfacesavailablein NetSolve.Themainscriptis calledscalapack_test.m andis locatedin
$NETSOLVE_ROOT/src/Testing/matlab/. To run theScaLAPACK testsuite,typescalapack_testat
theMatlabprompt.

Optional: Testing the NetSolve ’spar se_iterative_solve’
interface

TheNetSolve ’sparse_iterative_solve’interfaceto PETSc,Aztec,andITPACK canonly betestedif the
userhasenabledsparse_iterative_solvein the$NETSOLVE_ROOT/server_config file andhas
configuredNetSolvewith therespectivepathsto thePETSclibrary, Azteclibrary, andMPI library. The
PETSc,Aztec,andITPACK librariesarenot includedasdefault numericalsoftwarefor theserver, and
mustbeinstalledseparately(aswell asMPI). Referto thesectioncalledEnablingSparseIterative
Solvers (PETSc,Aztec,andITPACK) in Chapter13 for furtherdetails.

This interfacecanbetestedmosteffectively by usingsparsematricesgeneratedfrom collectionssuchas
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theHarwell Boeingtestcollectionon theMatrix Market homepage (http://math.nist.gov/MatrixMarket/).
Referto thesectionon thewebpageentitledSoftware, wherethetestmatricesareavailablein C, Fortran,
andMatlab. For easeof testing,severalof thetestmatricesfrom thiscollectionareincludedin the
distributionof 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

and

>> itpack_test

ThesescriptsinvokethePETSc,Aztec,andITPACK interfacesandcheckthevalidity of thecomputed
solution.

Alternatively, theusercangeneratea seriesof HarwellBoeingmatrix types(1-5),usingthe
generate.m script.To seea list of HarwellBoeingmatrix typesthatcanbegenerated,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 thecalling sequenceto theroutineby usingthe
NetSolve tool routine.

>> netsolve(’sparse_iterative_solve’)

Optional: Testing the NetSolve ’spar se_direct_solve’
interface
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TheNetSolve ’sparse_direct_solve’interfaceto MA28 andSuperLUcanonly betestedif theuserhas
enabledsparse_direct_solvein the$NETSOLVE_ROOT/server_config file andhasconfigured
NetSolvewith therespectivepathsto theSuperLUandMPI libraries.TheMA28 library is distributed
with NetSolve in $NETSOLVE_ROOT/src/SampleNumericalSoftware/MA28/ asa small
modificationto thelibrary wasnecessaryto enableits usein NetSolve.TheSuperLUlibrary is not
includedasdefaultnumericalsoftwarefor theserver, andmustbeinstalledseparately(aswell asMPI).
Referto thesectioncalledEnablingSparseDirectSolvers (SuperLUandMA28) in Chapter13 for
furtherdetails.

This interfacecanbetestedmosteffectively by usingsparsematricesgeneratedfrom collectionssuchas
theHarwell Boeingtestcollectionon theMatrix Market homepage (http://math.nist.gov/MatrixMarket/).
Referto thesectionon thewebpageentitledSoftware, wherethetestmatricesareavailablein C, Fortran,
andMatlab. For easeof testing,severalof thetestmatricesfrom thiscollectionareincludedin the
distributionof 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

ThesescriptsinvoketheMA28 andSuperLUinterfacesandcheckthevalidity of thecomputedsolution.

Alternatively, theusercangeneratea seriesof HarwellBoeingmatrix types(1-5),usingthe
generate.m script.To seea list of HarwellBoeingmatrix typesthatcanbegenerated,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 thecalling sequenceto theroutineby usingthe
NetSolve tool routine.

>> netsolve(’direct_solve_serial’)
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Intr oduction
BeforecompilingtheNetSolve-Mathematicaclient interface,theusermusthavespecifiedthepathname
to theMathLink DevelopmentKit duringtheconfigurephaseof NetSolve (./configure
--with-mldk=MLDK_P ATH ), whereMLDK_PATH is thepathname.By default this valueis setto
$(HOME)/AddOns/MathLink/DevelopersKits/Linux/CompilerAdditions. Alternatively, the
usercouldhavemanuallyeditedthe$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file
to setthisvariableinsteadof specifyingthepathasaconfigurecommandline option.

TheMathematicaclient interfacefor NetSolve is thenbuilt 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/INSTALLFull detailsof the
installationprocedurecanbefoundin: $NETSOLVE_ROOT/src/Mathematica/doc/UsersGuide.tex

What to do fir st
Oncetheinterfaceis successfullyinstalled,thefirst thing to do is to starta Mathematicaclientandtype

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
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
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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 a blockingcall to NetSolve to solveacertainproblem.Whenutilizing this typeof
call to NetSolve, theuserdoesnot regainexecutioncontroluntil theresultbecomesavailable.

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

This functionis a non-blockingcall to NetSolve to solveacertainproblem.Unlikea blockingcall
to NetSolve,a non-blockingcall returnstheexecutioncontrol,aswell asa requesthandler,
immediatelyto theuser. Therequesthandlercanthenbe“probed” for thestatusof thecalculation.

Getting/setting an agent -- NetSolveGetAgent[], NetSolveSetAgent[AgentName]

NetsolveGetAgent[] returnsa stringcontainingthehostnameof theagent.Theusercan
changethecurrentagentby theNetSolveSetAgent[] functionat any time.

Let usnow assumethattheuserhasstartedMathematicaandis readyto useNetSolve.We cancheck
who ouragentis by typing

In[1]:= NetSolveGetAgent[]

Out[1]= torc0.cs.utk.edu

If thereis no agentset,theresultwouldbethe$Null symbol.Onecanchangetheagentby thefunction
NetSolveSetAgent[]. For instance

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

Theagentcanbechangedat any time providedthereis anotherNetSolveagentrunningon thehost
whosenamehasbeenpassedasanargument.However, if theagentis changed,thenthesetof servers
andpossiblythesetof solvableproblemshasalsobeenchanged.
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A list of thesolvableproblemscanbeobtainedby thefunctionNetSolve["?problems"]. Hereis a
possiblelist (clippedto savespace).

In[3]:= NetSolve["?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
/QuickSort/DoublePrecision/dqsort
/QuickSort/Integer/iqsort
. . .
--------------------
Handle 41 problem(s).
--------------------

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

In[4]:= NetSolve["?servers"]
Initializing NetSolve...
Initializing NetSolve Complete
---- List of NetSolve agents ----
netsolve.cs.utk.edu (160.36.58.76) Host: Up
---- List of NetSolve servers ----
cetus3a.cs.utk.edu (160.36.56.94) (0 failures)
cetus3b.cs.utk.edu (160.36.56.95) (0 failures)
torc1.cs.utk.edu (160.36.56.200) (0 failures)
torc2.cs.utk.edu (160.36.56.201) (0 failures)
torc3.cs.utk.edu (160.36.56.202) (0 failures)

. . .

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

Theusercaneasilydetermineinformationabouta specificproblem,iqsort for instance,by typing

NetSolve["?iqsort[]"]
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ThebracketsaftertheproblemnamearerequiredbecauseeveryNetSolveproblemis treatedasa
functiondefinedin Mathematica.

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 a brief generaldescriptionof theproblem.Thesecondpartdescribesthe
input andoutputobjects,their typeanddescription.And lastly, anexampleis provided.

If theuserdoesnotprovide thenumber, thetype,andthesequenceof argumentscorrectly, anerror
messagemessagewill beprintedandthe$Null symbolwill bereturned.

Theargumentsshown in theexamplearevariablesbut theusermayalsochooseto passnumerical
values,symbolswith assigneddataor functioncalls.

Herearesomerulestheusermustremember.

1. Charactersarepassedasstrings(only thefirst characteris used).

2. Integerscanbepassedinsteadof realsandviceversa(conversionis performedautomatically).

3. Integersandrealscanbepassedinsteadof complex numbers.

4. Vectorsof charactersarepassedasstrings.
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5. Matricesof charactersarepassedasvectorsof strings.

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

In[6]:= NetSolve[iqsort[{7,2,3,5,1}]]
contacting server torc0.cs.utk.edu ...

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

As statedearliertheusercanpassnotonly numericalvalues,but alsosymbolsthatcontaindataof proper
typeor functionsthatreturna resultof this type.Indeed,Mathematicacalculatestheseexpressionsand
passestheargumentsby value.For example

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

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

In[8]:= NetSolve[iqsort[v]]
contacting server torc0.cs.utk.edu ...

Out[8]= {-5, -4, -3, -2, -1}

or to sorta randomvectorof size7

In[9]:= NetSolve[iqsort[Table[Ceiling[10*Random[]], {7}]]]
contacting server torc0.cs.utk.edu ...

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

SinceNetSolve[] is a functiondefinedin Mathematica,it canbeusedin expressionslike:

In[9]:= NetSolve[iqsort[Table[Ceiling[10*Random[]], {7}]]]
contacting server torc0.cs.utk.edu ...

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

In[10]:= Print["The minimal element of v is ", NetSolve[iqsort[v]][[1]]]
contacting server torc0.cs.utk.edu ...
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The minimal element of v is -5

Let usconsidera morecomplex problemsuchastheLevel 3 BLAS subroutinedgemm[] which
calculateswhere$op(X)= X$ or $op(X) = X’$.

Theroutinedgemm[] requiresthefollowing 7 arguments.

Let usgeneratethreerandommatrices.

In[11]:= RandomMatrix[m_,n_] := Table[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}}

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}}

Nonb loc king Call to NetSolve
As in theMatlabinterface(seeChapter6), theMathematicainterfacecanbecalledin anasynchronous
fashion.Nonblockingcallsareperformedby thefunctionNetSolveNB[], andits callingsequenceis the
sameastheblockingcall NetSolve[]. Thedifferenceis in theresultreturned.NetSolveNB[] always
returnsa requesthandler.
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NetSolveProbe[] returnsanintegervalueto indicateif theproblemhasbeencompleted.A valueof 0
indicatesthattheresultis availableanda valueof 1 indicatesthatthecomputationis still in progress.
Othervaluesareerrorcodes(seethesectioncalledCatchingErrors).

Let usmultiply two complex matricesusingNetSolveNB[]. We generatethematricesac andbc using
alreadygeneratedmatricesa, 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}}

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 therequest
to complete:

In[21]:= NetSolveWait[request]

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

Catching Errors
As in theMatlabinterface,it is possibleto detecterrorswith thefunctionsNetSolveError[] and
NetSolveErrorMsg[]. Thefirst functionreturnsanintegerwhich is theerrorcodeof thelastexecuted
NetSolve function.NetSolveErrorMsg[] takesanerrorcodeasaninputargumentandreturnsa string
describingtheerror.

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

Optional: Testing the NetSolve BLAS interfaces
A NetSolve-MathematicaBLAS testsuiteis availablewith theNetSolvedistribution,andtestsasubset
of BLAS routinesavailablein theNetSolvedistribution.Theusercantestthereferenceimplementation
BLAS includedin NetSolve,or hecanenableanoptimizedBLAS library duringtheconfigurationphase
of NetSolve (./configure--with-blaslib=BLAS_LIB ) or handmodify the
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to theoptimizedBLAS library.
TheusermustthenenabletheBLAS in the$NETSOLVE_ROOT/server_config file, andhe/sheis
readyto run this testsuite.Thetestsuiteconsistsof a setof Mathematicascriptsthattesteachof the
BLAS interfacesavailablein NetSolve.Themainscriptis calledNSblastest.m andis locatedin
$NETSOLVE_ROOT/src/Testing/mathematica/. To run theBLAS testsuite,type <<NSblastest‘
at theMathematicaprompt.

