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Abstract. Ninf is an ongoing global network-wide computing infrastructure
project which allows usersto accesscomputationalresourcesncluding hard-
ware, softwareand scientific datadistributedacrossa wide areanetwork. Ninf
is intendednot only to exploit high performancen networkparallelcomputing,
but alsoto providehigh quality numericalcomputatiorservicesandaccesset
scientificdatabaseublishedby otherresearchersComputationatesourcesre
sharedas Ninf remotelibraries executableat a remoteNinf server Userscan
build anapplicationby calling thelibrarieswith theNinf RemoteProcedureCall,
which is designedto provide a programminginterfacesimilar to conventional
function calls in existing languagesandis tailoredfor scientific computation.
In orderto facilitate location transparencynd network-wideparallelism,Ninf
metaservemaintaingylobalresourcénformationregardingcomputationaserver
anddatabasesllocatingandschedulingcoarse-grainedomputationfor global
load balancing Ninf alsointerfaceswith the WWW browsersfor easyaccessi-
bility.

1 Intr oduction

Remarkablegrowth of computernetwork technologyhasspurneda variety of infor-
mationservicesaccessibléhroughthe Internet. Theimportantfeatureof suchservices
is locationtransparencyinformation can be obtainedirrespectiveof time or location
in a virtually sharedmanner However most existing global network servicessuch
ase-mail, file archives,andthe WwWW, arelimited to merely sharingdataresources.
The global network could be far betterutilized, embodyingthe potentialto provide
a computationalenvironmentto sharecomputationakesourcesncluding CPUsand
disk storage.The coming of gigabit information superhighwaywill further enhance
thevision of world-wide global computingresourcesbeingableto tap into powersof
enormousiumbersof computerswith idle computatiorcycles.

As an infrastructurefor world-wide global computingin scientific computation,
we are currently pursuing the Ninf (Network based Information Library for high
performancecomputing)project [7]6. Our goal is to provide a platform for global
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scientificcomputingwith computationakesourcedlistributedin a world-wide global
network.Thepaperdescribeshemotivationof Ninf, its componentsandtheunderlying
technologieshatsupportsuchglobalcomputing.

ThebasicNinf systemsupportsclient-servetbasedcomputing.The computational
resourcesare availableas remotelibraries at a remotecomputationhost which can
be called throughthe global network from a programme's client programwritten in
existinglanguagesuchasFortran,C, or C++. The parameterdancludinglargearrays,
are efficiently marshalledand sentto the Ninf serveron a remotehost,which in turn
executesherequestedibraries,andsendsbackthe result. The Ninf remoteprocedue
call (RPC)is designedo provideprogrammingnterfacewhichwill bevery familiar to
the programmersf existinglanguagesThe programmecanbuild a globalcomputing
systemdy usingthe Ninf remotelibrariesasits componentswithout beingawareof
complexitiesandhassle®f networkprogramming.

Thebenefitsof Ninf areasfollows:

— A client can executethe mosttime-consumingpart of his programin multiple,
remotehigh-performanceomputers suchas vector supercomputerand MPPs,
without any requirementfor special hardwareor operating systems.If such
supercomputersre reachablevia a high speednetwork, the application will
naturally run considerablyfaster It also providesuniform accesdo a variety of
supercomputers.

— The Ninf programminginterfaceis designedto be extremely easy-to-useand
familiar-lookingfor programmer®f existinglanguagesuchasFORTRAN, C and
C++. Theusercancall theremotelibrarieswithout any knowledgeof the network
programmingandeasilyconverthis existingapplicationghatalreadyusepopular
numericallibrariessuchasLAPACK.

— The Ninf RPCcanalsobe asynchronousindautomatic:for parallelapplications,
a group of Ninf metaservers maintainsthe information of Ninf serversin the
networkin a distributedmanney and automaticallyallocatesremotelibrary calls
dynamicallyon appropriateserverdor loadbalancingTo allocatemultiple callsto
achievenetwork-wideparallelism,Ninf providesa transactiorsystem wherethe
data-dependencigsnongthe Ninf calls areautomaticallydetectecandscheduled
by themetaserveiTheNinf metaservecouldberegardedisanetworkagentwhich
locatesan appropriateserverdependingon client requestand statusof network
resources.

— The Ninf network databaseserverprovidesquery on accurateconstantdatabase
neededin scientific computation,such as important constantsof physics and
chemistry By doingso,theuseris freedfrom theburdensaandmistakeof inputting
accurateconstantdata from printed charts. Furthermore we plan to developa
frameworkwheredatavaluesof reportson experimentdy researchersould be
referencedlirectly overanetworkin the midstof users computation.

