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Preface

1. Who Should Read This Document

This Documents intendedo provide thereademwith a discussiorof how to usethe
differentcomponent®f the NetSole Systemandto sene asareferencananualfor the
commandsndfunctionsmadeavailableby NetSohe. Althoughwe offer a brief
discussiorof the NetSole Systemthis documenis not necessarilyntendedo
provide detailsaboutthe NetSolhe componentsThereadershouldreferto the
NetSole documentsn thereferencdist andreferto the Documentatiorsectionof the
NetSohe homepage(http://icl.cs.utk.edu/netsod/) for moreappropriatediscussiorof
theNetSolwe system.

Thereadetis expectedo have somelevel of familiarity with programmingandat least
oneprogrammindanguagespreferablythe C languageRudimentaryknowledgeof
the UNIX™ operatingsystemernvironmentandthe make utility will prove handyif
installingandconfiguringNetSole for the UNIX environment.

2. Organization of This Document

This users’guideis dividedinto six parts.Thesepartsareaimedat the needsof
differenttypesof usersThereforejt is notnecessaryor a userto readall chaptersof
thisusers’guide.

Part I: Introduction

This partof the users’guideprovidesa generalbvervien of the NetSole system,
aswell asadiscussiorof relatedprojects.

Part Il: TheUser's Manual

Thesechaptersareaimedatthe averageuserof NetSolhe whois only interested

11



Preface

in utilizing theclientinterfaces.They provide installationinstructionsfor the
clientsoftware,adiscussiorof the availableclient interfacesandhow to utilize
specificfeaturesof the NetSolwe systemsuchasrequestarming,security and
usersuppliedfunctions,andatroubleshootingectionto explain errorhandling
within the NetSolwe system.

Part Ill: TheAdministator's Manual

Thesechaptersareaimedatthe userwho will beinstallingandcustomizinga
stand-alondetSole system.They give installationinstructionsfor theagentand
sener softwareandthe managemertbols,explanationsof how to enablenew
softwareinto the NetSole systemanda thoroughexplanationof the designof
featuregn the NetSole systemsuchasrequesfarming,security andthe
usersuppliedfunction.

Part IV: Miscellaneous-eatues
Thesechaptergprovide detailedinformationon miscellaneou$eatureof the
NetSolhe systemsuchasthe Network WeatherService(NWS).

Part V: Refeence
Thesesectiongprovide referencemanualdor theclientinterfacesaswell asa
listing of errorhandlingmessagewithin the NetSole system.

Part VI: Appendices

Theseappendiceprovidesexampleprogramscalling the Fortran77andC
NetSole interfaces.

3. Document Conventions

Program Qut put

Text thatis outputfrom a program.

12



UNI X>

The UNIX promptatwhichcommandsanbeentered.

User | nput

Datato beenteredoy theuser

Repl aceabl e

Contentthatmay or mustbereplacedoy theuser

Action

A responséo a userevent.

Const ant

A programor systemconstant.

Functi on

Thenameof afunctionor subroutine.

Par anet er

A valueor symbolicreferencdo avalue.

Type
Theclassificatiomf avalue.

Vari abl e

Thenameof avariable.

Application

Thenameof a softwareprogram.

Command

The nameof anexecutableprogramor othersoftwarecommand.

Preface
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ENVAR

A softwareervironmentvariable.

Fi | enanme

Thenameof afile.

4. Request for Comments

Pleasehelpusimprove future editionsof this documenby reportingary errors,
inaccuracieshugs,misleadingor confusingstatementsandtypographicakrrorsthat
you find. Email your bug reportsandcommentdo usat netsohe@cs.utk.edu.
(mailto:netsole@cs.utk.eduYour helpis greatlyappreciated.

14
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Chapter 1. A NetSolve Overview

1.1. An Introduction to Distrib uted Computing

Theefficient solutionof large problemsis anongoingthreadof researchn scientific
computing.An increasinglypopularmethodof solvingthesetypesof problemss to
harnesslisparatecomputationatesourcesndusetheir aggrgatepower asif it were
containedn asinglemachine This modeof usingcomputerghatmay bedistributedin
geographyaswell asownership hasbeentermedDistributedComputing Someof the
majorissuesconcernedvith DistributedComputingareresourcediscovery, resource
allocationandresourcemanagemenfault-tolerancesecurityandaccesgontrol,
scalability flexibility andperformanceVariousorganizationshave developed
mechanismshatattemptto addressheseissuesgachwith their own perspectiesof
how to resole them.

1.2. What is NetSolve?

1.2.1.

NetSohe (http://icl.cs.utk.edu/netsod/)is anexampleof a DistributedComputing
systemthathopesto presenfunctionalitiesandfeatureghatawide variety of scientists
will find highly usefulandhelpful.

Background

Variousmechanisméave beendevelopedto performcomputationsacrosgliverse
platforms.The mostcommonmechanisninvolvessoftwarelibraries.Unfortunately
theuseof suchlibrariespresentseveraldifficulties. Somesoftwarelibrariesarehighly
optimizedfor only certainplatformsanddo not provide a corvenientinterfaceto other
computersystemsQOtherlibrariesdemandconsiderablgrogrammingeffort from the
user While severaltoolshave beendevelopedto alleviate thesedifficulties, suchtools

16
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themselesareusuallyavailableon only alimited numberof computersystemsandare
rarelyfreely distributed.Matlab[matlablandMathematicdmathematicapreexamples
of suchtools.

Theseconsiderationsnotivatedthe establishmenof the NetSolwe project.NetSolve
(http://icl.cs.utk.edu/netsod) project. The basicphilosophyof NetSolheis to provide a
uniform, portableandefficientway to accesomputationatesource®ver a network.

Overview and Architecture

TheNetSole projectis beingdevelopedat the University of Tennessese’'Computer
ScienceDepartmentlt providesremoteacces$o computationatesourceshoth
hardwareandsoftware.Built uponstandardnternetprotocols like TCP/IPsoclets,it
is availablefor all popularvariantsof the UNIX™ operatingsystemandpartsof the
systemareavailablefor the Microsoft Windows 95™, Windows 98 ™, Windows NT™,
andWindows 2000 ™ platforms.Testinghasnot yet beenconductedn the Windows
ME™ operatingsystem.

TheNetSole systemis comprisedf a setof looselyconnectednachinesBy loosely
connectedye meanthatthesemachinesareon the sameocal, wide or globalarea
network, andmay be administratedy differentinstitutionsandorganizations.
Moreover, the NetSolwe systemis ableto supporttheseinteractionsn a heteogeneous
environment,i.e. machinesf differentarchitecturespperatingsystemsandinternal
datarepresentationsanparticipatein the systematthe sametime.

17
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Figure 1-1. The NetSolwe System
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Figurel-1shownstheglobalconceptuapictureof the NetSole systemln thisfigure,
we canseethethreemajorcomponent®f the system:

« TheNetSolheclient,
- TheNetSole agent,
- TheNetSole computationatesourcegor seners).

ThefigurealsoshownstherelationNetSole hasto theapplicationghatuseit. NetSole
andsystemdik e it areoftenreferredto asGrid Middleware;this figure helpsto make
thereasorfor thisterminologyclearer The shadedgartsof the figurerepresenthe
NetSolhe systemlt canbeseernthatNetSolwe actsasagluelayerthatbringsthe
applicationor usertogethemwith the hardwareand/orsoftwareit needdo complete
usefultasks.

At thetop tier, theNetSole clientlibrary is linkedin with the users application.The
applicationthenmakescallsto NetSole’s applicationprogrammingnterface(API) for
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specificservicesThroughthe API, NetSole client-usergainaccesso aggregate
resourcesvithout the usersneedingto know anything aboutcomputemetworking or
distributedcomputing.In fact,the userdoesnot evenhave to know remoteresources
areinvolved.

TheNetSole agentmaintainsa databasef NetSole senersalongwith their
capabilitieghardwareperformancendallocatedsoftware)anddynamicusage
statisticslt usesthisinformationto allocatesener resourcesor clientrequestsThe
agentfindssenersthatwill servicerequestshe quickest,balancesheloadamongsits
senersandkeepdrackof failedones.

TheNetSole seneris adaemormprocesghatawaitsclientrequestsThe sener canrun
on singleworkstationsclustersof workstationssymmetricmulti-processorsr
machinesvith massvely parallelprocessorsA key componenbf the NetSolhe sener
is asourcecodegeneratowhich parsesa NetSole problemdescriptiorfile (PDF).
This PDF containanformationthatallows the NetSole systemto createnew modules
andincorporatenew functionalities.In essencethe PDFdefinesawrapperthat
NetSolhe usesto call functionsbeingincorporated.

The (hidden)semanticof aNetSolwe requestre:

i. Clientcontactgheagentfor alist of capableseners.
ii. Clientcontactssenerandsendsnput parameters.
lii. Senerrunsappropriateservice.
iv. Senerreturnsoutputparametersr error statusto client.

No root/superuseprivilegesareneededo install or useany componenbf the
NetSolhe system.

1.3. Who is the NetSolve User?

Therearetwo typesof NetSole users.Thefirst type of useris onewhoinstallsand
accesseenly theclientinterface(s)andutilizes existing poolsof resourcegagent(s)

19
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andsener(s)).Thesecondype of NetSol\e userinstallsandadministrateis own
NetSole system(client, agent(s)sener(s)),andpotentiallyenablesis softwareto be
usedby NetSole. This Users’Guideaddressethe needf bothtypesof userslif the
userwishesto only install the clientinterface(s) he shouldfollow instructionsin Part
Il. TheUser's Manual However, if theuserswishesto install client,agent(s)and
sener(s),heshouldfollow theinstructionsn Part Ill. TheAdministiator's Manual

Notethattheterm"administrates’dr "administrator'heresimply refersto the person
settingup andmaintainingthe NetSole agentandsener components- NO ROOT
PRIVILEGESARE NEEDEDTO INSTALL ORUSEANY COMPONENTOF THE
NetSohe SYSTEM.

1.4. The Status of NetSolve

20

Theofficial releaseof NetSole-1.4is July, 2001.Featuresmplementedn this release
includeanew JavaGUI to aid in the creationof PDFs,IBP-enablectlientsandseners,
andmoresener modulesfor sparsematrix computationsThe Java interfaceandthe
Globusproxy arecurrentlybeingupdatedandarenot availablefor this releaseA
Microsoft Excelinterfaceis alsounderdevelopmentNetSole hasbeenrecognizedas
asignificanteffort in researctanddevelopmentandwasnamedn R & D Magazines
top 100list for 1999



Chapter 2. Related Projects and
Systems

Therearea variety of relatedprojects.

CONDOR

Condor (http://wwwecs.wisc.edu/condor/)ssoftwae systenthatrunsona
clusterof workstationgo harnessvastedCPU cycles. A Condorpool consistsof
anynumberof madines,of possiblydifferentarchitectulesand opemting systems,
thatare connectedy a network.

NetSole currentlyhasthe ability to accesCONDORpoolsasits computational
resourceWith little effort, the sener canbe configuredto submittheclient’s
requesto anexisting CONDORpool, collecttheresults,andsendthemto the
client.

Glohus

TheGlohusproject (http://wwwglobus.o/) is developingthefundamental
tedhnolagy thatis neededo build computationabrids, executionenvironments
thatenablean applicationto integrate geographically-distribtutedinstruments,
displays,andcomputationabndinformationresouces.Sud computationsnay
link tensof hundedsof theseresouces.

In its testingphases a newv NetSole clientwhichimplementsa Globusproxy to
allow theclientto utilize the Globusgrid infrastructuraf available.If not, the
clientresortgo its presenbehaior.

IBP (InternetBackplaneProtocol)

IBP (http://icl.cs.utk.edu/ibp/is a storagemanagemergystemwhich senesup
writable storageasa wide-areanetwork resourceallows for theremotedirection
of storageactuities, anddecoupleshe notion of useridentificationfrom storage.

21
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Currentlyavailablein NetSole areIlBP-enablectlientsandsenersthatallow
NetSole to allocateandschedulestorageresourcesspartof its resource
brokering. This leadsto muchimprovedperformancendfault-tolerancavhen
resourcesail.

Legion

Legion (http://legion.virginia.edu/hasbeenincorporatedn suchaway to allow
theclient-userto programusingthe NetSole interfacewhile leveragingthe
Legion meta-computingesourcesThe NetSole client sideused_egion data-flav
graphsto keeptrack of datadependencied.his effort hasbeenextendedonly to
the FORTRAN interfacesandwasdoneby the Legion groupat the University of
Virginia.

metaNEOS

ThemetaNEOSroject (http://www-unix.mcs.anl.gdmetaneos/integrates
fundamentahlgorithmicreseach in optimizationwith reseach andinfrastructue
tool developmentn distributedsystemsnanajement Algorithmsthat canexploit
the powerfulbut heteogeneoushigh-latencyand possiblyfailure-pronevirtual
hardware platformtypical of metacomputinglatformshavebeendevelopedn
sud areasasglobal optimization,nteger linear optimization,integer nonlinear
optimization,combinatorialoptimization,and stodhasticoptimization.

Ninf (http://ninf.etl.go.jp)andNetSole areremotecomputingsystemswhich are
orientedto provide numericalcomputationsThesetwo systemsarevery similar to
eachotherin their designandmotivation. Adaptershave beenimplementedo
enableeachsystemto usenumericalroutinesinstalledon the other

NWS (Network WeatherService)

NWS (http://www.nws.npaci.edu/NWSI$ a systemthatusessensoiprocesses
onworkstationgo monitorthe cpuandnetwork connectionlt constantlycollects
statisticson theseentitiesandhasthe ability to incorporatestatisticalmodelsto
runon the collecteddatato generatea forecastbf future behaior.
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NetSole hasintegratedNWS into its agentto helpits efforts of determining
which computationatenerswould yield resultsto the client mostefficiently.
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Il. The User's Manual

Theuserhastwo choiceswheninstallingNetSolhe. He caninstall only theclient
softwareanduseexisting poolsof resourcegagent(sandsener(s)),or hecaninstall
his own stand-alondNetSolhe system(client, agent(sandsener(s)).If theuserwishes
to only install the clientinterface(s) he shouldfollow instructionsn Part Il. TheUser’s
Manual However, if the userswishesto install client, agent(s)andsener(s),heshould
follow theinstructionsin Part 1ll. The Administator's Manual
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Testing the Client

TheNetSole client softwareis availablefor UNIX/UNIX-lik e operatingsystemsand
Windows ervironments All of theclient,agentandsener softwareis bundledinto one
targzippedfile. Thereis aseparatelistributiontar file for Unix andWindows
installations No root/superuseprivilegesareneededo install or useany componenbf
theNetSole system.

3.1. Installation on Unix Systems

TheNetSole distribution tarfile is availablefrom the NetSolve homepage.
(http://icl.cs.utk.edu/netsobd/dovnload/NetSole-1.4.tgzOncethefile hasbeen
downloadedthefollowing UNIX commandswill createtheNet Sol ve directory:

gunzip -c NetSolwe-1.4.tgz| tar xvf -
Fromthis pointforward,we assumehatthe UNIX SHELL is from thecshfamily.

Theinstallationof NetSolwe is configuredfor a givenarchitecturausingthe GNU tool
confi gure.

UNI X> cd Net Sol ve
UNI X> . /configure

For alist of all optionsthatcanbe specifiedto configure type

UNI X> ./configure --help

Usage: configure [--with-cc=C COWILER] [--with-
choopt f | ags=C_NOOPT_FLAGS]

[--with-coptflags=C_OPT_FLAGS] [--wth-
f c=F77_COWPI LER]
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[--with-fnooptflags=F77_NOOPT_FLAGS]
[--with-foptflags=F77_OPT_FLAGS]
[--with-1dfl ags=LOADER_FLAGS]

[ --w th-nws=NWEDI R]
[--with-ibp=IBPD R]
[--wth-kerberos]

[--w th-proxy=PROXY_TYPE]
[--with-outputl evel =QUTPUT_LEVEL]

[ - - enabl e-i nf oser ver =I| NFOSERVER]
[--with-mpi =PI _DIR]
[--wth-petsc=PETSCDI R]
[--with-aztec=AZTEC DI R]
[--with-aztecli b=AZTEC_LI B]

[--w th-superl u=SUPERLU_DI R]
[--with-superl uli b=SUPERLU_LI B]
[--with-scal apackl i b=SCALAPACK LI B]
[--with-blacsli b=BLACS_LI B]
[--with-1apacklib=LAPACK LI B]

[--wi th-blaslib=BLAS LI B]

wher e
C COWPI LER = default is to use gcc
C_NOOPT_FLAGS = Ccom

piler flags to be used on files that
must be conpiled wi thout optimzation
C conpiler optinization flags (e.qg.
F77_COWPI LER default is to use g77
F77 _NOOPT_FLAGS Fortran77 com
piler flags to be used on files that
must be conpil ed without optimzation
Fortran77 conpiler optim za-

C_OPT_FLAGS

F77 _OPT_FLAGS
tion flags (e.g., -0O
LOADER_FLAGS

Fl ags to be passed only to the | oader

NWEDI R = directory where NWs is in-
stalled (optional)
| BPDI R = directory where IBP is in-

stalled (optional)

-0



PROXY_TYPE

OQUTPUT _LEVEL
bug, view,

I NFCSERVER

MPI_DI R

PETSCDI R
tory (optional)
AZTEC DI R
tory (optional)
AZTEC LI B

SUPERLU DI R
tory (optional)
SUPERLU LI B

SCALAPACK LI B
BLACS LI B
LAPACK LI B
BLAS LIB
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= currently supported val ues are netsol ve
and gl obus (default is netsolve)
= currently supported val ues are de-

and none (default is view

= currently supported val ues are al one and
not hi ng specified (default is not al one,
where nothing is specified).

= | ocation of the MPI directory (optional
assunes MPICH directory structure)
(default is fusr/local/npich-1.2.1).

= | ocation of PETSc installation direc-

= | ocation of Aztec installation direc-

= Aztec link line (optional)
= |l ocation of SuperLU installation direc-

= SuperLU link line (optional)
ScaLAPACK link I'ine (optional)
= MPIBLACS link line (optional)
= LAPACK link line (optional)

= BLAS link line (optional)

All agumentsareoptional. The optionsparticularlypertinentto NetSole are:

--Wwth-
nws=NWEDI R

--Ww th-
i bp=I BPDI R

--wth-
ker ber os

--w th-
pr oxy

--Ww th-

out put | evel

| ocation of NWS installation dir

| ocation of IBP installation dir
use Kerberos5 client authentication
whi ch Proxy? (netsolve, globus)

out put | evel (debug, view, none)

--enabl e-i nfoserver[ =al one] use InfoServer [alone]
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TheNetSole serviceoptionsare:

--with-
pet sc=PETSCDI R | ocation of PETSc installation dir
--with-petsclibdir=PETSC LI B DI R | ocation of PETSc library
--with-
azt ec=AZTEC DI R | ocation of Aztec installation dir
--wi th-aztecl i b=AZTEC_LI B Aztec link line
--w t h-super| u=SUPERLU_DI R | ocation of SuperLU in-
stallation dir
--wi t h-superl ul i b=SUPERLU_LI B SuperLU link |ine
--with-
nmpi =MPI _DI R | ocation of MPI Root Directory
--wi t h-1apackl i b=LAPACK LI B LAPACK ink line
--w t h-scal apackl i b=SCALAPACK LI B ScalLAPACK link line
--wi th-bl acsl i b=BLACS_LI B MPI BLACS |ink line
--with-blasli b=BLAS LIB BLAS Iink line

Theconfigurescriptcreategswo mainfiles, ./conf/Makefile. SNETSONE_ARCH.inc
and./conf/Malkefile.inc. Thesefiles arecreatedrom thetemplates
Jconf/Makefile.generic-arcland./conf/Malefile.inc.inrespectrely.
$SNETSOLVE_ARCH i s thestringprintedby thecommand/conf/config.guessyith all
- and’.’ charactergorvertedto’ ' charactersThevariableSNETSOWVE ROOT is
the completepathnameto theinstalledNetSole directoryanddefinedin

./ conf/ Makefi | e.inc. These*.inc files areincludedby the Makefilesthatbuild the
NetSohe systemManually editingtheseconfiguratiorfiles is stronglydiscouraged.
However, if theuserprefersto editthisfile, detailsof the

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc file areexplainedin
Section12.1.

Typing make in theNet Sol ve directorywill giveinstructionsto completethe
compilation.A typical client compilationincludes:

UNI X> make C Fortran tools test
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to build the C andFortranclientinterfaces NetSole managemertbols (seeChapter
16),andNetSolwe testsuite(seeSectionl3.2).To build the Matlabclientinterfaceto
NetSole, type

UNI X> make nmatl ab

andto build the Mathematicalientinterfaceto NetSole, type

UNI X> make nmat henmati ca

As previously statedthe Java clientinterfaceis in the procesf beingupdatedandis
notavailablein releasel.4 of NetSole. After a successfutompilationprocessthe
appropriatebinariesand/orlibrariescanbefoundin the

$NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH and/or

$NETSOLVE_ROOT/ | i b/ $NETSOLVE_ARCH directoriesrespectiely. Thus,to executea
NetSolwe binary, the usermusteitherexecutethe commandrom within the
$NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH directory or addthis directorynameto his
UNIX pat h variable.

3.2. Testing the Unix installation

Testingsolelythe client softwaremeanghata pre-eisting NetSole systemwill be
contactedpossiblythe defaultagentandsenersrunningat the University of
Tennessee€l hatsystemcanbe contactedsia thehostnet sol ve. cs. ut k. edu
which shouldalwaysberunninganagent.The step-by-steprocedurdo testyour
NetSohe clientinstallationis asfollows:

1.cd NetSole

2. maketest

3.seterv NETSOLVE_AGENT netsolwe.cs.utk.edu
4. Test
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While thetesteris running,it printsmessageaboutits execution.This testtestsonly
the C andFortran77interfaces Detailsof this processareexplainedin thefollowing
chaptersFor moreinformationonthe C andFortran77interfaces seeChapters.
Chapter6 andChapter7 detailhow to testthe MatlabandMathematicanterfaces,
respectely.

If anerroris encountereduringtesting,referto the Troubleshootingectionof the
Erratafile (http://icl.cs.utk.edu/netsob/errata.htmljor NetSohe.

3.3. Installation on Windo ws systems

30

This sectiondescribegheinstallationandtestingof the Windows versionof the
NetSole client software.At presentthe softwareis distributedin the form of a
self-extractingexefile. An InstallShieldsetupis beingdevelopedto simplify the
installationinstructions andthis setupwill beavailablesoon.

The contentf the self-extractingexe file areasfollows, whereNETSOLVE_DI Rrefers
to thedirectorywhereyou have unzippedhedistribution.
NETSCLVE DI R\

This directorycontainsghereadmefile andaninstallationscript.

NETSCLVE_DIR Iib

This directorycontainsthe NetSole clientlibrary.

NETSCLVE_DI R\ nmat | ab

This directorycontainsthe matlabbinaries.

NETSOLVE_DI R\t ool s

This directorycontainsvarioustoolsfor managing\NetSole.
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NETSOLVE DI Ritesting

This directorycontainsvarioussamplebinarytestprogramshatyou canrunto
verify yourinstallation.

Theinstallationprocesss quitesimple.

a. Runtheexe you downloadedrom the NetSole webpage.

To determinghe agenthostname the usercanissuethefollowing command:

a.cd NETSOLVE_DIR\tools
b. getagent

To seta new agenthostname the usermustissuethefollowing command:

a.cd NETSOLVE_DIR\tools
b. setagenffagenthostname]

If theagenthostnameis not specifiedonthecommandine, you will be prompted
for ahostname.You will have the optionof specifyinga nameor acceptinghe
currentagentnamesetin theregistry.

Thede-installatiorprocesss quite similar.

a.cd NETSOLVE_DIR
b. netsolve_install -uninstall

Theabove programremovesthe keys from the Windows registry.

c.del ete NETSOLVE DI R
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3.4. Testing the Windo ws installation

3.4.1.

32

You canusethevariousprogramsn theNETSOLVE_DI R t est i ng directoryto test
your NetSole installation.Remembethata valid NetSole agentandsener should
alreadyberunning,andtherequiredproblemsshouldbeinstalledontheseners.Here
is alist of testprogramsandthe problemsthey make useof:

c_test

chartestdoubletestinttest,stringlisttest stringtesttotaltest

farming_test

doubletest

sequence_test

mpassypass passmultipass
For example,to performa samplerun of ¢_test theusermustdo thefollowing:

a. Usesetagentto pointto the correctagenthost

b. Runc_test.exe

Using NetSolve from Windo ws Matlab

A usernew to Netsohe will find the Matlabinterfacevery simple.The matlabinterface
iSin NETSOLVE_DI R\ nat | ab. To accessheinterface

a. Startup Matlab
b. Click on File -> SetPath...
c.Add theNETSOLVE_DI R\ nat | ab directoryto thepath
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Theinterfaceconsistf 4 NetSole calls

netsohe.dll
netsohe_nhdll
netsohe_err.dll
netsohve_errmsgdll

TestingNetSole within Matlabinvolvesthe following steps:

netsohe(’'?’)

This commandprintsthe agentandsenerscurrentlyavailable.

netsole
This commandprintsthelist of problemsthatcanbe solved.

Help onary call canbe obtainedby typing just the call onthe Matlab prompt.

Using the NetSolve Management Tools in Windo ws

Therearevarioustoolsin theNETSOLVE_DI R\t ool s directorythatallow the userto
explorethe NetSole metacomputingystem.

netsolheconfigexe[agent_name]

providesalist of agentsandsenersasseenby agent_name

netsolveproblems.exgagent_name]

providesallist of problemsthatcanbe solvedwithin the NetSole framevork as
seerby agent_name
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Client

4.1. NetSolve Problem Specification

Solvinga computationaproblemwith NetSole is a functionevaluation:
<out put > = <nane>(<i nput >)

where

- <name> is acharactestring containingthe nameof the problem,

« <i nput >isalist of inputobjects,

« <out put > is alist of outputobjects.

An objectis itself describedy anobjecttypeandadatatype Thetypesavailablein
thecurrentversionof NetSole areshovn in Table17-1andTable17-2.Ratherthan
giving examplesfor eachobjecttype,we referthereadetto the programsn:
$NETSOLVE_ROOT/ sr ¢/ Exanpl es and$NETSOLVE_ROOT/ sr ¢/ Test i ng. Theuser

canalsoreferto Sectionl7.1.2for a descriptionof therequirementgor eachNetSolhe
objecttypeasit relatesto the problemdescriptiorfile.