Optional: Testing the NetSolve LAPACK interfaces
A NetSolve-MathematicaLAPACK testsuiteis availablewith theNetSolvedistribution. If theuser
enabledLAPACK duringtheconfigurationphaseof NetSolveasinstructedin thesectioncalledEnabling
theLAPACK library in Chapter13 or handmodifiedthe
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc to point to theLAPACK library and
BLAS library, andhasenabledLAPACK in the$NETSOLVE_ROOT/server_config file, he/shemay
chooseto run this testsuite.Notethatonly a subsetof LAPACK is includedin theNetSolvedistribution.
ThecompleteLAPACK library is not includedasdefaultnumericalsoftwarefor theserver, andmustbe
installedseparately. Thetestsuiteconsistsof a setof Mathematicascriptsthattesteachof 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 a new wayof calling NetSolve to managelargenumbersof requestsfor asingleNetSolve
problem.Many NetSolveusersareconfrontedby situationswhenmany somewhatsimilar computations
mustbeperformedin parallel.Previously, theway to do this in NetSolvewasto write non-blockingcalls
to netslnb() in C for instance.However, thisbecomesvery cumbersome.Not only becausetheuser
mustmanageall of therequestshimself,but alsobecausetheNetSolvesystemis at a losstrying to
managesucha largenumberof requestswithout floodingtheservers.This is themotivationfor
distributinganew call in NetSolve:netsl_farm(). In thepresentdistribution,this call is only available
from C, but will soonbemadeavailablefrom Matlab,Mathematica,andJava.A Fortraninterfacewill
mostlikely notbeprovidedbecauseof pointermanagement.For now, linking to theC NetSolveclient
library (generatedasexplainedin thesectioncalledInstallationon Unix Systemsin Chapter3) makes
netsl_farm() availablefrom theuser’sprogram.

How to call farming
Likenetsl() andnetslnb(), thenetsl_farm() functiontakesavariablenumberof arguments.Its
first argumentis a stringthatdescribesthe iteration range. This stringis of theform "i=%d,%d" (in C
stringformatsymbols).Thesecondargumentis aproblemnameappendedwith anopeningandaclosing
parenthesis.Theargumentsfollowing aresimilar in intentto theonessuppliedto netsl(), but are
iteratorsasopposedto integersor pointers.Wheretheuserwaspassing,sayaninteger, to netsl(), he
now needsto passanarrayof integersandtell netsl_farm() whichelementof this arrayis to beused
for which iteration.This informationis encapsulatedin an iterator andweprovidethreefunctionsto
generateiterators:

ns_int()

ns_int_array()

ns_ptr_array()

Let usreview thesefunctionsoneby one.

ns_int()

This functiontakesonly oneargument:acharacterstringthatcontainsanexpressionthatis
evaluatedto anintegerateachiteration.Theformatof thatstringis basedon a Shellsyntax.$i
representsthecurrentiterationindex, andclassicarithmeticoperatorsareallowed.For instance:

ns_int("$i+1")

returnsaniteratorthatgeneratesanintegerequalto oneplusthecurrentiterationindex at eachiteration.
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ns_int_array()

This functiontakestwo arguments:

i. apointerto anintegerarray(int *);

ii. acharacterstringthatcontainsanexpression.

For instance,

ns_int_array(ptr,"$i")

returnsaniteratorthatgeneratesateachiterationanintegerequalto thei-th elementof thearrayptr
wherei is thecurrentiterationindex.

ns_ptr_array()

This functiontakestwo arguments:

i. apointerto anarrayof pointers(void **);

ii. acharacterstringthatcontainsanexpression.

For instance,

ns_ptr_array(ptr,"$i")

returnsaniteratorthatgeneratesateachiterationapointerwhich is thei-th elementof thearrayptr
wherei is thecurrentiterationindex.

An example
Let usassumethattheuserwantsto sortanarrayof integerswith NetSolveusingtheC interface.The
defaultNetSolveservercomeswith adefault problemcallediqsort thatdoesa quicksorton aninteger
vector. Thecall lookslike

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

wheresize is thesizeof thearrayto besorted,ptr is apointerto thefirst elementof thearray, and
sorted is a pointerto thememoryspacethatwill hold thesortedarrayon return.Whatif theuser
wantsto sort200arrays?Oneway is to write 200callsastheoneabove.Not only would it betedious,
but alsoinefficientasthesortswouldbedonesuccessively, with no parallelism.In orderto obtainsome
parallelism,onemustcall netslnb() andmake thecorrespondingcallsto netslpr() andnetslwt()
asexplainedin Chapter5. Again, this is tediousandasit is a rathercommonsituationwedecidedto
addressit with netsl_farm(). Beforecallingnetsl_farm(), theuserneedsto constructarraysof
pointersandintegersthatcontaintheargumentsof eachof theNetSolvecalls.This is straightforward:
wheretheuserwould havecalledNetSolveas:
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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;
...

Then,netsl_farm() canbecalledas:

status_array = netsl_farm("i=0,199",netsl_int_array(size_array,"$i"),
netsl_ptr_array(ptr_array,"$i"),
netsl_ptr_array(sorted_array,"$i"));

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

Catching errors
netsl_farm() returnsanintegerarray. Thatarrayis dynamicallyallocatedandmustbefreedby the
userafterthecall. Thearrayis at leastof size1. Thefirst elementof thearrayis either0 or -1. If it is 0,
thenthecall wascompletedsuccessfullyandthearrayis of size1. If first elementof thearrayis -1, then
at leastoneof therequestsfailed.Thearrayis thenof sizeoneplusthenumberof requestsandthe
(1+i)-th elementof thearrayis theerrorcodefor thei-th request.Hereis anexampleon how to print
errormessages:

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

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

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

}
}
free(status);

Current Implementation and Future Impr ovements
Oneof theadvantagesof farmingis thattheuserdoesnot have theresponsibilityof managingthe
requests.As it wouldbeunreasonableto sendall of therequestsif therearenot enoughserversto
performthecomputations,thenetsl_farm() farmingalgorithmavoidsthis problemby dynamically
tuningthemaximumnumberof pendingrequeststo reflectchangesin thecomputationalserverpool
(sizeandload).This is doneby constantlymeasuringthethroughputof thecomputations.
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Goals and Methodologies
Our aim in requestsequencingis to decreasenetwork traffic amongstNetSolveclientandserver
componentsin orderto decreaseoverall requestresponsetime.Our designensuresthati) nounnecessary
datais transmittedandii) all necessarydatais transferred.As briefly discussedbelow, we alsoreduce
executiontime by executingcomputationalmodulessimultaneouslywhenpossible.All this is
accomplishedby performingadetailedanalysisof theinput andoutputparametersof every requestin
thesequenceto producea directedacyclic graph(DAG) thatrepresentsthetasksandtheir execution
dependences.ThisDAG is thensentto a server in thesystemwhereit is scheduledfor execution.More
detailsregardingthis interfaceandsomeresultscanbefoundin [sequencing].

In orderto build theDAG or taskgraph,we needto analyzeevery inputandoutputin thesequenceof
requests.We evaluatetwo parametersasthesameif they sharethesamereference.We usethesizefields
andreferencepointerof theinput parametersto calculatewheninputsoverlapin thememoryspace.
Only matricesandvectorsarecheckedfor recurrenceson thepremisethatthesearetheonly objectsthat
tendto belargeenoughfor theoverheadof theanalysisto paydividends.Throughthis analysiswe build
a DAG in which thenodesrepresentcomputationalmodulesor NetSolveservicesandthearcsrepresent
datadependenciesamongstthesemodules.Thegraphis acyclic becauseloopingcontrolstructuresare
not allowedwithin thesequence,andtherefore,a nodecanneverbeits own descendant.

The Application Programming Interface
For requestsequencing,weaddthreefunctionsto theNetSolveclient API:

void netsl_sequence_begin();

This functiontakesnoarguments,andreturnsnothing.It notifiestheNetSolvesystemto collect
informationfrom subsequentcallsto netsl() from which to constructa DAG asexplainedabove.
Thenetsolveserviceswill not bescheduledfor executionuntil asubsequentcall to
netsl_sequence_end()

int netsl_sequence_end(void *, ...);

This functiontakesasargumentsanNS_NULL-terminatedlist of pointers.(For technicalreasons,
theusermustusethespecialvariableNS_NULL definedin thenetsolve.h headerfile. These
pointersareto bereferencesto objectsdesignatedasoutputpointersin previouscallsmadeto
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netsl() afterthemostrecentcall to netsl_sequence_begin(). Thesepointersdesignateto the
NetSolvesystemwhich outputparametersNOT to returnto theclientprogram.In otherwords,
theseoutputparametersserveonly asintermediaryinput to callswithin thechainor sequence.At
thepointwherenetsl_sequence_end() is called,theNetSolvesystemwill transferthecollected
sequence(in theform of aDAG) to a computationalserver(s)for execution.
netsl_sequence_end() returnsanerrorcodethatcanbeusedto determinesuccessor failure,
andthecausein thecaseof thelatter.

int netsl_sequence_status();

This functiontakesnoarguments,andreturnsTRUE (non-zero)if thesystemis currentlycollecting
NetSolve requests(i.e. constructingaDAG or is in themiddleof a sequence)andFALSE (zero)
otherwise.

Figure9-1 illustrateswhata sequencingcall might look like.Two pointsto notein this example:i)for all
requests,only thelastparameteris anoutput,andii)the useris instructingthesystemnot to returnthe
intermediateresultsof command1 andcommand2.

Figure9-1.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. Ourfirst restriction
is thatnocontrolstructurethatmaychangetheexecutionpathis allowedwithin a sequence.We impose
this restrictionbecausetheconditionalclauseof thiscontrolstructuremaybedependentupontheresult
of a prior requestin thesequence,andsincetherequestsarenot scheduledfor executionuntil theendof
thesequence,theresultswill likely not bewhattheprogrammerexpects.

Theotherrestrictionis thatstatementsthatwouldchangethevalueof any input parameterof any
componentof thesequenceareforbiddenwithin thesequence(with theexceptionof callsto the
NetSolveAPI itself thatthesystemcantrack.)This is becauseduringthedataanalysis,only references
to thedataarestored.Soif changed,thedatatransferredat theendof thesequencewill not bethesame
asthedatathatwaspresentwhentherequestwasoriginally made.We contemplatedsaving theentire
data,ratherthanjust thereferences,but this directlyconflictswith oneof ourpremises-- thatthedata
setsarelarge;multiple copiesof thesedataarenot desirable.
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Execution Scheduling at the Server
OncetheentireDAG is constructed,it is transferredto a NetSolvecomputationalserver. In thisfirst
versionof requestsequencing,theNetSolveagentusesa largegranularityanddecideswhich server
shouldexecutetheentiresequence.We executea nodeif all its inputsareavailableandthereareno
conflictswith its outputparameters.Currentlytheonly modeof executionwe supportis on asingle
NetSolveserver -- though,thatservermaybeasymmetricmulti-processor(SMP).

For datapartitioning,we transfertheunionof theinput parametersetsto theselectedserverhost.This
makesinput for all nodes,exceptthosewhich areintermediateoutputfrom prior nodes,availablefor the
executionof thesequence.Our schedulingalgorithmcanbesummarizedasfollows:

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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Intr oduction
This is thefirst versionof NetSolvewith (rudimentary)Kerberossupport.NetSolvecomponentsinclude
clients,agents,andservers.Currentlytheonly requeststhatrequireauthenticationarerequeststhatthe
clientmakesto theserver, andof those,only the“run problem”request.Otherrequestscouldbe
authenticated(anobviousonebeing“kill server”), but drasticchangesalongtheselineswould probably
requiredrasticrestructuringof NetSolve.For instance,aclient cancurrentlyinform anagentthata
particularserver is down, andtheagentwill not advertisethatserver for usein otherproblems.It seems
of dubiousvalueto requireauthenticationfor suchrequestsuntil thereis a mechanismfor specifyingthe
trustrelationshipbetweenclientsandagents.

An attempthasbeenmadeto allow KerberizedNetSolveclientsto interoperatewith bothKerberizedand
non-KerberizedNetSolveservers.In eithercasetheclient sendsarequestto theserver. An ordinary
serverwill returnastatuscodeindicatingthathewill accepttherequestedoperation.By contrast,a
Kerberizedserverwill immediatelyreturnan“authenticationrequired”errorin responseto therequest.
Theclient is thenrequiredto sendKerberoscredentialsto theserverbeforetherequestwill beprocessed.
This allows theserver to requireauthenticationof theclient.Currentlythereis no mechanismto allow
theclient to insiston authenticationof theserver - a Kerberizedclientwill happilytalk with either
Kerberizedor non-Kerberizedservers.

Theserver implementsaccesscontrolvia asimplelist of Kerberosprincipalnames.This list is keptin a
text file which is consultedby theserver. A requestto a NetSolveservermustbemadeon behalfof one
of thoseprincipalnames.If theprincipalnameassociatedwith theKerberoscredentialsin therequest
appearsin thelist, andthecredentialsareotherwisevalid, therequestwill behonored.Otherwise,the
requestwill bedenied.

