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Abstract. Ninf is an ongoing global network-wide computing infrastructure
project which allows usersto accesscomputationalresourcesincluding hard-
ware,softwareandscientificdatadistributedacrossa wide areanetwork.Ninf
is intendednot only to exploit high performancein networkparallelcomputing,
but alsoto providehigh quality numericalcomputationservicesandaccessesto
scientificdatabasepublishedby otherresearchers.Computationalresourcesare
sharedas Ninf remotelibraries executableat a remoteNinf server. Userscan
build anapplicationby callingthelibrarieswith theNinf RemoteProcedureCall,
which is designedto providea programminginterfacesimilar to conventional
function calls in existing languages,and is tailored for scientificcomputation.
In order to facilitate location transparencyandnetwork-wideparallelism,Ninf
metaservermaintainsglobalresourceinformationregardingcomputationalserver
anddatabases,allocatingandschedulingcoarse-grainedcomputationfor global
load balancing.Ninf alsointerfaceswith the WWW browsersfor easyaccessi-
bility.

1 Intr oduction

Remarkablegrowth of computernetwork technologyhasspurneda variety of infor-
mationservicesaccessiblethroughtheInternet.Theimportantfeatureof suchservices
is locationtransparency;informationcanbe obtainedirrespectiveof time or location
in a virtually sharedmanner. However, most existing global network servicessuch
ase-mail, file archives,andthe WWW, arelimited to merelysharingdataresources.
The global network could be far betterutilized, embodyingthe potential to provide
a computationalenvironmentto sharecomputationalresourcesincluding CPUsand
disk storage.The coming of gigabit information superhighwaywill further enhance
thevision of world-wideglobalcomputingresources,beingableto tap into powersof
enormousnumbersof computerswith idle computationcycles.

As an infrastructurefor world-wide global computingin scientific computation,
we are currently pursuing the Ninf (Network basedInformation Library for high
performancecomputing)project [7]6. Our goal is to provide a platform for global

6 TheURL of Ninf projectis http://phase.etl.go.jp/Ninf/. Thenickname“Ninf ”



scientificcomputingwith computationalresourcesdistributedin a world-wide global
network.Thepaperdescribesthemotivationof Ninf, itscomponents,andtheunderlying
technologiesthatsupportsuchglobalcomputing.

ThebasicNinf systemsupportsclient-serverbasedcomputing.Thecomputational
resourcesare availableas remotelibraries at a remotecomputationhost which can
be called throughthe global network from a programmer’s client programwritten in
existinglanguagessuchasFortran,C, or C++. Theparameters,includinglargearrays,
areefficiently marshalledandsentto the Ninf serveron a remotehost,which in turn
executestherequestedlibraries,andsendsbacktheresult.TheNinf remoteprocedure
call (RPC)is designedto provideprogramminginterfacewhichwill bevery familiar to
theprogrammersof existinglanguages.Theprogrammercanbuild a globalcomputing
systemsby usingtheNinf remotelibrariesasits components,without beingawareof
complexitiesandhasslesof networkprogramming.

Thebenefitsof Ninf areasfollows:

– A client can executethe most time-consumingpart of his programin multiple,
remotehigh-performancecomputers,suchas vector supercomputersand MPPs,
without any requirementfor special hardwareor operating systems.If such
supercomputersare reachablevia a high speednetwork, the application will
naturally run considerablyfaster. It alsoprovidesuniform accessto a variety of
supercomputers.

– The Ninf programminginterface is designedto be extremelyeasy-to-useand
familiar-lookingfor programmersof existinglanguagessuchasFORTRAN, C and
C++.Theusercancall theremotelibrarieswithout anyknowledgeof thenetwork
programming,andeasilyconverthis existingapplicationsthatalreadyusepopular
numericallibrariessuchasLAPACK.

– The Ninf RPCcanalsobeasynchronousandautomatic:for parallelapplications,
a group of Ninf metaservers maintainsthe information of Ninf serversin the
network in a distributedmanner, andautomaticallyallocatesremotelibrary calls
dynamicallyonappropriateserversfor loadbalancing.To allocatemultiplecallsto
achievenetwork-wideparallelism,Ninf providesa transactionsystem,wherethe
data-dependenciesamongtheNinf callsareautomaticallydetectedandscheduled
by themetaserver. TheNinf metaservercouldberegardedasanetworkagentwhich
locatesan appropriateserverdependingon client requestand statusof network
resources.