4.2. Available Client Interfaces

NetSole providesavariety of clientinterfaces:

« C, Fortran interfacesaredetailedin Chapters.
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« Mat | ab interfaceis detailedin Chapter6.

- Mat hemat i ca interfaceis detailedin Chapter7.

We arein the processf updatingour Java interface thusthis interfaceis not available
in versionl.4 of NetSole.We arealsodevelopinganExcel interface.

In Sectiond.1,we describedheinputandoutputalgumentsof a NetSolwe problemas
lists of objects The Matlab, MathematicaandJavainterfacesto NetSole can
manipulateobjectsdirectly andit is thereforevery easyto call NetSole from their
interfacesonceproblemdescriptionsaareknown. Frominterfaceshatarenot
object-orientedC andFortran),it is necessaryo usea calling sequenc¢hatdescribes
the objects’featuresndividually. For completedetails,the usershouldreferto Chapter
5andSection17.1.1.1.

4.3. Problems that can be solved with NetSolve

In orderfor a problemto be solved(i.e.,afunctionor library routineto beinvoked)
usingNetSole, theremustexist a problemdescriptiorfile (PDF)correspondingo the
problem/routineA variety of PDFsareincludedwith the NetSole distribution. A user
canalsowrite his own PDFfor his function,asdescribedn Chapterl?7.

Thedefault NetSole distribution providesonly alimited subsebf enabledsoftwareto
testthevariousclientinterfacesInterfaceshave beenwritten for a variety of software
libraries(referto SNETSOLVE_ROOT/ pr obl ens/ ), but asthelibrariesthemselesare
notincludedin the NetSole distribution, thelibrary interfacesarenotenabledThe
usercan,therefore customizehis installationto includetheseexisting interfacesand/or
new interfaces Referto Section13.1for furtherdetails.

It is possibleto querya NetSole agentto obtaina list anddescriptionsof the problems
thatcanbesolvedby its respectre seners.Therearesereralwaysof sendingsuch
gueries.

1. Fromthe NetSolve homepageit is possibleto specifyanagenthameandrun CGl
scriptsto obtaindetailedinformationaboutNetSole problemsjncludingC and
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Fortrancalling sequencapecifications.

2. Problemlists anddescriptionsarealsodirectly availablefrom the Matlabinterface,
the Mathematicanterface,andthe Jara GUI.

3. TheNetSohe managemertbolsdescribedn Chapterl6 give accesgo that
informationfrom the UNIX prompt.

4.4. Naming Scheme for a NetSolve problem

Thefull nameof aNetSolwe problemhastwo parts:

i. thepath and
ii. thenickname

Let usdemonstratéhis with anexample.The problemnicknamedidot , which
computegheinnerproductof two double-precisiowvectors hasthefull name

/ BLAS/ Level 1/ ddot . This problemcanbefoundin

$NETSOLVE_RQOOT/ pr obl ens/ bl as. Thisfull namehastwo purposesFirst, whenwe
displayallist of problemsthey aresortedalphabeticallyby their full name,andthe
problemsaregroupedby "directory”. Secondpy convention,thefirst elementof the
full name(e.g.,BLAS) is thenameof the numericallibrary containingthe operation
(problem).This cornventionhasprovento beuseful,asseenin Section5.2.
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5.1. Intr oduction

As previously mentionedn Section3.1,the C/Fortran77clientinterfacesfor NetSohe
arebuilt by typing

UNI X> make C Fortran

in thedirectory$NETSOLVE_ROOT. This compilationproduceghe following two
archivefiles:

« $NETSOLVE_ROOT/ | i b/ SNETSOLVE_ARCH | i bnet sol ve. a: theC library

« $NETSOLVE_ROOT/ | i b/ $SNETSOLVE_ARCH | i bf net sol ve. a: theFortran77
library

whereNETSOLVE _ROOT is thefull pathnameto the NetSohe directoryand
NETSOLVE_ARCHi s thearchitecturenamegeneratedby configure.

Beforelinking to oneof thesdibraries,the usermustincludethe appropriateheader
file in his program:

« $NETSOLVE_ROOT/ i ncl ude/ net sol ve. hin C,
« $NETSOLVE_ROOT/ i ncl ude/ f net sol ve. hin Fortran77.
TheFortran77includefile is notmandatorybut increaseshe sourceprogram

readabilityby allowing calling subroutineso manipulatehe NetSole errorcodesby
variablenameratherthanby integervalue.

The Fortran77interfaceis built ontop of the C interfacesinceall of the networking
underneatiNetSole is writtenin C. However, we choseto write the Fortran77
interfacewith subroutinesnsteadof functions(for reasonof compiler
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compatibilities).The C functionsall returna NetSolwe error codeequalto O if thecall
wassuccessfubr to a negative valuein caseof error Chapter24 containghelist of all
possibleerrorcodes.The Fortran77subroutinesake anextra outputintegerargument
(passedy referenceptthe endof the calling sequencéhatcontainsheerrorcode
aftercompletionof thecall. Thereferencananualdor C andFortran77arein Chapter
22 andChapter23.

Thebasicconcepterearethe sameasthe oneswe have introducedn Chapter6 for
the Matlabinterface,especiallythe ability to call NetSole in ablockingor
nonblockingfashion.

We describehe C andFortran77interfacesby the meansof anexample.In the
following sectionwe startdevelopingthe exampleby demonstratindnow a usercan
obtaininformationaboutthe calling sequencéo a givenproblem.

5.2. What is the Calling Sequence?
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As describedn Sectiord.1,the C andFortran77interfacesasthey arenot
object-capableneedto usespecificcalling sequencethataremoreinvolvedthanthe
onesusedfrom Matlabor Mathematica.

Let ustake avery simpleexample:the userwantsto performa densdinearsystem
solve. Thefirst thing to know, asstatedn earlierchaptersis the nameor IP addres®of
ahostrunninga NetSole agent.Thedefault NetSole agentrunningat the University
of Tennessess awareof mary senersthatcanperformthe computationin fact,a
densdinearsystemsolve is providedwith the NetSole distribution asdefault
numericalsoftwarefor the sener. The userhasnow two possiblecoursesf actionto
find outaboutthe problem.Let usassumehatthe userchoosego usethe UNIX
commandine managemernbols (seeChapterl6 for acompletedescriptionof these
tools). Thealternatve would beto usethe CGI scriptson the NetSole homepage.

Section13.3shavs how the senersspecifythe calling sequencéo a givenproblem.It
is usualfor senersto enforcethe samecalling sequencastheoriginal numerical
softwareandto give a problemthe nameof the original library function.In the
example,dgesv() isthenameof anLAPACK subroutineandthe usercantherefore
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expectthecalling sequencéor the problemdgesv to matchthe oneof the subroutine.
Onecanseein the problemlist returnedoy NS_problemsa problemcalled! i nsol . In
thisexample,l i nsol is asimplifiedversionof dgesv andhasa simplifiedcalling
sequencehoserby whomerer startedthefirst sener thatprovidesaccesdgo that
problem.Sincel i nsol is notthenameof anLAPACK subroutineijts calling sequence
canbearbitrary

UNI X> NS _probl ens netsol ve. cs. utk. edu
/1 mageProcessi ng/ Filters/blur

/ LAPACK/ Li near Syst ens/ dgesv

/ LAPACK/ Li near Syst ens/ | i nsol

Next, two situationsarepossible First, the useralreadyknows the numericalsoftware
(e.g.,LAPACK) andmayevenhave codealreadywritten in termsof this software.In
this casethe switching to NetSoleis immediate The secondpossibilityis thattheuser
doesnotknow the software.If thisis thecase heneeddo paycloseattentionto the
outputgivenby NS_probdesc The outputfrom this commandirst givesthe calling
sequencasit would beinvokedfrom Matlab,andthengivesthe calling sequencérom
C/Fortran.

UNI X> NS _probdesc netsol ve. cs. utk. edu dgesv

-- dgesv -- From LAPACK -

Compute the solution to a real systemof |inear equations
A* X=0b>b

where Ais an N-by-B matrix and X and B are N-by-NRHS matri ces.

Matl ab Exanple : [x y z info ] = netsolve(’dgesv’, a,b)

http://ww. netlib.org/lapack/index. htm

* 2 objects in | NPUT

- input O0: Matrix Double Precision Real.

Matrix A

- input 1: Matrix Double Precision Real.

Ri ght hand side

* 4 objects in OUTPUT

- output O: Matrix Double Precision Real.

LU factors ( A = P*L*U)

- output 1: Vector Integer.
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Vector of pivots (defines the P matrix)
- output 2: Matrix Double Precision Real.
Sol uti on
- output 3: Scal ar |Integer.
I NFO
0 successful
<0 error on calling ?
>0 QR algorithmfailed
* Calling sequence from C or Fortran
8 argunents
- Argunent #0:
- nunber of rows of input object #0 (A)
- nunber of colums of input object #0 (A)
- nunber of rows of input object #1 (RHS)
- Argunent #1:
- nunber of colums of input object #1 (RHS)
- Argunent #2:
- pointer to input object #0 (A
- pointer to output object #0 (LU)
- pointer to output object #0 (LU)

- Argunent #3:

- leadi ng dinension of input object #0 (A)
- Argunent #4:

- pointer to output object #1 (PIVOT)
- Argunent #5:

- pointer to input object #1 (RHS)

- pointer to output object #1 (PIVOT)

- pointer to output object #2 (SCOLUTION)
- Argunent #6:

- leading dinension of input object #1 (RHS)
- Argunent #7:

- pointer to output object #3 (INFO

This outputcanappearathercryptic at first. Let uswork throughit stepby step.First,
thenumberof argumentsn thecalling sequencés 8. This meanghatthecall from C
will look like:
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status = netsl (' dgesv()’, X0, X1, X2, X3, X4, X5, X6, X7);
And from Fortran77 thecall to NetSohe would be:
CALL FNETSL(' dgesv()', STATUS, X0, X1, X2, X3, X4, X5, X6, X7)

Now, eachargumentis describedn theinformationreturnedoy NS_probdescandthis
descriptioncanbetranslatednto meaningfulvariablenamesn the usersourcecode.
For instance X2 shouldbe a pointerto the matrix of thelinearsystemandx3 should
beanintegerthatis theleadingdimensionof the matrix. We cannow move onto the
descriptionof thedifferentwaysof calling NetSole from C or Fortran77.

5.3. Bloc king Call

Theblockingcall to NetSole from C or Fortran77is the easiesto implement.
Specifically if themainprogramis in C, onecallsthefunction,net sl (), andif the
main programis in Fortran77 onecallsthefunction,FNETSL() . This C function
returnsanerrorcode.lt takesasargumentghe nameof a problemandthelist of input
data.Thesenputsarelistedaccordingto the calling sequenceliscussedn Section5.2.
The C prototypeof thefunctionis

int netsl(char *problemnane, ... < argunment list > ...)
andthe Fortran77prototypeis

SUBROUTI NE FNETSL( PROBLEM NAME, STATUS,
& < argunent list > ...)

wherePROBLEM NAME is a stringandSTATUS is theintegerstatuscodereturnedby
NetSole.

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

CALL DGESV( N, 1, A LDA I[PV, B, LDB, INFO)
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Theequvalentblockingcall to NetSoleis

CALL FNETSL(’ DGESV()', STATUS, N, 1, A LDA I[PV,
& B, LDB, INFO)

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

Noticethatthe nameof the problemis caseinsensitiveandthatit is appendedby an
openinganda closingparenthesisThe parentheseareusedby NetSole to handle
Fortran/Cinteroperabilityon certainplatforms.In Fortran77 every identifierrepresents
apointer but in C we actuallyhadthe choiceto usepointersor not. We choseto use
integer (int) for the sizesof the matrices/ectors but pointersfor everythingelse.

Fromtheusers point of view, the call to NetSole is exactly equialentto a call to
LAPACK. Onedetail,however, needgo be mentionedMost numericalsoftwareis
writtenin Fortran77andrequiresusersto provide workspacerraysaswell asdata,
sincethereis no possibilityfor dynamicmemoryallocation.Becausave preseredthe
exactcalling sequencef the numericalsoftware,we requirethe userto passhose
arrays.But, sincethe computations performedremotely workspaceon theclient side
is meaninglesdt will, in fact,bedynamicallycreatedbn thesenerside.Therefore,
whenthe numericalsoftwarewould requireworkspacethe NetSole usermay provide
aone-lengtharrayfor workspace.

Thisis signaledn the outputof NS_probdescby anargumentdescriptionsuchas:

- Argunent #6:
- ignored

5.4. Nonblocking Call

We developedthis nonblockingcall for the samereasorwe developedonefor Matlab
(seeSection6.4):to allow the userto have someNetSolve-paallelism The

42



Chapter5. C and Fortran77Interfaces

nonblockingversionof net sl () is net sl nb() . Similarly, the nonblockingversionof
FNETSL() iSFNETSLNB() . Theusercallsit exactlyashewould call net sl () or
FNETSL() . If thecalltonet sl nb() or FNETSLNB() is successfulit returnsarequest
handlerin theform of a (positive) integer If it is notsuccessfulit returnsanerrorcode.
Continuingwith our example:

CALL FNETSLNB( ' DCGESV()', REQUEST, N, 1, A LDA 1PV,
& B, LDB, INFO)

andin C:

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

In caseof anerror, therequeshandleractuallycontainghe (negative) NetSolwe error
code.

Thenext stepis to checkthe statusof therequestAs in the Matlabinterface theuser
canchooseo probeor to wait for therequestProbingis doneby calling net sl pr ()
or FNETSLPR() whichreturnsa NetSol\e errorcode:

CALL FNETSLPR( REQUEST, |INFO)
andin C:

info = netsl pr(request);

Typical errorcodesreturnedareNet Sol veNot Ready andNet Sol veOK (seeChapter
24).Waiting is doneby usingnet sl wt () or FNETSLWI( ) . This functionblocksuntil
the computations completeandtheresultis available.Hereis the Fortran77call:

CALL FNETSLWI( REQUEST, | NFO)
andtheC call :

info = netslw (request);
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If thecall is successfulthefunction/subroutineeturnsthe errorcodeNet Sol veOK and
theresultis in theusermemoryspace.

5.5. Catching errors

GivenaNetSolhe errorcode thereis afunctionin the C andFortran77interfacethat
printsexplicit errormessage thestandarcerror TheC callis :

net sl err (i nfo);
andin Fortran77

CALL FNETSLERR( |NFO )

Theusershouldreferto Chapter24 for alist of all possibleerrorcodes.

5.6. Row- or column-major
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To allow the NetSole userto storeher/hismatriceseitherin row-wise or column-wise
fashionwe alsoprovide thefunctionnet sl maj or () in CandFNETSLMAJOR() in
Fortran77.This functioncanbe calledatary time in theusers programin C:

net sl mgj or("col™);
net sl maj or("row');

orin Fortran77:

CALL FNETSLMAJOR(’ col *)
CALL FNETSLMAJOR(' row )

All of thesubsequerntallsto NetSole will assumehe correspondingnajor. The
default valuesareof courserow-wisefor C andcolumn-wisefor Fortran77.
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5.7. Limitations of the Fortran77 interface

Dueto Fortran775 restrictionsfor the useof pointerandits inability to dynamically
allocatememory the Fortran77interfaceto NetSole doesnot supportthe
PACKEDFILESandSTRINGLIST objecttype. It alsodoesnot supportoutputobjects
of type STRING.

5.8. Built-in examples

C andFortran77andJara examplesareincludedin the NetSolhe distributionin
$NETSOLVE_ROOT/ sr ¢/ Exanpl es. To build them,the usersimply typesmake
exanpl es in thetop directory Theexamplesusedifferentproblemsthathave been
givensenersatthe Universityof Tennesse€el hey shouldhelptheuserto understand
how the systemworks. We alsohave full examplesn C andFortranin AppendixA and
AppendixB.
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6.1. Intr oduction

Building the Matlabinterfaceby typing

UNI X> make matl ab

in thedirectory$NETSOLVE_ROOT produceghefour following mex-files:

$NETSOLVE_ROOT/ bi n/ $NETSCLVE_ARCH net sol ve. mex###
$SNETSOLVE_ROOT/ bi n/ $NETSCLVE_ARCH net sol ve_nb. mex###
$NETSCOLVE_ROOT/ bi n/ SNETSOLVE_ARCH net sol ve_err. nex###
$NETSCOLVE_ROOT/ bi n/ SNETSOLVE_ARCH net sol ve_er r nsg. mex###

The### partof the extensiondepend®n the architecturgfor instancethe extension
is. mexsol for the SolarisOperatingSystem).Thesefour files alonearethe Matlab
interfaceto NetSole. To make thesefour files accessibléo Matlab, the usermust
modify the MATLABPATH ernvironmentvariableas:

UNI X> set env MATLABPATH $NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH

It is alsopossibleto usethe Matlabcommandaddpath. For moreinformationabout
mex-files, the usercanreferto [matlab].In thefollowing sectionsthe userwill learnto
call four new functionsfrom Matlab:net sol ve() , net sol ve_nb(),

net sol ve_err(),andnetsol ve_errnsg() .

6.2. What to Do First

Let usassumehatthe userhascompiledthe Matlabinterface,setanagentname,
starteda Matlab sessiorandis now readyto useNetSole. In this sectionwe describe
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thosefeaturesof theinterfacethatallow the userto obtaininformationaboutthe
currentlyavailableNetSohe system.

As statedbriefly in Sectiord.3,it is possibleto obtainthelist of solvableproblems
from Matlab,aswell asfrom thehomepage&CGl scriptsor the managemerntbols.In
the caseof Matlab, this informationis obtainedby typing thefollowing command

>> net sol ve

Net Sol ve - List of available problens -
/ BLAS- wr apper s/ Level 3/ dmat nul

/ BLAS- wr apper s/ Level 3/ zmat nmul

/ BLAS/ Level 1/ daxpy

/ BLAS/ Level 1/ ddot

/ BLAS/ Level 1/ zaxpy

/ BLAS/ Level 2/ dgemv

/ BLAS/ Level 3/ dgemm

/ BLAS/ Level 3/ zgemm

[ LAPACK- wr apper/ Si npl e/ Ei g_and_Si ngul ar/ ei g
[ LAPACK- wr apper/ Si npl e/ Li near _Equations/linso
/ LAPACK/ Si npl e/ Li near _Equat i ons/ dgesv

[ LAPACK/ Auxi | i ary/ dl acpy

/ Mandel br ot / mandel br ot

/ Qui ckSort/ Doubl ePreci si on/ dgsort

/ Qui ckSort/Integer/iqgsort

[ SCALAPACK/ Li near Syst eni pdgesv

[ SCALAPACK/ Li near Syst eni pdposv

/ SCALAPACK/ Li near Syst eni pli nso

/ Super LU- MA28/ spar se_di rect _sol ve

[ output args ] = netsol ve(probl em nane, input args)

Information on a specific problem: netsolve(probl em nane)
Information on the servers : netsolve(’'?)

whereeachline containsa full problemname If theuserwould like moredetailed
informationon a specificproblem,e.g.,ei g, hecantype
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>> netsolve(’'eig’)

-- eig -- Wapper around the LAPACK routine DGEEV --
Sinplified version of DGEEV.

Comput es the ei genval ues of a doubl e precision rea
matrix A Returns two double precision rea

vectors containing respectively the real parts and
the i magi nary parts of the eigenval ues.

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

* 1 objects in | NPUT
- input O0: Matrix Double Precision Real
Matrix A

* 2 objects in OUTPUT
- output 0: Vector Double Precision Real
Real parts of the eigen val ues
- output 1. Vector Doubl e Precision Real
| magi nary parts of the eigen val ues

Qut put Objects 0 and 1 can be nerged.
>>

This outputgivesa shortdescriptionof the problem,anexamplein Matlabusing

net sol ve() , theinput objectsthatmustbe suppliedby the user andthe outputthat
will bereturnedo theuser This particularproblemrequiresonly onedouble-precision
matrix on input. Notice thatthis matrix mustbe squargasstatedn the descriptionof
the problem).If the usertriesto call NetSolwe for this problemwith arectangular
matrix, hewill receve anerrormessagstatingthatthe dimensionof theinputare
invalid. On output,the problemei g will returntwo vectors therealandimaginary
partsof the eigervaluesof theinput matrix, respectiely.

SinceMatlab providesa mechanismmo manipulatecomplex objects,it is probablethat
theuserwouldliketo haveei g returnonesinglecomple vectorinsteadof two
separateealvectors.Thus,in the Matlabinterfaceit is possibleto meige thesetwo real
outputvectorsinto onecomplex vector This pointis furtherdevelopedin the next
section.
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TheMatlabinterfacehasanotherfeaturethatis concerneadot with theactualproblem
solvingbut with providing informationaboutthe NetSole configurationtself. We
have just seerhow to getinformationaboutthe problemshandledby the NetSohe
seners;it is alsopossibleto obtainthe physicallocationsof theseseners.Let us
assumehatour NETSOLVE_AGENT ernvironmentvariableis setto

net sol ve. cs. ut k. edu (seeChapterl4). Thecommand

>> netsolve(’'?")

produceghefollowing output:

Net Sol ve - List of avail able agents -

net sol ve. cs. ut k. edu(128. 169. 93. 161)

Net Sol ve - List of available servers -

mar uti.cs. berkel ey. edu(128. 32. 36. 83)

cupi d. cs. ut k. edu(128. 169. 94. 221)

torc3.cs. utk.edu(128.169.93.74) (0 failures)

Thesameinformationcanbe obtainedirom the homepage_ Gl scriptsor the
managemertbols.

6.3. Calling net sol ve() to perform computation

Theeasiestvay to performanumericalcomputationin NetSol\e is to call the function
net sol ve() . With this function,theusersendsablockingrequesto NetSole. By
blocking we meanthataftertyping the commandn the Matlab sessionthe user
resumegontrolonly whenthe computatiorhasbeensuccessfullicompletecdona
sener. Theotherway to performcomputations to senda nonblodking requests
describedn Section6.4.

Let uscontinuewith theei g examplewe startedto developin the precedingsection.
Theusernow knows thathe hasto provide a double-precisiosquarematrix to
NetSole, andhe knows thatheis goingto gettwo realvectorsback(or onesingle
comple vector).Hefirst createsa 300 x 300 matrix, for instance,
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>> a = rand(300);
Thecall to NetSoleis how
>> [x y] = netsolve('eig ,a)

All thecallsto net sol ve() will look thesameTheleft-handsidemustcontainthe
outputargumentsjn the sameorderaslistedin the outputdescription(seeSection6.2).
Thefirstalgumentto net sol ve() is alwaysthe nameof the problem.After thisfirst
argumenttheinput algumentsarelisted,in the sameorderasthey arelistedin theinput
description(seeSection6.2). This functiondoesnot have afixed calling sequence,
sincethenumberof inputsandoutputsdepend®nthe problemthe userwishesto solve.

Let usseewhathappensvhenwe type:
>> [x y] = netsolve('eig ,a)

Sendi ng I nput to Server zoot.cs. utk.edu
Downl oadi ng Qut put 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 mentioneckarlier theusercandecideto regroupx andy into onesinglecomplec
vector Let usmake it clearagainthatthis possibilityis a specificityof ei g andis not
availablein generafor all problems.To megex andy, theuserhasto type:

>> [x] = netsolve('eig’,a)

Sendi ng I nput to Server zoot.cs. utk.edu
Downl oadi ng Qut put from Server zoot.cs. utk.edu

X =
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10. 1204
-0.9801 + 0.8991i
-0.9801 - 0.8991i
-1.0195
-0.6416 + 0.6511i

6.4. Calling net sol ve_nb()

Theobviousdranvbackof thefunctionnet sol ve() isthatwhile thecomputations
beingperformedemotely the usermustwait to regaincontrol of the prompt.To
addresghis dravback,we provide a nonbloding function,net sol ve_nb() . Theuser
canthendowork in parallel andcheckfor the completionof therequestater He can
evensendmultiple requestdo NetSole. Thanksto theload-balancingtrateyy
implementedn the NetSole agentall theserequestwill be solvedon different
machinesf possible achiezing someNetSolve-paallelism Let usnow describethis
functionwith theei g example.

As in Section6.3,theusercreatesa 300 x 300 matrix andcallsNetSohe:

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

Obviously, thecalling sequencéo net sol ve_nb() is alittle differentfrom theoneto
net sol ve() . Theleft-handsidealwayscontainsonesingleargument.Upon
completionof thiscall, it will containa NetSolvaequeshandler. Theright-handside
is composeaf two parts:theactionto performandtheargumentghatwould be passed
tonet sol ve() . In thisexample theactionto performis’ send’ , which meanghat
we sendarequesto NetSolwe. Throughouthis section,we will encounteall of the
possibleactions,andthey will be summarizedn Chapter21.

Let usresumeour exampleandseewhatNetSole answergo thefirst call to
net sol ve_nb():
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>> [r] = netsolve_nb(’send ,’'eig’,a)
Sendi ng I nput to Server zoot.cs. utk.edu
rd->request _id =0

>>

net sol ve_nb() returnsarequeshandler:0. Thisrequeshandlemwill beusedin the
subsequentallsto thefunction. Therequesis beingprocesse@n cupi d, andthe
resultwill eventuallyreturn.The usercanobtainthis resultin oneof two ways.The
first oneis to call net sol ve_nb() with the’ pr obe’ action:

>> [status] = netsolve_nb(’ probe’,r)

net sol ve_nb() returnsthestatusof apendingrequestTheright-handsidecontains
theaction,asis requiredfor net sol ve_nb() , andtherequeshandler This call
returnsimmediately andprintsa message-erearethetwo possiblescenarios:

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

>> [status] = netsolve_nb(’ probe’,r)
Result avail abl e
status = 1

To obtaintheresultof the computatioronemustcall net sol ve_nb() with the
"wai t’ action:

>> [x y] = netsolve_nb("wait’,r)
Downl oadi ng Qut put 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
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As with thenet sol ve() function,onecanmergethereal partandtheimaginarypart
into asinglecomplex vector Thetypical scenarids to call net sol ve_nb() with the
action’ send’ , thenmale repeatedallswith theaction’ pr obe’ until thereis
nothingmoreto do thanwait for theresult. Theuserthencallsnet sol ve_nb() with
theaction’ wai t ' . It is of coursepossibleto call net sol ve_nb() with theaction
"wai t’ beforemakingany call with theaction’ pr obe’ . Onelastactioncanbe

passedo net sol ve_nb() , asshowvn here:

>> netsolve_nb(’status’)

Thiscommandwill returnadescriptionof all of the pendingrequestsLet usseehow it

worksonthis lastcompleteexample:
>> a=rand(100); b = rand(150);
>> [r1] = netsolve _nb(’'send ,’ eig’,a)
Sendi ng I nput to Server zoot.cs. utk.edu
rd->request _id =0
ri=

0

>> [r2] = netsolve_nb(’send’ ,’ eig’ ,b)
Sendi ng I nput to Server zoot.cs. utk.edu
rd->request _id =1

r2 =
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Now let usseewhat’ st at us’ does:

>> netsolve_nb(’status’)

--- Net Sol ve: pendi ng requests ---

Requests #0: 'eig , submtted to zoot.cs.utk.edu (160.36.58. 152)
was started 24 seconds ago.

net sol vePr obeRequest returned: 1, ns_errno = 0
Conpl et ed

Requests #1: 'eig , submtted to zoot.cs.utk.edu (160.36.58. 152)
was started 7 seconds ago.

net sol vePr obeRequest returned: 1, ns_errno =0
Conpl et ed

Theusercancheckwhatrequeste hassentsofarandobtainanestimationof the
completiontimes.By usingthe’ st at us’ action,theusercanalsodeterminevhether
arequests still runningor hasbeencompletedBy sendingmultiple non-blocking
requestdo NetSole andrelying on theagentfor load balancingtheusercanachiere
parallelism.