While Ninf canserveto speed-ughe applicationsby exploiting the power of remote
supercomputeserversand network parallelism,it is a convenienttool for obtaining
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the answerof a particularnumericalfunction and valuesquickly. We havedesigned
a WWW interface,called NinfCalc as a front-endso that Ninf libraries registeredn
computatiorserverscould becatalogedbrowsed andtried outthroughWebbrowsers.

Fromthe user's perspectiveNinf offersyet anothemway to shareresource®vera
global network. On the otherhand,thereare alreadyvariousnetwork infrastructures
andtoolsalreadyin use,andonemight askwould anotherinfrastructurebe neededfor
examplepnecouldclaim the extremethat,onecould useexistingfile transferservices
suchasftp to remotelyobtain numericallibraries,compile on his local machine,and
executethe programthere.Aside from the issueof havinga supercomputelocally on
hand,therearemanyotheradvantage$o Ninf in this case— securityandproprietary
issuesnaturally are obvioustopics; thereare other practicalissuesof expendingthe
efforts of fetching, compiling, and maintaining code in heterogeneousomputing
environmentsNinf allows reductionof maintenanceostsby concentratinghe efforts
of high-quality well-maintainedibrarieson computeserversaandnoton eachmachine.
Thus,evenfor slowernetworkswherethereareno speecadvantageto be gained Ninf
is still beneficialin thisregard.

Therestof thepapemivesanoverviewof theentireNinf systemijtsinterface andits
underlyingtechnologiesSection2 givesanoverviewof Ninf andreportsa preliminary
result;Section3 describesheNinf metaserveandits parallelprogrammingln Section
4, presentur interactivetool, NinfCalc. RelatedWork is briefly discussedn Section
5. Wefinally presentshe currentstatusandfuturework in Section6.

2 Ninf Overview

2.1 The Ninf SystemArchitectur e

ThebasicNinf systememploysa client-servemmodel. The servermachineanda client
may be connectedvia a local areanetwork or over an Internet. Machinesmay be
heterogeneouddatain communicationis translatedinto the commonnetwork data
format.

A Ninf serverprocesgunson the Ninf computationserverhost. The Ninf remote
librariesareimplementedasexecutableorogramswhich containnetworkstub routine
as its main routine, and managedby the serverprocess.We call such executable
programaNinf executablegprograms) Whenthelibrary is calledby a client program,
the Ninf serversearcheshe Ninf executablegssociatedvith its name,and executes
the found executablesettingup an appropriatecommunicationwith the client. The
stub routine handlesthe communicationto the Ninf serverandits client, including
argumenmarshalingTheunderlyingexecutableanbewrittenin anyexistingscientific
languagesuchasFortran,C, etc.,aslong asit canbe executedn the host.

A library provider, who providesthe numericalibrary andcomputationatesource
to the network at large, preparesthe Ninf executablesy (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 necessanheader
files andstubcode,(3) Compiling the library with the compilerfor the programming
languagehe library is writtenin, and,(4) linking with the Ninf RPClibraries,finally,



(5) registering themwith the Ninf serverrunningon his host.After thesestepsanyone
in the networkcanusethe librariesby the Ninf RPCin a transparentSomeexisting
libraries,suchasLAPACK, havealreadybeen'Ninfied’ in thismanner

In the currentimplementationthe communicatiorbetweera client andthe server
is achievedy meanof standardl CP/IPconnectiorto ensurereliablecommunication
betweenprocessesln an heterogeneousnvironmentNinf usesthe Sun XDR data
formatasa defaultprotocol. Also, clients canalso specify call backfunctionson the
clientsidefor variouspurposessuchasinteractivedatavisualization|/O of data,etc.

2.2 The Programming Interface

Ni nf _cal | () isthesoleclientinterfaceto theNinf computeanddatabasserversin
orderto illustratethe programmingnterfacewith anexampleet us considera simple
matrix multiply routinein C programswith thefollowing interface:

double AAIN[N,B[N[N,CdNI[N; /* declaration */
dmmul (N, AB,C; [/* calls matrix multiply, C=A* B */

Whenthednmul routineis availableon a Ninf serverthe client programcancall the
remotelibrary usingNi nf _cal | , in thefollowing manner:

Ninf_call ("dmul ", NA B C; /* call renote Ninf library */

Here,dnmmul is the nameof library registeredasa Ninf executableon a server and
AB,C N arethe sameargumentsAs we seehere,the client useronly needsto specify
the nameof the function asif he weremakinga local functioncall; Ni nf _cal | ()
automaticallydetermineshefunctionarity andthetypeof eachargumentappropriately
marshalghe argumentsmakesthe remotecall to the server obtainstheresults places
theresultsin the appropriateargumentandreturnsto the client. In this way, the Ninf
RPCis designedo give the usersan illusion that argumentsare sharedbetweenthe
clientandthe serverNotethatthe physicallocationof the Ninf serveris specifiedn an
environmentvariable,or a setupfile.