SincetheNetSolveserverwasnotdesignedto runasa set-uidprogram,it is not currentlyfeasibleto
have theNetSolveserver runprocessesusingtheuser-id of theparticularUNIX userwho submittedthe
request.NetSolve thususesits own serviceprincipalnameof “netsolve” ratherthanusingthe“host”
principal.Whatthis means(amongotherthings)is thatyouneedto generateserviceprincipalsand
keytabsfor eachof yourNetSolveservers,evenif you alreadyhavehostprincipalsin place.

TheNetSolveserver, by default, runsin non-Kerberizedmode.To startup theserver in Kerberizedmode
you needto addthe-k optionto thecommand-line,andalsosetenvironmentvariables
NETSOLVE_KEYTAB (pointingto thekeytab)andNETSOLVE_USERSpointingto thelist of
authorizedusers).

This versionof KerberizedNetSolveperformsno encryptionof thedataexchangedamongNetSolve
clients,servers,or agents.Nor is thereany integrity protectionfor thedatastream.
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Compiling a Kerberiz ed Server

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

2. CompiletheNetSolveclient librarieswith Kerberossupport.Referto theinstructionsin thethe
sectioncalledInstallationon Unix Systemsin Chapter13 sectionfollowing thenotesthattalk about
authenticationandauthenticationlibraries.In part,this involveseditingthe
$NETSOLVE_ROOT/conf/Makefile.NETSOLVE_ARCH.inc andmodifying theKLIBS field to
point to theappropriateKerberoslibrariesandsettingtheAUTHENTICATION field to
KERBEROS5.

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 hasnot expired.

3. RunyourNetSolveprogram.If theservercontactedrequiresauthentication,theNetSolveclient
automaticallycontactstheKerberosKey Distribution Centerfor a ticketandsendsit to theserver. If
thisclient is authorizedto utilize theNetSolveserverserviceswill begrantedto theclient, if not,an
AUTHENTICATION_REJECTEDerrorprotocolwill bereturnedto theclient.
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Motiv ation
In theprecedingsections,we describedall theclient interfacesto NetSolve.In thesedescriptionswe
assumedthattheonly input theuserhadto supplyto NetSolvewasnumericaldata,thatis, matrices,
vectors,or scalars.Thisassumptionis valid for a lot of numericalsoftware.However, for somesoftware
thatwewould like to includein NetSolvevia NetSolveservers,weneedanadditionalfeature.Indeed,
numerousscientificpackagesrequiretheuserto providenumericaldataaswell asa function. Typically,
nonlinearsoftwarerequirestheuserto passapointerto asubroutinethatcomputesthenonlinear
function.This is a problemin NetSolvebecausethecomputationis performedremotelyandtheuser
cannotprovideNetSolvewith a pointerto oneof his linked-insubroutines.Theonly solutionis to send
codeover thenetwork to theserver. Thisapproachraisesa lot of issues,includingsecurity.

Solution
Let usdescribeherethesolutionwehaveadopted.This is really afirst attempt,andthereis definitely
roomfor improvement.However, webelieve thatit providesreasonablecapabilitiesfor now, considering
thatNetSolve is still atanearlystageof development.As we noted,we needto shipcodeover to the
computationalserver. SinceNetSolveworksin aheterogeneousenvironment,it is notpossibleto migrate
compiledcode.Thus,werequirethattheuserhavehis subroutineor functionin a separatefile, written
eitherin C or Fortran.We sendthis file to thecomputationalserver. Theservercompilesit andis then
ableto usethis user-suppliedfunction.

Thesecurityimplementationis quitesimple.Whencompilingtheuser’s function,weusethenm UNIX
commandto disallow any systemcall. Theapproachis very restrictive for theuser, but typically the
subroutinethathasto bepassedneedsonly to performcomputations.If course,therearea lot of hacker
waysto go aroundthis problem,andoursystemcurrentlydoesnot pretendto bea realsecuritymanager.
We areinvestigatingJava to dealwith this user-suppliedfunctionissue.

For the Client
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Determining the Format of the Function to Suppl y
We now understandthattheuserhasto write a Fortransubroutineor aC functionto call a problemthat
requiresa user-suppliedfunction.For now, theprototypeof thissubroutine/functioncanbefoundin the
descriptionof theproblem,availablefrom Matlabor theCGI scriptsof theNetSolvehomepage(seethe
sectioncalledProblemsthat canbesolvedwith NetSolvein Chapter4). Following theusualphilosophy
of NetSolve,theprototypeof theuser-suppliedfunctionis exactly thesameasif theuserwereusingthe
numericalsoftwaredirectly. Somesoftwaresrequiretheuserto providemorethanonefunction.When
thatis thecase,thedescriptionof theproblemmentionsit andgivesall theprototypesfor all the
functionsto supply.

From Matlab, Mathematica, C and For tran
A UPFis passedto NetSolveasa stringthatcontainsthepathto thefile thatcontainsthesourcecodeof
thefunction.

From the NetSolve Java API
Usersof theNetSolveAPI mayspecifya UPFinput itemasthey would any otherinput item,usingthe
pushArg() method.However, anextra argumentis requiredwhenpushinga UPFitem: thelanguage
thattheUPFis written in. For example:

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

Currently, theusermustpasstheUPFasa String.Therefore,if theUPFis storedin afile, it is up to the
userto readthefile into a String.Futureversionsof theAPI will allow theuserto simply passthename
of thefile.

From the Java GUI
Enteringauser-suppliedfunctionvia theJava interfaceis verymuchsimilar to enteringany otherkind of
data.If theproblemrequiresauser-suppliedfunction,therewill beanentryin theInputList called“User
ProvidedFunction”for which datamustbespecified,just like any otherinputobject.Theusermay
chooseto entertheuser-suppliedfunctionmanuallyinto theData InputBoxor from afile specifiedin
theFilenameSelectionBox. If theuserentersthefunctionmanually, thelanguagemustalsobespecified
by choosingeitherC or FORTRAN from an“option menu”thatappearsjust abovetheData InputBox.
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If theuser-suppliedfunctioncomesfrom a file, thefile mustendwith either“.c” or “.f ” (with names
endingin “.c” interpretedasC functionsandnamesendingin “.f ” interpretedasFORTRAN functions).

For the Server
Theproblemdescriptionof a problemthatrequiresoneor moreuser-suppliedfunctionsmustcontaina
line:

@OBJECT UPF CHAR

for eachfunctionasaninput objectsothatmnemonicscanbeusedin thedescriptionof thecalling
sequence(afterthe’@FORMAT’ clause).In thepseudo-codesection,thefunctionsshouldbedeclaredas
externlike:

extern int upf0();
extern double upf1();
etc....

for instance.Theidentifiersupf0, upf1, . . . canbeusedin therestof thepseudocodeto designatethe
user-suppliedfunctions.This is not verynatural.It would bebetterto beableto usemnemonicsasfor
classicobjects,but it makescompilationdifficult on someplatforms.

Conc lusion
This new featureof NetSolve is still underinvestigation.We areawarethatsecurityis animportantissue
here.For now, NetSolve is still a researchprojectdevelopedto allow experimentationswith this
relatively new typeof software.In thefuture,moreattentionwill begivento theuser-supplied
mechanismin orderto make it assafeaspossible.As mentionedearlier, wemayuseJava in orderto set
up a viablesecuritymanager. UsingJavacurrentlyappearsto bethebestsolutionfor security, but it has
obviousdrawbacks.First, theuserwould haveto write his functionin Java: thetypical NetSolveuseris a
scientistwho doesnot havethetime or inclinationto learnnew languages,especiallyobject-oriented
ones.Second,with thecurrentimplementationsof Java,efficiency wouldalsobeaproblem.
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If anerroroccursduringtheinvocationof NetSolve,a varietyof diagnosticruntimeerrormessages,as
well aserrorcodesthatcanbereturnedwhencalling aNetSolve functionfrom theC or Fortran
interfaces,areprovided.Theerrorcodesandruntimeerrormessagesarelistedin Chapter24andmay
haveseveralpossibleexplanations/causes.If oneof theseerrormessagesoccurs,theusershouldfirst
checktheagentandserver log files,$NETSOLVE_ROOT/nsagent.log or
$NETSOLVE_ROOT/nsserver.log, respectively. Thesefilesmaycontainmoreinformationto clarify
thereasonfor theerrormessage.

For diagnostichelpin explainingthereasonsfor specificNetSolve run-timeerrormessages,referto the
NetSolveErrata File (http://icl.cs.utk.edu/netsolve/errata.html)

Details of the Makefile .NETSOLVE_ARCH.in c File
Althoughsuitabledefaultoptionsareprovidedfor thecompilationof thesoftware,onemaylook in
theNetSolve/conf directoryto edit theMakefile.NETSOLVE_ARCH.inc file. This file contains
parametersto customizethecompilationprocess.

Note:: All of the parameters in this include file can (and should) be modified using command line
arguments to configure .

Most of thecontentsof this file arestraightforward,includingdefinitionsfor compilers,linkers,etc.,and
will not beexplainedhere.Therearehowevera few entriesthatmayneedexplanation.

NETSOLVE SPECIFICOPTIONS:

TheOUTPUT_LEVEL macrodefinestheamountof debugoutputto print duringinstallation.PROXY
specifieswhich clientproxy to use.CPU_STAT defineswhich methodto useto monitorserver
processesin termsof workload,etc.andwhatmethodto useto assigntasksto servers.The
AUTH_LIBS andAUTHENTICATION macrosdefinetheauthenticationto use(if any) in thesystem.
Currently, theonly optionsareKERBEROS5or NO_AUTH (no authentication)for the
AUTHENTICATION macro.If authenticationis setto KERBEROS4,thenAUTH_LIBS mustbesetto
thelocationof theappropriatelibrariesneededto usethekerberosapplicationprogramming
interface.

AUXILIAR Y PACKAGES:

If NWS is enabled,i.e.,CPU_STAT = NWS, thevariableNWSDIR providesthepathto theNWS
distribution.SeeChapter19) for furtherdetails.
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In thecaseof a parallelserver, it is necessaryto settheMPI_DIR, MPI_INCLUDE_DIR, and
MPI_INCDIR variablesto theproperpaths.

If IBP is enabled,i.e.,IBPDIR providesthepathto theIBP distribution.SeeChapter20 for further
details.

Auxiliary Libs:

This sectioncontainsvariablesfor settingpathnamesandto optionalsoftwarepackagessuchas
PETSc,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.
# Never include this file directly!
# Always include ./Makefile.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} ${IBPFLAG} \
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${AUTHENTICATION} $(DSIFLAGS)
NS_C_NOOPT_FLAGS = $(C_NOOPT_FLAGS) $(HBMFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \

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

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) $(OUTPUT_LEVEL) $(ARCHM-
FLAGS) \

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

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

-d $(PDFGUICLASSDIR)

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

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

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

ARCHCFLAGS = -D$(NETSOLVE_OS) \
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-D$(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 passing strings from f2c
#### F2CSTRSTRUCTVAL : Struct style of passing strings from f2c
F2CSTR = F2CSTRSUNSTYLE

##########################
### AUXILIARY PROGRAMS ###
##########################
FLEX = /usr/bin/flex
BISON = /usr/bin/bison
AR = /usr/bin/ar
ARFLAGS = cr
RANLIB = :
RUSAGE = HAVERUSAGE

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

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

# options for INFOSERVERFLAGS
# INFOSERVERFLAGS = (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 ##
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########################
#================#
# AUTHENTICATION #
#================#

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

#=====#
# NWS #
#=====#
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 = $(GLOBUS_GRAM_CLIENT_LDFLAGS)
#LDAP_DIR = /usr/local/ldap
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#LDAP_LIBS = -L$(LDAP_DIR)/lib
#LDAP_CFLAGS = -I$(LDAP_DIR)/include
#LDAP_LDFLAGS = -lldap -llber

#================#
# 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.He caninstall only theclient softwareanduse
existing poolsof resources(agent(s)andserver(s)),or hecaninstall his own stand-aloneNetSolve
system(client,agent(s)andserver(s)).If theuserwishesto only install theclient interface(s),heshould
follow instructionsin Part II. TheUser’sManual. However, if theuserswishesto install client,agent(s),
andserver(s),heshouldfollow theinstructionsin Part III. TheAdministrator’sManual.
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Testing the Agent and Server

TheNetSolveagentandserversoftwareis currentlyonly availablefor UNIX andUNIX-lik eoperating
systems.All of theclient,agent,andserversoftwareis bundledinto onetar-gzippedfile. Thereis a
separatedistribution tarfile for Unix andWindows installations.No root/superuserprivilegesareneeded
to install or useany componentof theNetSolvesystem.