6.5. What Can Go Wrong?
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During a computationtwo classe®f errorcanoccur:NetSole failuresanduser
mistales.Let usdemonstrata few examples:

>> net sol ve
NS: net sol vepr oxybasi cs. c: 225: : connection refused
Cannot contact agent

>> [x] = netsolve(’foo’, a)
unknown probl em

[]
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>> [x y] = netsolve('eig ,a,a)
"eig requires 1 objects in input (2 provided)
bad probl em i nput/ out put

[]

[]

>>

In caseof error, thedifferentNetSolwe functionsprint appropriateerrormessages.
However, whenthe userwrites Matlab scriptsthatcall NetSole, he/sheneedsvaysto
catchtheerrorswhile the scriptis running.Hencethe functionsdescribedn the next
section.

6.6. Catching NetSolve errors

Therearetwo NetSol\e functionsthatcanbe calledfrom Matlabto catcherrors.The
first function,net sol ve_err () takesnoargumentsandreturnsanintegerthatis the
NetSole errorcodereturnedby thelastcall to aNetSolwe function (seeChapter24 for
alist of thepossibleerrorcodes)Hereis acall:

>> e = netsolve_err
e = -11

Theotherfunction,net sol ve_errnsg() takesanerrorcodeasanargumentand
returnsa stringthatcontainsthe correspondingrrormessageA typical call to
net sol ve_errnsg() isasfollows:
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>> [nmeg] = netsol ve_errnsg(netsol ve_err)
neg =
bad probl em i nput/ out put

With thesetwo functions,it is possibleto write Matlab scriptsthatcall NetSole and
handleall of the NetSol\e errorsatruntime.

6.7. Demo

A NetSole-Matlabdemois availablewith the NetSole distribution. It consistof a set
of Matlabscriptsthatcall NetSolwe to computepartsof the Mandelbrotset. The main
scriptis calledmandel . mandis locatedin

$NETSOLVE_ROOT/ sr ¢/ Deno/ mandel br ot / . To runthedemo justtype mandel at
the Matlabprompt.

6.8. Optional: Testing the NetSolve BLAS
Interfaces
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A NetSole-MatlabBLAS testsuiteis availablewith the NetSole distribution,and
testsa subsebf BLAS routinesavailablein the NetSole distribution. The usercantest
thereferencamplementatiorBLAS includedin NetSole or he couldhave enabledan
optimizedBLAS library duringthe configurationphaseof NetSole (./configure
--with-blaslib=BLAS_LIB ) or handmodifiedthe

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc to pointto the
optimizedBLAS library. Theusermustthenenablethe BLAS in the
$NETSOLVE_ROOT/ ser ver _confi g file, andhe/shds readyto runthis testsuite.The
testsuiteconsistf a setof Matlabscriptsthattesteachof the BLAS interfaces
availablein NetSole. Themainscriptis calledbl as_t est . mandis locatedin
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$NETSOLVE_ROOT/ sr c/ Test i ng/ mat | ab/ . To runthe BLAS testsuite,type
blas_testatthe Matlab prompt.

6.9. Optional: Testing the NetSolve LAPACK
interfaces

A NetSole-MatlabLAPACK testsuiteis availablewith the NetSole distribution. If
theuserenabled . APACK duringthe configurationphaseof NetSolwe asinstructedn
Section13.3.1or handmodifiedthe

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc to pointto the
LAPACK library andBLAS library, andhasenabled APACK in the
$NETSOLVE_ROOT/ ser ver _confi g file, he/sheanaychoosedo runthistestsuite.
Notethatonly a subsebf LAPACK is includedin the NetSole distribution. The
completeLAPACK library is notincludedasdefault numericalsoftwarefor the sener,
andmustbeinstalledseparatelyThetestsuiteconsistf a setof Matlab scriptsthat
testeachof the LAPACK interfacesavailablein NetSole. Themainscriptis called

| apack_t est. mandis locatedin SNETSOLVE_ROOT/ sr ¢/ Testi ng/ mat | ab/ . To
runthe LAPACK testsuite,typelapack_testatthe Matlab prompt.

6.10. Optional: Testing the NetSolve
ScaLAPACK interfaces

Likewise,aNetSolhe-MatlabScaLARACK testsuiteis availablewith the NetSole
distribution. If theuserenabledScaLAFACK duringthe configurationphaseof
NetSole asinstructedn Section13.3.2or handmodifiedthe

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc to pointto the
ScaLARACK, MPIBLACS,BLAS, andMPI libraries,andhasenabledScaLARACK in
the SNETSOLVE_ROOT/ ser ver _confi g file, he/shemaychooséo runthistestsuite.
The ScaLAFACK library is notincludedasdefault numericalsoftwarefor the sener,
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andmustbeinstalledseparatelfaswell asMPI). Thetestsuiteconsistof a setof
Matlabscriptsthattesteachof the ScaLARACK interfacesavailablein NetSole. The
mainscriptis calledscal apack_t est. mandis locatedin

$NETSOLVE_ROOT/ sr c/ Test i ng/ mat | ab/ . To runthe ScaLARACK testsuite,type
scalapack_tesatthe Matlab prompt.

6.11. Optional: Testing the NetSolve
'sSpar se_iterative_solve’ interface
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TheNetSole’'sparse_iteative_solveinterfaceto PETSc,Aztec,andITPACK can
only betestedf theuserhasenabledsparse_iteative_solvan the
$NETSOLVE_ROOT/ ser ver _confi g file andhasconfigured\etSole with the
respectre pathsto the PETSclibrary, Azteclibrary, andMPI library. The PETSc,
Aztec,andITPACK librariesarenotincludedasdefault numericalsoftwarefor the
sener, andmustbeinstalledseparatelyfaswell asMPI). Referto Section13.3.3for
furtherdetails.

This interfacecanbetestedmosteffectively by usingsparsematricesgeneratedrom
collectionssuchasthe Harwell Boeingtestcollectiononthe Matrix Markethomepae
(http://math.nist.ge/MatrixMarket/). Referto the sectionon thewebpageentitled
Softwae, wherethetestmatricesareavailablein C, Fortran,andMatlah For easeof
testing,severalof thetestmatricesfrom this collectionareincludedin thedistribution
of NetSole.

After Matlabhasbeeninvoked,the usercanthencall thetestscriptspet sc_t est. m
aztec_test. mandit pack_t est. minthe
$NETSOLVE_RQOOT/ sr ¢/ Test i ng/ mat | ab/ directory by typing

>> petsc_test
and

>> aztec_test
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and
>> jtpack_test

Thesescriptsinvoke the PETSc Aztec,andITPACK interfacesandcheckthe validity
of thecomputedsolution.

Alternatively, the usercangenerate seriesof Harwell Boeingmatrix types(1-5),
usingthegener at e. mscript. To seeallist of Harwell Boeingmatrix typesthatcanbe
generatedtype

>> generate(0);
And thencall the functionspet sc. mand/orazt ec. mby typing
>> [ A, rhs] = generate(l);

>> [x1,itsl] = petsc(A rhs);
>> [x2,its2] = aztec(A rhs);

Notethattheusercanqueryfor thelist of agumentsn the calling sequencéo the
routineby usingthe NetSol\we tool routine.

>> netsol ve(’ sparse_iterative_solve’)

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

TheNetSole’'sparse_diect_solveinterfaceto MA28 andSuperLUcanonly betested
if theuserhasenabledsparse_diect_solven the SNETSOLVE_ROOT/ server _confi g
file andhasconfiguredNetSole with therespectre pathsto the SuperLUandMPI
libraries. TheMA28 library is distributedwith NetSole in

$NETSOLVE_ROOT/ sr ¢/ Sanpl eNurrer i cal Sof t war e/ MA28/ asasmall
modificationto thelibrary wasnecessaryo enableits usein NetSole. The SuperLU
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library is notincludedasdefault numericalsoftwarefor the sener, andmustbe
installedseparatelyfaswell asMPI). Referto Section13.3.4for furtherdetalils.

Thisinterfacecanbetestedmosteffectively by usingsparsematricesgeneratedrom
collectionssuchasthe Harwell Boeingtestcollectiononthe Matrix Markethomepae
(http://math.nist.ge/MatrixMarket/). Referto the sectionon thewebpageentitled
Softwae, wherethetestmatricesareavailablein C, Fortran,andMatlah For easeof
testing,severalof thetestmatricesfrom this collectionareincludedin thedistribution
of NetSole.

After Matlabhasbeeninvoked,the usercanthencall thetestscriptsma28_t est . mand
super | u_t est. min the$NETSOLVE_ROOT/ src/ Test i ng/ mat | ab/ directory by

typing
>> ma28_t est
and

>> superl u_test
Thesescriptsinvoke the MA28 andSuperLUinterfacesandcheckthe validity of the
computedsolution.

Alternatively, the usercangenerate seriesof Harwell Boeingmatrix types(1-5),
usingthegener at e. mscript. To seeallist of Harwell Boeingmatrix typesthatcanbe
generatedtype

>> generate(0);
And thencall the functionsma28. mand/orsuper | u. mby typing
>> [A, rhs] = generate(1);

>> [x1] = ma28(A rhs);
>> [ x2] super | u(A, rhs);

Notethattheusercanqueryfor thelist of agumentsn the calling sequencéo the
routineby usingthe NetSol\we tool routine.
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>> netsolve(’direct_solve_serial’)
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7.1. Intr oduction

The Mathematicaclientinterfacefor NetSole is built by typing
UNI X> nmake mat hemati ca

in thedirectory$NETSOLVE_ROOT.

Detailsof this interfacecanbe foundin [ns:mathematicagandquick
instructions/requirementsr building it arein thefile:

$NETSOLVE_ROOT/ src/ Mat hemat i ca/ | NSTALL Full detailsof theinstallation
procedurecanbefoundin:

$NETSOLVE_ROOT/ src/ Mat hemat i ca/ doc/ User sGui de. t ex

7.2. What to do first

Oncetheinterfaceis successfullynstalled thefirst thingto dois to starta
Mathematicalient andtype

Net Sol ve[ ]
which printsinformationon how to usetheinterface:

In[ 1] : = Net Sol ve[]

usage:
Net Sol ve[ FuncNane[ argl, ...]] - bl ocki ng probl em cal
Net Sol veNB[ FuncNane[ argl, ...]] - nonbl ocki ng probl em cal

Net Sol vePr obe[ r equest | -
checks if a request has been conpleted
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Net Sol veW4i t [ request ] -
waits for a request to conplete
Net Sol veCGet Agent [ ] -
returns the current agent name
Net Sol veSet Agent [ Agent Nane] -
changes the agent we are working with
Net Sol veError|[] -
returns the result code of the |ast
execut ed Net Sol ve function
Net Sol veError Msg[ rc] - returns a string descri bing
the result code passed
Net Sol ve[ " ?pr obl ens" ] -
shows a list of avail able problens
Net Sol ve[ " ?servers"] -
shows a list of avail able servers
Net Sol ve[ " ?FuncNane[]"] - shows a problem description

Let usreview the possibilities:

Information functions -- NetSolve["?problens"], NetSolve["?servers"]
and Net Sol ve[ " ?FuncNane[]"]

This setof functionsprovidesinformationabouta specificproblems calling
sequenc@andwhich problemsandsenersareavailablethroughthe users agent.
Bl ocki ng probl em sol ving -- NetSol ve[ Probl emN\ane[ ar gunents, ... ]]

This functionis ablocking call to NetSole to solve a certainproblem.When
utilizing thistype of call to NetSole, the userdoesnot regainexecutioncontrol
until theresultbecomesvailable.

Nonbl ocki ng probl em sol ving -- Net Sol veNB[ Pr obl enNane[ ar gunent s,
1]

Thisfunctionis anon-blockingcall to NetSole to solve a certainproblem.
Unlike ablockingcall to NetSolwe, a non-blockingcall returnsthe execution
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control,aswell asarequeshandlerimmediatelyto theuser Therequeshandler
canthenbe“probed” for the statusof the calculation.

Cetting/setting an agent -- NetSol veGet Agent[],
Net Sol veSet Agent [ Agent Nane]

Net sol veGet Agent [] returnsastringcontainingthe hostnameof theagent.
Theusercanchangehe currentagentby the Net Sol veSet Agent [] functionat
ary time.

Let usnow assumehatthe userhasstartedMathematicaandis readyto useNetSole.
We cancheckwho our agentis by typing

I n[ 1] : = Net Sol veGet Agent [ ]

Qut [ 1] = uni dhp. uni -c. dk

If thereis no agentset,theresultwould bethe$Nul I symbol.Onecanchangethe
agentby thefunctionNet Sol veSet Agent [ ] . Forinstance

I n[ 2] : = Net Sol veSet Agent [ "net sol ve. cs. ut k. edu”]

Theagentcanbechangedat any time providedthereis anothemMNetSole agentrunning
onthehostwhosenamehasbeenpassedsanargumentHowever, if theagentis
changedthenthe setof senersandpossiblythe setof solvableproblemshasalsobeen
changed.

A list of the solvableproblemscanbe obtainedby thefunction
Net Sol ve[ " ?pr obl ens"] . Hereis a possibldist (clippedto save space).

In[3]:= NetSol ve[ " ?probl ens"]
/ BLAS/ Matri ces/ dgenm

/ BLAS/ Mat ri ces/ dmat mul

[/ BLAS/ Matri ces/ zgemm

/ BLAS/ Mat ri ces/ znat rmul

[ BLAS/ Vect or s/ daxpy

/ BLAS/ Vect or s/ ddot
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/ BLAS/ Vect or s/ zaxpy

/ LAPACK/ Mat ri ces/ Ei genVal ues/ ei g

[ LAPACK/ Mat ri ces/ Li near Syst em dgesv
[ LAPACK/ Matri ces/ Li near Systent | i nsol
/ M nPack/ hybr d1l

/M nPack/ | mdi f 1

/ Qui ckSor t/ Doubl ePreci si on/ dgsort

/ Qui ckSort/Integer/iqgsort

Similarly, alist of the senerscanbe printedby the functionNet Sol ve[ " ?ser ver s"]

In[ 4] : = Net Sol ve[ " ?servers"”]

net sol ve. cs. ut k. edu (128.169. 93. 161)
Net Sol ve Agent

Host: Up Server: Running
cetusla.cs. utk.edu (128.169.94.21)
Handl es 24 probl ens

Host: Up Server: Running
cetuslb. cs. ut k. edu (128.169.94. 22)
Handl es 24 probl ens

Host: Up Server: Running
cetuslc.cs.utk.edu (128.169.94. 23)
Handl es 24 probl ens

Host: Up Server: Running

For every senerassociateavith a specificagentthefollowing informationis given:its
name,|P addresshostandsener statusandhow mary differentproblemst cansolve.

Theusercaneasilydeterminenformationabouta specificproblem,i gsort for
instancepy typing

Net Sol ve[ "?igsort[]"]

Thebracletsafterthe problemnamearerequiredbecausevery NetSole problemis
treatedasa functiondefinedin Mathematica.
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Theoutputof thatcommands asfollows:

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

| nput :
# 0 : Integer Vector
Vector of integers to Sort

Qut put :
# 0 : Integer Vector

Sorted Vector

Mat hemat i ca exanpl e:
ri0 = NetSolve[igsort[10]]

exanpl es for types:

Char Byte/ I nteger Single/Double Conplex
Scal ar: "c" 42 66. 32 4 - 7
Vector: "vector" {1, 2, 3} {3,4.5,7} {3, -5+31, 8}
Matrix: {"line 1", {{1, 2,3}, {{6.4, 2,1}, {{1+21, 3+4l},

“line 2"} {4,5,6}} {-7,1.2,4}} {5-61, 7}}

Thefirst partof the outputis a brief generaldescriptionof the problem.Thesecond
partdescribesheinputandoutputobjects theirtypeanddescription And lastly, an
exampleis provided.

If theuserdoesnot provide the numberthetype,andthe sequencef aguments
correctly anerrormessagenessagevill beprintedandthe$Nul | symbolwill be
returned.

Thearmgumentsshavn in the examplearevariablesbut the usermayalsochooseo pass
numericalvalues symbolswith assignedlataor functioncalls.

Herearesomerulesthe usermustremember
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1. Charactersrepassedsstrings(only thefirst characteis used).

2. Integerscanbe passednsteadof realsandvice versa(conversionis performed
automatically).

3. Integersandrealscanbe passednsteadof complex numbers.
4. Vectorsof characterarepasseasstrings.

5. Matricesof charactersrepassedisvectorsof strings.

7.3. Bloc king call to NetSolve

In the previous sectionwe explainedhow the usercanobtaininformationabouta
problemandits calling sequencefor the call itself, the functionNet Sol ve[] is
invokedwith the problemnameandits algumentsFor example,

In[6]:= NetSolve[igsort[{7,2,3,5,1}]]
contacting server nerlin.conlab ...

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

As statedearlierthe usercanpassnot only numericalvalues but alsosymbolsthat
containdataof propertype or functionsthatreturna resultof this type.Indeed,
Mathematicacalculategheseexpressionandpasseshe argumentdy value.For

example
In[7]:= v = -Range[ 5]
Qut[7]={-1, -2, -3, -4, -5}

In[8]:= NetSol ve[iqgsort[v]]
contacting server nerlin.conlab ...

Qut[8]= {-5 -4, -3, -2, -1}
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or to sortarandomvectorof size7

In[9]:= NetSol ve[iqgsort[Tabl e[ Ceiling[l0*Randoni]], {7}11]
contacting server nmerlin.comab ...

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

SinceNet Sol ve[ ] is afunctiondefinedin Mathematicait canbeusedin expressions
like:

In[9]:= NetSol ve[iqgsort[Tabl e[ Ceiling[l0*Randoni]], {7}11]
contacting server nmerlin.comab ...

Qt[9]= {1, 2, 2, 2, 4, 6, 7}
In[10]:= Print["The m nimal ele-
nent of v is ", NetSolve[iqgsort[v]][[1]]]

contacting server nerlin.conlab ...
The mnimal elenment of vis -5

Let usconsideramorecomplex problemsuchasthe Level 3 BLAS subroutine
dgemmi ] which calculatesvhere$op(X) = X$ or $op(X) = X'$.

Theroutinedgemm{ ] requireghefollowing 7 aguments.

Let usgeneratehreerandommatrices.

In[11]:= Randomvatrix[m,n_] := Ta-
bl e[ Cei li ng[ 10*Randon{]], {n}, {n}]

In[12]:= a = Randonivatri x[ 2, 3]
Qut[12] = {{9, 2, 3}, {6, 3, 9}}
In[13]:= b = Randonivatri x[ 3, 2]

Qut[13] = {{6, 4}, {4, 10}, {2, 9}}
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In[14]:= ¢ = Randonivatri x[ 2, 2]
Qut[14] = {{4, 7}, {4, 8}}
andcalldgemm{ ] .

In[ 15]: = Net Sol ve[dgem{"N', "N', 2, a, b, 3, c]]
contacting server cetus2a.cs.utk.edu ...

Qut[15] = {{148., 187.}, {144., 294.}}
Inf16]:= 2 a . b + 3 ¢

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

7.4. Nonblocking Call to NetSolve

As in the Matlabinterface(seeChapter6), the Mathematicanterfacecanbe calledin
anasynchronougashion.Nonblockingcallsareperformedby thefunction

Net Sol veNB[ ] , andits calling sequencés the sameastheblockingcall Net Sol ve[] .
Thedifferences in theresultreturned Net Sol veNB[ ] alwaysreturnsarequest
handler

Net Sol vePr obe[] returnsanintegervalueto indicateif the problemhasbeen
completedA valueof O indicatesthattheresultis availableanda valueof 1 indicates
thatthe computations still in progressOthervaluesareerrorcodegseeSection7.5).

Let usmultiply two complex matricesusingNet Sol veNB[ ] . We generatéhe matrices
ac andbc usingalreadygeneratednatricesa, b andc.

Inf[17]:= ac = a - 2 al
Qut[17]={{9 - 181, 2 - 41, 3- 61}, {6- 121, 3 - 61, 9 -
18 1}}
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InN[18]:= bc = b - 3 b |
Qut[18]= {{6 - 181, 4 - 12 1}, {4 - 121, 10 - 30 1}, {2 -
61, 9- 27 1}}

In[19]:= request = Net Sol ve[ zmat nul [ ac, bc]]
contacting server cetus2a.cs.utk.edu ...

Qut[19]= 0

I n[ 20]:

Net Sol vePr obe[ r equest |

Qut[20]= 0

As thecomputationis still in progressthe usercanchooseo performotherwork, or
wait for therequesto complete:

I n[ 21] : = Net Sol veWai t [ request ]

Qut[21]= {{-340. - 340. |, -415. - 415. 1}, {-330. - 330. I, -
675. - 675. 1}}

7.5. Catching Errors
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As in the Matlabinterface,it is possibleto detecterrorswith thefunctions

Net Sol veError[] andNet Sol veEr r or Msg[ ] . Thefirst functionreturnsaninteger
whichis the errorcodeof thelastexecuted\etSole function.Net Sol veEr r or Msg[ ]
takesanerrorcodeasaninputargumentandreturnsa stringdescribingtheerror.

With thesetwo functions,it is possibleto write Mathematicascriptsthatcall NetSohe
andhandleall of the NetSole errorsat runtime.
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7.6. Demo

A NetSole-Mathematicalemois availablewith the NetSole distribution. It invokes
andexplainsthevariousNetSole featuresavailablewithin MathematicaThe main
scriptis calledNSdeno. mandis locatedin

$NETSOLVE_ROOT/ src/ Test i ng/ mat hemat i ca/ . To runthedemo,justtype
<<NSdemo' atthe Mathematicgprompt.

7.7. Optional: Testing the NetSolve BLAS
Interfaces

A NetSole-Mathematic8LAS testsuiteis availablewith the NetSolwe distribution,
andtestsa subsebf BLAS routinesavailablein the NetSole distribution. The usercan
testthereferencamplementatiorBLAS includedin NetSole, or he canenablean
optimizedBLAS library duringthe configurationphaseof NetSole (./configure
--with-blaslib=BLAS_LIB ) or handmodify the

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc to pointto the
optimizedBLAS library. Theusermustthenenablethe BLAS in the
$NETSOLVE_ROOT/ ser ver _confi g file, andhe/shds readyto runthis testsuite. The
testsuiteconsistof a setof Mathematicascriptsthattesteachof the BLAS interfaces
availablein NetSole. Themainscriptis calledNSbl ast est . mandis locatedin
$NETSOLVE_ROOT/ src/ Test i ng/ mat hemat i ca/ . To runthe BLAS testsuite,type
<<NSblastest' atthe Mathematicgorompt.

7.8. Optional: Testing the NetSolve LAPACK
Interfaces

A NetSole-Mathematicd APACK testsuiteis availablewith the NetSohe
distribution. If theuserenabled APACK duringthe configurationphaseof NetSohe
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asinstructedn Section13.3.1or handmodifiedthe

$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc to pointto the
LAPACK library andBLAS library, andhasenabled APACK in the
$NETSOLVE_ROOT/ ser ver _confi g file, he/shenaychoose&o runthis testsuite.
Notethatonly a subsebf LAPACK is includedin the NetSole distribution. The
completeLAPACK library is notincludedasdefault numericalsoftwarefor the sener,
andmustbeinstalledseparatelyThetestsuiteconsistf a setof Mathematicascripts
thattesteachof the LAPACK interfacesavailablein NetSolhe. The mainscriptis
calledNsl| apackt est . mandis locatedin

$NETSOLVE_ROOT/ src/ Test i ng/ mat hemat i ca/ . To runthe LAPACK testsuite,
type <<NSlapacktest' atthe Mathematicgprompt.
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Farmingis a new way of calling NetSole to managdarge numbersof requestdor a
singleNetSole problem.Many NetSolwe usersareconfrontedby situationswhen
mary someavhatsimilar computationgnustbe performedn parallel.Previously, the
way to dothisin NetSole wasto write non-blockingcallsto net sl nb() in Cfor
instance However, this becomewery cumbersomeNot only becausehe usermust
manageall of therequesthimself,but alsobecausehe NetSole systemis ataloss
trying to managesucha large numberof requestsvithout floodingthe seners.This is
the motivationfor distributinganew call in NetSole:net sl _f arn() . In thepresent
distribution, this call is only availablefrom C andMatlab, but will soonbemade
availablefrom Matlab, MathematicaandJava. A Fortraninterfacewill mostlikely not
be providedbecaus®f pointermanagement.