– The Ninf network databaseserverprovidesqueryon accurateconstantdatabase
neededin scientific computation,such as important constantsof physics and
chemistry. By doingso,theuseris freedfrom theburdensandmistakesof inputting
accurateconstantdata from printed charts.Furthermore,we plan to developa
frameworkwheredatavaluesof reportson experimentsby researcherscould be
referenceddirectly overa networkin themidstof user’scomputation.

While Ninf canserveto speed-upthe applicationsby exploiting the powerof remote
supercomputerserversandnetworkparallelism,it is a convenienttool for obtaining

comesfrom a similar pronounceword “Nymph”, which we expectit, living in a network
world, to makethedreamof quickly gettinginformationresourcecometrue.



the answerof a particularnumericalfunction andvaluesquickly. We havedesigned
a WWW interface,calledNinfCalc asa front-endso that Ninf librariesregisteredin
computationserverscouldbecataloged,browsed,andtried out throughWebbrowsers.

Fromtheuser’s perspective,Ninf offersyet anotherway to shareresourcesovera
global network.On the otherhand,therearealreadyvariousnetwork infrastructures
andtoolsalreadyin use,andonemight askwouldanotherinfrastructurebeneeded;for
example,onecouldclaim theextremethat,onecoulduseexistingfile transferservices
suchasftp to remotelyobtainnumericallibraries,compileon his local machine,and
executetheprogramthere.Aside from the issueof havinga supercomputerlocally on
hand,therearemanyotheradvantagesto Ninf in this case— securityandproprietary
issuesnaturallyareobvioustopics; thereareotherpractical issuesof expendingthe
efforts of fetching, compiling, and maintaining code in heterogeneouscomputing
environments.Ninf allowsreductionof maintenancecostsby concentratingtheefforts
of high-quality, well-maintainedlibrariesoncomputeserversandnotoneachmachine.
Thus,evenfor slowernetworkswheretherearenospeedadvantagesto begained,Ninf
is still beneficialin this regard.

Therestof thepapergivesanoverviewof theentireNinf system,its interface,andits
underlyingtechnologies.Section2 givesanoverviewof Ninf andreportsapreliminary
result;Section3 describestheNinf metaserverandits parallelprogramming.In Section
4, presentsour interactivetool, NinfCalc.RelatedWork is briefly discussedin Section
5. Wefinally presentsthecurrentstatusandfuturework in Section6.

2 Ninf Overview

2.1 The Ninf SystemArchitectur e

ThebasicNinf systememploysa client-servermodel.Theservermachineanda client
may be connectedvia a local areanetwork or over an Internet.Machinesmay be
heterogeneous:data in communicationis translatedinto the commonnetwork data
format.

A Ninf serverprocessrunson theNinf computationserverhost.TheNinf remote
librariesareimplementedasexecutableprogramswhich containnetworkstub routine
as its main routine, and managedby the serverprocess.We call such executable
programsNinf executables(programs). Whenthelibrary is calledby a client program,
the Ninf serversearchesthe Ninf executablesassociatedwith its name,andexecutes
the found executable,settingup an appropriatecommunicationwith the client. The
stub routine handlesthe communicationto the Ninf serverand its client, including
argumentmarshaling.Theunderlyingexecutablecanbewrittenin anyexistingscientific
languagessuchasFortran,C, etc.,aslong asit canbeexecutedin thehost.

A library provider, whoprovidesthenumericallibrary andcomputationalresource
to the network at large,preparesthe Ninf executablesby (1) writing the necessary
interface description of each library function in Ninf IDL (Interface Description
Language), (2) running the Ninf IDL compiler, which emits the necessaryheader
files andstubcode,(3) Compiling the library with the compilerfor the programming
languagethe library is written in, and,(4) linking with theNinf RPClibraries,finally,



(5) registering themwith theNinf serverrunningonhishost.After thesesteps,anyone
in the networkcanusethe librariesby the Ninf RPCin a transparent.Someexisting
libraries,suchasLAPACK, havealreadybeen’Ninfied’ in this manner.

In the currentimplementation,the communicationbetweena client andthe server
is achievedby meansof standardTCP/IPconnectionto ensurereliablecommunication
betweenprocesses.In an heterogeneousenvironment,Ninf usesthe Sun XDR data
format asa defaultprotocol.Also, clientscanalsospecifycall backfunctionson the
client sidefor variouspurposes,suchasinteractivedatavisualization,I/O of data,etc.