Installation on Unix Systems
TheNetSolvedistribution tarfile is availablefrom theNetSolvehomepage.
(http://icl.cs.utk.edu/netsolve/download/NetSolve-1.4.tgz)Oncethefile hasbeendownloaded,the
following UNIX commandswill createtheNetSolve directory:

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

Fromthis point forward,weassumethattheUNIX SHELL is from thecshfamily.

Theinstallationof NetSolve is configuredfor agivenarchitectureusingtheGNU 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]
[--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]
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[--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]
[--with-mldk=MLDK_PATH]

where
C_COMPILER = default is to use gcc
C_NOOPT_FLAGS = C compiler 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 compiler flags to be used on files that

must be compiled without optimization
F77_OPT_FLAGS = Fortran77 compiler optimization flags (e.g., -O)
LOADER_FLAGS = Flags to be passed only to the loader
NWSDIR = directory where NWS is installed (optional)
IBPDIR = directory where IBP is installed (optional)
PROXY_TYPE = currently supported values are netsolve

and globus (default is netsolve)
OUTPUT_LEVEL = currently supported values are debug, 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 directory (optional)
AZTEC_DIR = location of Aztec installation directory (optional)
AZTEC_LIB = Aztec link line (optional)
SUPERLU_DIR = location of SuperLU installation directory (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)
MLDK_PATH = Path to MathLink Development Kit (optional)

All argumentsareoptional.Theoptionsparticularlypertinentto NetSolveare:

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

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 installation 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
--with-mldk=MLDK_PATH Path to MathLink Development Kit

Theconfigurescriptcreatestwo mainfiles, ./conf/Makefile.$NETSOLVE_ARCH.incand
./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 theNetSolvesystem.
Manuallyeditingtheseconfigurationfiles is stronglydiscouraged.However, detailsof the
$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file areexplainedin thesectioncalled
Detailsof theMakefile.NETSOLVE_ARCH.incFile in Chapter12.

Typingmake in theNetSolve directorywill give instructionsto completethecompilation.A typical
agentandservercompilationincludes:

UNIX> make standard

to build theagent,server, NetSolvemanagementtools(seeChapter16),andNetSolve testsuite(seethe
sectioncalledTestingtheSoftware). After a successfulcompilationprocess,theappropriatebinaries
and/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 hisUNIX path variable.
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Testing the Software
Testingthesoftwareconsistsof startinganagentanda serverandrunningaclient test(thesectioncalled
Agent-Server-ClientTest). Alternatively, thedefaultagentandserversrunningat theUniversityof
Tennesseecanbeusedto testtheclientonly (seethesectioncalledTestingtheUnix installation in
Chapter3). We describeherethestep-by-stepprocedurethatinvolvesmanipulationsthatwill bedetailed
andexplainedin thefollowing chapters.

Agent-Ser ver-Client Test

1. Chooseamachineto run theagent,serverandclient (saynetsolve.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

While thetestsuiteis running,it printsmessagesaboutits execution.This testtestsonly theC and
Fortraninterfaces.SeeChapter6 for detailson how to testtheMatlabinterface.Successfulcompletion
of thesetestsassuresyou thatyouhaveproperlyinstalledtheNetSolveagentandserver.

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

Expanding the Server Capabilities
It is possibleto addnew functionalitiesto a NetSolvecomputationalserverby specifyingadditional
problemdescriptionfiles in theserverconfigurationfile. In fact,anumberof PDFshavebeenwritten for
a varietyof serialandparallelsoftwarepackages:ARPACK, Aztec,BLAS, ITPACK, LAPACK, MA28,
PETSc,ScaLAPACK, andSuperLU.ThesePDFsareavailablein the$NETSOLVE_ROOT/problems/
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directory. If a userhasoneof thesesoftwarelibrariescompiledon thearchitectureto which heis
installingNetSolve,hecaneasilyaddthis functionalityto hisserver in threesteps.

• During theconfigurephaseof NetSolve,specifytheconfigureoption(s)for enablingtherespective
library. Referto thesectioncalledInstallationonUnix Systemsfor details.Thisstepwill automatically
settheneeded@LIB line(s)in therespective$NETSOLVE_ROOT/problems/ PDFfile, aswell asset
therequiredvariablesin the$NETSOLVE_ROOT/conf/Makefile.$NETSOLVE_ARCH.inc file.

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

• Recompiletheserverby typingmake server in the$NETSOLVE_ROOT/ directory.

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)arespawnedusingMPI (mpirun
-machinefileMPImachines ...) andthusrequireanMPI machinefile describingtheparallelmachineon
which to run.Thenameof thefile containingthis list of homogeneousmachinesis called
$NETSOLVE_ROOT/MPImachines andis referencedin thefile $NETSOLVE_ROOT/server_config for
configuringtheserver. Therefore,if youareenablingparallelserviceswithin aserver, theuserMUST
edit this$NETSOLVE_ROOT/MPImachines file to list thespecificmachinesto beused.Thecurrent
implementationof NetSolveallowsonly oneMPImachines file perserver. This spawningfile is tied to
theserver, andnot to aspecificserviceenabled.Thus,unfortunately, if youwish to enableparallel
serviceson differentclusters,thenyoumustenablethesoftwareondifferentservers-- i.e.,maintaina
separateNetSolvesourcecodetreefor eachserverenablementsothateachparallelservicecanhave its
own MPImachines file from which to spawn. A futurereleaseof NetSolveshouldidentify aseparate
MPImachines file with eachparallelservicethatcanbeenabled.

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 denotesthename(s)of the
BLAS library. If theselibrariesarenot alreadyavailableon theuser’smachine,hecandownload
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LAPACK from theLAPACK webpage (http://www.netlib.org/lapack/lapack.tgz). If anoptimized
BLAS library is not availableon theuser’smachine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6)for detailsof availability; otherwise,hecandownload
ATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will automaticallygeneratean
optimizedBLAS library for theinstallationarchitecture.

• Theusermustthenuncommenttherespective line

#./problems/lapack

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

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

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 theselibraries
arenot alreadyavailableon theuser’smachine,hecandownloadScaLAPACK from theScaLAPACK
webpage (http://www.netlib.org/scalapack/scalapack.tgz),andtheMPIBLACSfrom theBLACSweb
page (http://www.netlib.org/blacs/mpiblacs.tgz). If anoptimizedBLAS library is not availableon the
user’smachine,hecanview theBLASFAQ (http://www.netlib.org/blas/faq.html#1.6) for detailsof
availability; otherwise,hecandownloadATLAS from theATLASwebpage
(http://www.netlib.org/atlas/)andit will automaticallygenerateanoptimizedBLAS library for the
installationarchitecture.MPI_DIR denotesthelocationof theMPI library (assumesthestandard
MPICH distribution).

• Theusermustthenuncommenttherespective line

#./problems/scalapack

in the@PROBLEMS: sectionof the$NETSOLVE_ROOT/server_config file by removing the# from the
beginningof theline.
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• And lastly, theusermustrecompiletheserverby typingmakeserver in the$NETSOLVE_ROOT/
directory.

Enabling Sparse Iterative Solver s (PETSc, Aztec, and ITPACK)
NetSolveoffersa ’sparse_iterative_solve’serviceasa convenientinterfaceto sparseiterativemethods
packagessuchasPETSc,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 thePETScdirectorycontainingthestandarddistribution,
AZTEC_DIR denotesthelocationof theAztecdirectorywheretheincludefilescanbefound,
AZTEC_LIB is thelink line for theAzteclibrary, LAPACK_LIB denotesthenameof theLAPACK
library, BLAS_LIB denotesthename(s)of theBLAS library, andMPI_DIR denotesthelocationof the
MPI library (assumesthestandardMPICH distribution). If theselibrariesarenotalreadyavailableon
theuser’smachine,hecandownloadandinstall thesoftwarefrom therespectivewebpages-- (PETSc
homepage (http://www-fp.mcs.anl.gov/petsc/),andAztechomepage
(http://www.cs.sandia.gov/CRF/aztec1.html)).ThePETScinterfaceis compatiblewith PETSc,
version2.0.29.LAPACK canbedownloadedfrom theLAPACK webpage
(http://www.netlib.org/lapack/lapack.tgz). If anoptimizedBLAS library is not availableon theuser’s
machine,hecanview theBLASFAQ (http://www.netlib.org/blas/faq.html#1.6) for detailsof
availability; otherwise,hecandownloadATLAS from theATLASwebpage
(http://www.netlib.org/atlas/)andit will automaticallygenerateanoptimizedBLAS library for the
installationarchitecture.TheITPACK library is distributedwith NetSolve in
$NETSOLVE_ROOT/src/SampleNumericalSoftware/ITPACK/ sincea smallmodificationto the
library wasnecessaryto enableits usein NetSolve.

• Theusermustthenuncommenttherespective line

#./problems/sparse_iterative_solve

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

• And second,theusermustcompiletheserverby typingmake wrappers andmakeserver in the
$NETSOLVE_ROOT/ directory.
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Enabling Sparse Direct Solver s (SuperLU and MA28)
NetSolveoffersa ’sparse_direct_solve’serviceasa convenientinterfaceto sparsedirectmethods
packagessuchasSuperLUandMA28. If theuserwould like to enableSuperLUor MA28 within
NetSolve,hemustperformthefollowing steps.

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

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 theSuperLUdirectorywheretheincludefilescanbefound,
SUPERLU_LIB is thelink line for theSuperLUlibrary, LAPACK_LIB denotesthenameof the
LAPACK library, BLAS_LIB denotesthename(s)of theBLAS library, andMPI_DIR denotesthe
locationof theMPI library (assumesthestandardMPICH distribution). If theselibrariesarenot
alreadyavailableon theuser’smachine,hecandownloadandinstall thesoftwarefrom therespective
webpage-- 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 canbe
downloadedfrom theLAPACK webpage (http://www.netlib.org/lapack/lapack.tgz). If anoptimized
BLAS library is not availableon theuser’smachine,hecanview theBLASFAQ
(http://www.netlib.org/blas/faq.html#1.6)for detailsof availability; otherwise,hecandownload
ATLAS from theATLASwebpage (http://www.netlib.org/atlas/)andit will automaticallygeneratean
optimizedBLAS library for theinstallationarchitecture.

• Theusermustthenuncommenttherespective line

#./problems/sparse_direct_solve

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

• And lastly, theusermustcompiletheserverby typingmake wrappers andmakeserver in the
$NETSOLVE_ROOT/ directory.

84



Chapter 14. Running the NetSolve Agent
After compilingtheagentasexplainedin thesectioncalledInstallationon Unix Systemsin Chapter13,
theexecutableof theNetSolveagentis locatedin:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/agent.

Thepropercommandline for thisprogramis

agent [-a agent_name][-l logfile]

Wheninvokedwith no arguments,astand-aloneagentis started.This agentis now availablefor
registrationsof NetSolveserverswantingto participatein anew NetSolvesystem.After serversare
registered,clientprogramscancontactthis agentandhaverequestsservicedby oneor moreof the
registeredservers.

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 theagent_name
argument.If no agentis runningon this host,thenew agentwill exit with anappropriateerrormessage.
However, whenit is ableto contactthatagent,it will receive from thatagent,a list of servers(whohave
giventhepreviousagentthepermissionto broadcasttheir status,seeChapter15) andpossiblyother
agents.Theseserversthenalsobecomeavailablefor theservicingof requestssentvia thenew agent.

The-l optionspecifiesthenameof afile to usefor loggingpurposes.