8.1. Calling Farming in C

Likenet sl () andnet sl nb(),thenetsl _farn() functiontakesavariablenumber
of amgumentslts first amgumentis a stringthatdescribegheiteration range. This string
is of theform™ i =%, %" (in C stringformatsymbols).The secondargumentis a
problemnameappendedvith anopeninganda closingparenthesisThe arguments
following aresimilarin intentto the onessuppliedto net sl () , but areiterators as
opposedo integersor pointers Wherethe userwaspassingsayaninteger, to

net sl (), henow needdo passanarrayof integersandtell net sI _f ar n() which
elementof this arrayis to be usedfor which iteration. Thisinformationis encapsulated
in aniterator andwe provide threefunctionsto generatéterators:

ns_int()
ns_int_array()
ns_ptr_array()

Let usreview thesefunctionsoneby one.
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ns_int()

This functiontakesonly oneargument:a charactestringthatcontainsan
expressiorthatis evaluatedo anintegerat eachiteration. The formatof thatstring
is basedn a Shellsyntax.$i representshe currentiterationindex, andclassic
arithmeticoperatorsareallowed. For instance:

ns_int ("$i +1")
returnsaniteratorthatgeneratesinintegerequalto oneplusthe currentiterationindex
ateachiteration.
ns_int_array()
This functiontakestwo arguments:
I. apointerto anintegerarray(i nt *);
ii. acharactestringthatcontainsanexpression.
For instance,
ns_int_array(ptr,"$i")
returnsaniteratorthatgenerateat eachiterationanintegerequalto thei -th elementof
thearraypt r wherei is thecurrentiterationindex.
ns_ptr_array()
This functiontakestwo arguments:
I. apointerto anarrayof pointers(voi d **);
ii. acharactestringthatcontainsanexpression.
For instance,
ns_ptr_array(ptr,"$i")

returnsaniteratorthatgeneratest eachiterationa pointerwhich is thei -th elementof
thearraypt r wherei is thecurrentiterationindex.
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8.2. An example

Let usassumehatthe userwantsto sortanarrayof integerswith NetSole usingthe C
interface.Thedefault NetSole sener comeswith a default problemcalledi gsor t
thatdoesa quicksorton anintegervector Thecall lookslike

status = netsl('iqgsort()’,size,ptr,sorted);

wheresi ze isthesizeof thearrayto besortedpt r is apointerto thefirst elementof
thearray andsor t ed is apointerto the memoryspacehatwill holdthesortedarray
onreturn.Whatif the userwantsto sort200arrays?neway is to write 200callsas
theoneabove. Not only would it betedious but alsoinefficientasthe sortswould be
donesuccessiely, with no parallelism.In orderto obtainsomeparallelism,onemust
callnet sl nb() andmake thecorrespondingallsto net sl pr () andnet sl wt () as
explainedin Chapters. Again, thisis tediousandasit is a rathercommonsituationwe
decidedto addresst with net sI _f ar () . Beforecallingnet sl _f arn() , theuser
needdo constructarraysof pointersandintegersthatcontainthe agumentsof eachof
theNetSolwe calls. Thisis straightforvard: wherethe userwould have calledNetSolhe
as:

requestsl netslnb(’iqgsort’,sizel,ptrl,sortedl);
requests2 = netslnb(’iqgsort’, size2,ptr2,sorted2);

request s200 = netslnb(’igsort’, size200, array200, sorted200);

andthento have callsto net sl pr () andnet sl wt () for eachrequest.
With farming,oneonly needgo constructhreearraysas:
int size_ array[200];

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

size array[0] = sizel

ptr_array[0] = ptr1l
sorted_array[0] = sortedl
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Then,net sl _farn() canbecalledas:

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

In short,net sl _f arn() is aconciseconvenientway of farmingout groupsof
requestsOf coursejt useset sl nb() underneaththerebyensuringfault-tolerance
andload-balancing.

8.3. Catching errors
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net sl _farm() returnsanintegerarray Thatarrayis dynamicallyallocatedandmust
befreedby the userafterthecall. Thearrayis atleastof sizel. Thefirst elementof the
arrayis eitherO or -1. If it is 0, thenthe call wascompletedsuccessfullyandthearrayis
of sizel. If first elementof thearrayis -1, thenat leastoneof therequestgailed. The
arrayis thenof sizeoneplusthe numberof requestandthe (1+i)-th elementof the
arrayis theerrorcodefor thei-th requestHereis anexampleon how to print error
messages:

status = netsl _farn("i=0,200",....);
if (status[0] == 0){
fprintf(stderr,"Success\n");
free(status);
} else {
for (i=1;i<201;i++) {
fprintf(stderr,"Request #%:",i);
netslerr(statusf[i]);
}
}

free(status);
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8.4. Calling Farming in Matlab

NetSolhe providesMatlab userwith a corvenientinterfacewherebyhe canmake
multiple requestgo the sameNetSolwe programpossiblywith differentarguments.
Thisfacility is usefulin taskfarmingproblemdik e Monte Carlo simulationwhere
multiple simulationrunsareexecutedacrosdifferentmachinesandthe resultsfrom
the simulationrunsarecombinedo form thefinal output.

TheMatlabtaskfarminguses'cell” functioncallsin Matlah The NetSole userneeds
to have Matlabversion6.2 andhigherto usethis functionality.

Theusercallsthe matlabtaskfarmas

netsolve farm(iterator string, problem nane,
argument cell 0, argunent cell 1, ...)

Theiteratorstringrepresentshe numberof requestto be madeto the netsolhe
problemwhosenameis representetdly problemnameargument.The valueof the
iteratorstringassumesheform "i=0,numberof requestsl”. The netsole alguments
neededy thenetsole problemarepassedscells.Eachcell is a one-dimensional
arrayandthesizeof thecell is equalto the numberof requestsn thefarming.Each
elementin the cell correspondso a singleagumentneedby the NetSole problem.
Thei-th elementcorrespond$o theargumentfor thei-th requesin thefarm.

8.5. An example

In this example the Matlabtaskfarminginterfaceis invokedto make multiple requests
to aNetSolwe problem,totalareaTheinputsto the problemarethe nameof afunction
whichis astring,the startingpoint on the x-axiswhich is anintegerandthe ending
pointon the x-axiswhich is anotherintegervalue.The problemcomputeghe areaof
thefunctionunderthe curve boundedwithin aregion andgivesbackthetotal area
underthe curve. Thus,usingthe normalNetSole call, the userwould invoke this
problemas
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area = netsolve('totalarea’, xstart, xend);

Oneway to solve this problemis to divide thefunctioninto mary subareasandmake
multiple requestgo the’totalarea’problempassinglifferentstartandendpointson the
x-axis. TheNetSole programthatusesthetaskfarminginterfacefor this methodis
givenbelow.

function [total _area] = totalarea ( func, a, b, numstrips )

strip_length = (b-a)/numstrips

x1 = cell (numstrips, 1);
x2 = cell (numstrips, 1);
x1{1} = a;

for i=1l:numstrips
funcs{i} = func;
x2{i} = x1{i}+strip_|l ength;
if i < numstrips
x1{i +1} = x2{i};

end
end
strl = "i=0,";
str2 = int2str(numstrips-1);

str = [strl,str2];

area = netsolve farn(str, ’area’, funcs, x1, x2);

total _area = 0.0;
for i=1l:numstrips
total _area = total _areatarea{i};
end
end
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fprintf(2, "total _area: %\n', total area);

8.6. Current Implementation and Future
Improvements

Oneof theadwantage®f farmingis thatthe userdoesnot have the responsibilityof
managingherequestsAs it would beunreasonabl® sendall of therequestsf there
arenotenoughsenersto performthe computationsthenet sl _f ar n{) farming
algorithmavoidsthis problemby dynamicallytuningthe maximumnumberof pending
requestgo reflectchangesn the computationakener pool (sizeandload). Thisis
doneby constantlymeasuringhethroughputof the computations.
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9.1. Goals and Methodologies

Ouraimin requessequencings to decreasaetwork traffic amongsiNetSole client
andsener componentsn orderto decreaseverallrequestesponsgime. Our design
ensureghati) no unnecessarglatais transmittecandii) all necessargatais
transferredAs briefly discussedbelow, we alsoreduceexecutiontime by executing
computationamodulessimultaneouslyvhenpossible All thisis accomplishedby
performinga detailedanalysisof theinputandoutputparametersf every requesin
thesequenceo produceadirectedacyclic graph(DAG) thatrepresentshetasksand
their executiondependenced.his DAG is thensentto asenerin the systemwhereit is
scheduledor execution.More detailsregardingthis interfaceandsomeresultscanbe
foundin [sequencing].

In orderto build the DAG or taskgraph,we needto analyzeevery inputandoutputin
the sequencef requestsWe evaluatetwo parameterasthe samef they sharethe
samereferenceWe usethe sizefieldsandreferencepointerof theinput parameterso
calculatewheninputsoverlapin thememoryspaceOnly matricesandvectorsare
checledfor recurrencesnthe premisethatthesearetheonly objectsthattendto be
large enoughfor the overheadf theanalysisto paydividends.Throughthis analysis
we build a DAG in whichthenodesrepresentomputationamodulesor NetSolhe
servicesandthearcsrepresentlatadependencieamongsthesemodules.Thegraphis
agyclic becauséoopingcontrol structuresarenot allowedwithin the sequenceand
therefore anodecannever beits own descendant.

9.2. The Application Programming Interface
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For requessequencingwe addthreefunctionsto the NetSole client API:

voi d netsl _sequence_begin();

i nt

Thisfunctiontakesno agumentsandreturnsnothing.It notifiesthe NetSole
systemto collectinformationfrom subsequentallsto net sl () from whichto
construcia DAG asexplainedabove. The netsole serviceswill notbescheduled
for executionuntil asubsequentall to net sI _sequence_end()

net sl _sequence_end(void *, ...);

This functiontakesasargumentsanNS_NULL-terminatedist of pointers.(For
technicalreasonstheusermustusethe specialvariableNS_NULL definedin the
net sol ve. h headeffile. Thesepointersareto bereferenceso objectsdesignated
asoutputpointersin previouscallsmadeto net sl () afterthemostrecentcall to
net sl _sequence_begi n() . Thesepointersdesignateo the NetSole system
which outputparameter&lOT to returnto theclientprogram.In otherwords,
theseoutputparametersene only asintermediaryinput to callswithin thechain
or sequenceAt thepointwherenet sl _sequence_end() is called,theNetSohe
systemwill transferthe collectedsequencéin theform of aDAG)to a
computationakener(s)for execution.net sl _sequence_end() returnsanerror
codethatcanbeusedto determinesucces®r failure,andthe causen the caseof
thelatter.

net sl _sequence_stat us();

This functiontakesno agumentsandreturnsTRUE (non-zero)f the systemis
currentlycollectingNetSohe requestgi.e. constructinga DAG or is in themiddle
of asequenceandFALSE (zero)otherwise.

Figure9-1illustrateswhata sequencingall mightlook like. Two pointsto notein this
example:i)for all requestspnly thelastparameters anoutput,andii)the useris
instructingthe systemnotto returntheintermediateesultsof conmand1 and
conmand?2.
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Figure 9-1. SampleC Code Using RequestSequencingConstructs

begi n_sequence();

subm t_request ("conmandl", A B, O;
subm t _request ("comand2", A C, D);
subm t _request ("comand3", D, E, F);
begin_end(C, D, NS_NULL);

For the systento bewell-behaed,we mustimposecertainrestrictionsuponthe user
Ouirfirst restrictionis thatno control structurethatmay changethe executionpathis
allowedwithin a sequenceéle imposethis restrictionbecauséhe conditionalclauseof
this controlstructuremaybe dependentipontheresultof a prior requesin the
sequenceandsincetherequestarenot scheduledor executionuntil theendof the
sequencetheresultswill likely notbewhatthe programmeiexpects.

Theotherrestrictionis thatstatementshatwould changehe valueof ary input
parametepf arny componentf the sequencareforbiddenwithin the sequencéwith
the exceptionof callsto the NetSole API itself thatthe systemcantrack.) Thisis
becausealuringthedataanalysisonly referenceso the dataarestored.Soif changed,
thedatatransferredat the endof the sequencevill notbethe sameasthe datathatwas
presenwwhentherequestvasoriginally made We contemplatedaring the entiredata,
ratherthanjustthereferenceshut this directly conflictswith oneof our premises- that
thedatasetsarelarge; multiple copiesof thesedataarenot desirable.

9.3. Execution Scheduling at the Server
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OncetheentireDAG is constructedit is transferredo a NetSolve computational
sener. In thisfirst versionof requessequencingthe NetSole agentusesa large
granularityanddecideswvhich sener shouldexecutethe entiresequence/Ve executea
nodeif all its inputsareavailableandthereareno conflictswith its outputparameters.
Currentlythe only modeof executionwe supportis on asingleNetSole sener --
though,thatsener maybea symmetricmulti-processo(SMP).
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For datapartitioning,we transferthe unionof the input parametesetsto the selected
sener host. This makesinputfor all nodes exceptthosewhich areintermediateoutput
from prior nodesavailablefor the executionof the sequenceOur schedulingalgorithm

canbesummarizedsfollows:

whil e(problens left to execute)

{
execute all problens with satisfied dependenci es;
wait for at |east one problemto finish;
updat e dependenci es;

}
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10.1. Intr oduction

This is thefirst versionof NetSolwe with (rudimentary)KerberossupportNetSohe
componenténcludeclients,agentsandseners.Currentlythe only requestghat
requireauthenticatiorarerequestshatthe client makesto the sener, andof those only
the“run problem”requestOtherrequestsouldbe authenticatedanobviousonebeing
“kill sener”), but drasticchangeslongthesdineswould probablyrequiredrastic
restructuringof NetSole. For instancea client cancurrentlyinform anagentthata
particularseneris down, andtheagentwill notadwertisethatsererfor usein other
problemslit seemsf dubiousvalueto requireauthenticatiorior suchrequestantil
thereis amechanisnfor specifyingthetrustrelationshipoetweerclientsandagents.

An attempthasbeenmadeto allow Kerberized\etSol\e clientsto interoperatavith
bothKerberizedandnon-Kerberized\etSole seners.In eithercasethe clientsendsa
requesto thesener. An ordinarysener will returna statuscodeindicatingthathewill
acceptherequesteaperationBy contrasta Kerberizedsenerwill immediately
returnan“authenticatiorrequired’errorin responseo therequestTheclientis then
requiredto sendKerberoscredentialdo the sener beforetherequesivill be processed.
This allows the sener to requireauthenticatiorof the client. Currentlythereis no
mechanismo allow theclientto insiston authenticatiorof thesener - aKerberized
clientwill happilytalk with eitherKerberizedr non-Kerberizedseners.

Thesenerimplementsaccessontrolvia asimplelist of Kerberogrincipalnames.
Thislist is keptin atext file whichis consultedoy thesener. A requesto a NetSohe
sener mustbe madeon behalfof oneof thoseprincipalnameslf the principalname
associateavith the Kerberoscredentialsn therequestappearsn thelist, andthe
credentialsaareotherwisevalid, therequeswill behonored Otherwisetherequeswill
bedenied.

Sincethe NetSole senerwasnot designedo run asa set-uidprogramiit is not
currentlyfeasibleto have the NetSole sener run processessingthe userid of the
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particularUNIX userwho submittedthe requestNetSole thususests own service
principalnameof “netsolwe” ratherthanusingthe“host” principal. Whatthis means
(amongotherthings)is thatyou needto generateserviceprincipalsandkeytabsfor
eachof your NetSole seners,evenif you alreadyhave hostprincipalsin place.

TheNetSole sener, by default, runsin non-Kerberizednode.To startup thesenerin
Kerberizednodeyou needto addthe- k optionto thecommand-lineandalsoset
environmentvariablesNETSOLVE_KEYTAB (pointingto thekeytab)and
NETSOLVE_USERSpointingto thelist of authorizedusers).

This versionof Kerberized\etSolwe performsno encryptionof the dataexchanged
amongNetSole clients,seners,or agentsNor is thereary integrity protectionfor the
datastream.

10.2. Compiling a Kerberiz ed Server

1. CompileKerberosSeethe Kerberosv5 InstallationGuidefor instructionsfor
how to dothis.

2. CompiletheNetSohe clientlibrarieswith Kerberossupport.Referto the
instructionsin the Section13.1sectionfollowing the notesthattalk about
authenticatiorandauthenticatiodibraries.In part,this involveseditingthe
$NETSOLVE_ROOT/ conf/ Makef i | e. NETSOLVE_ARCH. i nc andmodifying the
KLIBS field to pointto theappropriateKerberodibrariesandsettingthe
AUTHENTICATION field to KERBEROSS.
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10.3. Running a Kerberiz ed NetSolve Client

1. Setupthenecessargnvironmentvariables:

UNI X> set env NETSOLVE_AGENT net sol ve. agent . host

2. Runkinit to getaticket-grantingiicket for yourself.You don't have to dothis if
you alreadyhave aticket andit hasnot expired.

3. Runyour NetSole program.If thesener contactedequiresauthenticationthe
NetSole clientautomaticallycontactshe KerberoKey Distribution Centerfor a
ticketandsendst to thesener. If this clientis authorizedo utilize the NetSole
senerserviceswill begrantedo theclient,if not,an
AUTHENTICATION_REJECTEDerrorprotocolwill bereturnedo theclient.
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Chapter 11. The User-Supplied
Function Feature

11.1.

11.2.

Motiv ation

In the precedingsectionswe describedall theclientinterfacesto NetSole. In these
descriptionsve assumedhatthe only input theuserhadto supplyto NetSole was
numericaldata,thatis, matricesyectors,or scalarsThis assumptions valid for alot of
numericalsoftware.However, for somesoftwarethatwe would lik e to includein
NetSole via NetSole seners,we needanadditionalfeature Indeed numerous
scientificpackagesequirethe userto provide numericaldataaswell asafunction
Typically, nonlinearsoftwarerequireshe userto passa pointerto a subroutinethat
computeghenonlinearfunction. Thisis a problemin NetSohe becauséhe
computations performedremotelyandthe usercannotprovide NetSole with a
pointerto oneof his linked-insubroutinesTheonly solutionis to sendcodeoverthe
network to thesener. This approachraisesalot of issuesjncludingsecurity

Solution

Let usdescribeherethe solutionwe have adoptedThis is really afirst attempt,and
thereis definitelyroomfor improvementHowever, we believe thatit provides
reasonableapabilitiesfor now, consideringhatNetSol\e is still atanearly stageof
developmentAs we noted,we needto shipcodeoverto the computationatener.
SinceNetSole worksin a heterogeneousrvironment,it is not possibleto migrate
compiledcode.Thus,we requirethatthe userhave his subroutineor functionin a
separatdile, written eitherin C or Fortran.We sendthisfile to the computational
sener. Thesener compilesit andis thenableto usethis usersuppliedfunction.

The securityimplementations quite simple.Whencompilingtheusers function,we
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usethenmUNIX commando disallow any systemcall. Theapproachs very
restrictve for theuser but typically the subroutinghathasto be passedieedonly to
performcomputationslf coursetherearealot of hadker waysto go aroundthis
problem,andour systemcurrentlydoesnot pretendo be areal securitymanagerWe
areinvestigatinglavato dealwith this usersuppliedfunctionissue.

11.3. For the Client

11.3.1. Determining the Format of the Function to Supply

We now understandhatthe userhasto write a Fortransubroutineor a C functionto
call aproblemthatrequiresa usersuppliedfunction.For now, the prototypeof this
subroutine/functiortanbe foundin the descriptionof the problem,availablefrom
Matlabor the CGl scriptsof the NetSole homepagéseeSectiord.3). Following the
usualphilosophyof NetSolhe, the prototypeof the usersuppliedfunctionis exactly the
sameasif theuserwereusingthe numericalsoftwaredirectly. Somesoftwaresrequire
theuserto provide morethanonefunction.Whenthatis the case the descriptionof the
problemmentionst andgivesall the prototypedor all the functionsto supply

11.3.2. From Matlab, Mathematica, C and Fortran

A UPFis passedo NetSole asa stringthatcontainsthe pathto thefile thatcontains
the sourcecodeof thefunction.

11.3.3. From the NetSolve Java API

Usersof the NetSole APl may specifya UPFinputitem asthey would any otherinput
item,usingthepushAr g() methodHowever, anextraagumentis requiredwhen
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pushinga UPFitem: thelanguagehatthe UPFis writtenin. For example:

n. pushArg(new String(upf0, 0), d obal Def s. LANG_FORTRAN) ;
n. pushArg(new String(upfl, 0), d obal Defs. LANG C);

Currently theusermustpasshe UPFasa String. Thereforejf the UPFis storedin a
file, it is upto theuserto readthefile into a String. Futureversionsof the API will
allow the userto simply passthe nameof thefile.

11.3.4. From the Java GUI

11.4.

Enteringa usersuppliedfunctionvia the Java interfaceis very muchsimilar to entering
ary otherkind of data.If the problemrequiresa usersuppliedfunction,therewill bean
entryin thelnputList called“User Provided Function”for which datamustbe
specifiedjustlik e any otherinput object. Theusermay chooseo enterthe
usersuppliedfunctionmanuallyinto the Data Input Box or from afile specifiedn the
FilenameSelectiorBox If theuserentershefunctionmanually thelanguagemust
alsobe specifiedoy choosingeitherC or FORTRAN from an“option menu”that
appeargustabove the DataInput Box If theusersuppliedfunctioncomesfrom afile,
thefile mustendwith either®.c” or“.f” (with namesendingin “.c” interpretedasC
functionsandnamesendingin “.f” interpretedasFORTRAN functions).

For the Server

Theproblemdescriptionof a problemthatrequiresoneor moreusersuppliedfunctions
mustcontainaline:

@BJECT UPF CHAR

for eachfunctionasaninput objectsothatmnemonicscanbeusedin the descriptionof
thecalling sequencgafterthe’ @ORMAT’ clause)ln the pseudo-codsectionthe
functionsshouldbedeclaredasexternlike:
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11.5.

90

extern int upf0();
extern doubl e upfl();
etc....

for instanceTheidentifiersupf 0, upf 1, ... canbeusedin therestof the pseudacode
to designatehe usersuppliedfunctions.This is not very natural.lt would be betterto
be ableto usemnemonicsasfor classicobjects but it makescompilationdifficult on
someplatforms.

Conclusion

This new featureof NetSole s still underinvestigation We areawarethatsecurityis
animportantissuehere.For now, NetSol\e is still aresearclprojectdevelopedto allow
experimentationsvith this relatively new type of software.In the future, moreattention
will begivento theusersuppliedmechanismn orderto make it assafeaspossible As
mentioneckarlier we mayuseJavain orderto setup aviable securitymanagerUsing
Java currentlyappeardo bethebestsolutionfor security but it hasobviousdravbacks.
First, theuserwould have to write his functionin Java: thetypical NetSole useris a
scientistwvho doesnot have thetime or inclinationto learnnew languagesgspecially
object-orientedbnes.Secondwith the currentimplementation®f Java, efficiency
would alsobeaproblem.



Chapter 12. Troubleshooting

If anerroroccursduringtheinvocationof NetSole, a variety of diagnosticuntime
errormessagegswell aserrorcodeghatcanbereturnedwhencalling a NetSohe
functionfrom the C or Fortraninterfacesareprovided. Theerrorcodesandruntime
errormessagearelistedin Chapter24 andmay have severalpossible
explanations/causeH. oneof theseerrormessagesccurs the usershouldfirst check
theagentandsener log files, SNETSOLVE_ROOT/ nsagent . | og or
$NETSOLVE_RQOOT/ nsser ver . | og, respectrely. Thesefiles may containmore
informationto clarify thereasorfor theerrormessage.

For diagnostichelpin explainingthereasondor specificNetSole run-timeerror
messagesgeferto the NetSolveErrata File (http://icl.cs.utk.edu/netsod/errata.html)

12.1. Detalls of the
Makefile . NETSOLVE_ARCH.inc File

Althoughsuitabledefault optionsareprovidedfor the compilationof the software,
onemaylook in theNet Sol ve/ conf directoryto editthe

Makef i | e. NETSOLVE_ARCH. i nc file. Thisfile containgparameterso customize
thecompilationprocess.

Note:

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

NETSOLVE SPECIFICOPTIONS:

The QUTPUT_LEVEL macrodefinesheamountof delug outputto print during
installation.PROXY specifiesnvhich client proxy to use.CPU_STAT defineswhich
methodto useto monitorsener processes termsof workload,etc.andwhat
methodto useto assigntasksto seners. The AUTH_LI BS andAUTHENTI CATI ON
macrosdefinethe authenticatiorto use(if ary) in thesystem Currently theonly
optionsareKERBEROS50r NO_AUTH (no authenticationjor the

AUTHENTI CATI ON macro.If authentications setto KERBEROS4,then
AUTH_LI BS mustbe setto the locationof theappropriatdibrariesneededo use
thekerberosapplicationprogrammingnterface.

AUXILIARY PACKAGES:

If NWSis enabledj.e.,CPU_STAT = NWS5, thevariableNWsDI R providesthepath
to the NWS distribution. SeeChapterl 9) for furtherdetails.

In the caseof aparallelsener, it is necessaryo settheMPl _DI R,
MPI | NCLUDE_DI R, andMPI _|I NCDI R variablesto the properpaths.

If IBP is enabledj.e.,| BPDI R providesthe pathto theIBP distribution. See
Chapter20for furtherdetails.

Auxiliary Libs:

This sectioncontainsvariablesfor settingpathnamesandto optionalsoftware
packagesuchasPETScAztec,ITPACK, SuperLU,LAPACK, ScaLARACK,
MPIBLACS,andBLAS.

An exampleMakef i | e. NETSOLVE_ARCH. i nc for IRIX is listedbelow.

# CGenerated automatically from Makefil e. generi c-
arch.in by configure.
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# Never include this file directly!