2.2 The Programming Interface

Ninf_call() is thesoleclient interfaceto theNinf computeanddatabaseservers.In
orderto illustratetheprogramminginterfacewith anexample,let usconsidera simple
matrix multiply routinein C programswith thefollowing interface:

double A[N][N],B[N][N],C[N][N]; /* declaration */
....
dmmul(N,A,B,C); /* calls matrix multiply, C = A * B */

Whenthedmmul routineis availableon a Ninf server, theclient programcancall the
remotelibrary usingNinf_call, in thefollowing manner:

Ninf_call("dmmul",N,A,B,C); /* call remote Ninf library */

Here,dmmul is the nameof library registeredasa Ninf executableon a server, and
A,B,C,N arethesamearguments.As we seehere,theclient useronly needsto specify
the nameof the function asif he weremakinga local function call; Ninf_call()
automaticallydeterminesthefunctionarity andthetypeof eachargument,appropriately
marshalsthearguments,makestheremotecall to theserver, obtainstheresults,places
theresultsin theappropriateargument,andreturnsto the client. In this way, theNinf
RPCis designedto give the usersan illusion that argumentsaresharedbetweenthe
clientandtheserver. Notethatthephysicallocationof theNinf serveris specifiedin an
environmentvariable,or a setupfile.

To realizesuchsimplicity in the client programminginterface,we designedNinf
RPCsothatclientfunctioncall obtainsall theinterfaceinformationregardingthecalled
library function at runtimefrom the server. Although this will costan extranetwork
roundtrip time,wejudgedthattypicalscientificapplicationsarebothcomputeanddata
intensivesuchthat the overheadshouldbe small enough.The interfaceinformation
includesthenumberof parameters,thesetypesandsizesandaccessmodesof arguments
(reador write). Using theseinformations,Ninf RPCautomaticallyperformsargument
marshaling,andgeneratesthesequenceof sendingandreceivingdatafrom/to theNinf
server.

Asshownin Figure1,theclientfunctioncall requeststheinterfaceinformationof the
calling functionto theNinf server, which in turn returnstheregisteredNinf executable
interfaceinformationto the client. The client library theninterpretsandmarshalsthe
argumentson thestackaccordingto thesuppliedinformation.For variable-sizedarray
arguments,theIDL mustspecifyanexpressionthatincludestheinputscalararguments
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wherebythesizeof thearrayscanbecomputed.This designis in contrastto traditional
RPCs,wherestubgenerationis doneon theclient sideat compiletime. As a resultof
dynamicinterfaceacquisition,Ninf RPCdoesnot requiresuchcompile-timeactivities
atall, relievingtheusersfrom anycodemaintenance.Nakada[6]describesthestructure
of theinterfaceinformationandtheprotocolin detail.

In theaboveexample,theclient functioncall sendstheinputarrays,A andB, whose
sizeis computedby the parameterN. The Ninf serverinvokesthe Ninf executableof
dmmul library, andforwardsthe input datato it. Whenthe computationis done,the
result is sentback to the client throughthe server. The client function call storesthe
returneddataat thelocationpointedby theargument,C.

The Ninf RPC may also be invoked asynchronouslyto exploit network-wide
parallelism.It is possibleto issuetherequestto a Ninf server, continuewith theother
computation,andpoll for the requestlater. Multiple RPCrequeststo differentservers
arealsopossible.For this reason,the asynchronousNinf RPCis an importantfeature
for parallelprogramming,aswe describein Section3.

Ninf RPCalsosupportsa call-backfunctionalargumentto communicatewith the
clientduringexecutingtheRPCin aserver.A Ninf libraryroutinecantakethefunctional
argumenttocall theuser-suppliedroutinefromtheNinf executable.Considerascientific
simulationasan applicationof the Ninf. A typical simulationprograminitializes the
state,and updatesthe stateto display or recordsit at every certaintime steps.The
callbackargumentis usefulto call the user-suppliedroutinesto sendthe dataat each
time-stepwhile keepingtheinternalstatein thesever.