UNIX> agent -l /home/me/agent_logfile

This file is wheretheagentlogsall of its interactions(andpossiblyerrors)sinceit is a daemonwith no
controllingterminalandthereforehasnoway to do this otherwise.This log file alsoproducesveryuseful
informationaboutrequests,amongotherthings,thathelpsadministratorsknow how theirNetSolve
systemis beingused.If no-l optionis specified,thedefault log file is
$NETSOLVE_ROOT/nsagent.log. This meansthatsuccessive runsof theagentwith nospecificationof
a log file will overwritetheoriginal log file, soif theinformationis needed,it mustbecopiedto another
file.
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To terminateanexisting agent(or queryanexistingNetSolvesystem),theusershouldreferto the
NetSolvemanagementtools,particularlyNS_killagent, asoutlinedin Chapter16.
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Star ting a Server
After compilingtheserverasexplainedin thesectioncalledInstallationonUnix Systemsin Chapter13,
theexecutableof theNetSolveserver is locatedin:

$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/server.

Thepropercommandline for thisprogramis

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

This executableusesaconfigurationfile for initializing theNetSolveserver. Wheninvokedwith no
argumentsas:

UNIX> server

thedefault configurationfile locatedin $NETSOLVE_ROOT/server_config is used.This is thefile that
shouldbeusedfor first experimentsandfor testingthesystem.However, it is possibleto customizeor
expandthefunctionalityof aserver (thesectioncalledTheServerConfigurationFile), or to specify
anotherconfigurationfile 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

This file is wheretheserver logsall of its interactions(andpossiblyerrors)sinceit is a daemonwith no
controllingterminalandthereforehasno way to do this otherwise.If the-l optionis not specified,the
default log file is $NETSOLVE_ROOT/nsserver.log. Successiverunsof theserverwith no
specificationof a log file will overwritetheoriginal log file, soif theinformationis needed,it mustbe
copiedto anotherfile!

Note:: Multiple NetSolve servers can be running on a given machine if and only if they have a
different NetSolve agent.
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Whentheserverhasbeencompiledwith theKerberoslibraries,theadministratorhastheoptionof
having theserver requireclientsto authenticatebeforerenderingservices.To mandatethis
authentication,the-k optionmustbeused,otherwiseno authenticationwill beaskedfor, andtheserver
will beavailableto servicerequeststo ANY clientaskingfor services.

To terminateanexisting server (or queryanexisting NetSolvesystem),theusershouldreferto the
NetSolvemanagementtoolsasoutlinedin Chapter16.

The Server Configuration File
Theserverconfigurationfile is usedto customizetheserver. Thedefault configurationfile in
$NETSOLVE_ROOT/server_config shouldbeusedasa templateto createnew configurationfiles.This
configurationfile is organizedasfollows.A line canstartwith a’#’ in whichcasetheline is ignored
andcanbeusedfor comments.A line canalsostartwith akeyword thatis prefixedby a’@’ typically
followedby asinglevalueor parameter. Let usreview all of thepossiblekeywordsandhow they canbe
usedto preciselydefineaNetSolveserverasit is donein thedefaultconfigurationfile.

• ’@AGENT:<hostname>’[*] specifiestheagentthattheNetSolveservermustcontactto registerinto
a NetSolvesystem.Theagentis identifiedby thenameof thehostonwhich it is runningandtherecan
beonly onesuchline in theconfigurationfile. If the’*’ is present,thentheserverwill broadcastits
existenceto all NetSolveagentsknown to theonerunningon<hostname>. Otherwise,theserverwill
only beknown to theagenton<hostname>.

• ’@PROC:<number>’ specifiesthenumberof processors(=1 for a singleprocessor, =2 for adual
processor, =4 for a quadprocessor)thatcanbeusedby theserver to performsimultaneous
computationson thelocal hosts.Therecanonly beonesuchline in theconfigurationfile.

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

• ’@WORKLOADMAX:<max>’ specifiesthevalueof theworkloadbeyondwhich theserver refusesnew
requests(e.g.’@WORKLOADMAX:100’). A valueof -1 meansthattheserveracceptsrequests
regardlessof theworkload.

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

• ’@CONDOR:<path>’ specifiesthattheNetSolveserver is usinga Condor[condor1][condor2]poolas
a computingresource.Thepathto theCondorbasedirectorymustbeprovided.Therecanbeonly one
suchline in theconfigurationfile.
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• ’@PROBLEMS:’ marksthebeginningof thelist of problemdescriptionfile (PDF) namesthatare
enabledin theNetSolveserver installation.Eachof theseproblemdescriptionfilescontainsinterfaces
to anumberof problems/subroutinesfrom a particularsoftwarelibrary. If a particularproblem
descriptionfile is enabledin theserverconfigurationfile, thentheproblems/subroutinescontained
thereinbecomeavailableon thatserver. A numberof PDFshavebeenwritten for avarietyof software
packages,but thedefaultNetSolve installationonly enablesa smallsubset,asthereis only a limited
amountof softwareincludedwith theNetSolvedistribution.Detailsof descriptionfilesaregivenin
thesectioncalledExpandingtheServerCapabilitiesin Chapter13.

• ’@RESTRICTIONS:’ marksthebeginningof thelist of accessrestrictionsthatareapplicableto the
NetSolveserver. Thelist consistsof linesformattedas:

<domain name> <number of pending requests allowed>

Thesymbol’*’ is usedasawildcardin thedomainname.For instance,theline:

*.edu 10

meansthatonly 10 requestsfrom clientsresidingon a.edu machinecanbeservicedsimultaneously.
Whentheserver receivesa requestfrom somemachine,it determineswhich line in thelist mustbe
usedto acceptor rejecttherequestby takingthemostrefineddomainname.For instance,if thelist of
therestrictionsis:

*.edu 5
*.utk.edu 10

thentheserveracceptsatmost5 simultaneousrequestscomingfrom .edu machinesthatarenot in the
.utk.edusub-domain,andat most10 requeststhatcomefrom machinesin the.utk.edu sub-domain
for a total of 15 possiblesimultaneousrequests.
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TheNetSolvedistributioncomeswith a setof toolsto manage/queryaNetSolvesystem.After compiling
thetoolsasexplainedin thesectioncalledInstallationon Unix Systemsin Chapter13, 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.

NS_conf
This executabletakesoneargumenton thecommandline, thenameof ahostrunningaNetSolveagent:

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)

NS_problems
This executabletakesthenameof a hostrunninganagentassingleargumenton its commandline. It
printsthelist of problemsthatcanbesolvedby contactingthatagent:

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

NS_probdesc
This executabletakestwo argumentson its commandline: thenameof a hostrunninga NetSolveagent
andthenicknameof aNetSolveproblem.It printsthedescriptionof theproblem:

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
- 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)
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NS_killa gent
This executabletakesoneargumenton its commandline, thenameof ahostrunningaNetSolveagent.
After a (basic)userauthentication,theexecutablekills theagent.

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

NS_killser ver
This executabletakestwo argumentson its commandline, thenameof a hostrunningaNetSolveagent
andthenameof ahostrunninga NetSolveserver. After a (basic)userauthentication,theexecutablekills
theserver, usingtheagentasanentry-pointinto thesystem.

UNIX> NS_killserver netsolve.cs.utk.edu cupid.cs.utk.edu
Server on cupid.cs.utk.edu killed : killed

NS_killall
This Shellscripttakesoneargumenton its commandline, thenameof a hostrunninga NetSolveagent.
After a (basic)userauthentication,theexecutablekills theagent,alongwith 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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Theproblemdescriptionfile (PDF)is themechanismthroughwhichNetSolveenablesservicesfor the
user. TheNetSolvedistributioncontainsthesourcecodefor MA28, ITPACK, qsort,andasubsetof
BLAS andLAPACK routines.Thissoftwareis containedin the
$NETSOLVE_ROOT/src/SampleNumericalSoftware/ directory. Therefore,thedefaultNetSolve
enablement(containedin $NETSOLVE_ROOT/server_config) only accessesthePDFsrelatedto the
includedsoftwarepackages.Theusershouldreferto thesectioncalledExpandingtheServer
Capabilitiesin Chapter13 for detailson expandingthecapabilitiesof a server, andreferto thesection
calledContentsof a ProblemDescriptionFile for detailson thestructureof aproblemdescriptionfile.

Contents of a Problem Description File
In whatfollowswe describethecontentsof aproblemdescriptionfile (PDF).We offer all of thedetails
becauseit maybenecessaryor desirableto beawareof them,but we stronglyrecommendtheuseof the
GUI applicationdescribedin thesectioncalledPDF Generator to createnew PDFs.

Therationalefor thesyntaxof thedescriptionfiles is explainedin [ima]. Eachdescriptionfile is
composedof severalproblemdescriptions. Beforeexplaininghow to createaproblemdescription,we
reiteratetheconceptof objectsin NetSolve,andthendefinetheconceptof mnemonics.

NetSolve Objects
As detailedin thesectioncalledNetSolveProblemSpecificationin Chapter4, thesyntaxof a NetSolve
problemspecificationis a functionevaluation:

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

where

• <name> is a characterstringcontainingthenameof theproblem,

• <input> is a list of inputobjects,

• <output> is a list of outputobjects.

An objectis itself describedby anobjecttypeanda datatype. Thetypesavailablein thecurrentversion
of NetSolveareshown in Table17-1andTable17-2.
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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

NETSOLVE_SPARSEMATRIX sparsematrix CompressedRow Storage(CRS)
format

NETSOLVE_FILE file only of datatype
NETSOLVE_CHAR

NETSOLVE_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 definea problemspecificationfor a givenservice.
thesectioncalledMnemonicsdescribestherequirementsfor eachNetSolveobjecttypeasit relatesto the
problemdescriptionfile.

Sparse Matrix Representation in NetSolve
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NetSolveusestheCompressedRow Storage(CRS)for storingsparsematrices.TheCompressedRow
Storage(CRS)formatputsthesubsequentnonzerosof thematrix rows in contiguousmemorylocations.
Assumingwehavea nonsymmetricsparsematrix,wecreatevectors:onefor floating-pointnumbers
(val), andtheothertwo for integers(col_ind,row_ptr).Theval vectorstoresthevaluesof thenonzero
elementsof thematrix,asthey aretraversedin a row-wisefashion.Thecol_indvectorstoresthecolumn
indexesof theelementsin theval vector. Therow_ptrvectorstoresthelocationsin theval vectorthat
starta row.

For example,if

1 0 3 1
A = 0 0 5 2

6 1 0 8
4 0 0 0

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 a problemin 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)

a Matlabuserwouldcall this programas:

>> netsolve(’sm_prob’, SM);
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whereSM is aMatlabconstructedsparsematrixobject.

anda C userwould invokethis problemas:

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

int rows, num_nzeros;

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

status = netsl("sm_prob()", rows, num_nzeros, val, col_index, row_ptr);

Mnemonics
As describedin thesectioncalledNetSolveObjects, theNetSolvesystemdefinesdatastructuresthatwe
call NetSolveobjects. Thesearehigh-level objectsthatarecomprisedof integers,andarraysof
charactersandfloats.To beableto relatehigh-level andlow-level descriptionsof theinput andoutput
objectsof a givenproblem,weneedto developsomekind of syntax.We decidedto termthissyntax
mnemonics. A mnemonicis a characterstring(typically 2 or 3 characterslong) thatis usedto accesslow
level detailsof thedifferentinputandoutputobjects.We index thelist of objects,startingat0. Therefore,
thefirst objectin input to a problemis theinputobjectnumber0 andthethird objectin outputto a
problemis theoutputobjectnumber2, for instance.We useanI or anO to specifywhetheranobjectis
in inputor output.Herearetheeighttypesof mnemonicsfor anobjectindexedx:

• 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).

• Nonzerovaluesof thesparsematrix:f[I|O]x

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

• Columnindicesfor thesparsematrix:p[I|O]x
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For example,mI4 designatesthenumberof rowsof theinputobjectnumber4, whereasO1 designatesthe
pointerto thedataof outputobjectnumber1. In thenext section,we describethedifferentsectionsthat
arenecessaryto build a problemdescriptionandwill seehow themnemonicsareused.

Sections of a Problem Description
Thestructureof a problemdescriptionfile is verysimilar to thatof a serverconfigurationfile. Thelines
startingwith a’#’ areconsideredcomments.Keywordsareprefixedby a’@’ andmarkthebeginning
of sub-sections.In whatfollows,wedescribeeachsectionseparatelyaswell aseachkeywordand
sub-sectionswithin eachsection.Keepin mind to look at oneexistingproblemdescriptionfile asa
templatewhenreadingthis section.