# Always include ./ Mke-

file.inc and make sure it is appropriately

# set to include the proper platformspecific file.
# CUSTOM ZI NG CONFI GURATI ON

#

SHELL = /bin/sh
HHHBHHEH B HEH B HE R HHH B HEH R R

#### | NSTALL DI RECTORI ES ####
BHAHHHHBHBHBH B R HHH

PLATFORM = mps-sgi-irix6.5

NETSOLVE VERSION = 1.4

EXEC_PREFI X = $(NETSOLVE_ROOT) / $( NETSOLVE_ARCH)

Bl NDI R = $( NETSOLVE_RQOOT) / bi n/ $( NETSOLVE_ARCH)
LI BDI R = $(NETSOLVE_RQOT) /| i b/ $( NETSOLVE_ARCH)
OBJDI R = $(NETSOLVE_RQOOT) / obj / $( NETSOLVE_ARCH)

MATLABOBJDI R
PDFGUI CLASSDI R

$(0BJDI R) / MATLAB
$( Bl NDI R) / PDFGUI CLASSDI R

BHEHHHHBHBHBH B R R R
#H## COVPI LERS AND OPTI ONS ####
BHEHHHHBHBHBHBH B HBHBHBH B HHH

CcC = [usr/bin/cc

C OPT_FLAGS = -3

C _NOOPT_FLAGS = -n32 -mps4 -r12000 - conmon

CFLAGS = $(C_OPT_FLAGS) $(C_NOOPT_FLAGS)

NS C OPT_FLAGS = $(C OPT_FLAGS) $(HBMFLAG $(F2CFLAG $(OUT-

PUT_LEVEL) $(ARCHCFLAGS) \
$(1 NCDI R) $(PROXY) ${CPU STAT} ${IBPFLAG \
${ AUTHENTI CATI O\}  $( DSI FLAGS)
NS_C_NOOPT_FLAGS = $(C_NOOPT_FLAGS) $(HBMVFLAG) $(F2CFLAG $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \
$(1 NCDI R) $( PROXY) ${CPU STAT} ${|BPFLAG \
${ AUTHENTI CATI O\}  $( DSI FLAGS)
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NS_CFLAGS = $(CFLAGS) $(HBVFLAG) $(F2CFLAG) $(OUT-
PUT_LEVEL) $(ARCHCFLAGS) \
$(1 NCDI R) $(PROXY) ${CPU STAT} ${IBPFLAG \
${ AUTHENTI CATI ON}  $( DSI FLAGS)

FC = fusr/bin/f77

F_OPT_FLAGS = -

F_NOOPT_FLAGS = -n32 -mps4 -r12000

FFLAGS = $(F_OPT_FLAGS) $(F_NOOPT_FLAGS)
NS_FFLAGS = $(FFLAGS) $(INCDI R) $( ARCHCFLAGS)

NS_F_OPT_FLAGS
NS_F_NOOPT_FLAGS

$(F_OPT_FLAGS) $(INCDIR) $(ARCHCFLAGS)
$(F_NOOPT_FLAGS) $(1NCDIR) $( ARCHCFLAGS)

LI NKER = $(FO

LDFLAGS = -LD MSG OFF=15,84 -n32 -m ps4 -r12000
MEX = Jusr/local / mat| ab/ bi n/ mex

MEXFLAGS =-0

NVEXEXT = . mexsg

NS _MEXFLAGS = $(MEXFLAGS) $(HBMFLAG $(F2CFLAG $(OUT-

PUT_LEVEL) $(ARCHVFLAGS) \
$(1 NCDIR) $( PROXY) ${CPU STAT} ${|BPFLAG \
${ AUTHENTI CATI ON} $( DSI FLAGS) -g - DVATLAB

JAVAC =

NS _JAVAFLAGS = -cl asspath $(NET-

SOLVE _ROQOT) / src/ PDF_GUI / cl asses: $( PDFGUI CLASSDI R) \
-d $( PDFGUI CLASSDI R)

BHEHHBHBHBHBH R H R H R
### LI BS, DI RS AND DEFI NES ###
BHEHHHHBHBHBH BB HBH B R R

LI BS =-Im-lc

I NCDI R -1 $( NETSOLVE_RQOOT) /i ncl ude \
$(NW5_INCDIR) \
$(1BP_INCDIR) \
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$(MPI _I NCDI R)

ARCHCFLAGS = - D$( NETSOLVE_OS) \
-D$(F2CSTR) - D$(F2CI NT) - D$( F2CNAMVES) -
D$( RUSAGE)
- DNETSOLVE_ROOT=\ " $( NETSOLVE_ROOT)\ " \
- DNETSOLVE_ARCH=\ " $( NETSOLVE_ARCH)\ " \
-DWPI_DIR=\"$(MPI_DIR)\"

ARCHVFLAGS = - D$( NETSOLVE_OS) \
- D$( F2CSTR) - D$(F2CI NT) - D$( F2CNAMES) -
D$( RUSAGE)
-D NETSOLVE_ROOT=\"$( NETSOLVE_ROOT)\ "’ \
- D NETSOLVE_ARCH=\ " $( NETSOLVE_ARCH) \ "’

#### $F2CI NT options

#### FINT2CLONG : F77 INTEGER -> C long

#### FI NT2Cl NT . F77 INTEGER -> C int (default)
#### FI NT2CSHORT : F77 I NTEGER -> C short

F2CI NT = FI NT2ClI NT

#### $F2CNAVES opti ons

#H### F2CADD _ . F77 netsl( ) -> Cnetsl () (default)
#### F2CADD__ : F77 netsl( ) -> Cnetsl __( )

#H### F2CNOCHANGE : F77 netsl( ) -> C netsl( )

#### F2CUPCASE : F77 netsl( ) -> C NETSL( )

F2CNAMES = F2CADD_

#### $F2CSTR opti ons

#H### F2CSTRSUNSTYLE . Sun style of passing strings fromf2c
#### F2CSTRCRAYSTYLE . Cray style of passing strings fromf2c
#### F2CSTRSTRUCTPTR  : Struct * style of pass-

ing strings fromf2c

#### F2CSTRSTRUCTVAL . Struct style of pass-

ing strings fromf2c
F2CSTR = F2CSTRSUNSTYLE
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BHEHHHHIHBHBHBH B H R
### AUXI LI ARY PROGRANMS ###
BHEHHHHBHBHBHBHBH R HBHAH

FLEX = /usr/bin/flex
Bl SON = /usr/ bin/bison
AR = /usr/ bin/ar
ARFLAGS =cr

RANLI B =

RUSAGE = HAVERUSAGE

BHAHHHBHBHBH B R R R 3
##H## NETSOLVE SPECI FI C OPTI ONS ####
BHEHHHHBHBHBHBH BB H B BB #

H==—==——==—==———=c=H
# F2C
Ho=====—==m—==—===c=H

Ho=====—==—==—===c=H

# Program Qut put #

ffm======—=ooooooof

####  DEBUG . For really verbose debugging infornmation
#### VI EW . For snooth information during the execution

####  NO _OUTPUT : no out put
QUTPUT_LEVEL = -DVI EW

f#==============¢

# Cient Proxy #

Ho========—===c=H

HitH# Proxies are currently nutually excl usive

HH#H GLOBUS_PROXY . build and enabl e gl obus proxy

HH#H NETSOLVE PROXY : build and enabl e netsol ve proxy
PROXY = - DNETSCLVE_PROXY
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# Informati on Server #

# options for | NFOSERVERFLAGS
# | NFOSERVER-

FLAGS = (bl ank means do not use)
# | NFOSERVERFLAGS = -
DI NFOSERVER (use as part of agent)

# | NFOSERVERFLAGS = - DI NFOSERVER -
DSTANDALONEI SERV (use in standal one npde)

| NFOSERVERFLAGS =

| NFOSERVER =
Ho——===—=o—m==—==c=H
# Wor kl oad Prober #
H==—==——==———=——m=c—f

## Wi ch probes? options are NW5, NS WORKLOAD ( Net Sol ve)
CPU_STAT = - DNS_WORKLOAD

DSl FLAGS =

BHEHHHHBHBHBHBHBHHHHBHBH
## AUXI LI ARY PACKAGCES ##
BHEHHHHBHBHBHBHBHHHHBHBH

Ho=—====—==—==—=—=c=H
# AUTHENTI CATI ON #
H==—==——==—===——=c=H

## options are NO_AUTH, KERBEROS5
AUTHENTI CATI ON = - DNO_AUTH
AUTH LI BS =
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MPI _DIR = /usr/local /npich
MPI _I NCLUDE_DI R = $(MPI _DI R)/i ncl ude
MPI _INCDIR = -1$(MPI _I NCLUDE_DI R)

| BPDIR =
| BPARCH =

I BP_I NCDI R =

| BPLI B =

| BPOBJS_STUB =
| BPOBJS
| BPFLAG =

#GLOBUS DI R =

#i ncl ude $(GOBUS_DI R)/ et c/ makefil e_header

#G LIBS = -L$(GLOBUS_DIR)/lib $(G.OBUS_GRAM CLI ENT_LI BS) $(LIBS)
#G _CFLAGS = $(GLOBUS_GRAM CLI ENT_CFLAGS) -1$(G.0BUS DIR)/incl ude
#G LDFLAGS = $( GLOBUS_GRAM CLI ENT_LDFLAGS)

#LDAP_DIR = /usr/local /| dap

#LDAP_LIBS = -L$(LDAP. DIR)/1ib

#LDAP_CFLAGS = -1$(LDAP_DI R)/i ncl ude

#LDAP_LDFLAGS = -Illdap -I1 ber
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Ho=—==——m——m———=c—H
# Auxiliary Libs #
Ho—=—==——=——m———=cH

HAVE petsc = 0

PETSC DIR = /src/icl 2/ petsc/petsc-2.0.29/

PETSC ARCH = | i nux

BOPT =0

PETSC LIB DIR = $(PETSC DIR)/1ib/li b$(BOPT)/ $( PETSC_ARCH)

HAVE aztec = 0
AZTEC DI R = [srclicl?2/ Azt ec/
AZTEC LIB DIR = /src/icl2/ Aztec/lib/libg/linux

HAVE superlu 0

SUPERLU DI R [ srclicl 2/ Super LU

SUPERLU LIB DIR = /src/icl 2/ SuperLU |ib/sequential/linux
USE_SUPERLU SERI AL = - DUSE_SERI AL

USE_SUPERLU DI ST =

LAPACK LIB LINK = fusr/local/lib/liblapack-n32.a
SCALAPACK LIB LINK = fusr/local/lib/libscal apack. a
BLAS LIB LINK = Jusr/1ib32/m ps4/libblas.a
BLACS LIB LINK = fusr/local/lib/libnpiblacsCnit-

p4.a /usr/local/lib/libmpiblacs-
p4.a /usr/local/lib/libnpiblacsCnit-p4.a
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l1l. The Administrator s
Manual

Theuserhastwo choiceswheninstallingNetSolhe. He caninstall only the client
softwareanduseexisting poolsof resourcegagent(sandsener(s)),or hecaninstall
his own stand-alonéNetSole system(client, agent(sandsener(s)).If theuserwishes
to only install the clientinterface(s) he shouldfollow instructionsn Part Il. TheUser’s
Manual However, if theuserswishesto install client, agent(s)andsener(s),heshould
follow theinstructionsin Part 1ll. The Administator's Manual
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Chapter 13. Downloading, Installing,
and Testing the Agent and Server

13.1.

TheNetSole agentandsener softwareis currentlyonly availablefor UNIX and
UNIX-lik e operatingsystemsAll of theclient,agentandsener softwareis bundled
into onetar-gzippedfile. Thereis a separatalistributiontar file for Unix andWindows
installations No root/superuseprivilegesareneededo install or useany componenbf
theNetSole system.

Installation on Unix Systems

TheNetSolhe distribution tar file is availablefrom the NetSole homepage.
(http://icl.cs.utk.edu/netsobd/dovnload/NetSole-1.4.tgzOncethefile hasbeen
downloadedthefollowing UNIX commandswill createtheNet Sol ve directory:

gunzip -c NetSolwe-1.4.tgz| tar xvf -
Fromthis pointforward,we assumehatthe UNIX SHELL is from thecshfamily.

Theinstallationof NetSolwe is configuredfor a givenarchitecturausingthe GNU tool
confi gure.

UNI X> cd Net Sol ve
UNI X> ./configure

For alist of all optionsthatcanbe specifiedto configure type

UNI X> ./configure --help

Usage: configure [--with-cc=C COWILER] [--with-
cnoopt f | ags=C_NOOPT_FLAGS]

[--with-coptflags=C_OPT_FLAGS] [--wth-
f c=F77_COWPI LER]
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[--with-fnooptflags=F77_NOOPT_FLAGS]
[--with-foptflags=F77_OPT_FLAGS]
[--with-1dfl ags=LOADER_FLAGS]

[ --w th-nws=NWEDI R
[--with-ibp=IBPD R]
[--wth-kerberos]

[--w th-proxy=PROXY_TYPE]
[--with-outputl evel =QUTPUT_LEVEL]

[ - - enabl e-i nf oser ver =I| NFOSERVER]
[--with-mpi =PI _DIR]
[--with-petsc=PETSCDI R]
[--with-aztec=AZTEC DI R]
[--with-aztecli b=AZTEC_LI B]

[--w th-superl u=SUPERLU_DI R]
[--with-superl uli b=SUPERLU_LI B]
[--with-scal apackl i b=SCALAPACK LI B]
[--with-blacsli b=BLACS_LI B]
[--with-1apacklib=LAPACK LI B]

[--wi th-blaslib=BLAS LI B]

wher e
C _COWPI LER = default is to use gcc
C_NOOPT_FLAGS = C com

piler flags to be used on files that

must be conpiled wi thout optimzation

C conpiler optinization flags (e.g., -O
F77_COWPI LER default is to use g77
F77 _NOOPT_FLAGS Fortran77 com

piler flags to be used on files that

must be conpiled without optimzation

Fortran77 conpiler optim za-

C_OPT_FLAGS

F77 _OPT_FLAGS
tion flags (e.g., -0O
LOADER_FLAGS

Fl ags to be passed only to the | oader

NWEDI R = directory where NWs is in-
stalled (optional)
| BPDI R = directory where IBP is in-

stalled (optional)
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PROXY_TYPE = currently supported val ues are netsol ve
and gl obus (default is netsolve)
currently supported val ues are de-

OUTPUT _LEVEL
bug, view,

and none (default is view

| NFOSERVER = currently supported val ues are al one and
not hi ng specified (default is not al one,
where nothing is specified).

MPI _DIR = |l ocation of the MPI directory (optional
assunes MPICH directory structure)
(default is fusr/local/npich-1.2.1).

PETSCDI R = location of PETSc installation direc-
tory (optional)

AZTEC DI R = |l ocation of Aztec installation direc-
tory (optional)

AZTEC LI B = Aztec link line (optional)

SUPERLU DI R = |l ocation of SuperLU installation direc-
tory (optional)

SUPERLU LI B = SuperLU link line (optional)

SCALAPACK LI B = ScaLAPACK link line (optional)

BLACS LIB = MPIBLACS link line (optional)

LAPACK LI B = LAPACK link line (optional)

BLAS LI B = BLAS link line (optional)

All agumentsareoptional. The optionsparticularlypertinentto NetSole are:

--wth-

nws=NWEDI R | ocation of NWs installation dir
--wth-

i bp=I BPDI R | ocation of IBP installation dir
--wth-

ker ber os use Kerberos5 client authentication
--wth-

pr oxy whi ch Proxy? (netsolve, globus)
--wth-

out put | evel out put | evel (debug, view, none)

--enabl e-i nfoserver[ =al one] use InfoServer [alone]
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104

TheNetSole serviceoptionsare:

--with-
pet sc=PETSCDI R | ocation of PETSc installation dir
--with-petsclibdir=PETSC LI B DI R | ocation of PETSc library
--wth-
azt ec=AZTEC DI R | ocation of Aztec installation dir
--wi th-aztecl i b=AZTEC LI B Aztec link line
--w t h-super| u=SUPERLU_DI R | ocation of SuperLU in-
stallation dir
--wi t h-superlul i b=SUPERLU_LI B SuperLU link |ine
--with-
npi =MPI _DI R | ocation of MPI Root Directory
--wi t h-1apackl i b=LAPACK LI B LAPACK ink line
--w t h-scal apackl i b=SCALAPACK LI B ScalLAPACK link line
--wi th-bl acsl i b=BLACS_LI B MPI BLACS |ink line
--with-blasli b=BLAS LIB BLAS Iink line

Theconfigurescriptcreategswo mainfiles, ./conf/Makefile. SNETSONE_ARCH.inc
and./conf/Malkefile.inc.Thesefiles arecreatedrom thetemplates
Jconf/Makefile.generic-arcland./conf/Malefile.inc.inrespectiely.
$SNETSOLVE_ARCHi s thestringprintedby thecommand/conf/config.guessyith all
-’ and’.’ charactergorvertedto’ ' charactersThevariableSNETSOWVE ROOT is
the completepathnameto theinstalledNetSole directoryanddefinedin

./ conf/ Makefi | e. i nc. These*.inc files areincludedby the Makefilesthatbuild the
NetSohe systemManually editingtheseconfiguratiorfiles is stronglydiscouraged.
However, detailsof the SNETSOLVE_ROOT/ conf / Makefi | e. SNETSOLVE_ARCH. i nc
file areexplainedin Section12.1.

Typing make in theNet Sol ve directorywill giveinstructionsto completethe
compilation.A typical agentandsener compilationincludes:

UNI X> make standard

to build theagent,sener, NetSolve managemertbols (seeChapterl6), andNetSole
testsuite(seeSectionl3.2).After a successfutompilationprocessthe appropriate
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binariesand/orlibrariescanbefoundin the

$NETSOLVE_RQOOT/ bi n/ $NETSOLVE_ARCH and/or

$NETSOLVE_ROOT/ | i b/ $NETSOLVE_ARCH directoriesrespectiely. Thus,to executea
NetSole binary, the usermusteitherexecutethe commandrom within the
$NETSOLVE_ROOT/ bi n/ $SNETSOLVE_ARCH directory or addthis directorynameto his
UNIX pat h variable.

13.2. Testing the Software

Testingthe softwareconsistf startinganagentanda sener andrunningaclient test
(Sectionl13.2.1).Alternatively, the default agentandsenersrunningat the University
of Tennesseeanbe usedto testthe clientonly (seeSection3.2). We describenerethe
step-by-steprocedurahatinvolvesmanipulationghatwill be detailedandexplained
in thefollowing chapters.

13.2.1. Agent-Ser ver-Client Test

1. Choosea machineto runtheagentsenerandclient (say
net sol ve. wor | d. net),

2.cd NetSole,

3. editthefile . / server _confi g toreplacenet sol ve. cs. ut k. edu by
net sol ve. wor | d. net , andsare thefile.

4.seterv NETSOLVE_AGENT netsolve.world.net

5. $NETSOLVE_ROOT/bin/$NETSOLVE_ARCH/agent
6. SNETSOLVE_ROOT/bin/$NETSOLVE_ARCH/server
7.cd SNETSOLVE_ROOT/bin/$NETSOLVE_ARCH

8. Test
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While thetestsuiteis running,it printsmessageaboutits execution.This testtests
only the C andFortraninterfaces SeeChapter6 for detailson how to testthe Matlab
interface.Successfutompletionof thesetestsassureyou thatyou have properly
installedthe NetSolwe agentandsener.

If anerroris encountereduringtesting,referto the Troubleshootingectionof the
Erratafile (http://icl.cs.utk.edu/netsod/errata.htmljor NetSole.

Expanding the Server Capabilities

It is possibleto addnew functionalitiesto a NetSolve computationakener by
specifyingadditionalproblemdescriptiorfiles in thesener configuratiorfile. In fact,a
numberof PDFshave beenwritten for avariety of serialandparallelsoftware
packagesARPACK, Aztec,BLAS, ITPACK, LAPACK, MA28, PETSc,ScaLARACK,
andSuperLU.ThesePDFsareavailablein the SNETSOLVE_ROOT/ pr obl ens/
directory If auserhasoneof thesesoftwarelibrariescompiledonthearchitecturdo
which heis installingNetSole, he caneasilyaddthis functionalityto his senerin
threesteps.

- During the configurephaseof NetSole, specifythe configureoption(s)for enabling
therespectielibrary. Referto Section13.1for details.This stepwill automatically
settheneededa.| B line(s)in therespectre $NETSOLVE_ROOT/ pr obl ens/ PDF
file, aswell assettherequiredvariablesn the
$NETSOLVE_ROOT/ conf / Makef i | e. SNETSOLVE_ARCH. i nc file.

- Uncommentherespecitie line in thekeyword section@ROBLEMS: of the
$NETSOLVE_ROOT/ ser ver _confi g file.

- Recompilethesener by typing make serwver in the SNETSOLVE_ROOT/ directory
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Note

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

NetSolhe’s distributedmemoryservicege.g.,ScaLAFRACK, PETSc)arespavnedusing
MPI (mpirun -machinefile MPImachines...) andthusrequirean MPI machinéefile
describingthe parallelmachineon which to run. The nameof thefile containingthis
list of homogeneoumachiness called$NETSOLVE_ROOT/ MPI machi nes andis
referencedn thefile $SNETSOLVE_ROOT/ ser ver _conf i g for configuringthe sener.
Thereforejf you areenablingparallelserviceswithin asener, theuserMUST edit this
$NETSOLVE_ROOT/ MPI machi nes file to list the specificmachinedo beused.The
currentimplementatiorof NetSole allows only oneMPI machi nes file persener. This
spavningfile is tied to the sener, andnot to a specificserviceenabledThus,
unfortunatelyif you wishto enableparallelserviceson differentclustersthenyou
mustenablethe softwareon differentseners-- i.e., maintaina separatéNetSolhe
sourcecodetreefor eachsener enablemensothateachparallelservicecanhave its
own MPI machi nes file from whichto spavn. A futurereleaseof NetSolwe should
identify aseparate/Pl machi nes file with eachparallelservicethatcanbeenabled.

13.3.1. Enabling the LAPACK library

To enableLAPACK within NetSole, onemustperformthefollowing steps:

- During the configurephaseof the NetSole installation,type

UNI X> ./configure --wth-|apacklib=LAPACK LIB --wth-
bl asl i b=BLAS LI B

whereLAPACK_LI B denoteghenameof the LAPACK library, andBLAS_ LI B denotes
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thename(spf the BLAS library. If thesdibrariesarenotalreadyavailableonthe
users machinehe candownloadLAPACK from the LAPACK webpage
(http://www.netlib.org/lapack/lapack.tgz)f anoptimizedBLAS library is not
availableontheusers machine he canview the BLASFAQ
(http://www.netlib.org/blas/fig.html#1.§ for detailsof availability; otherwisehecan
downloadATLAS from the ATLASwebpaye (http://www.netlib.org/atlas/Jandit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.

- Theusermustthenuncommentherespectie line
#. [ probl ens/ | apack

in the @PROBLEMS: sectionof the SNETSOLVE_ROOT/ ser ver _confi g file by
removing the# from the beginningof theline.

« And lastly, theusermustrecompilethe sener by typing make server in the
$NETSOLVE_ROOT/ directory

13.3.2. Enabling the ScaLAPACK librar y

To enableScaLAFRACK within NetSolwe, onemustperformthefollowing steps.

- During the configurephaseof the NetSole installation,type

UNI X> ./configure --wth-scal apackl i b=SCALAPACK LI B \
--with-blacsli b=BLACS LIB --with-blaslib=BLAS LIB\
--with-nmpidir=MPI _DIR

whereSCALAPACK LI B denoteghe nameof the ScaLARACK library, BLACS LI B
denoteghename(spf the MPIBLACSIlibraries,andBLAS_LI B denoteghe name(s)
of theBLAS library. If thesdibrariesarenotalreadyavailableontheusers
machine hecandownloadScaLAFACK from the ScaLARRCK webpage
(http://www.netlib.org/scalapack/scalapack.tgapdthe MPIBLACS from the
BLACSwebpage (http://www.netlib.org/blacs/mpiblacs.tgz)f anoptimizedBLAS
library is not availableon theusers machinehe canview the BLASFAQ
(http://www.netlib.org/blas/ag.html#1.§ for detailsof availability; otherwisehecan
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downloadATLAS from the ATLASwebpaye (http://www.netlib.org/atlas/Jandit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.
MPI _DI Rdenoteghelocationof the MPI library (assumeshe standardViPICH
distribution).

- Theusermustthenuncommentherespectie line
#. [ probl ens/ scal apack

in the @ROBLEMS: sectionof the SNETSOLVE_ROOT/ ser ver _confi g file by
removing the# from the beginningof theline.

« And lastly, theusermustrecompilethe sener by typing make sewer in the
$NETSOLVE_ROOT/ directory

13.3.3. Enabling Sparse lIterative Solvers (PETSc, Aztec,
and ITPACK)

NetSole offersa’sparse_iteative_solve'serviceasa corvenientinterfaceto sparse
iteratve methodgpackagesuchasPETSc Aztec,andITPACK. If theuserwouldlike
to enablePETSc Aztec,or ITPACK within NetSole, he mustperformthefollowing
steps.

- Duringthe configurephaseof the NetSole installation,type

UNI X> ./configure --with-petsc=PETSC DIR --with-

azt ec=AZTEC DI R \
--with-aztecli b=AZTEC LIB --with-1apackli b=LAPACK LIB \
--with-blasli b=BLAS LIB --wi th-npidir=MPI _DI R

wherePETSC_DI R denoteghelocationof the PETScdirectorycontainingthe standard
distribution, AZTEC DI R denoteghelocationof the Aztecdirectorywherethe
includefiles canbefound,AZTEC LI Bisthelink line for the Azteclibrary,
LAPACK_LI B denoteghe nameof the LAPACK library, BLAS_LI B denoteghe
name(s)pf theBLAS library, andMPl _DI R denoteghelocationof the MPI library
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(assumeshe standardMPICH distribution). If thesdibrariesarenotalready
availableon the users machine he candownloadandinstall the softwarefrom the
respectre webpages- (PETSchomepage (http://www-fp.mcs.anl.gae/petsc/) and
Aztechomepage (http://www.cs.sandia.ggCRF/aztecl.html))The PETScinterface
is compatiblewith PETScversion2.0.29.LAPACK canbedownloadedirom the
LAPACK webpage (http://www.netlib.org/lapack/lapack.tgz)f anoptimizedBLAS
library is not availableon theusers machinehe canview the BLASFAQ
(http://www.netlib.org/blas/ag.html#1.§ for detailsof availability; otherwisehecan
downloadATLAS from the ATLASwebpaye (http://www.netlib.org/atlas/Jandit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.
ThelTPACK library is distributedwith NetSolein

$NETSOLVE_ROOT/ sr ¢/ Sanpl eNurrer i cal Sof t war e/ | TPACK/ sinceasmall
modificationto thelibrary wasnecessaryo enableits usein NetSole.

« Theusermustthenuncommentherespectreline
#./ probl ens/ sparse_iterative_sol ve

in the @ROBLEMS: sectionof the SNETSOLVE_ROOT/ ser ver _conf i g file by
removing the# from the beginningof theline.

- And secondtheusermustcompilethe sener by typing make wrappers andmake
server in the SNETSOLVE_ROOT/ directory

13.3.4. Enabling Sparse Direct Solvers (SuperLU and
MAZ28)

NetSole offersa’sparse_diect_solveserviceasa corvenientinterfaceto sparse
directmethodgpackagesuchasSuperLUandMAZ28. If theuserwould like to enable
SuperLUor MA28 within NetSole, he mustperformthefollowing steps.

- During the configurephaseof the NetSolw installation,type (for example,to enable
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SuperLU)

UNI X> ./configure --wth-superl u=SUPERLU DIR --wit h-

super | ul i b=SUPERLU LI B \
--wi t h-1apackl i b=LAPACK_LIB --with-blaslib=BLAS LIB \
--with-nmpidir=MPI _DIR

whereSUPERLU_DI R denoteghelocationof the SuperLUdirectorywheretheinclude
files canbefound,SUPERLU_LI B is thelink line for the SuperLUlibrary,
LAPACK_LI B denoteghe nameof the LAPACK library, BLAS_LI B denoteghe
name(s)pf theBLAS library, andMPl _DI R denoteghelocationof the MPI library
(assumeshe standardMPICH distribution). If thesdlibrariesarenotalready
availableontheusers machine he candownloadandinstall the softwarefrom the
respectre webpage- SuperLUhomepage
(http://www.nersc.gu/~xiaoye/SuperLU/) The MA28 library is distributedwith
NetSolein $SNETSOLVE_ROOT/ sr ¢/ Sanpl eNuner i cal Sof t war e/ MA28/ sincea
smallmodificationto thelibrary wasnecessaryo enablets usein NetSohe.
LAPACK canbedownloadedrom the LAPACK webpage
(http://www.netlib.org/lapack/lapack.tgz)f anoptimizedBLAS library is not
availableontheusers machine he canview the BLASFAQ
(http://www.netlib.org/blas/ag.html#1.§ for detailsof availability; otherwisehecan
downloadATLAS from the ATLASwebpaye (http://www.netlib.org/atlas/Jandit will
automaticallygenerateanoptimizedBLAS library for theinstallationarchitecture.