SincetheNinf client programminginterfaceis designedto beaslanguageindepen-
dentaspossible,the Ninf client may written in a variety of programminglanguages.
It is usuallyeasyto designa client interfaceto Ninf, so long asthe languagesupports
standardforeign function interfaceto C programs.We have alreadydesignedand
implementedtheclientNinf_call functionsfor C, FORTRAN, Java,andLisp. The
clientandtheremotelibrary canbewritten in a totally differentlanguage.
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Theinterfaceinformationmayalsobeusedon theclient sideat compiletime.The
remoteusercanget the interfaceinformationfrom the serverto generateappropriate
clientstubroutineandits prototypeheaderfiles for its library which is registeredthere.
In thiscase,theprogramwill beentirelytypechecked,improvingcodereliability. Also,
dynamicinterfaceinformationacquisitionwill beskippedasmentionedearlier, improv-
ing performanceslightly. Ontheotherhand,insteadof usingonlyNinf_call(), the
usermustcall theclient stubroutinethatwill becreatedfor eachfunctionavailableat
theserver.

2.3 Ninf IDL (Interface Description Language)

TheNinf library providerdescribestheinterfaceof thelibrary functionin Ninf IDL
to registerhislibrary functioninto theNinf server. SincetheNinf systemis designedfor
numericalapplications,thesupporteddatatype in Ninf is tailoredfor sucha purpose;
for example,thedatatypesarelimited to scalarsandtheirmulti-dimensionalarrays.On
theotherhand,therearespecialprovisionsin theIDL for numericalapplications,such
assupportfor expressionsinvolving inputargumentsto computearraysize,designation
of temporaryarray argumentsthat needto be allocatedon the serverside but not
transferred,etc.

For example,theinterfacedescriptionfor thematrixmultiply givenin theprevious
sectionis:

Define dmmul(long mode_in int n, mode_in double A[n][n],
mode_in double B[n][n], mode_out double C[n][n])

"... description ..."
Required "libxxx.o" /* library including this routine. */
Calls "C" dmmul(n,A,B,C); /* Use C calling convention. */
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Fig. 3. Performanceof Linpackvia Ninf RPC

wheretheaccessspecifiers, mode_in andmode_out, specifywhethertheargument
is reador written.To specifythesizeof eachargument,theotherin_mode arguments
canbeusedto form a sizeexpression.In this example,thevalueof n is referencedto
calculatethesizeof thearrayargumentsA, B, C.

In addition to the interfacedefinition of the library function, the IDL description
containstheinformationsneededto compileandlink thelibraries.

As illustratedin Figure2, theinterfacedescriptionis compiledby theNinf interface
generatorto generateastubprogramfor eachlibrary functiondescribedin its interface
information.The interfacegeneratoralsoautomaticallyoutputsa makefilewith which
theNinf executablescanbecreatedby linking thestubprogramsandlibrary functions.

The interfacedescriptioncanalso include the textual information,which is used
to automaticallycreatemanual pagesfor the library functions. The remote users
can browsethe availablelibrary functions in the server, its interface,and the other
informationgeneratedby theinterfacegeneratorthrougha Webbrowserinterface.

2.4 Preliminary Performance

Figure3 showspreliminaryperformanceof Linpackbenchmarkwith theNinf. We
usea SparcStation-20(60 MHz SuperSPARC, 128MB memory)asa client. The Ninf
serverruns at JCC Ultra SparcJU1/140(143 MHz UltraSPARC, 96 MB memory)
connectedvia 100base-TXetherswitch,andat CrayJ90(4CPU)connectedvia FDDI
network. Note that the performanceof the client local computationvaries from 10
MFlop/s to 20 MFlop/s as indicatedin the dashedline. In SS20,the performance
dependson the problemsizedueto cacheeffect. In the Ninf programof Linpack,the
client calls a Ninf library function which executestwo Linpack routines,dgefa and
dgesl, in the Ninf server. The Ninf programusingUltra achievesabout20 MFlop/s
for largesizes.TheperformanceprogramusingJ90increasesupto180MFlop/sat size



1600astheproblemsizebecomeslarger. Notethat its performanceis not sogoodthat
the local performancein J90is 600MFlop/s.We foundseriousoverheadof invoking
stubexecutableprogramsandinterprocesscommunicationin J90systems,which we
couldnot identify in Ultra. Currently, we areidentifying theperformancebottleneckin
J90to removethis overhead.

For thematrix size � , thecomputationtime is
��� � 3 � andthedatatransfertime is��� � 2 � . As thematrix sizeis increased,theNinf programcantakemoreadvantageof

high performanceremotemachines.