Problem ID and General Information

Thefollowing keywordsarerequiredandmustoccurin theorderin which they arepresented.

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

• ’@INCLUDE <name>’ specifiesaC headerfile to include(Seetheexamplein thesectioncalledA
SimpleExample). Therecanbeseveralsuchlinesasa problemcancall severalfunctions.

• ’@DASHI <path>’ specifiesa defaultdirectoryin which headerfilesareto belookedfor, in asimilar
way asthe-I optionof mostC compilers.Therecanbeseveralsuchlinesasaproblemcancall
severalfunctions.

• ’@LIB <name>’ specifiesa library or anobjectfile to link to, or a-L optionfor thelinker (Seethe
examplein thesectioncalledA SimpleExample). If multiple librariesarerequired,a separate@LIB
line mustbespecifiedfor eachlibrary, andthelibrarieswill belinkedin theorderin which they are
specified.The@LIB line(s)cancontainvariablenamesubstitutionssuchas$(NETSOLVE_ROOT).

• ’@FUNCTION <name>’ specifiesthenameof a functionfrom theunderlyingnumericalsoftware
library thatis beingcalledto solve theproblem.Therecanbeseveralsuchlinesasa problemcancall
severalfunctions.

• ’@LANGUAGE [C|FORTRAN]’ specifieswhethertheunderlyingnumericallibrary is written in C or in
Fortran.This is usedin conjunctionwith thefunctionnamesspecifiedwith ’@FUNCTION’ to handle
multi-languageinteroperability.

• ’@MAJOR [COL|ROW]’ specifieswhatmajorshouldbeusedto storetheinput matricesbeforecalling
theunderlyingnumericalsoftware.For instance,if thenumericallibrary is LAPACK [lapack],the
majormustbe’COL’.
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• ’@PATH <path>’ specifiesa path-likenamefor theproblems.Thispathis only a namingconvention
andis usedfor presentationpurposes.

• ’@DESCRIPTION’ marksthebeginningof thetextual descriptionof theproblem.Thissub-sectionis
mandatoryasit is usedby theNetSolvemanagementtoolsto provide informationto theNetSolve
users(clients)aboutaspecificproblem.

Input Specification

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

• ’@OBJECT <object type> <data type> <name>’ specifiesanobjecttype,datatype,andname.
Thenameis only usedfor presentationpurposes.This line is followedby a mandatorytextual
descriptionof theobject.Thedatatypesareabbreviatedby replacingNETSOLVE_I by I,
NETSOLVE_CHAR by CHAR, NETSOLVE_BYTE by B, NETSOLVE_FLOAT by S, NETSOLVE_DOUBLE by
D, NETSOLVE_SCOMPLEX by C, andNETSOLVE_DCOMPLEX by Z, (seeTable17-1).Similarly, theobject
typesareabbreviatedby 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 object
typeFILE, STRING,UPF,andPACKEDFILESdo nothavea datatype.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’

Output Specification

• ’@OUTPUT <number>’ specifiesthenumberof objectsin outputfrom theproblem.This line is
followedby thatcorresponding<number> of objectdescriptions(seebelow).
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• ’@OBJECT <object type> <data type> <name>’ specifiesanobjecttype,a datatypeanda
name.This line is followedby a mandatorytextual descriptionof theobject.Theabbreviationsfor
datatypesandobjecttypesareasdefinedpreviously in thesectioncalledInputSpecification.

Additional Information

Thefollowing list of tagsareoptional.

• ’@MATLAB_MERGE <number1>,<number2>’ specifiesthattheoutputobjectsnumber<number1>
and<number2> canbemergedasa complex objectuponreceiptof thenumericalresultsfrom the
Matlabclient interface(seeChapter6).

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

C = number1 * n^(number2)

• ’@CUSTOMIZED <name>’ is aninternalcustomizationusedby thecodedevelopers.It meansthatthe
NetSolveservercodewill dosomethingdifferent(or custom)beforeinvokinga routine.For example,
this optionis usedfor theenablementof ScaLAPACK andthesparsesolvers.Thefunctionalityof this
keywordwill beexpandedin thefuture.Noviceusersareadvisedto avoid usingthiskeyword.

• ’@PARALLEL MPI’ specifiesthatthesoftwareenabledin theproblemdescriptionfile is paralleland
usesMPI. Thus,MPI mustbeinstalledon theserver to which youareenablingthis service.

Calling Sequence
Thecalling sequenceto theproblemmustbedefinedsothattheNetSolveclientusingtheC or Fortran
interfacescancall theproblem.Thematerialdescribedin this sectionis ignoredby NetSolvewhenthe
client is Matlab,Mathematicaor Java.To clarify, let ustakeanexample.Let ussaythattheproblem
’ toto’ takesamatrix in inputandreturnsamatrix in output.Thecall from theMatlabinterfacelookslike:

>> [b] = netsolve(’toto’,a)

for instance.However, therecanbeseveralpossiblecallingsequencesfrom C or Fortran.Assumingthe
following declarationsin Fortran:

DOUBLE PRECISION A(M,N)
DOUBLE PRECISION B(K,L)
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thefollowing calling sequencesareall 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 thearguments
(representedwith mnemonics)in theC andFortraninterfacecallingsequence.Indeed,still with thesame
example,theintegerN canberepresentedby themnemonicnI0, andthepointerB canberepresentedby
themnemonicO0.

It is very importantto notethatthenumberof rowsor columnsor theleadingdimensionof input and
outputargumentsmustbespecifiedin the@CALLINGSEQUENCE sub-section.If a dimensionis not passed
asaninput argument,or equivalencedwith anexisting inputargument(via @ARG), it mustbe
set/computedusing@COMP.

• ’@CALLINGSEQUENCE’ marksthebeginningof a calling sequencedescription.This description
consistsof a list of argumentspecifications(seebelow).

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

@ARG I0

specifiesthatthecurrentargumentin thecallingsequenceis thepointerto thedataof thefirst objectin
input.Theline

@ARG mI0,lI0

specifiesthatthecurrentargumentin thecallingsequenceis thenumberof rowsand theleading
dimensionof thefirst objectin input (which in this caseis amatrix).Theline

@ARG ?

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

• ’@CONST <mnemonic>=<number>’ specifiesthatthenumberof rowsor columnsor theleading
dimensionof aninputobjectis constantandcannotbefoundin thecalling sequence.For instance,the
line

@CONST mI4=12

meansthatthenumberof rowsof thefifth objectin input is always12 andis not passedin by the
NetSolveuser.
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• ’@COMP <mnemonic>=<expression>’ specifiesthatthenumberof rowsor columnsor theleading
dimensionof aninputobjecthasnotbeensuppliedasanargumentin thecalling sequence,but canbe
computedusingargumentsin thecalling sequence.

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-th
elementof thearrayI2.

This featureof NetSolve is rarelyused,andis only necessaryin routineswhentheuser’sarraystorage
differsfrom thearraystoragepassedto thecomputationalroutine.A goodexampleof suchan
occurrenceis in theinterfacesto theLAPACK routinesfor bandandtridiagonalmatrices.

Pseudo-Code

• ’@CODE’ marksthebeginningof thepseudo-codesection.

• ’@END_CODE’ markstheendof thepseudo-codesection.

Thepseudo-codeis C codethatusesthemnemonicsdescribedin thesectioncalledMnemonics. This
codecontainscall(s)to thenumericallibrary function(s)thattheproblemis supposedto useaspartof its
algorithm.Theargumentsin thecalling sequencesof theselibrary routineswill beprimarily thedifferent
mnemonics.In thepseudo-code,themnemonicsarepre-andap-pendedby a’@’ to facilitatethe
parsing.Let usreview againthemeaningof 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 usassumethatwehaveaccessto ahypotheticalnumerical
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C library thatpossessesa functionmatvec() thatperformsa matrix-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 thematrix,l is the
leadingdimensionof thematrix andtheresultis storedin b (overwritingtheinput).We maydefinethe
problemsuchthatthematrix is thefirst objectin theinput, thevectorthesecondobjectin theinput,and
theresulttheonly objectin output.Possiblepreparationscouldbefor instancethecreationof workspace,
testof input valuesto detectmistakes,testof matchingdimensions.In thiscase,wemaywantto check
thatthedimensionof vectorb agreeswith thenumberof columnsof matrixa. This canbedoneas
follows:

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

return NS_PROT_DIM_MISMATCH;

ThemacroNS_PROT_DIM_MISMATCH is definedby NetSolve.Othermacrosavailableare
NS_PROT_BAD_VALUES (for invalid input parameters),NS_PROT_INTERNAL_FAILURE (for a
malfunctionof thenumericalsoftware)or NS_PROT_NO_SOLUTION (sometimesusefulif no numerical
solutionhasbeenfoundandtheclient 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 thepointers.Notethat
if matvec() werea Fortransubroutine,wewould passtheaddressesthemselves(seeExamplebelow).
Second,theleadingdimensionis takento beequalto thedimension.This codeis executedat theserver
level wherethematrix (or sub-matrix)hasbeenreceivedfrom theclientover thenetwork. As such,it has
beenstoredcontiguouslyin memoryandhasa leadingdimensionequalto its numberof rows.As a
generalrule, themnemonics@l[I|O]*@ neverappearin thepseudo-code.Thelastthing to do at this
point is to updatetheoutput:

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

Thefirst line expressesthefactthattheinput hasbeenoverwrittenby theoutput.Thesecondline setsthe
numberof rowsof theoutput.Thefollowing sectiongivesacompleteexample,with all of thesectionsof
theproblemdescription.
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A Simple Example
Let usimaginethatwehaveaccessto a Fortrannumericallibrary 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 a problemthatsolvesa linearsystemusingLINSOL andthatexpects
from theclient thesamecalling sequenceastheonefor 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
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
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@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

PDF Generator
Theprocessof creatingnew problemdescriptionscanbedifficult, especiallyfor a first timeuser. It is
truethatafterwriting a few files, it becomesratherroutineandseveralNetSolveusershavealready
generatedagoodnumberof working PDFsfor a varietyof purposes(includinglinearalgebra,
optimization,imageprocessing,etc.).However, wehavedesignedagraphicalJavaGUI applicationthat
helpsusersin creatingPDFs.To compilethis GUI, type

UNIX> make pdgui

from the$NETSOLVE_ROOT directory. Thiscreatesa setof Javaclassfilesneededto run theGUI
applicationandplacesthemin the$NETSOLVE_ROOT/bin/$NETSOLVE_ARCH directory. After this
compilation,you canalsofind a shellscriptnamedNS_pdguithatcanbeusedfrom any directoryto
properlyrun theGUI applicationwhich needsto locatetheabovementionedclassfiles.This GUI canbe
usedto createandloadPDFsinto NetSolve.Apart from beingeasyto use,theGUI alsohasahelpmenu
(not implementedyet) andwedeferotherdetailsaboutrunningtheGUI to thosehelpfiles.Theuserhas
theoptionof storingPDFsin nspdfformator bothnspdfformatandxmlpdf format.Theusercanonly
loada PDFif it hasbeenstoredin xmlpdf format.As theuserhastheoptionof storingin xmlpdf format,
thereis no needto keeptheGUI openuntil hegetsthepdf correct.He mustmakesurethathehasstored
thecreatedpdf in xmlpdf formatbeforeclosingtheGUI.
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Intr oduction
This versionof NetSolvehas(rudimentary)Kerberossupport.NetSolvecomponentsincludeclients,
agents,andservers.Currentlytheonly requeststhatrequireauthenticationarerequeststhattheclient
makesto theserver, andof those,only the“run problem”request.Otherrequestscouldbeauthenticated
(anobviousonebeing“kill server”), but drasticchangesalongtheselineswouldprobablyrequiredrastic
restructuringof NetSolve.For instance,aclient cancurrentlyinform anagentthataparticularserver is
down, andtheagentwill notadvertisethatserver for usein otherproblems.It seemsof dubiousvalueto
requireauthenticationfor suchrequestsuntil thereis a mechanismfor specifyingthetrustrelationship
betweenclientsandagents.