- Theusermustthenuncommentherespectreline
#. [ probl ens/ sparse_di rect _sol ve

in the @ROBLEMS: sectionof the SNETSOLVE_ROOT/ ser ver _confi g file by
removing the# from the beginningof theline.

« And lastly, theusermustcompilethe sener by typing make wrappers andmake
server in the SNETSOLVE_ROOT/ directory
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Agent

After compilingthe agentasexplainedin Section13.1,the executableof the NetSohe
agentis locatedin:
$NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH agent .

Thepropercommandine for this programis

agent [-aagent_namd} lodfile]

Wheninvokedwith no agumentsa stand-alonegentis started.This agentis now
availablefor registrationsof NetSole senerswantingto participatein anew NetSole
system After senersareregisteredclient programscancontactthis agentandhave
requestservicedoy oneor moreof theregisteredseners.

Note:

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

Whenthe- a optionis used,asin:

UNI X> agent -a netsol ve.cs. utk. edu

thenew agentwill registeritself with theagentrunningon the hostspecifiedby the
agent_namargument.If noagentis runningon this host,thenew agentwill exit with
anappropriateerrormessagetHowever, whenit is ableto contactthatagent,it will
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receve from thatagentalist of seners(who have giventhe previousagentthe
permissiorto broadcastheir status seeChapterl5) andpossiblyotheragentsThese
senersthenalsobecomeavailablefor the servicingof requestsentvia thenew agent.

The- | optionspecifiegshe nameof afile to usefor logging purposes.

UNI X> agent -1 /home/ nme/agent |ogfile

Thisfile is wheretheagentiogsall of its interactiongandpossiblyerrors)sinceit is a
daemorwith no controllingterminalandthereforehasno way to do this otherwise.
Thislog file alsoproducesrery usefulinformationaboutrequestsamongotherthings,
thathelpsadministrator&know how their NetSole systemis beingused.If no- |
optionis specifiedthedefaultlog file is SNETSOLVE_ROOT/ nsagent . | og. This
meanghatsuccessie runsof the agentwith no specificatiorof alog file will overwrite
theoriginallog file, soif theinformationis neededit mustbe copiedto anotheffile.

To terminatean existing agent(or queryanexisting NetSole system)the usershould
referto theNetSolve managemenbols, particularlyNS_killagent, asoutlinedin
Chapterl6.
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15.1. Starting a Server

After compilingthe sener asexplainedin Section13.1,the executableof the NetSolhe
seneris locatedin:

$NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH ser ver

Thepropercommandine for this programis

sewver [-f config_file][-I logfile] [-k]

This executableusesa configuationfile for initializing the NetSole sener. When
invokedwith no agumentsas:

UNI X> server

thedefault configuratiorfile locatedin SNETSOLVE_ROOT/ ser ver _confi g is used.
This s thefile thatshouldbe usedfor first experimentsandfor testingthe system.
However, it is possibleto customizeor expandthe functionality of a sener (Section
15.2),or to specifyanotherconfiguratiorfile by calling the executableasin

UNI X> server -f /hone/me/ny_config

for instance.

The- | optionspecifiegshe nameof afile to usefor loggingpurposes.

UNI X> server -1 [/hone/nme/agent _logfile
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Thisfile is wherethesenerlogsall of its interactiongandpossiblyerrors)sinceit is a
daemorwith no controllingterminalandthereforehasno way to do this otherwise If
the- | optionis notspecifiedthedefaultlog file is

$NETSOLVE_ROOT/ nsser ver . | og. Successie runsof thesenerwith no
specificatiorof alog file will overwritethe originallog file, soif theinformationis
neededit mustbe copiedto anotheffile!

Note:

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

Whenthe sener hasbeencompiledwith the Kerberodibraries,theadministratohas
the optionof having the senerrequireclientsto authenticatdeforerenderingservices.
To mandatehis authenticationthe - k optionmustbe used,otherwiseno
authenticatiowill beasledfor, andthesenerwill be availableto servicerequestso
ANY clientaskingfor services.

To terminateanexisting sener (or queryanexisting NetSole system)theusershould
referto the NetSole managemenbolsasoutlinedin Chapterl6.

The Server Configuration File

Thesener configuratiorfile is usedto customizethe sener. The default configuration
file in SNETSOLVE_ROOT/ ser ver _conf i g shouldbeusedasatemplateto createnew
configuratiorfiles. This configuratiorfile is organizedasfollows. A line canstartwith
a’ # inwhichcasetheline is ignoredandcanbe usedfor commentsA line canalso
startwith akeyword thatis prefixedby a’ @ typically followedby asinglevalueor
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parameter_et usreview all of the possiblekeywordsandhow they canbe usedto
preciselydefinea NetSole senerasit is donein the default configuratiorfile.

« ' @GAGENT: <host name>’ [ *] specifiegheagentthatthe NetSohe sener must
contactto registerinto a NetSolwe system.The agentis identifiedby the nameof the
hostonwhichit is runningandtherecanbe only onesuchline in the configuration
file. If the’ ** is presentthenthesenerwill broadcasits existenceto all NetSole
agentknown to theonerunningon <host nanme>. Otherwisethe senerwill only be
known to theagenton <host nane>.

« ' @ROC: <nunber > specifieshe numberof processorg=1 for a singleprocessaqr
=2 for adualprocessqr=4 for aquadprocessorjhatcanbeusedby thesenerto
performsimultaneousomputation®n thelocal hosts.Therecanonly beonesuch
line in the configuratiorfile.

«  @PI HOSTS <fil ename> <nunber > specifieghepathto thefile thatcontains
thelist of machineghatcanbeusedby MPI, andthe maximumnumberof
processorghatcanbe spavnedby MPI.

« ' @\ORKLOADMAX: <max>" specifieghevalueof theworkloadbeyondwhichthe
senerrefusemewn requestge.g.” G\ORKLOADMVAX: 100’ ). A valueof - 1 meanghat
theseneracceptsequestsegardlesof theworkload.

« ' @CRATCH: <pat h>' specifiesvherethe NetSole senercanputtemporary
directoriesandfiles. Thedefaultis/ t np/ .

- ' (GCONDOR: <pat h>" specifieghatthe NetSole seneris usinga Condor[condorl]
[condor2]pool asa computingresourceThe pathto the Condorbasedirectorymust
beprovided. Therecanbe only onesuchline in the configuratiorfile.

« " @ROBLEMS: * marksthebegginningof thelist of problemdescriptionfile (PDF)
nameghatareenabledn the NetSole sener installation.Eachof theseproblem
descriptiorfiles containsgnterfacesto a numberof problems/subroutindsom a
particularsoftwarelibrary. If a particularproblemdescriptiorfile is enabledn the
sener configuratiorfile, thenthe problems/subroutinesontainedhereinbecome
availableonthatsener. A numberof PDFshave beenwritten for a variety of
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softwarepackageshut the default NetSolw installationonly enablesa smallsubset,
asthereis only alimited amountof softwareincludedwith the NetSolhe distribution.
Detailsof descriptiorfiles aregivenin Section13.3.

« ' @ESTRI CTI ONS: ' marksthe beginningof thelist of accessestrictionsthatare
applicableto the NetSohe sener. Thelist consistof linesformattedas:

<domai n nane> <nunber of pending requests all owed>

Thesymbol’ *’ is usedasawildcardin thedomainname For instancetheline:
* . edu 10

meanghatonly 10 request$rom clientsresidingona. edu machinecanbeserviced
simultaneouslyWhenthe sener recevesarequesfrom somemachinejt
determinesvhich line in thelist mustbe usedto acceptor rejecttherequesby
takingthe mostrefineddomainname.For instancejf thelist of therestrictionss:

*. edu 5
*. utk.edu 10

thenthe seneracceptsat most5 simultaneousequestsomingfrom . edu machines
thatarenotin the.utk.edusub-domainandat most10 requestshatcomefrom
machinesn the. ut k. edu sub-domairfor atotal of 15 possiblesimultaneous
requests.
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Tools for Administrator s

TheNetSole distribution comeswith a setof toolsto manage/querg NetSohe
systemAfter compilingthetoolsasexplainedin Section13.1,the following six
executablesareavailable:

SNETSOLVE_ROOT/bin/SNETSOLVE_ARCH/NS_conf
SNETSOLVE_ROOT/bin/SNETSOLVE_ARCH/NS_problems
$SNETSOLVE_ROOT/bin/$SNETSOLVE_ARCH/NS_probdesc
SNETSOLVE_ROOT/bin/SNETSOLVE_ARCH/NS _killagent
SNETSOLVE_ROOT/bin/SNETSOLVE_ARCH/NS_killserver
SNETSOLVE_ROOT/bin/SNETSOLVE_ARCH/NS_killall

Let usreview theseexecutable®neby one.

16.1. NS_conf

This executablgakesoneargumenton the commandine, the nameof a hostrunninga
NetSole agent:

UNI X> NS _conf netsol ve. cs. utk. edu

It printsthelist of hostsparticipatingin the NetSole system:

ACGENT: netsol ve.cs. utk.edu (128.169.93. 161)
SERVER: maruti.cs. berkel ey. edu (128. 32. 36. 83)
SERVER: cupi d.cs.utk.edu (128.169. 94. 221)
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16.2. NS_problems

This executablgakesthe nameof a hostrunninganagentassingleargumenton its
commandine. It printsthelist of problemsthatcanbe solvedby contactinghatagent:

UNI X> NS _probl ens netsol ve. cs. utk. edu
/ BLAS/ Mat ri ces/ mat mul

[ 1tPack/j si

/ LAPACK/ Mat ri ces/ Ei genVal ues/ei g

/ LAPACK/ Mat ri ces/ Si ngul ar Val ues/ svd

16.3. NS_probdesc

This executablgakestwo argumentson its commandine: the nameof ahostrunninga
NetSole agentandthe nicknameof a NetSole problem.It printsthe descriptionof the
problem:

UNI X> NS_probdesc netsol ve.cs. utk.edu linso

-- linsol -- From LAPACK -
Conmpute the solution to a real system of |inear equations
A* X=b

where Ais an N-by-B nmatrix and X and B are N-by-NRHS matri ces.
Mat | ab Exanple : [X] = netsol ve(’ dgesv’, a,b)
http://ww. netlib.org/lapack/i ndex. htm
* 2 objects in I NPUT
- input O: Matrix Double Precision Real
Matrix A
- input 1. Matrix Doubl e Precision Real
Ri ght hand side
* 1 objects in OUTPUT
- output O: Matrix Double Precision Real
Sol uti on
* Calling sequence from C or Fortran
6 argunents
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- Argunent #0:
- nunber of rows of input object #0 (A)
- nunber of colums of input object #0 (A)
- nunber of rows of input object #1 (RHS)
- Argunent #1:
- nunber of colums of input object #1 (RHS)
- Argunent #2:
- pointer to input object #0 (A
- Argunent #3:
- leading dinension of input object #0 (A)
- Argunent #4:
- pointer to input object #1 (RHS)
- pointer to output object #0 (SCLUTI ON)
- Argunent #5:
- leading dinension of input object #1 (RHS)

16.4. NS _Kkilla gent

This executablgakesoneargumenton its commandine, thenameof ahostrunninga
NetSolwe agent After a (basic)userauthenticationthe executablekills theagent.

UNI X> NS kil l agent netsol ve.cs. utk. edu
Agent on netsolve.cs.utk.edu : killed

16.5. NS _Kkillser ver

120

This executablgakestwo argumentson its commandine, the nameof a hostrunninga
NetSolwe agentandthe nameof a hostrunninga NetSole sener. After a (basic)user
authenticationthe executablekills the sener, usingtheagentasanentry-pointinto the
system.
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UNI X> NS killserver netsolve.cs.utk.edu cupid.cs.utk. edu
Server on cupid.cs.utk.edu killed : killed

16.6. NS_killall

This Shellscripttakesoneargumenton its commandine, thenameof a hostrunninga
NetSole agent After a (basic)userauthenticationthe executablekills theagent,along
with all otherNetSole processetagentsaandseners)known to thatagent:

UNI X> NS killall netsolve.cs. utk. edu
Server on cupid.cs.utk.edu : killed
Server on naruti.cs. berkeley.edu : killed
Agent on netsolve.cs.utk.edu : killed
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File

17.1.

Theproblemdescriptiorfile (PDF)is the mechanisnhroughwhich NetSole enables
servicedor theuser The NetSole distribution containsghe sourcecodefor MA28,
ITPACK, gsort,anda subsebf BLAS andLAPACK routines.This softwareis
containedn the $NETSOLVE_ROOT/ sr ¢/ Sanpl eNurner i cal Sof t war e/ directory
Thereforethe default NetSole enablemenfcontainedn

$NETSOLVE_RQOOT/ ser ver _conf i g) only accessethe PDFsrelatedto theincluded
softwarepackagesTheusershouldreferto Section13.3for detailson expandingthe
capabilitiesof asener, andreferto Sectionl17.1for detailson the structureof a
problemdescriptiorfile.

Contents of a Problem Description File

In whatfollows we describehe contentof a problemdescriptiorfile (PDF).We offer
all of thedetailsbecausét maybenecessarypr desirableo be awvareof them,but we
stronglyrecommendhe useof the GUI applicationdescribedn Sectionl17.1.6to
createnew PDFs.

Therationalefor the syntaxof the descriptiorfilesis explainedin [ima]. Each
descriptiorfile is composemf several problemdescriptionsBeforeexplaininghow to
createa problemdescriptionwe reiteratethe conceptf objectsin NetSohe, andthen
definethe concepiof mnemonics

17.1.1. NetSolve Objects

As detailedin Section4.1,the syntaxof a NetSole problemspecificationis afunction
evaluation:

<out put > = <nane>(<i nput >)
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- <name> is acharactestring containingthe nameof the problem,

« <i nput >isalist of inputobjects,

« <out put > is alist of outputobjects.

An objectis itself describedy anobjecttypeandadatatype Thetypesavailablein
thecurrentversionof NetSole areshovn in Table1l7-1andTable17-2.

Table 17-1.Available data types

Data Type Description Note

NETSOLVE_| Integer

NETSOLVE_CHAR Character

NETSOLWVE_BYTE Byte never XDR encoded

NETSOLWVE_FLOAT

Singleprecisionreal

NETSOLVE_DOUBLE

Doubleprecisionreal

NETSOLVE_SCOMPLEX

Singleprecisioncomplex

NETSOLVE_DCOMPLEX

Doubleprecisioncomplex

Table 17-2.Available object types

SOLVE_SFARSEMATRIX

Object Type Description Note
NETSOLVE_SCALAR scalar

NETSOLVE_VECTOR vector

NETSOLVE_MATRIX matrix

NET- sparsamatrix Compresse®Row Storage

(CRS)format
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Object Type Description Note
NETSOLWE_FILE file only of datatype
NETSOLVE_CHAR
NET- pacledfiles only of datatype
SOLVE_FACKEDFILES NETSOLVE_CHAR
NETSOLVE_UPF UserProvided Function only of datatype
NETSOLVE_CHAR
NETSOLVE_STRING Charactestring only of datatype
NETSOLVE_CHAR
NETSOLVE_STRINGLIST Charactestringlist only of datatype
NETSOLVE_CHAR

A problemdescriptiorfile (PDF)usesheseobjectsto definea problemspecification
for agivenservice.Sectionl7.1.2describesherequirementgor eachNetSole object
typeasit relatesto the problemdescriptiorfile.

17.1.1.1. Sparse Matrix Representation in NetSolve

NetSolhe useshe Compresse®ow Storagg CRS)for storingsparsanatrices.The
Compresse®Row Storagg CRS)formatputsthe subsequentonzeroof the matrix
rowsin contiguousmemorylocations Assumingwe have anonsymmetricsparse
matrix, we createvectors:onefor floating-pointnumbergval), andthe othertwo for
integers(col_ind,row_ptr). Theval vectorstoresthe valuesof the nonzeroelementsof
thematrix, asthey aretraversedn arow-wisefashion.Thecol_indvectorstoreshe
columnindexesof theelementsn theval vector Therow_ptrvectorstoreshe
locationsin theval vectorthatstarta row.

For example,if

A O OB
o OO
o O 01w
O 00N
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t hen,
val : 1315261814
col _ind: 023230130
row ptr: 0 3589

Chapterl7. TheProblemDescriptionFile

Thus,if aproblemin NetSole hasthefollowing specifications:

-- smprob --

*

1 obj ect
i nput O:

in | NPUT

Sparse Matri x Doubl e Precision Real

the sparse matrix
* Calling sequence from C or Fortran

11

argunent s

Ar gunment
- nunber
- nunber
Ar gunment
- nunber
Ar gunent

#0:.

of rows of input object #0 (sm

of colums of input object #0 (snm

#1.

of non-zero val ues of input object #0 (sn)
#2:

- pointer to input object #0 (sm

Ar gunment

#3:

- columm indices of non-zeros of input object #0 (sm

Ar gument

#4.

- row pointers of the sparse matrix #0 (sm

aMatlabuserwould call this programas:

>> netsolve(’smprob’, SM;

whereSM is a Matlab constructedparsanatrix object.

anda C userwould invoke this problemas:

doubl e* val
int* col _index;
int* row ptr;
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int rows, num.nzeros;

/[* initialize the arrays and variables */

st a-
tus = netsl("smprob()", rows, numnzeros, val, col _index, row ptr);

17.1.2. Mnemonics

As describedn Sectionl17.1.1,the NetSole systemdefinesdatastructureghatwe call
NetSole objects Thesearehigh-level objectsthatarecomprisedf integers,and
arraysof characteraindfloats.To be ableto relatehigh-level andlow-level descriptions
of theinputandoutputobjectsof a givenproblem,we needto developsomekind of
syntax.We decidedo termthis syntaxmnemonicsA mnemonids a charactestring
(typically 2 or 3 charactersong) thatis usedto accessow level detailsof thedifferent
inputandoutputobjects.We index thelist of objects startingat 0. Thereforethefirst
objectin inputto a problemis theinput objectnumber0 andthethird objectin output
to aproblemis the outputobjectnumber2, for instanceWe usean!| or anOto specify
whetheranobijectis in input or output.Herearethe eighttypesof mnemonicgor an
objectindexedx:

- Pointertothedata: [ I | g x,

« Numberof rows: n{ I | Q x (only for matricesyectors pacledfiles andstringlists),
« Numberof columns: n[ I | g x (only for matrices),

- Leadingdimensions | [ 1| g x (only for matrices).

« Specialdescriptor. d[ I | Q x (only for distributedmemoryobjects).
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- Nonzerovaluesof thesparsamatrix:f[ | | O x
- Row pointersfor thesparsematrix:i [ 1| Q x

« Columnindicesfor thesparsanatrix:p[ | | O x

For example,m 4 designateshe numberof rows of theinputobjectnumber4, whereas
Ol designateshepointerto the dataof outputobjectnumberl. In the next sectionwe
describehedifferentsectionghatarenecessaryo build a problemdescriptionandwill
seehow the mnemonicsareused.

17.1.3. Sections of a Problem Description

The structureof a problemdescriptiorfile is very similar to thatof asener
configuratiorfile. Thelinesstartingwith a’ # areconsideredcommentsKeywords
areprefixedbya’ @ andmarkthebeginningof sub-sectiondn whatfollows, we
describesachsectionseparatelyaswell aseachkeyword andsub-sectionsvithin each
section.Keepin mindto look at oneexisting problemdescriptiorfile asatemplate
whenreadingthis section.

17.1.3.1. Problem ID and General Information

Thefollowing keywordsarerequiredandmustoccurin the orderin whichthey are
presented.

« ' @ROBLEM <ni ckname>" specifiegshenameof a problemasit will bevisible to
theNetSolwe usergclients).

« " @NCLUDE <nane>' specifiesa C headeffile to include(Seethe examplein
Sectionl7.1.5).Therecanbe sereralsuchlinesasaproblemcancall several
functions.

« " @ASH <pat h>' specifiesadefaultdirectoryin which headeffiles areto be
lookedfor, in asimilarway asthe- | optionof mostC compilers.Therecanbe
severalsuchlinesasa problemcancall severalfunctions.
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'@l B <name>' specifiesalibrary or anobjectfile to link to, or a- L optionfor the
linker (Seetheexamplein Section17.1.5).If multiple librariesarerequireda
separated.| B line mustbe specifiedfor eachlibrary, andthelibrarieswill belinked
in theorderin which they arespecified.The @.| B line(s) cancontainvariablename
substitutionssuchas$( NETSOLVE_ROOT) .

" @UNCTI ON <nanme>" specifieghe nameof a functionfrom theunderlying
numericalsoftwarelibrary thatis beingcalledto solve the problem.Therecanbe
severalsuchlinesasa problemcancall severalfunctions.

" Q. ANGUAGE [ C] FORTRAN] ' specifiesvhetherthe underlyingnumericallibrary is
writtenin C or in Fortran.Thisis usedin conjunctionwith thefunctionnames
specifiedwith * @-UNCTI ON' to handlemulti-languagenteroperability

" @RIOR [ COL| ROW '’ specifiesvhatmajorshouldbe usedto storetheinput
matricesbeforecalling the underlyingnumericalsoftware.For instancejf the
numericallibrary is LAPACK [lapack],themajormustbe’ COL’ .

'’ @ATH <pat h>' specifiesa path-like namefor the problems.This pathis only a
namingcornventionandis usedfor presentatiompurposes.

' @ESCRI PTI ON' marksthe beginning of the textual descriptionof the problem.
This sub-sections mandatoryasit is usedby the NetSolve managemenbolsto
provide informationto the NetSole userg(clients)abouta specificproblem.

17.1.3.2. Input Specification

« " @NPUT <nunber>" specifiegshe numberof objectsin inputto the problem.This

line is followedby thatcorrespondinginunber > of objectdescriptiongseebelow).

' @BJIECT <obj ect type> <data type> <name> specifiesanobjecttype,
datatype,andname.Thenameis only usedfor presentatiopurposesThisline is
followedby a mandatorytextual descriptionof the object. The datatypesare
abbreviatedby replacingNETSOLVE_| by | , NETSOLVE_CHAR by CHAR,
NETSOLVE_BYTE by B, NETSOLVE_FLOAT by S, NETSOLVE_DOUBLE by D,
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NETSOLVE_SCOVPLEX by C, andNETSOLVE_DCOVPLEX by Z, (seeTable17-1).
Similarly, the objecttypesareabbreriatedby replacingNETSOLVE_SCALAR by
SCALAR, NETSOLVE_VECTOR by VECTOR, NETSOLVE_NMATRI X by MATRI X,
NETSOLVE_SPARSENMATRI X by SPARSEMATRI X, NETSOLVE_FI LE by FI LE,
NETSOLVE_PACKEDFI LES by PACKEDFI LES, NETSOLVE_UPF by UPF,
NETSOLVE_STRI NG by STRI NG, andNETSOLVE_STRI NGLI ST by STRI NGLI ST,
(seeTablel7-2). Theobjectsof objecttype FILE, STRING,UPF,and
PACKEDFILESdo not have adatatype.Hereareafew examples:

@BJECT VECTOR | X
An integer vector naned ' X

@BJECT MATRI X D A
A doubl e precision real matrix named ' A

@DBJECT FI LE foo
A file naned ' foo’

17.1.3.3. Output Specification

« " @UTPUT <nunber >’ specifiegshe numberof objectsin outputfrom the problem.
Thisline is followedby thatcorrespondingnunber > of objectdescriptiongsee
below).

- ' @BJECT <object type> <data type> <nanme> specifiesanobjecttype,a
datatypeandaname.Thisline is followed by a mandatorytextual descriptionof the
object.Theabbreviationsfor datatypesandobjecttypesareasdefinedpreviously in
Section17.1.3.2.

17.1.3.4. Additional Information
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Thefollowing list of tagsareoptional.

« ' @QWATLAB_MERGE <nunber 1>, <nunber 2>’ specifieghatthe outputobjects
number<nunber 1> and<nunber 2> canbemeigedasa comple objectupon
receiptof the numericalresultsfrom the Matlab clientinterface(seeChapter6).

« ' @OWPLEXI TY <nunber 1>, <nunber 2>’ specifieghatgiventhesizeof the
problem,sayn, theasymptoticcompleity, sayC, of the problemin numberof
floating point operationss

C = nunberl * n”(nunber?2)

« ' @USTOM ZED <name>’ is aninternalcustomizatiorusedby the codedevelopers.
It meanghatthe NetSole sener codewill do somethingdifferent(or custom)
beforeinvoking a routine.For example this optionis usedfor the enablemenof
ScalLAFRACK andthe sparsesolvers.Thefunctionality of this keyword will be
expandedn thefuture.Novice usersareadvisedo avoid usingthis keyword.

« ' @PARALLEL MPI' specifieghatthe softwareenabledn the problemdescription
file is parallelandusesMPI. Thus,MPI mustbeinstalledon the senerto which you
areenablingthis service.

17.1.4. Calling Sequence
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Thecalling sequencéo the problemmustbe definedsothatthe NetSole client using
the C or Fortraninterfacescancall the problem.The materialdescribedn this section
is ignoredby NetSole whentheclientis Matlab, Mathematicaor Java. To clarify, let
ustake anexample.Let ussaythatthe problem’toto’ takesa matrix in inputand
returnsa matrix in output. The call from the Matlabinterfacelookslik e:

>> [b] = netsolve('toto’, a)

for instanceHowever, therecanbe sereral possiblecalling sequencetom C or
Fortran.Assumingthe following declarationsn Fortran:
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DOUBLE PRECI SI ON A(M N)
DOUBLE PRECI SI ON B(K, L)

thefollowing calling sequenceareall possible:

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

The Calling Sequencsub-sectionn the problemdescriptionspecifieshe orderof the
argumentgrepresentewvith mnemonics)n the C andFortraninterfacecalling
sequencendeed still with the sameexample theintegerN canberepresentedly the
mnemonial 0, andthe pointerB canberepresentetly the mnemonicQ0.