3 Ninf Metaserver

The Ninf metaserver [5] is an agent,a set of which gathersnetwork information
regardingthe Ninf servers,and also helps the client to choosean appropriateNinf
server, eitherautomaticallyor semi-automatically. Figure3 showsa configurationwith
metaservers.WhentheclientexecutesNinf_call asynchronously, heis ableto issue
a requestto a metaserver, who in turn choosestheappropriateserveranddelegatesthe
request.Also, insteadof calling the serverdirectly, the usermay call the metaserver
directly to find the”best” serverto executetherequestedlibrary, resultingin goodload
balancingfor multipleseversovertheentirenetwork.

The currentmetaserveris implementedin Java,in orderto exploit its portability,
easeof networkprogramming,andmulti-threading,andalsogiventhatspeedis not an
absolutefactor.

3.1 Ninf Server Management

Whenthenumberof Ninf serversareincreased,it becomesincreasinglydifficult for a
client to determinewhich serverheshouldselectamongtheonesin thenetwork.The
Ninf metaserverhelpsto alleviatethis situationby gatheringthe meta-informationof
the statusand the resourcemadeavailableby the servers,and alsoby makingNinf
serviceslocationtransparent.For example,if manyclientssharethe sameserver, the
computationtime is greatlyinfluencedby the computationrequestedby otherclients.
Suchdynamicinformationis constantlyprobedanddelegatedto othermetaserversin a
distributedway. To bemorespecific,theNinf metaserverkeepstrackof thefollowing
informationfor eachNinf server:(1) thelocation(addressandportnumber),(2) thelist
of functionsregisteredin the server, (3) the distanceto the serverwith respectto the
bandwidthof communication,(4) computationalability of the machine(clock speed,
Flop/s,etc...),(5) thestatusof theserverincludingtheloadaverage.

TheentireNinf infrastructureconsistsof setsof serversandmetaserversdistributed
in a network. Metaserversexchangeinformation with eachothersperiodically For
example,if a new Ninf serveris addedinto the metaserver, the location of the new
serveris propagatedamongthemetaservernetwork.Also, whena metaserverdoesnot
havea particularinformationavailable(e.g.,availability of a certainlibrary), a query
is propagatedthroughthemetaservernetworkandtheresultis gatheredby theissuing
metaserver, who in turn delegatestheinfo or makesautomaticdecisionsfor theclient.
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3.2 Parallel Programming with Metaserver

In order to supportparallel programming,the client issuesmultiple requestsasyn-
chronouslyvia a Ninf call Ninf_call_async(). Each outstandingrequestis
dispatchedto the best serverby the metaserver. The client may continueits local
computation,andwait for resultto comebackwith Ninf_call_wait function.

Anotherprogramminginterfacefor parallelprogramming,Ninfparallel transaction.
Theparalleltransactionis a programregionsurroundedby Ninf_check_in() and
Ninf_check_out(). WhenNinf_check_in() is executed,theNinf callsdonot
issueactualrequestsspontaneously, but theinformationof thecallsareis storedanda
dataflowgraphis built to representthe datadependencyof the remotecomputations.
WhentheexecutionreachesNinf_check_out(), thedataflowgraphis sentto the
Ninf metaserver. The metaserverschedulesthe computationsin the dataflowgraphto
executethemefficientlywith multipleNinf servers,accordingto theinformationit has.
Forexample,

Ninf_check_in();
Ninf_call("dmmul",N,A,B,E);
Ninf_call("dmmul",N,C,D,F);
Ninf_call("dmmul",N,E,F,G);
Ninf_check_out();



Here,thecomputationsfor E andF canbeexecutedin parallel.Notethat theinterface
informationof dmmul is usedto constructthedataflowgraphof thesecomputations.At
thepoint whereNinf_check_out() is returned,all computationsarefinished.The
advantageof theparalleltransactionis thattheuseronly insertsNinf_check_in()
andNinf_check_out() withoutmodifying thesequenceof theNinf calls.

4 Interactive User Interface Tool: NinfCalc

One of our objectivesis to provide easy-to-usecomputationalresources.Interactive
userinterfacesareoftenveryattractivefor real-worldapplications.NinfCalcis asimple
WWW-basedNinf interactiveinterface,providedasapartof theNinf browser.NinfCalc
can load matricesas inputs,andcall Ninf libraries interactively. The usercan testa
library functionwith particularargumentsvia thebrowsersgraphicalinterface.Figure5
showstheuserinterfaceof NinfCalc.Thelower frameindicatesthenon-zeroelements
of theloadedmatrix.