An attempthasbeenmadeto allow KerberizedNetSolveclientsto interoperatewith bothKerberizedand
non-KerberizedNetSolveservers.In eithercasetheclient sendsarequestto theserver.An ordinary
serverwill returnastatuscodeindicatingthathewill accepttherequestedoperation.By contrast,a
Kerberizedserverwill immediatelyreturnan“authenticationrequired”errorin responseto therequest.
Theclient is thenrequiredto sendKerberoscredentialsto theserverbeforetherequestwill beprocessed.
This allows theserver to requireauthenticationof theclient.Currentlythereis no mechanismto allow
theclient to insiston authenticationof theserver - a Kerberizedclientwill happilytalk with either
Kerberizedor non-Kerberizedservers.

Theserver implementsaccesscontrolvia asimplelist of Kerberosprincipalnames.This list is keptin a
text file which is consultedby theserver. A requestto a NetSolveservermustbemadeon behalfof one
of thoseprincipalnames.If theprincipalnameassociatedwith theKerberoscredentialsin therequest
appearsin thelist, andthecredentialsareotherwisevalid, therequestwill behonored.Otherwise,the
requestwill bedenied.

SincetheNetSolveserverwasnotdesignedto runasa set-uidprogram,it is not currentlyfeasibleto
have theNetSolveserver runprocessesusingtheuser-id of theparticularUNIX userwho submittedthe
request.NetSolve thususesits own serviceprincipalnameof “netsolve” ratherthanusingthe“host”
principal.Whatthis means(amongotherthings)is thatyouneedto generateserviceprincipalsand
keytabsfor eachof yourNetSolveservers,evenif you alreadyhavehostprincipalsin place.

TheNetSolveserver, by default, runsin non-Kerberizedmode.To startup theserver in Kerberizedmode
you needto addthe-k optionto thecommand-line,andalsosetenvironmentvariables
NETSOLVE_KEYTAB (pointingto thekeytab)andNETSOLVE_USERSpointingto thelist of
authorizedusers).

This versionof KerberizedNetSolveperformsno encryptionof thedataexchangedamongNetSolve
clients,servers,or agents.Nor is thereany integrity protectionfor thedatastream.
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Compiling a Kerberiz ed Server

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

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

Installing a Kerberiz ed Server

1. Install Kerberoson theservermachine.SeeKerberosV5 InstallationGuidefor instructionsfor how
to do this.You do not haveto install all of theKerberosclientsjust to runa NetSolveserver, but you
doneedkadmin andcomponentsthatdealwith Kerberosticketslikekinit andkdestroy.

2. DefineaKerberosserviceprincipalfor theNetSolveserver. To definetheprincipalfor machine
foo.bar.com:

a. Getthenameandthepassword of aKerberosprincipalthatis authorizedto runkadmin and
createprincipals.

b. Log on to themachinewhereyou wantto install theKerberizedNetSolveserver. Makesure
youhavea secureconnectionto theclientmachine(perhapsyou’re typingon themachine’s
keyboard,or perhapsyou’reusingsshto log in to thatmachine),sothatyourpasswordwill not
beexposedon thenet.

c. Do a kinit to acquirea ticket thatidentifiesyouassomeonewhocancreateprincipals.

d. Createa serviceprincipalfor theNetSolveserveron yourhost.If yourhostis named
foo.bar.com, theserviceprincipalshouldbenamednetsolve/foo.bar.com:

UNIX> kadmin

(if youdon’t havea Kerberosticketyet,kadmin will try to getonefor youbasedon yourUNIX
username.If thereis aKerberosprincipalfor thatusername,andthatprincipalhastheability to
createnew principals,just typein yourpasswordwhenaskedto do so.Otherwiserun kinit to
geta ticket for someotherprincipal- onethathastheability to createnew principals- andthen
run 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. You canput thiskeytabany place
youwantit but it mustbeon a local filesystem.If youput thefile on a NFS-mountedfilesystem
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then(a) youwill compromisethesecurityof yourserverby exposingthekey to eavesdroppers,
and(b) there’sa goodchancethatNFSfile locking bugswill causeyourNetSolveserver to get
wedged.

e. While you’reat it, you mightwantto defineotherserviceprincipalsfor thesamehost.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.

Running a Kerberiz ed Server

1. You musthaveaNetSolveagentrunningsomewherefirst.

2. You mustbeloggedinto UNIX astheownerof the/etc/netsolve.keytab file, sincetheserver
needsto beableto readthis file.

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 Kerberosprincipalnames,oneperline,
whoareauthorizedto usetheserver. It is reopenedeachtimea usertriesto authenticateto the
server, soyoucanadduserswhile theserver is running.

4. Starttheserver

UNIX> /path/to/netsolve/server -k &

If you donot usethe-k flag, theserverwill not requireauthentication.
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Intr oduction
In NetSolve,asin othermetacomputingsystems,theschedulingof tasksto availableresourcesis
difficult. NetSolveusesa limited load-balancingstrategy to improvetheutilizationof computational
resources.This load-balancingstrategy takesinto accountthecurrentworkloadof thecomputational
resourcesavailablein theNetSolvesystem.In schedulingtheclient’s requestsovera network, the
workloadestimateshouldbe“forecast”for whenthecomputationwill execute,andnot a workload
estimateobtainedat a timeprior to therequest.Therearealsoothercharacteristicsof distributed
metacomputingresourcessuchastheCPUspeedof theresource,theamountof physicalmemoryof the
resource,aswell asthelatency/bandwidthfrom theclient to thecomputationalresource,thatcanbe
effectively utilized in schedulingdecisionsfor thecomputationalresources.

TheNetwork WeatherService(NWS) is a systemwhich providesa wayof forecastingdynamically
changingperformancecharacteristics,suchastheworkload,from distributedmetacomputingresources.
IntegratingNWSinto NetSolve improvestheload-balancingstrategy by takinginto accountthefuture
loadinsteadof thecurrentloadof thecomputationalresources.

To Use NWS:
To useNWSwithin NetSolve,onemustenabletheNWSfeatureby typing

UNIX> ./configure --with-nws=NWS_DIR

duringtheconfigurephaseof NetSolve,whereNWS_DIR denotesthelocationof theNWS directory.
NWSis downloadablefrom theNWSwebpage (http://nws.cs.utk.edu/)

NWS Components utiliz ed in NetSolve

Nameserver

This processimplementsaDNS-likedirectorycapabilityusedto bind processanddatanameswith
low-level contactinformation.It knowswhich hostsarerunningin theNWSsystem,andprovidesa
database(name,location,function)for theNWSprocesses.To ensurethatall hostsareknown and
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well-referenced,theremustbeonly onenameserverperNWSsystem.Theaddressof the
nameserverprocessis theonly well-known addressusedby thesystem,allowing bothdataand
serviceto bedistributed.All NWSprocessesmustregistertheir name,their locationandtheir
functionwith thenameserverassoonasthey arestarted.Onerole of thenameserver is to know at
any timewhereis thememorycorrespondingto asensor.

Sensor

Thesensoris a monitoringprocessrunningon eachresource.It periodicallymeasurestheworkload
of theresourceandsendsthis informationto thememoryprocessdescribedbelow. Moreover, it
empiricallymeasuresthenetwork “weather”betweenacollectionof specifiedhosts.A sensor
executesinfinitely to providerecentmeasurementsat any time.Theearliertheprocessis started,the
morenumerousarethemeasurementsandthusthemoreaccuratearetheforecasts.

Memory

Thememoryprocessstoresmeasurementssentby sensorsandretrievesmeasurementsfor the
forecaster. As thesemeasurementsrepresentakey in NWS,they areimmediatelywritten to the
memoryandstoredwith a timestampanda valuenamecorrespondingto thehost/experimentto
which they correspond.

Forecaster

Theforecastergeneratespredictionsby requestingtherelevantmeasurementhistoryfrom the
memoryprocess.As themeasurementsarecontinuallyupdatedby a sensor, themostrecentdata
will beavailableto theforecasterwhenit makesits request.

A nameservermustbestartedfirst in anNWSsystem,asall otherNWS processesdependuponit. After
startingthenameserver, memoriescanthenregisterthemselves,andsensoror forecasterprocessescan
beinitializedon any host.

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

Theintegrationof NWS into NetSolve requiresthestartupof NWSprocesses,theirmanagementandthe
accurateuseof theforecaster. TheNWSprocesses(nameserver, memory, forecaster, andsensor)canbe
startedin variousplaceswithin NetSolve.Wenow presentourdesignfor theintegrationandmotivateour
choices.

NetSolve agent and the NWS nameser ver, memor y and
forecast
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As previouslystated,only oneNWSnameservercanexist in anNWSsystem,andthis processmustbe
placedin NetSolvewhereit will have full knowledgeof thecomputationalresourcesandbevisible to all
componentsof theNetSolvesystem.TheNetsolveagentis the“brain” of theNetSolvesystem,knowing
how many resourcesexist andwherethey arelocated,andmakingall decisionson theexecutionof
requestsin thesystem.Moreover, theNetSolveagentis known by all componentsof theNetSolve
system.Thus,thelogical choicefor theplacementof theNWSnameserver is on theNetSolveagent.

Thefirst startedagentin NetSolve is calledthemaster. During its initialization,anameserveranda
memoryarestarted.In factthememoryis startedfor thesakeof simplicity. Indeed,themasteragentis
known by thewholesystem.It enableseachsensorto registerandeasilystoreits measurements.
Furthermorethis schemeavoidsunnecessarycommunicationcosts.A forecasterprocessis thenstarted
by eachagent.It generatesinformationassoonasneededby theagent.Thus,eachagentpossessesits
own forecasterandcandealwith client requests.We shallnow examinewhathappenson computational
resources.

NetSolve server and the NWS sensor
As soonasaNetSolveserver (computationalresource)is addedto theNetSolvesystem,it is necessaryto
startanNWSsensor. This sensoris startedon theserverafterits registrationwith theagentto avoid any
incoherency with theNetSolvesystem.TheNWSsensoris totally independentfrom theNetSolve
processesrunningon theserver.

At present,theNWSsensoris only detectingtheCPUspeedof thecomputationalresource.Future
implementationswill expandthis functionalityto includemonitoringfor theamountof physicalmemory
availablepercomputationalresource,aswell asthelatency/bandwidthof thecommunicationbetween
eachserverandtheclient.Theseimprovementswill requireanadditionalsensorto bestartedon the
client.
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Intr oduction
TheDistributedStorageInfrastructure(DSI) in NetSolve1.4is a new featureaddedto NetSolve. It is a
first attempttowardsachieving coschedulingof thecomputationanddatamovementover theNetSolve
Grid. TheDSI APIs helptheuserin controllingtheplacementof datathatwill beaccessedby a
NetSolveservice.This is usefulin situationswhereagivenserviceaccessesasingleblockof dataa
numberof times.Insteadof multiple transmissionsof thesamedatafrom theclient to theserver, theDSI
featurehelpsto transferthedatafrom theclient to a storageserver just once,andrelatively cheap
multiple transmissionsfrom thestorageserver to thecomputationalserver. ThusthepresentDSI feature
helpsNetSolve to operatein acache-likesetting.Presently, only InternetBackplaneProtocol(IBP) is
usedfor providing thestorageservice.In thefuture,we hopeto integrateothercommonlyavailable
storageservicesystems.

To Use DSI:
To useDSI, oneshouldenabletheDSI featurebothat theNetSolveclientandtheserver. Type

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

duringtheinitial configureof NetSolve.HereIBP_DIR denotesthelocationof theIBP directory. This is
specificallythedirectoryof theIBP full distributiondownloadablefrom theIBP website
(http://icl.cs.utk.edu/ibp/)

DSI APIs:
TheDSI APIsaremodeledaftertheUNIX file manipulationcommands(open,closeetc.)with a few
extra parametersthatarespecificto theconceptsof DSI. This sectionprovidesthesyntaxandsemantics
of thedifferentDSI APIs availableto theNetSolveuser.

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

Nameof thehostwheretheIBP server resides.

flag

This flaghasthesamemeaningastheflag in open() callsin C. SpecificallyO_CREAT is usedfor
creatinga dsi file andsoon.

permissions

While creatingthefile with O_CREAT flag, theusercanspecifythepermissionsfor himselfand
others.Thepermissionsaresimilar to theonesusedin UNIX. Henceif theuserwantsto setread,
write, executepermissionsfor himselfandreadandwrite permissionsfor others,hewouldcall
ns_dsi_open with 74asthevaluefor thepermissions.

size

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

storage_system

At present,IBP.