It is veryimportantto notethatthe numberof rows or columnsor theleading
dimensionof inputandoutputamgumentsnustbe specifiedn the @GCALLI NGSEQUENCE
sub-sectionlf adimensions not passedsaninputamgument,or equivalencedvith an
existing input algument(via @GARG), it mustbe set/computedising @QOvP.

« ' @ALLI NGSEQUENCE' marksthebeginningof a calling sequencelescription.This
descriptionconsistf alist of agumentspecificationgseebelow).

« ' @\RG <comma- separated |ist of mmenoni cs> specifiesanargumentof
the calling sequencekor instancetheline

@\RG |10

specifieghatthe currentargumentin the calling sequencés the pointerto the dataof
thefirst objectin input. Theline

@\RG mMO0,110

specifieghatthe currentargumentin the calling sequencés the numberof rows and
theleadingdimensionof thefirst objectin input (whichin this caseis a matrix). The
line

@RG ?
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specifieghatthe currentargumentin the calling sequencshouldbeignoredby

NetSohe (usefulin somecases)Notethatno argumentdescriptioncontains
mnemonicof theform [ n n] O*.

« " @ONST <menoni c>=<nunber > specifieghatthenumberof rows or columns

or theleadingdimensionof aninput objectis constanindcannot befoundin the
calling sequenceror instancetheline

@CONST m 4=12

meanghatthe numberof rows of thefifth objectin inputis always12 andis notpassed

in by theNetSole user

« ' @OW <menoni c>=<expr essi on>" specifieghatthe numberof rows or

columnsor theleadingdimensionof aninput objecthasnot beensuppliedasan
argumentin the calling sequencehut canbe computedusingargumentsn the
calling sequence.

Herearesomeexamples:

@OVP m 1=m 0

@OVP m O=op(+,mM 3, 1) [l perforns an addition

@OVP m 3=array(l2,0) [l perfornms an indirection

@OVP m 1=op(-,array(l0,op(-,mMO0,1)),1)

@OVP m 2=op(+, op(+,array(11,0),1),op(*,array(10,0),2))
@OW m2=if(array(10,0)="N,nm1,if(array(10,0)=T ,nl1, op(-
,0,1)))

/] conditionals

wherethe op notationis usedto performadditionandsubtractionandthear r ay
notationis usedto accesshevalueof a specificelemenof anarray For example,
m 3 is equalto thevalueof the zero-thelementbof thearray! 2.

This featureof NetSole is rarelyused,andis only necessaryn routineswhenthe
users arraystoragediffersfrom the arraystoragepassedo the computational
routine.A goodexampleof suchanoccurrencas in theinterfacesto the LAPACK
routinesfor bandandtridiagonalmatrices.
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17.1.4.1. Pseudo-Code

- ' @ODE marksthebeginning of the pseudo-codsection.
« ' @ND_CODE' marksthe endof the pseudo-codsection.

Thepseudo-codes C codethatusesthe mnemonicsiescribedn Sectionl7.1.2.This
codecontainscall(s)to the numericallibrary function(s)thatthe problemis supposed
to useaspartof its algorithm.Theargumentsn the calling sequencesf thesdibrary
routineswill be primarily thedifferentmnemonicsin the pseudo-codghe mnemonics
arepre-andap-pendedby a’ @ to facilitatethe parsing.Let usreview againthe
meaningof somepossiblemnemonicsn the pseudo-code:

« ' @ 0@ : pointerto the elementsf thefirst objectin input.
- ' @M 0@ : pointerto anintegerthatis numberof rows of thefirst objectin input.

- ' @OL@ : pointerto anintegerthatis numberof columnsof the secondbjectin
output.

Usually, the pseudo-codés organizedn threeparts.First, the preparation of the input
(if necessary)Secondthe call to thenumericallibrary function(s).Third, the updateof
the output(pointerandsizes) At this point, it is bestto give anexample.Let usassume
thatwe have accesdo a hypotheticahumericalC library thatpossesseafunction

mat vec() thatperformsamatrix-vectormultiply for squarematrices.The prototypeof
thefunctionis

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

wherea is a pointerto the matrix, b is a pointerto thevector n is thedimensionof the
matrix, | is theleadingdimensionof the matrix andtheresultis storedin b
(overwriting theinput). We may definethe problemsuchthatthe matrix is thefirst
objectin theinput, thevectorthe secondbjectin theinput, andtheresultthe only
objectin output.Possiblepreparationgould be for instancethe creationof workspace,
testof inputvaluesto detectmistales,testof matchingdimensionsin this casewe
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maywantto checkthatthe dimensionof vectorb agreeswith the numberof columns
of matrixa. This canbedoneasfollows:

@CODE
if (*aodl@!'= *@l 0@
return NS_PROT_DI M M SMATCH;

ThemacroNS_PROT_DI M_M SMATCH is definedby NetSole. Othermacrosavailable
areNS_PROT_BAD_VALUES (for invalid input parameters),

NS_PROT_| NTERNAL _FAI LURE (for a malfunctionof the numericalsoftware)or
NS_PROT_NO_SOLUTI ON (sometimesusefulif no numericalsolutionhasbeenfound
andtheclientis interactive). Noticetheuseof ’ *’ for accessingheintegersat
addresse@r 1@and@ ! 0@

Thesecondpartof the pseudo-codeonsistof calling thefunctionmat vec andis:
matvec(@0@ @1@*@ 0@ *@r 0@ ;

A few thingscanbesaidonthis call. First,we usethe’ *’ to accessntegersvia the
pointers.Notethatif mat vec() werea Fortransubroutinewe would passthe
addressethemseles(seeExamplebelow). Secondtheleadingdimensions takento
be equalto thedimensionThis codeis executedat the senerlevel wherethe matrix (or
sub-matrix)hasbeenrecevedfrom theclient overthe network. As such,it hasbeen
storedcontiguouslyin memoryandhasa leadingdimensionequalto its numberof
rows. As agenerarule,themnemonics@ [ | | O * @never appeatn the pseudo-code.
Thelastthingto do atthis pointis to updatethe output:

@@= @1@
*@o@= *@i 1@
@ND_CODE

Thefirst line expresseshefactthattheinput hasbeenoverwrittenby the output. The
secondine setsthe numberof rows of the output. Thefollowing sectiongivesa
completeexample,with all of the sectionsof the problemdescription.
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17.1.5. A Simple Example

Let usimaginethatwe have accesdo a Fortrannumericallibrary thatcontainsa
function,sayL| NSQL, to solve alinearsystemaccordingo the following prototype:

SUBROUTI NE LINSOL( A, B, N, NRHS, LDA, LDB)

DOUBLE PRECI SION A( LDA, * ) /] Left-hand side (NxN)
DOUBLE PRECI SION B( LDB, * ) // Right-hand side (NxNRHS),
/] overwitten with the solution

| NTEGER N

| NTEGER NRHS

| NTEGER LDA /1 Leading Di mension of A
| NTEGER LDB /!l Leadi ng D nension of B

Then,anappropriatedescriptionfor a problemthatsolvesalinearsystemusing
LI NSOL andthatexpectsfrom theclientthe samecalling sequencasthe onefor
LI NSQL is:

@ROBLEM I i nsol

@ NCLUDE <nat h. h>

@ NCLUDE "/ hone/ me/ ny_header. h"

@l B -L/home/lib/

@I B -Istuff

@I B /hore/ me/ i b_$(NETSOLVE_ARCH) . a

@I B /hone/ stuff/add. o

@-UNCTI ON |i nsol

@Q.ANGUAGE FORTRAN

@KBIOR COL

@°ATH Li near Al gebr a/ Li near Syst ens/

@ESCRI PTI ON

Sol ves the square linear system A*X = B. Were:
A is a doubl e-precision matri x of di mensi on NxN
B is a double-precision matrix of dimensi on NxNRHS
X is the solution

@ NPUT 2

@BJECT MATRI X D A
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Matrix A (NxN)
@BJECT MATRI X D B
Matrix B ( NxNRHS)
@UTPUT 1

@BJECT MATRI X D X
Sol ution X ( NxNRHS)
@OVPLEXI TY 3,3
@CALLI NGSEQUENCE

@\RG 10

@\RG |11, Q0
@RG nl0, MO, M1
@\RG nl 1

@RG 110

@RG 11,100
@ODE

linsol (@0@Q@1@@1 @@ 1@@I0Q @I1Q@;

@@= 1@ /[* Pointing to the overwitten input */
*@0@= *@l1 1@ /* Setting the nunmber of rows */
*@0@= *@l 1@ /* Setting the nunmber of col umms */
@ND_CODE

17.1.6. PDF Generator
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The procesof creatingnew problemdescriptionsanbe difficult, especiallyfor afirst
time user It is truethatafterwriting afew files, it becomesatherroutineandseveral
NetSole usershave alreadygenerateé goodnumberof working PDFsfor avariety of
purposegincludinglinearalgebrapptimization,imageprocessingetc.).However, we
have designeda graphicaldava GUI applicationthathelpsusersin creatingPDFs.To
compilethis GUI, type

UNI X> nake pdgui
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from the SNETSOLVE_ROOT directory This creates setof Java classfilesneededo run
the GUI applicationandplaceshemin the

$NETSOLVE_ROOT/ bi n/ $NETSOLVE_ARCH directory After this compilation,you can
alsofind a shellscriptnamedNS_pdguithatcanbe usedfrom ary directoryto
properlyrunthe GUI applicationwhich needgo locatethe aborementionedlassfiles.
Apartfrom beingeasyto use,the GUI alsohasa helpmenuthatoffersgreathelp,so
we deferotherdetailsaboutrunningthe GUI to thosehelpfiles. Onenotethatwe must
mentionis thatcurrentlythe GUI doesnot have the capabilityof loadingPDFs,so
while usingit to createPDFs,we recommendeepingthe GUI openuntil you are
assuredhe PDFis correct.This preventshaving to startfrom scratchonceerrorsare
foundto existin the PDF
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18.1. Intr oduction

This versionof NetSole has(rudimentary)Xerberosupport.NetSole components
includeclients,agentsandseners.Currentlytheonly requestshatrequire
authenticatiorarerequestghatthe client makesto the sener, andof those only the
“run problem”requestOtherrequestsould be authenticatedan obviousonebeing
“kill sener”), but drasticchangeslongthesedineswould probablyrequiredrastic
restructuringof NetSole. For instancea client cancurrentlyinform anagentthata
particularseneris down, andtheagentwill notadwertisethatsenerfor usein other
problemslit seemsf dubiousvalueto requireauthenticatiorior suchrequestantil
thereis amechanisnfor specifyingthetrustrelationshipoetweerclientsandagents.

An attempthasbeenmadeto allow Kerberized\etSol\e clientsto interoperatavith
bothKerberizedandnon-Kerberized\etSole seners.In eithercasethe clientsendsa
requesto thesener.An ordinarysenerwill returnastatuscodeindicatingthathe will
acceptherequesteaperationBy contrasta Kerberizedsenerwill immediately
returnan“authenticatiorrequired’errorin responseo therequestTheclientis then
requiredto sendKerberoscredentialdo the sener beforetherequesivill be processed.
This allows the sener to requireauthenticatiorof the client. Currentlythereis no
mechanismo allow theclientto insiston authenticatiorof thesener - aKerberized
clientwill happilytalk with eitherKerberizedr non-Kerberizedseners.

Thesenerimplementsaccessontrolvia asimplelist of Kerberogrincipalnames.
Thislist is keptin atext file whichis consultedoy thesener. A requesto a NetSohe
sener mustbe madeon behalfof oneof thoseprincipalnameslf the principalname
associateavith the Kerberoscredentialsn therequestappearsn thelist, andthe
credentialsaareotherwisevalid, therequeswill behonored Otherwisetherequeswill
bedenied.

Sincethe NetSole senerwasnot designedo run asa set-uidprogramiit is not
currentlyfeasibleto have the NetSole sener run processessingthe userid of the
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particularUNIX userwho submittedthe requestNetSole thususests own service
principalnameof “netsolwe” ratherthanusingthe“host” principal. Whatthis means
(amongotherthings)is thatyou needto generateserviceprincipalsandkeytabsfor
eachof your NetSole seners,evenif you alreadyhave hostprincipalsin place.

TheNetSole sener, by default, runsin non-Kerberizednode.To startup thesenerin
Kerberizednodeyou needto addthe- k optionto thecommand-lineandalsoset
environmentvariablesNETSOLVE_KEYTAB (pointingto thekeytab)and
NETSOLVE_USERSpointingto thelist of authorizedusers).

This versionof Kerberized\etSolwe performsno encryptionof the dataexchanged
amongNetSole clients,seners,or agentsNor is thereary integrity protectionfor the
datastream.

18.2. Compiling a Kerberiz ed Server

1. CompileKerberosSeethe Kerberosv5 InstallationGuidefor instructionsfor
how to dorthis.

2. Compilethe NetSole senerwith Kerberossupport(./configure
--with-k erberos).

18.3. Installing a Kerberiz ed Server

1. Install Kerberoson the sener machine SeeKerberosvs InstallationGuidefor
instructionsfor how to do this. You do nothave to install all of the Kerberosclients
justto run a NetSolwe sener, but you do needkadmin andcomponentshatdeal
with Kerberodicketslik e kinit andkdestroy.

2. DefineaKerberosserviceprincipalfor the NetSole sener. To definethe
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principalfor machinefoo.barcom

a. Getthenameandthepassword of a Kerberogrincipalthatis authorizedo
run kadmin andcreateprincipals.

b. Log onto the machinewhereyouwantto install the Kerberized\NetSohe
sener. Make sureyou have a secureconnectiorto the client maching(perhaps
you're typing on the machine$ keyboard,or perhaps/ou’re usingsshto log in
to thatmachine) sothatyour passverd will not be exposedonthenet.

c. Do akinit to acquireaticketthatidentifiesyou assomeonavho cancreate
principals.

d. Createaserviceprincipalfor the NetSole seneronyour host.If your hostis
namedfoo.barcom theserviceprincipalshouldbe named
net sol ve/ f 0o. bar. com

UNI X> kadni n

(if youdon't have a Kerberodicketyet, kadmin will try to getonefor you based
onyour UNIX usernamelf thereis a Kerberogrincipalfor thatusername,
andthatprincipalhastheability to createnew principals,justtypein your
passvord whenaskedto do so.Otherwiserunkinit to getaticketfor some
otherprincipal- onethathastheability to createnew principals- andthenrun
kadmin again.)

UNI X> kadmi n: addprinci pal -randkey netsol ve/foo. bar.com
UNI X> kadm n: ktadd -
k /etc/netsol ve. keytab netsol ve/ f oo. bar. com

Thiswill extractthekey into thefile / et c/ net sol ve. keyt ab. You canputthis
keytabary placeyouwantit but it mustbe onalocalfilesystemlIf you putthe
file onaNFS-mountedilesystemthen(a) youwill compromisehe securityof
your sener by exposingthe key to eavesdroppersand(b) theres agood
chancethatNFSfile locking bugswill causeyour NetSolhe senerto get
wedged.
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e. While you're atit, you mightwantto defineotherserviceprincipalsfor the
samehost.For instancea serviceprincipal of theform host/foo.bacomis
neededf youwantto allow Kerberizedoginsto thathost.Thisis
straightforvard:

UNI X> kadm n: addprinci pal -randkey host/foo. bar.com
UNI X> kadm n: ktadd host/foo0. bar.com

f. Make surethat/ et c/ net sol ve. keyt ab is readableonly by the UNIX
userid thatwill runthe NetSole sener. (Permissionshouldbe 0600,
-rW------- ). Theownershouldnotberoot.

18.4. Running a Kerberiz ed Server

1. You musthave a NetSole agentrunningsomevherefirst.

2. Youmustbeloggedinto UNIX astheownerof the/ et c/ net sol ve. keyt ab
file, sincethe sener needgo beableto readthisfile.

3. Setuptheernvironmentvariables:

UNI X> set env NETSOLVE_ACGENT net sol ve. agent . host
UNI X> set env NETSOLVE_KEYTAB /et c/ net sol ve. keyt ab
UNI X> set env NETSOLVE USERS /et c/ netsol ve. users

TheNETSOLVE_USERSile is atext file thatcontainsalist of Kerberogrincipal
namespneperline, who areauthorizedo usethesener. It is reopenedachtime
ausertriesto authenticatéo the sener, soyou canadduserswhile theseneris
running.

4. Startthesener

UNI X> /pat h/to/ netsol ve/ server -k &
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If youdonotusethe- k flag, thesenerwill notrequireauthentication.
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Chapter 19. Using the Network Weather
Service

19.1.

19.2.

Intr oduction

In NetSolwe, asin othermetacomputingystemsthe schedulingof tasksto available
resourcess difficult. NetSole usesalimited load-balancingstrateyy to improve the
utilization of computationatesourcesThis load-balancingtratey takesinto account
the currentworkloadof the computationafesourcesvailablein the NetSole system.
In schedulingheclient’s request®ver a network, the workloadestimateshouldbe
“forecast”for whenthe computatiorwill execute andnotaworkloadestimate
obtainedatatime prior to therequestTherearealsoothercharacteristicef distributed
metacomputingesourcesuchasthe CPU speedf theresourcethe amountof
physicalmemoryof theresourceaswell asthelateng/bandwidthfrom theclientto
the computationatesourcethatcanbe effectively utilized in schedulingdecisiongor
the computationatesources.

The Network WeatherService(NWS) is a systemwhich providesa way of forecasting
dynamicallychangingperformanceharacteristicssuchasthe workload,from
distributedmetacomputingesourcesintegratingNWS into NetSole improvesthe
load-balancingtratay by takinginto accounthe futureloadinsteadof the current
load of thecomputationatesources.

To Use NWS:

To useNWS within NetSole, onemustenablethe NWS featureby typing

UNI X> ./configure --wth-nws=NA5_DI R
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duringthe configurephaseof NetSole, whereNws_DI R denoteghelocationof the
NWS directory NWS is downloadablerom the NWSwebpage (http://nws.cs.utk.edu/)

19.3. NWS Components utiliz ed in NetSolve

Naneser ver

This processmplementsa DNS-like directorycapabilityusedto bind processand
datanameswith low-level contactinformation.It knows which hostsarerunning
in the NWS systemandprovidesa databas€name location,function)for the
NWS processeslo ensurghatall hostsareknown andwell-referencedthere
mustbe only onenameserer perNWS system.Theaddres®of the nameserer
processs theonly well-known addressisedby the systemallowing bothdataand
serviceto bedistributed.All NWS processemustregistertheir name their
locationandtheir functionwith the namesergr assoonasthey arestarted One
role of thenamesereris to know atary time whereis the memorycorresponding
to asensor

Sensor

Thesensolis amonitoringprocessunningon eachresourcelt periodically
measureshe workloadof theresourceandsendshis informationto the memory
processlescribedelon. Moreover, it empirically measureshe network
“weather”betweena collectionof specifiechosts. A sensorexecutesnfinitely to
provide recentmeasurementst ary time. Theearliertheprocesss startedthe
morenumerousarethe measurementsndthusthe moreaccuratearetheforecasts.

Menory

Thememoryprocesstoresmeasurementsentby sensorandretrieves
measurement®r theforecasterAs thesemeasurementepresenakey in NWS,
they areimmediatelywritten to the memoryandstoredwith atime stampanda
valuenamecorrespondindo the host/xperimentto which they correspond.

145



Chapterl9. Usingthe NetworkWeatherService

For ecast er

Theforecastegeneratepredictionsby requestingherelevantmeasurement
historyfrom thememoryprocessAs the measurementrecontinuallyupdated
by a sensorthe mostrecentdatawill be availableto the forecastemwhenit makes
its request.

A namesergr mustbe startedfirstin anNWS system asall otherNWS processes
dependuponit. After startingthe nameserer, memoriescanthenregisterthemseles,
andsensoior forecasteprocessesanbeinitialized on any host.

Thedefault portnumbergesenedfor the NWS processegnamesergr, memory
forecasterandsensoryarespecifiedn thefile
$NETSOLVE_ROOT/ i ncl ude/ nwsuti |l s. h.

Theintegrationof NWS into NetSole requiresthe startupof NWS processegheir
managemerandthe accurataiseof the forecasterThe NWS processegnamesergr,
memory forecasterandsensorcanbe startedn variousplaceswithin NetSole. We
now presenbur designfor theintegrationandmotivateour choices.

19.4. NetSolve agent and the NWS nameser ver,
memor y and forecast
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As previously stated only oneNWS nameserer canexist in anNWS systemandthis
processnustbe placedin NetSole whereit will have full knowledgeof the
computationatesourcesndbevisible to all component®f the NetSole systemThe
Netsole agentis the “brain” of the NetSole systemknowing how mary resources
exist andwherethey arelocated,andmakingall decisionson the executionof requests
in thesystemMoreover, the NetSole agentis known by all component®f the
NetSole system.Thus,thelogical choicefor the placementf the NWS namesereris
ontheNetSolwe agent.

Thefirst startedagentin NetSole is calledthe masterDuringits initialization, a
namesergr anda memoryarestartedIn factthememoryis startedfor the sale of
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simplicity. Indeed the masteragentis known by the whole systemIt enablesach
sensoto registerandeasilystoreits measurement&urthermorehis schemeavoids
unnecessargommunicatiorcosts.A forecasteprocesss thenstartedoy eachagent.It
generateinformationassoonasneededy theagent.Thus,eachagentpossesseiss
own forecastemndcandealwith clientrequestsWe shallnow examinewhathappens
on computationatesources.

NetSolve server and the NWS sensor

As soonasaNetSole sener (computationatesource)s addedo the NetSohe
system|jt is necessaryo startanNWS sensorThis sensolis startedon the sener after
its registrationwith theagentto avoid ary incohereng with the NetSole system.The
NWS sensoiis totally independentrom the NetSole processesunningon the sener.

At presentthe NWS sensoliis only detectingthe CPU speedf the computational
resourceFutureimplementationsvill expandthis functionalityto includemonitoring
for theamountof physicalmemoryavailablepercomputationatesourceaswell asthe
lateng/bandwidthof the communicatiorbetweereachsener andtheclient. These
improvementswill requireanadditionalsensotto be startedon the client.
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20.1.

20.2.

Intr oduction

TheDistributedStoragdnfrastructurgDSI) in NetSole1l.4is a new featureaddedo
NetSohe. It is afirst attempttowardsachiezing coschedulingf the computatiorand
datamovementoverthe NetSole Grid. The DSI APIs helptheuserin controllingthe
placemenbf datathatwill beaccessetly a NetSole service.Thisis usefulin
situationswherea givenserviceaccessea singleblock of dataa numberof times.
Insteadof multiple transmissionsf the samedatafrom the client to the sener, the DSI
featurehelpsto transferthe datafrom the client to a storagesenerjustonce,and
relatively cheapmultiple transmissionsrom the storagesener to the computational
sener. ThusthepresenDSI featurehelpsNetSole to operatan a cache-lile setting.
Presentlyonly InternetBackplaneProtocol(IBP) is usedfor providing the storage
service.In thefuture,we hopeto integrateothercommonlyavailablestorageservice
systems.

To Use DSI:

To useDSI, oneshouldenablethe DSI featurebothatthe NetSole clientandthe
sener. Type

UNI X> ./configure --with-ibp=IBP_D R

duringtheinitial configureof NetSole.Herel BP_DI R denotegshelocationof the IBP
directory Thisis specificallythedirectoryof the IBP full distribution downloadable
from theIBP website (http://icl.cs.utk.edu/ibp/)
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20.3. DSI APls:

TheDSI APIs aremodeledafterthe UNIX file manipulationcommandgopen,close

etc.)with afew extra parametershatarespecificto the conceptof DSI. This section
providesthe syntaxandsemanticof the differentDSI APIs availableto the NetSole
user

DSI _FILE* ns_dsi _open(char* host_nane, int flag, int
perm ssions, int size, dsi_type storage_systemnm;

host _name

Nameof the hostwherethe IBP senerresides.

flag
This flag hasthe samemeaningastheflagin open() callsin C. Specifically
O_CREA is usedfor creatingadsifile andsoon.

perm ssi ons

While creatingthefile with O_CREA flag, the usercanspecifythe permissions
for himselfandothers.The permissionsresimilarto theonesusedin UNIX.
Henceif theuserwantsto setread,write, executepermissiongor himselfand
readandwrite permissiongor others hewould call ns_dsi _open with 74 asthe
valuefor the permissions.

si ze

Representthe maximumlengthof the DSI file. Write or readoperationgver this
sizelimit will returnanerror.

st or age_system

At present|BP.
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ns_dsi _open() isusedfor allocatinga chunkof storagan thelBP storageOn
successps_dsi _open returnsa pinterto the DSl file. Onfailure,returnsNULL.
Following arethevariouserrorvaluessetin caseof failure.

Net Sol veUnknownDsi Fi | e
If thefile doesnotexist andif thefile is openedvithoutO_CREA.

Net Sol vel BPAI | ocat eErr or

Errorwhile allocatingIBP storage.

Net Sol veDsi Di sabl ed

If DSIis notenabledn the NetSole configuration.

int ns_dsi_close(DSI_FILE* dsi_file);

dsi_file
Pointerto the DSl file.
ns_dsi _cl ose() is usedfor closinga DSl file.

Onsuccesseturnsl. Onfailure,returns-1. Following arethevariouserrorvaluesset
in caseof failure.

Net Sol vel BPManageEr r or
Errorin IBP internalswhile closing.

Net Sol veDsi Di sabl ed

If DSIis notenabledn the NetSole configuration.

DSI _OBJECT* ns_dsi_wite vector (DSl _FILE* dsi_file, void* data,
int count, int data_type);
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dsi _file

Thenameof the DSI file wherethevectorwill bewritten.

dat a

Vectorto write to the DSI storage.

count

Numberof elementsn thevector

data_type
Oneof netsole datatypes.

ns_dsi _write_vector () isusedfor writing avectorof a particulardatatypeo a
DSl file.

Onsuccessps_dsi _write_vector () returnsapointerto the DSI objectcreatedor
thevector Onfailure,returnsNULL. Following arethevariouserrorvaluessetin case
of failure.

Net Sol vel BPSt or eErr or
Errorwhile storingthe vectorin IBP.

Net Sol veDsi EACCESS

Not enoughpermissiongor writing to the DSl file.

Net Sol veDsi Di sabl ed

If DSIis notenabledn the NetSole configuration.

DSI _OBJECT* ns_dsi_wite matrix(DSI_FILE* dsi_file, void* data,
int rows, int cols, int data type);

Samefunctionalityandreturnvaluesasns_dsi _write_vector () except
ns_dsi_wite_matrix() isusedtowrite matrixof r ows rowsandcol s columns.
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int ns_dsi_read_vector (DSl _OBJECT* dsi_obj, void* data, int
count, int data_type);

dsi _obj
Pointerto the DSI objectthatcontainsghe datato read.

dat a

Actual vectorto read.

count

Numberof elementof thevectorto read.

data_type
Oneof NetSole datatypes.