To realizesuchsimplicity in the client programminginterface,we designedNinf
RPCsothatclientfunctioncall obtainsall theinterfaceinformationregardinghecalled
library function at runtime from the server Although this will costan extranetwork
roundtrip time, wejudgedthattypical scientificapplicationsarebothcomputeanddata
intensivesuchthat the overheadshouldbe small enough.The interfaceinformation
includeshenumberof parameterdheseaypesandsizesandaccessnodesof arguments
(reador write). Using theseinformations Ninf RPCautomaticallyperformsargument
marshalingandgenerateshe sequencef sendingandreceivingdatafrom/to the Ninf
server

As shownin Figurel, theclientfunctioncall requestsheinterfacenformationof the
calling functionto the Ninf serverwhichin turnreturnstheregisteredNinf executable
interfaceinformationto the client. The client library theninterpretsand marshalghe
argument®n the stackaccordingto the suppliedinformation.For variable-sizedarray
argumentstheIDL mustspecifyanexpressiorthatincludestheinput scalararguments



Program Procedurg Executable

Stub program

Client Library

Ninf Server
Interface
' request I
Interface
Argument
L Result
Fig. 1. Ninf RPC

wherebythe sizeof the arrayscanbe computedThis designis in contrasto traditional
RPCs,wherestubgeneratioris doneon the client sideat compiletime. As aresultof

dynamicinterfaceacquisition,Ninf RPCdoesnot requiresuchcompile-timeactivities
atall, relievingthe userdrom anycodemaintenanceNakada[6]describeshestructure
of theinterfaceinformationandthe protocolin detail.

In theaboveexampletheclientfunctioncall sendgheinputarrays A andB, whose
sizeis computedby the parameteiN. The Ninf serverinvokesthe Ninf executableof
dmul library, andforwardsthe input datato it. Whenthe computationis done,the
resultis sentbackto the client throughthe server The client function call storesthe
returneddataat the locationpointedby theargument(C.

The Ninf RPC may also be invoked asynchronousiyto exploit network-wide
parallelism.It is possibleto issuethe requesto a Ninf server continuewith the other
computationandpoll for the requestater. Multiple RPCrequestgo differentservers
arealsopossible.For this reasonthe asynchronoudlinf RPCis animportantfeature
for parallelprogrammingaswe describdan Section3.

Ninf RPCalsosupportsa call-backfunctionalargumento communicatevith the
clientduringexecutingheRPCin aserverA Ninf library routinecantakethefunctional
argumento calltheusersuppliedroutinefrom theNinf executableConsidemscientific
simulationasan applicationof the Ninf. A typical simulationprograminitializes the
state,and updatesthe stateto display or recordsit at every certaintime steps.The
callbackarguments usefulto call the user-suppliedoutinesto sendthe dataat each
time-stepwhile keepingtheinternalstatein the sever

SincetheNinf client programmingnterfaceis designedo beaslanguagendepen-
dentaspossiblethe Ninf client may written in a variety of programminglanguages.
It is usuallyeasyto designa client interfaceto Ninf, solong asthe languagesupports
standardforeign function interfaceto C programs.We have already designedand
implementedheclientNi nf _cal | functionsfor C, FORTRAN, Java,andLisp. The
clientandtheremotelibrary canbewrittenin atotally differentlanguage.
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Theinterfaceinformationmay alsobe usedon the client sideat compiletime. The
remoteusercanget the interfaceinformationfrom the serverto generateappropriate
clientstubroutineandits prototypeheadeffilesfor its library whichis registeredhere.
In this casethe programwill beentirelytypecheckedmprovingcodereliability. Also,
dynamicinterfaceinformationacquisitionwill beskippedasmentionecearlier improv-
ing performancsslightly. Ontheotherhand,insteadof usingonly Ni nf _cal | (), the
usermustcall the client stubroutinethatwill be createdfor eachfunctionavailableat
theserver

2.3 Ninf IDL (Interface Description Language)

TheNinf library providerdescribesheinterfaceof thelibrary functionin Ninf IDL
toregistethislibrary functioninto theNinf server Sincethe Ninf systenis designedor
numericalapplicationsthe supporteddatatypein Ninf is tailoredfor sucha purpose;
for examplethedatatypesarelimited to scalarsandtheir multi-dimensionabrrays.On
theotherhand,therearespecialprovisionsin theIDL for numericalapplicationssuch
assupportfor expressiongvolving inputargumentso computearraysize,designation
of temporaryarray argumentsthat needto be allocatedon the serverside but not
transferredetc.

Forexampletheinterfacedescriptionfor the matrix multiply givenin the previous
sectionis:

Define dmul (1 ong node_in int n, node_in double A[n][n],
node_in double B[n][n], node_out double Cn][n])

description ..."