5 RelatedWork

The high-speedglobal network makespossiblethe realizationof high performance
world-wideglobalcomputing.A few systemsareproposedfor suchcomputingsystem:
Legion [4] is a project for constructingthe nationwidevirtual computercomprised
of manysupercomputersandworkstations.Legion usesan object-orientedlanguage,
Mentat[3], to programglobal distributedcomputingsystems.The currentversionof
Ninf doesnot allow a user to export his programinto the server. In this sense,the
Ninf is not a programminglanguagefor distributedcomputing,but rather a more
loosely-coupledserver-clientRPC-basedsystemwith lower-thresholdfor peopleto
use.Ninf remotelibrariesareinstalledandregisteredin thehostonly by a responsible
library provider. Theclientonly usesthemasacomponentfor his globalcomputing,in
a very similarmannerashis local computation.

NetSolve[2]is a similar project to our Ninf project.It alsoprovidesa easy-to-use
programminginterfacesimilar to ours,but it hasno descriptionlanguagefor interface
information.An agentprocessis providedfor loadbalancingin thesystem,in asimilar
mannerastheNinf metaserver.

TheRemoteComputationSystem(RCS)[1] is a remoteprocedurecall facility that
providesuniform accessto remotecomputersrangingfrom high-endworkstationsto
supercomputers.In order to minimize responsetime, the RCS allocatesthe solution
of a problemdynamically to the least loadedmachinein the network that provides
thedesiredservice.Whenusingthesystemfor parallelapplications,thedynamictask
allocationleadsto a balancedloadamongthe involvedprocessors.As Netsolve,RCS
usesso-calledmonitorsthatperiodicallychecktheloadon theparticipatingprocessors
andnetworks.Theprototypesystemis implementedon topof PVM.



Fig.5. NinfCalc

6 Curr ent Statusand Future Work

As theNinf projectis anon-goingeffort, we doexpectvariouschangesandextensions
to occuraswegainmoreexperiencefrom realapplications,andasthesystembecomes
morematurethroughwidespreaduse.

Currently, we arepreparinga suiteof Ninf serverson CrayJ-90,SunUltraSparcs,
and a 32-processorDEC Alpha workstationclusterat ElectorotechnicalLaboratory
of Tsukuba,Japanfor public release.On theseservers,we have ported existing
mathematicallibrariesby definedNinf IDLs andregisteringwith theNinf server. The
librariesinclude linear algebrapackagessuchasLAPACK, Cray’s LibSci, andother
specialmathematicallibraries.A scientificconstantdatabasefor physicsandchemistry
is alsobeingdesignedandbeingbuilt. Thedatabasewill haveflexible queryfacilities
to copewith physicalconstantsthatchangeminutelyovertime.

Sinceourobjectiveis for Ninf to beaglobalserviceinfrastructureavailablefor free
for awidevarietyof scientificandengineeringuse,involving notonly highperformance



but alsoquality-of-use,therearestill numerousresearchissuesto beaddressed:

– Authenticationand accounting:Although Ninf itself will be availablefor free,
institutionswill naturallywant to establishits own authenticationandaccounting
policies.This immediatelybringsup a lot of technicalchallenges,including local
policy enforcingmechanismssuchashowonewouldallocatecertainpercentageof
themachine’scapabilitiestoanonymoususersunderexistingoperatingsystems,and
globalpoliciessuchasenforcingreciprocalaccountingonusevs.makingcomputer
serversavailable.This further transcendsinto protection policies for database
servers,andmetaserverswhichmusttakeinto accountvariousinstitutionalpolicies
whenschedulingthecomputationsautomatically.

– Exportingof client code:ThecurrentNinf hasnofacilities to executeclient’scode
onaremotehost.AlthoughNinf hascall backmechanism,in somecases,it will be
desirableto exportclient’scodefor efficiencyreasons.

– Faulttolerance:Sinceglobalnetworkis not fault-safe,checkpoingingandrecovery
facility will be neededfor fault tolerance.We are currently planning to extend
the Ninf transactionfacilities into full-fledgedrecoverabletransactions;however,
doingso without sacrificingcomputationspeedor wastingtoo muchresourcesis
not aneasyissue.

– Security:Securityis naturallyimportant,especiallysinceeachNinf serverwill act
ascomputationserverandnot meredatabaseserver. Provisionsfor entrustedNinf
servernodes,aswell asencryption,will beanimportantissuefor futureevolution
of Ninf.

Theseandotherissueswill bedevelopedin accordancewith advancementsin other
globalnetworkingstandards,andothereffortson globalnetworkcomputing.
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