Onsuccessieturnsthe numberof elementsead.On failure,returns-1. Following are
thevariouserrorvaluessetin caseof failure.

Net Sol vel BPLoadEr r or
Errorwhile loadingthevectorfrom IBP.

Net Sol veDsi EACCESS

Not enoughpermissiongor readingfrom the DSl file.

Net Sol veDsi Di sabl ed

If DSIis notenabledn the NetSole configuration.

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_vect or () except
ns_dsi _read_matri x() isusedto readmatrix of r ows rowsandcol s columns.

Example

This sectionshavs two exampleprogramsThefirst programsolvesquick sortwithout
usingthe DSI feature.The secondorogramsolvesthe samequick sort, but with using
thedsifeature.

Figure 20-1.Example 1 (without using DSI)

nt mai n(){

nt i;

nt | engt h;

nt* i nput Vec;
nt* out put Vec;
nt status;

printf("Enter the nunmber of vector elenents: \n");
scanf("%", & ength);

i nputVec = (int*)malloc(sizeof(int)*length);
out putVec = (int*)mall oc(sizeof (int)*length);

for(i=0; i<length; i++){

printf("Element %d:. ", i+1);
scanf ("%", & nputVec[i]);
}
status = netsl("igsort()", length, inputVec, outputVec);

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

return O;

Figure 20-2.Example 2 (using DSI)

nt mai n(){
nt i;
nt |ength;

nt* i nput Vec;

nt* out put Vec;

nt status;

DSI _FI LE* dsi _file;
DSI _OBJECT* dvec;

printf("Enter the nunber of vector elenents: \n");
scanf ("%", &l ength);

i nputVec = (int*)nall oc(sizeof(int)*length);
out putVec = (int*)mall oc(sizeof (int)*length);

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

}

dsi _file = ns_dsi_open("torcl.cs.utk.edu", O CREAT|O RDWR , 744 , 3000, IB
i f(dsi_file == NULL){
printf("error in open\n");

}

dvec = ns_dsi_wite_vector(dsi _file, in-
put Vec, 10, NETSCOLVE D);
i f(dvec == NULL){
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printf("error in wite\n");

}
status = netsl("igsort()", length, dvec, outputVec);
printf("\n\nSorted El enents: \n");
for(i=0; i<length; i++)
printf("%l ", outputVec[i]);
printf("\n");

ns_dsi _cl ose(dsi _file);

return O;
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Chapter 21. Matlab Reference Manual

In this appendixwe describeall of the NetSolhe callsthatcanbeinvokedfrom within
Matlah In the caseof anerror, all of thesecallswill print very simpleandexplicit error
messagesheusershouldreferto Chapter24 for alist of all possibleNetSolwe error
messages.

>> net sol ve

Printsto the screerthelist of all problemsthatareavailablein the NetSohe
system.

>> net sol ve(’ <probl em nanme>’)

Printsall informationavailablefrom Matlab abouta specificproblem.

>> netsolve(’?")

Printsthelist of all theagentsandsenersin theNetSole systemthatis, the
NetSole systemcontainingthe hostwhosenameis in the ervironmentvariable
NETSOLVE_AGENT.

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

Sendsablodking requesto NetSolhe. Theleft-handsidecontainghe output
argumentsTheright-handsidecontainshe problemnameandtheinput
argumentsTheargumentsarelistedaccordingto the problemdescriptionUpon
completionof this call, the outputargumentscontainthe resultof the computation.

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

Sendsanon-bloking requesto NetSole. Theright-handsidecontainghe
keywordsend, the problemname,andthelist of inputargumentsThese
argumentsarelistedaccordingto the problemdescription Theleft-handsidewill
containarequeshandleruponcompletionof the call.
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>>

>>

>>

>>

>>

[ ... ] = netsolve_nb("wait’,r)

Waits for arequest completion.Theright-handsidecontainshe keywordwai t
andtherequeshandler Theleft-handsidecontainsthe outputagumentsThese
argumentsarelisted accordingto the problemdescription Upon completionof
this call, the outputargumentscontainthe resultof the computation.

[ status ] = netsolve_nb(’ probe’,r)

Probesfor arequestompletion.Theright-handsidecontainshe keyword

pr obe andtherequestandler Theleft-handsidecontainshe outputarguments.
Theseargumentsarelisted accordingto the problemdescription.Theright-hand
sidecontainghekeyword pr obe andtherequestandler Uponcompletionof
this call, the outputargumentscontainthe resultof the computation.

net sol ve_nb(’ status’)

Printsoutthelist of all the pendingrequestsThislist containsestimatedime of
completionthe computationakenershandlingtherequestandthe currentstatus.
The statuscanbe COVPLETED or RUNNI NG.

net sol ve_err

Returnghe errorcodeof the mostrecentlycalledNetSolwe function.

net sol ve_errnsg(e)

Returnsa string containingthe errormessagé¢hatcorrespondso the errorcode
passeastheargument.
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We describenhereall of the possiblecallsto NetSolhe from C. All of thesecallsreturna
NetSole codestatus.Thelist of the possiblecodestatuss givenin Chapter24.

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

Sendsabloking requesto NetSole.net sl () takesasargumentthe nameof
theproblemandthelist of agumentsan the calling sequenceSeeSection5.2for a
discussioraboutthis calling sequencédt returnsthe NetSole statuscode(integer
st at us). If thecall is successfultheresultof the computations storedin the
outputagumentsThe outputargumentsarespecifiedn the calling sequence.

status = netsl nb("<problemnane()>()", ...)

Sendsanonbloking requesto NetSolhe.net sl nb() takesasargumentthe
nameof the problem,andthelist of agumentsn the calling sequenceSeeSection
5.2for adiscussioraboutthis calling sequencdt returnsthe NetSolwe statuscode
(integerst at us). If thecallis successfulst at us containgherequestandler

status = netslwt (<request handl er>)

Waits for arequestompletionnet sl wt () takesasargumentarequeshandler
(aninteger).If thecall is successfultheresultof the computations storedin the
outputagumentsThe outputargumentsarespecifiedn the calling sequence
duringthecalltonet sl nb() .

status = netsl pr(<request handl er>)

Probesfor arequestompletionnet sl pr () takesasargumentarequest
handler(aninteger).If thecall is successfulthe resultof thecomputatioris stored
in the outputagumentsThe outputargumentsarespecifiedn thecalling
sequenceluringthecall to net sl nb() .
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net sl err(<error code>)

Displaysanexplicit errormessaggivenaNetSole errorcode.

net sl maj or (" <nmj or >")

Setsthe way the userhasstoredhermatriceg(row- or column-wise).The
argumentcanbe” col " or"r ow'. It is case-insensite andin factonly thefirst
characters usedby NetSole.
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We describenhereall the possiblecallsto NetSole from Fortran.All thesecallsreturna
NetSole codestatus.Thelist of the possiblecodestatuss givenin Chapter24.

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

Sendsabloking requesto NetSolhe. FNETSL () takesasargumentthe nameof
theproblem,aninteger, andthelist of agumentsn the calling sequenceSee
Section5.2for adiscussioraboutthis calling sequencéWhenthe call returns the
integer|l NFO containgheNetSol\we statuscode.If thecall is successfultheresult
of the computatioris storedin the outputagumentsThe outputagumentsare
specifiedn the calling sequence.

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

Sendsanonbloking requesto NetSohe. FNETSLNB( ) takesasamgumentthe
nameof the problem,aninteger, andthelist of agumentdn the calling sequence.
SeeSection5.2 for adiscussioraboutthis calling sequencédt returnsthe
NetSolhe statuscode(integerst at us). If thecall is successfulst at us
containgherequeshandler

CALL FNETSLWI( <r equest handl er >, | NFO

Waits for arequestompletion FNETSLWI( ) takesasamumentarequest
handlerandaninteger. Whenthecall returns,| NFO containghe NetSole status
code.If thecall is successfultheresultof thecomputations storedin the output
argumentsTheoutputagumentsarespecifiedn the calling sequenceluringthe
call to FNETSLNB( ) .

CALL FNETSLPR(<request handl er>, | NFO

Probesfor arequestompletion FNETSLPR( ) takesasargumentarequest
handlerandaninteger. Whenthecall returns,| NFO containsthe NetSole status
code.If thecall is successfultheresultof thecomputations storedin the output
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argumentsTheoutputagumentsarespecifiedn the calling sequenceluringthe
call to FNETSLNB( ) .

CALL FNETSLERR(<error code>)

Displaysanexplicit errormessaggivena NetSole errorcode.

CALL FNETSLMAJOR(’ <maj or >')

Setsthe way the userhasstoredhermatriceg(row- or column-wise).The
argumentcanbe’ col ’ or’ r ow . It is case-insensite andin factonly thefirst
characters usedby NetSole.
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If anerroroccursduringtheinvocationof NetSole, a variety of diagnosticuntime
errormessagegswell aserrorcodeghatcanbereturnedwhencalling a NetSohe
functionfrom the C or Fortraninterfaces areprovided. Table24-1lists all of the
possibleerrorcodeshatcanbereturnedwheninvoking a NetSolhe functionfrom theC
or Fortraninterfaces.Theseerrorcodesarelistedin the

$NETSOLVE_ROOT/ i ncl ude/ net sol veer r or . h includefile. Eachof thesereturn
codeshasanequialentruntimeerrormessagealsolistedin Table24-1. Theseruntime
errormessagearedefinedin

$NETSOLVE_RQOOT/ sr ¢/ Cor eFuncti ons/ net sol veerror. c.If oneof theseerror
messagesccurs theusershouldfirst checktheagentandsenerlog files,
$NETSCLVE_ROOT/ nsagent . | og or SNETSOLVE_ROOT/ nsser ver. | og,
respectrely. Thesefiles may containmoreinformationto clarify thereasorfor the
errormessageOtherwise the usercanreferto Chapterl2 for anexplanationof
possiblecausedor specificerrormessages.

Table 24-1.Err or Codes

ERROR CODE RUNTIME ERROR MESSAGE
VALUE
NetSoheOK O|NS:noerror
NetSoheNotReady -1/NS: notready
NetSolheSetNetSolgAgent -2|NS:NETSOLVE_AGENT not set
NetSolheSetNetSolgRoot -3|NS:NETSOLVE_ROOT not set
NetSoheSetNetSolgArch -4|NS:NETSOLVE_ARCH not set
NetSohelnternalError -5/NS:internalerror
NetSoheUnknavnHost -6 |NS: Unknown host
NetSoheNetworkError -7 |NS: network error
NetSoheUnknavnProblem -8|NS: unknawvn problem
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ERROR CODE

VALUE

RUNTIME ERROR MESSAGE

NetSoheProtocolError

NS: protocolerror

NetSoheNoSerer

-10

NS: no availablesener

NetSoheBadProblemSpecification

-11

NS: badprobleminput/output

NetSoheNotAllowed

-12

NS: notallowed

NetSoheBad\alues

-13

NS: badinputvalues

NetSoheDimensionMismatch

14

NS: dimensionmismatch

NetSoheNoSolution

-15

NS: nosolution

NetSoheUnknavnError

-16

NS: unknown error

NetSolelnvalidRequestID

-17

NS:invalid requestiD

NetSoheBadProblemName

-18

NS:invalid problemname

NetSolelnvalidMajor

19

NS:invalid majorspecification

NetSolheTooMaryPendingRequests

-20

NS:too mary pendingrequests

NetSoheFileError

-21

NS:file /O error

NetSoheUnknavnDataermat

-22

NS: unknovn machinetype

NetSohelnvalidUPFFilename

-23

NS:invalid upf filename

NetSoheMismatch

24

NS:inconsistenbbjecttransfers

NetSoheSystemError

-25

NS: systemerror

NetSoheConnectionRefused

-26

NS: connectiorrefused

NetSoheCannotBind

-27

NS:impossibleto bind to port

NetSoheUPFError

-28

NS:impossibleto compileUPF

NetSoheUPFUnsafe

-29

NS: UPFsecurityviolation

NetSoheSenrerError

-30

NS:senererror

NetSolheBadlterationRange

-31

NS:invalid interationrange

NetSoheFarmingError

-32

NS: Oneor morerequesfailed

NetSolheCannotStartProxy

-33

NS: Cannotstartproxy
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ERROR CODE RUNTIME ERROR MESSAGE
VALUE

NetSoheUnknavnSener -34|NS: Unknown sener

NetSolheProxyError -35|NS: Error while talking to proxy

NetSoheCondorError -36|{NS: Condorerror

NetSolheCannotContactAgent

NS: Cannotcontactagent

NetSoheTimedOut

NS: operationtimedout

NetSoheAuthenticationError -39|NS: Authenticationto sener failed
NetSoheUnknavnHandle -40
NetSoheUnknavnDsiFile -41|NS: DSl file notfound

NetSohelBRAllocateError

NS:errorin IBP_Allocate

NetSolelBPManageError

NS:errorin IBP_Manage

NetSohelBPLoadError

NS:errorin IBP_Load

NetSohelBPStoreError

NS:errorin IBP_Store

NetSoheDsIEACCESS

NS: permissiordeniedto DS file

NetSoheDsiDisabled

NS: NetSolwe not configuredwith DSI
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Appendix A. Complete C Example

/*******************************************************************/

/* Exanple of the Ccall to Net-

*/

*/

*/

*/

*/

Sol ve */

/* This pro-

gram sends

/*

[* -

One bl ocking request for the problem’ dgesv’
/* - One non-

bl ocki ng request for the problem ' dgesv’

/*

/* and

/*

/* -

One bl ocking request for the problem’|insol
/* - One non-

bl ocki ng request for the problem’linsol

/*

/* The problem’linsol’ is a sinplified ver-
sion of 'dgesv’ */

/*

/* The matrices are stored col um-

wise in a Fortran fashion */

/*

/* WARNING : The matrix may be singular, in which case Net-
Sol ve */

/* Will print out an error nes-
sage. */

/*

*/

*/

*/

*/

*/

*/

*/

*/

/*******************************************************************/

#i ncl ude <stdi o. h>
#i ncl ude "netsol ve. h"
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#i ncl ude <stdio. h>
#i ncl ude <stdlib.h
#i ncl ude <string.h
#i ncl ude <tine. h>
#i ncl ude <unistd. h

>
>

>

mai n(i nt argc, char **argv)

{
int m
hand si de */
doubl e *al, *b1l;
hand side for the
doubl e *a2, *b2;
hand side for the
doubl e *a3, *b3;
hand side for the
doubl e *a4, *b4;

hand side for the
int *pivot;
turned by ’'dgesv’
int ierr;
ror code
int i;
dex
int init=1325;
tor */
int info;
ror code
i nt request;
dl er

if (argc !'= 2)
{

1st

2nd

3rd

4t h

/[* Size of the matrix and right-

/[* Matrix and right-

call */
/* Matrix and right-
call */
/[* Matrix and right-
call */
/[* Matrix and right-
call */

/* Vector of pivots re-
*/
/* *dgesv’ er-
*/

/* Loop in-
*/
/* Seed of the random nunber

/* Net Sol ve er-
*/
/* Net Sol ve request han-
*/

fprintf(stderr,"Usage : % <size>\n",argv[O0]);

exit(0);
}

gener a-



t
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if ((m=atoi(argv[1l])) <= 0)
{
fprintf(stderr,"" %’ : Should be a posi-
ve integer\n",argv[1]);
exit(0);
}

/*
* Cenerating the random mxm matrices, as well as the
* randomright hand sides.
*/

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

al = (double *)mall oc(mntsizeof (double));
a2 = (double *)mall oc(nmntsizeof (double));
a3 = (double *)mal | oc(nfnrsizeof (double));
a4 = (double *)mal |l oc(nfnrsizeof (double));

for (i=0;i<mrmi++) {
init = 2315*init % 65536;
alli] (doubl e)((double)init - 32768.0) / 16384.0;

azli] al[i]; [/* */
a3[i] = al[i]; [/* In this exam

e, we solve 4 tines the same problem */

ad[i] = al[i]; [I* */
}
bl = (double *)nall oc(ntsizeof (double));
b2 = (double *)nall oc(ntsizeof (double));
b3 = (double *)nall oc(ntsizeof (double));
b4 = (double *)nall oc(ntsizeof (double));

for (i=0;i<mi++) {
init = 2315*init % 65536;

bi[i] = (double)((double)init - 32768.0) / 16384.0;
b2[i] = bi[i];
b3[i] = bi[i];
ba[i] = bi[i];
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}

pivot = (int *)nmalloc(ntsizeof (double));

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

net sl maj or (" Col ") ;

fprintf(stderr,"Calling NetSolve for 'dgesv’, blocking :\n");
info = netsl("dgesv()",m1,al, mpivot,bl m&err);
if (info <0)
{

net sl err(info);

exit(0);
}
if (ierr 1'=0)

fprintf(stderr,"Cannot solve for this Matrix and right-

hand side\n");

el se
{

fprintf(stderr,"Solution :\n");

for (i=0;i<ni++)

fprintf(stderr,"--> %\n",bl[i]);

}

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

fprintf(stderr,"Calling NetSolve for 'dgesv’', non-
bl ocking :\n");
request = netslnb("dgesv()",m1,a2, mpivot,b2, mé&err);
if (request <0)
{
netslerr(request);
exit(0);
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}
fprintf(stderr,"Request #%l bei ng processed\n", request);
fprintf(stderr,"Probing...... \n");

info = netsl pr(request);
whi | e(i nfo == Net Sol veNot Ready)
{
sl eep(4);
fprintf(stderr,".");
fflush(stderr);
info = netslpr(request);

fprintf(stderr,"\n");
if (info == Net Sol veCK)
{
info = netslwt(request);
}
if (info < 0)
net sl err(info);
el se
{
if (ierr '=0)
fprintf(stderr,"Cannot solve for this Matrix and right-
hand side\n");
el se
{
fprintf(stderr,"Solution :\n");
for (i=0;i<mi++)
fprintf(stderr,"\t--> %\n",b2[i]);

}
}
/[* Calling Netsolve for ’linsol’” in a blocking fashion */
/[* For ’"linsol’, the right-hand side is overwitten */
/* with the solution */

fprintf(stderr,"Calling NetSolve for "linsol’, blocking :\n");
info = netsl("linsol()",m1,a3, mb3,m;
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b

if (info <0)
{

net sl err(info);

}

el se

{
fprintf(stderr, "**x*x*xkkkkxk\pn).
fprintf(stderr,"** Success **\n");
fprintf(stderr, "**x*xkxkkkknskypnny.,
fprintf(stderr,"Solution :\n");
for (i=0;i<ni++)

fprintf(stderr,"\t --> 9%\n",b3[i]);

}
/* Calling Netsolve for ’linsol’ in a non-blocking fashion */
/[* For 'linsol’, the right-hand side is overwitten */
/* with the solution */
fprintf(stderr,"Calling NetSolve for '"linsol’, non-
ocking :\n");
request = netslnb("linsol()",m1,a4, mb4, m;
if (info <0)
{

netsl err(info);

exit(0);
}
fprintf(stderr,"Request #%l bei ng processed\n", request);
fprintf(stderr,"Probing...... \n");

info = netsl pr(request);
whi | e(i nfo == Net Sol veNot Ready)
{
sl eep(4);
fprintf(stderr,".");
fflush(stderr);
info = netslpr(request);

fprintf(stderr,"\n");
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if (info == Net Sol veCK)
{
info = netslwt(request);
}
if (info < 0)
net sl err(info);
el se
{
fprintf(stderr, "**x*xkxkkxknskypnny.,
fprintf(stderr,"** Success **\n");
fprintf(stderr, "**x*x*kxkkxknskypnn).,
fprintf(stderr,"Solution :\n");
for (i=0;i<mi++)
fprintf(stderr,"\t--> %\n",b4[i]);
}

return 1;
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Example

C Exampl e of the FORTRAN cal
C This program sends :

WARNI NG

O0OO0000000000O00O0

The problem’linsol

The matri x may be singul ar,
Will print an error

PROGRAM EXAMPLE

I NCLUDE '../../includel/fnetsolve. h

| NTEGER MAX
PARAMETER ( MAX =
| NTEGCER M

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE

PRECI SI ON
PRECI SI ON
PRECI SI ON
PRECI SI ON
PRECI SI ON
PRECI SI ON
PRECI SI ON

t o Net Sol ve

- One bl ocking request for the problem’dgesv’
- One non-bl ocki ng request for the problem’dgesv’

- One bl ocking request for the problem’linsol
- One non-bl ocking request for the problem’linsol

is a sinplified version of ’'dgesv’

500)

AL( MAX, MAX)
A2 ( MAX, MAX)
A3( MAX, MAX)
A4( MAX, MAX)
B1( MAX)
B2( MAX)
B3( MAX)

message.

in which case Net Sol ve
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11
10

DOUBLE PRECI S| ON B4( MAX)

| NTEGER Pl VOT( MAX)
| NTEGER | ERR

INTEGER |, 3, I, |1l
INTEGER INI'T
| NTEGER | NFO, REQUEST

AppendixB. CompleteFortran77Example

EXTERNAL FNETSL, FNETSLNB, FNETSLPB, FNETSLWI

I NTRI NSI C DBLE, M2D

WRI TE(*,*) ' Enter the size of your matrix M=

READ(*, *) M

| F(M GT. MAX) THEN
WRI TE(*, *) ’Too big !!”
STOP

ENDI F

Generating the matrices

WRI TE(*,*) ' Generating the problem...’

INNT = 1325
DO10 I =1, M
DO 11 J =1, M

INIT = MOD(2315*1 NI T, 65536)

AL(J,1) = (DBLE(INT)
A2(J,1) = AL(J, 1)
A3(J,1) = AL(J, 1)
A4(J, 1) = AL(I, 1)
CONTI NUE
CONTI NUE

- 32768. D0)/ 16384. DO
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Generating the right-hand sides

OO0

DO12 1 =1, M
INIT = MOD(2315*I NI T, 65536)

B1(1) = (DBLE(INIT) - 32768.D0)/16384. DO
B2(1) = B1(1)
B3(1) = B1(l)
B4(1) = B1(1)

12 CONTI NUE

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

WRI TE(*,*) 'Calling NetSolve for "dgesv", blocking :’
CALL FNETSL( ’'dgesv()',INFQ M 1, Al, MAX, PI VOT, B1, MAX, | ERR )
IF( INFO LT.0 ) THEN
CALL FNETSLERR( | NFO )
STOP
END | F
IF( 1ERR NE.O ) THEN
WRI TE(*, *) ' Cannot solve for this Matrix and right-
hand si de’
ELSE
V\RI TE(*,*) T hkkkkkhkkhkkkkkkk?
WRI TE(*,*) '** Success **’
V\RI TE(*’*) T kkkkhkkhkkhkkkkkkkk)
VWRI TE(*, *) Result :’
DO13 | =1, M
WRI TE(*, *) --> " B1(1)
13 CONTI NUE
END I F

C Calling Netsolve for 'dgesv' in a non-blocking fashion

C For ’'dgesv', the right-hand side is overwitten
C with the solution
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WRI TE(*,*) 'Calling NetSolve for "dgesv", non-bl ocking :
CALL FNET-
SLNB( ' dgesv()’', REQUEST, M 1, A2, MAX, PI VOT, B2, MAX, | ERR )
| F( REQUEST.LT.0 ) THEN
CALL FNETSLERR( REQUEST )
STOP
END I F
WRI TE(*, *) ' Request # ,I1NFQ,’ being processed’
WRI TE(*,*) ' Probing...... '
14 CONTI NUE
CALL FNETSLPR( REQUEST, | NFO )
| F( 1| NFO EQ Net Sol veNot Ready ) THEN
DO 21 I1=1,50
[ =11 + 3%
21 CONTI NUE
G0 TO 14
END | F
I F( 1 NFO EQ Net Sol veX )
$ CALL FNETSLWI( REQUEST, | NFO)

IF( 1ERR NE.O ) THEN
WRI TE(*, *) ' Cannot solve for this Matrix and right-
hand si de’
ELSE
V\RI TE(* *) T hkkkkhhkkhkkkikkkkx?
WRI TE(*,*) *** Success **’
V\RITE(*,*) T kkkkkhkkhkkkkkkkk)

VWRI TE(*, *) Result :’
DO16 | =1, M
WRI TE(*, *) --> "7, B2(1)
16 CONTI NUE
END I F
C Calling Netsolve for 'linsol’” in a blocking fashion
C For 'linsol’, the right-hand side is overwitten

C with the solution
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WRI TE(*,*) 'Calling NetSolve for "linsol", blocking :’
CALL FNETSL( 'linsol ()',INFO M 1, A3, MAX, B3, MAX )
| F( I NFO. LT.0 ) THEN
CALL FNETSLERR( | NFO )
ELSE
V\RITE(*,*) T kkkkhkkhkkhkkkkkkkk)
VWRI TE(*,*) ' ** Success **’
V\RI TE(*,*) T hkkkkhhkkhkkkhkkkkk?

WRI TE(*, *) Result :’
DO 17 I= 1, M
WRI TE(*, *) -->, B3(1)
17 CONTI NUE
END | F
C cCalling Netsolve for 'linsol’ in a non-bl ocking fashion
C For 'linsol’, the right-hand side is overwitten

C with the solution

WRI TE(*,*) *Calling NetSolve for "linsol", non-blocking :’
CALL FNETSLNB( 'linsol ()', REQUEST, M 1, A4, MAX, B4, MAX )
| F( REQUEST.LT.0 ) THEN
CALL FNETSLERR( | NFO )
STOP
END | F
VWRI TE(*, *) ' Request # , REQUEST,’' being processed’
WRI TE(*,*) ' Probing...... '
18 CONTI NUE
CALL FNETSLPR( REQUEST, | NFO
I F (1 NFO EQ Net Sol veNot Ready) THEN
DO 22 11=1,50
[ =11 + 3%
22 CONTI NUE
GO TO 18
END | F
I F( 1 NFO EQ Net Sol veXX )
$ CALL FNETSLWI( REQUEST, | NFO)
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|F( INFO.LT.0 ) THEN

CALL FNETSLERR( | NFO )

ELSE

V\RI TE(* *) Thkhkkkkhkhrkkkhkkxk?
WRI TE(*,*) *** Success **’
V\RITE(*,*) Thhkkkkkkhkhkhhkkok?
WRI TE(*, *) Result :’
DO 20 I=1,M

WRI TE(*, *) -->", B4(l)
CONTI NUE

END I F

STOP
END
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