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

NetSolveUnknownDsiFile

If thefile doesnot exist andif thefile is openedwithout O_CREAT.

NetSolveIBPAllocateError

Errorwhile allocatingIBP storage.

NetSolveDsiDisabled

If DSI is not enabledin theNetSolveconfiguration.

int ns_dsi_close(DSI_FILE* dsi_file);

dsi_file

Pointerto theDSI file.
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ns_dsi_close() is usedfor closinga DSI file.

Onsuccessreturns1. On failure,returns-1. Following arethevariouserrorvaluessetin caseof failure.

NetSolveIBPManageError

Error in IBP internalswhile closing.

NetSolveDsiDisabled

If DSI is not enabledin theNetSolveconfiguration.

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

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 a particulardatatypeto a DSI file.

Onsuccess,ns_dsi_write_vector() returnsa pointerto theDSI objectcreatedfor thevector. On
failure,returnsNULL. Following arethevariouserrorvaluessetin caseof failure.

NetSolveIBPStoreError

Errorwhile storingthevectorin IBP.

NetSolveDsiEACCESS

Not enoughpermissionsfor writing to theDSI file.

NetSolveDsiDisabled

If DSI is not enabledin theNetSolveconfiguration.
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DSI_OBJECT* ns_dsi_write_matrix(DSI_FILE* dsi_file, void* data, int rows, int
cols, int data_type);

Samefunctionalityandreturnvaluesasns_dsi_write_vector() exceptns_dsi_write_matrix()
is usedto write matrix of rows rowsandcols columns.

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.

Onsuccess,returnsthenumberof elementsread.On failure,returns-1. Following arethevariouserror
valuessetin caseof failure.

NetSolveIBPLoadError

Errorwhile loadingthevectorfrom IBP.

NetSolveDsiEACCESS

Not enoughpermissionsfor readingfrom theDSI file.

NetSolveDsiDisabled

If DSI is not enabledin 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() exceptns_dsi_read_matrix() is
usedto readmatrix of rows rowsandcols columns.

Example
This sectionshows two exampleprograms.Thefirst programsolvesquicksortwithoutusingtheDSI
feature.Thesecondprogramsolvesthesamequicksort,but with usingthedsi feature.

Figure20-1.Example 1 (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]);
printf("\n");

return 0;
}

Figure20-2.Example 2 (using DSI)

int main(){
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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, inputVec, 10, NETSOLVE_D);
if(dvec == NULL){

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 the
caseof anerror, all of thesecallswill print verysimpleandexplicit errormessages.Theusershouldrefer
to Chapter24 for a list of all possibleNetSolveerrormessages.

>> netsolve

Printsto thescreenthelist of all problemsthatareavailablein theNetSolvesystem.

>> netsolve(’<problem name>’)

Printsall informationavailablefrom Matlababouta specificproblem.

>> netsolve(’?’)

Printsthelist of all theagentsandserversin theNetSolvesystem,thatis, theNetSolvesystem
containingthehostwhosenameis in theenvironmentvariableNETSOLVE_AGENT.

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

Sendsa blocking requestto NetSolve.Theleft-handsidecontainstheoutputarguments.The
right-handsidecontainstheproblemnameandtheinputarguments.Theargumentsarelisted
accordingto theproblemdescription.Uponcompletionof this call, theoutputargumentscontain
theresultof thecomputation.

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

Sendsa non-blocking requestto NetSolve.Theright-handsidecontainsthekeywordsend, the
problemname,andthelist of input arguments.Theseargumentsarelistedaccordingto theproblem
description.Theleft-handsidewill containa requesthandleruponcompletionof thecall.

>> [ ... ] = netsolve_nb(’wait’,r)

Waits for a request’scompletion.Theright-handsidecontainsthekeywordwait andtherequest
handler. Theleft-handsidecontainstheoutputarguments.Theseargumentsarelistedaccordingto
theproblemdescription.Uponcompletionof thiscall, theoutputargumentscontaintheresultof the
computation.

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

Probesfor a requestcompletion.Theright-handsidecontainsthekeywordprobe andtherequest
handler. Theleft-handsidecontainstheoutputarguments.Theseargumentsarelistedaccordingto
theproblemdescription.Theright-handsidecontainsthekeywordprobe andtherequesthandler.
Uponcompletionof this call, theoutputargumentscontaintheresultof thecomputation.
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>> netsolve_nb(’status’)

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

>> netsolve_err

Returnstheerrorcodeof themostrecentlycalledNetSolve function.

>> netsolve_errmsg(e)

Returnsa stringcontainingtheerrormessagethatcorrespondsto theerrorcodepassedasthe
argument.
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We describehereall of thepossiblecallsto NetSolve from C. All of thesecallsreturna NetSolvecode
status.Thelist of thepossiblecodestatusis givenin Chapter24.

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

Sendsablocking requestto NetSolve.netsl() takesasargumentthenameof theproblemandthe
list of argumentsin thecalling sequence.SeethesectioncalledWhatis theCalling Sequence?in
Chapter5 for adiscussionaboutthis calling sequence.It returnstheNetSolvestatuscode(integer
status). If thecall is successful,theresultof thecomputationis storedin theoutputarguments.
Theoutputargumentsarespecifiedin thecalling sequence.

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

Sendsa nonblocking requestto NetSolve.netslnb() takesasargumentthenameof theproblem,
andthelist of argumentsin thecalling sequence.SeethesectioncalledWhatis theCalling
Sequence?in Chapter5 for adiscussionaboutthis calling sequence.It returnstheNetSolvestatus
code(integerstatus). If thecall is successful,status containstherequesthandler.

status = netslwt(<request handler>)

Waits for a requestcompletion.netslwt() takesasargumenta requesthandler(aninteger).If the
call is successful,theresultof thecomputationis storedin theoutputarguments.Theoutput
argumentsarespecifiedin thecalling sequenceduringthecall to netslnb().

status = netslpr(<request handler>)

Probesfor a requestcompletion.netslpr() takesasargumenta requesthandler(aninteger).If
thecall is successful,theresultof thecomputationis storedin theoutputarguments.Theoutput
argumentsarespecifiedin thecalling sequenceduringthecall to netslnb().

netslerr(<error code>)

Displaysanexplicit errormessagegivena NetSolveerrorcode.

netslmajor("<major>")

Setstheway theuserhasstoredhermatrices(row- or column-wise).Theargumentcanbe"col"
or "row". It is case-insensitiveandin factonly thefirst characteris usedby NetSolve.
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Chapter 23. For tran Reference Manual
We describehereall thepossiblecallsto NetSolve from Fortran.All thesecallsreturna NetSolvecode
status.Thelist of thepossiblecodestatusis givenin Chapter24.

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

Sendsa blocking requestto NetSolve.FNETSL() takesasargumentthenameof theproblem,an
integer, andthelist of argumentsin thecallingsequence.SeethesectioncalledWhatis theCalling
Sequence?in Chapter5 for adiscussionaboutthis calling sequence.Whenthecall returns,the
integerINFO containstheNetSolvestatuscode.If thecall is successful,theresultof the
computationis storedin theoutputarguments.Theoutputargumentsarespecifiedin thecalling
sequence.

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

Sendsa nonblocking requestto NetSolve.FNETSLNB() takesasargumentthenameof the
problem,aninteger, andthelist of argumentsin thecalling sequence.SeethesectioncalledWhatis
theCalling Sequence?in Chapter5 for a discussionaboutthis calling sequence.It returnsthe
NetSolvestatuscode(integerstatus). If thecall is successful,status containstherequest
handler.

CALL FNETSLWT(<request handler>,INFO)

Waits for a requestcompletion.FNETSLWT() takesasargumenta requesthandlerandaninteger.
Whenthecall returns,INFO containstheNetSolvestatuscode.If thecall is successful,theresultof
thecomputationis storedin theoutputarguments.Theoutputargumentsarespecifiedin thecalling
sequenceduringthecall to FNETSLNB().

CALL FNETSLPR(<request handler>,INFO)

Probesfor a requestcompletion.FNETSLPR() takesasargumenta requesthandlerandaninteger.
Whenthecall returns,INFO containstheNetSolvestatuscode.If thecall is successful,theresultof
thecomputationis storedin theoutputarguments.Theoutputargumentsarespecifiedin thecalling
sequenceduringthecall to FNETSLNB().

CALL FNETSLERR(<error code>)

Displaysanexplicit errormessagegivena NetSolveerrorcode.

CALL FNETSLMAJOR(’<major>’)

Setstheway theuserhasstoredhermatrices(row- or column-wise).Theargumentcanbe’col’
or ’row’. It is case-insensitiveandin factonly thefirst characteris usedby NetSolve.
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Chapter 24. Error Handling in NetSolve
If anerroroccursduringtheinvocationof NetSolve,a varietyof diagnosticruntimeerrormessages,as
well aserrorcodesthatcanbereturnedwhencalling aNetSolve functionfrom theC or Fortran
interfaces,areprovided.Table24-1lists all of thepossibleerrorcodesthatcanbereturnedwhen
invokinga NetSolve functionfrom theC or Fortraninterfaces.Theseerrorcodesarelistedin the
$NETSOLVE_ROOT/include/netsolveerror.h includefile. Eachof thesereturncodeshasan
equivalentruntimeerrormessage,alsolistedin Table24-1.Theseruntimeerrormessagesaredefinedin
$NETSOLVE_ROOT/src/CoreFunctions/netsolveerror.c. If oneof theseerrormessagesoccurs,
theusershouldfirst checktheagentandserver log files,$NETSOLVE_ROOT/nsagent.log or
$NETSOLVE_ROOT/nsserver.log, respectively. Thesefilesmaycontainmoreinformationto clarify
thereasonfor theerrormessage.Otherwise,theusercanreferto Chapter12 for anexplanationof
possiblecausesfor specificerrormessages.

Table 24-1.Err or Codes

ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveOK 0 NS: no error

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

NetSolveProtocolError -9 NS: protocolerror

NetSolveNoServer -10 NS: no availableserver

NetSolveBadProblemSpecification -11 NS: badprobleminput/output

NetSolveNotAllowed -12 NS: not allowed

NetSolveBadValues -13 NS: badinputvalues

NetSolveDimensionMismatch -14 NS: dimensionmismatch

NetSolveNoSolution -15 NS: no solution
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ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveUnknownError -16 NS: unknown error

NetSolveInvalidRequestID -17 NS: invalid requestID

NetSolveBadProblemName -18 NS: invalid problemname

NetSolveInvalidMajor 19 NS: invalid majorspecification

NetSolveTooManyPendingRequests -20 NS: too many 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

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
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ERROR CODE
VALUE

RUNTIME ERROR MESSAGE

NetSolveIBPStoreError -45 NS: errorin IBP_Store

NetSolveDsiEACCESS -46 NS: permissiondeniedto DSI file

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

/*******************************************************************/
/* Example of the C call to NetSolve */
/* This program 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 version of ’dgesv’ */
/* */
/* The matrices are stored column-wise in a Fortran fashion */
/* */
/* WARNING : The matrix may be singular, in which case NetSolve */
/* will print out an error message. */
/* */
/*******************************************************************/

#include <stdio.h>
#include "netsolve.h"
#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 returned by ’dgesv’ */
int ierr; /* ’dgesv’ error code */

int i; /* Loop index */
int init=1325; /* Seed of the random number generator */
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int info; /* NetSolve error code */
int request; /* NetSolve request handler */

if (argc != 2)
{

fprintf(stderr,"Usage : %s <size>\n",argv[0]);
exit(0);

}
if ((m = atoi(argv[1])) <= 0)
{

fprintf(stderr,"’%s’ : Should be a positive 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 example, 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];

}
pivot = (int *)malloc(m*sizeof(double));
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/* 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);

}
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
{

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);
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)
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{
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");
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)
DOUBLE PRECISION B4(MAX)

INTEGER PIVOT(MAX)
INTEGER IERR

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

EXTERNAL FNETSL, FNETSLNB, FNETSLPB, FNETSLWT
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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

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
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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

WRITE(*,*) ’Calling NetSolve for "dgesv", non-blocking :’
CALL FNETSLNB( ’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 :’
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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

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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