Required "Iibxxx.o" /* library including this routine. */

Calls "C" dmul (n,A,B,C; [/* Use Ccalling convention. */
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wheretheaccesspecifiers mode_i n andnode_out , specifywhethertheargument
is reador written. To specifythe sizeof eachargumenttheotheri n_node arguments
canbe usedto form a sizeexpressionln this example the valueof n is referencedo
calculatethesizeof thearrayargument#\, B, C.

In additionto the interfacedefinition of the library function, the IDL description
containgheinformationsneededo compileandlink thelibraries.

Asillustratedin Figure2, theinterfacedescriptionis compiledby theNinfinterface
generatorto generate stubprogramfor eachlibrary functiondescribedn its interface
information. The interfacegeneratomalsoautomaticallyoutputsa makefilewith which
theNinf executablesanbecreatedy linking the stubprogramsandlibrary functions.

The interfacedescriptioncan also include the textual information, which is used
to automatically create manual pagesfor the library functions. The remote users
can browsethe availablelibrary functionsin the server its interface,and the other
informationgeneratedy theinterfacegeneratothrougha Webbrowserinterface.

2.4 Preliminary Performance

Figure3 showspreliminaryperformancef Linpackbenchmarkwith the Ninf. We
usea SparcStation-2060 MHz SuperSRRC, 128MB memory)asa client. The Ninf
serverruns at JCC Ultra SparcJU1/140(143 MHz UltraSFRARC, 96 MB memory)
connectedria 100base-TXetherswitch,andat Cray J90(4CPU)connected/ia FDDI
network. Note that the performanceof the client local computationvariesfrom 10
MFlop/s to 20 MFlop/s as indicatedin the dashedline. In SS20,the performance
dependsn the problemsize dueto cacheeffect. In the Ninf programof Linpack,the
client calls a Ninf library function which executegwo Linpack routines,dgef a and
dgesl , in the Ninf server The Ninf programusingUltra achievesabout20 MFlop/s
for largesizes.The performancegrogramusingJ90increasesipto 180MFlop/sat size



1600asthe problemsizebecomedarger Notethatits performances not sogoodthat
the local performancen J90is 600 MFlop/s. We found seriousoverheadf invoking
stub executablgprogramsandinterprocesommunicationn J90systemswhich we
couldnotidentify in Ultra. Currently we areidentifying the performancéottleneckin
J90to removethis overhead.

For the matrix sizen, the computatiortime is O (n®) andthe datatransfertime is
O (n?). As the matrix sizeis increasedthe Ninf programcantake more advantagef
high performanceemotemachines.

3 Ninf Metaserver

The Ninf metaserver [5] is an agent,a set of which gathersnetwork information
regardingthe Ninf servers,and also helpsthe client to choosean appropriateNinf
server eitherautomaticallyor semi-automaticallyFigure 3 showsa configurationwith
metaserverdVhentheclientexecutedNi nf _cal | asynchronoushheis abletoissue
arequesto a metaservemwho in turn chooseghe appropriateserveranddelegateshe
requestAlso, insteadof calling the serverdirectly, the usermay call the metaserver
directlyto find the "best” serverto executeherequestedibrary, resultingin goodload
balancingfor multiple seversoverthe entirenetwork.

The currentmetaserveis implementedn Java,in orderto exploitits portability,
easeof networkprogrammingandmulti-threadingandalsogiventhatspeeds notan
absolutdactor.

3.1 Ninf Server Management

Whenthe numberof Ninf serversareincreasedit becomesncreasinglydifficult for a
client to determinewhich serverhe shouldselectamongthe onesin the network. The
Ninf metaservehelpsto alleviatethis situationby gatheringthe meta-informatiorof
the statusand the resourcemadeavailableby the servers,and also by making Ninf
servicedocationtransparentfFor example if many clients sharethe sameserver the
computationtime is greatlyinfluencedby the computationrequestedy otherclients.
Suchdynamicinformationis constantlyprobedanddelegatedo othermetaservers a
distributedway. To be morespecific,the Ninf metaservekeepstrack of the following
informationfor eachNinf server:(1) thelocation(addresandportnumber)(2) thelist
of functionsregisteredn the server (3) the distanceto the serverwith respecto the
bandwidthof communication(4) computationabbility of the machine(clock speed,
Flop/s,etc...),(5) the statusof the serverincludingtheload average.

TheentireNinf infrastructureconsistof setsof serversandmetaserverdistributed
in a network. Metaserversexchangeinformation with each othersperiodically For
example,if a new Ninf serveris addedinto the metaserverthe location of the new
serveris propagate@mongthe metaservenetwork.Also, whena metaservedoesnot
havea particularinformationavailable(e.g.,availability of a certainlibrary), a query
is propagatedhroughthe metaservenetworkandtheresultis gatheredoy theissuing
metaservemwho in turn delegatesheinfo or makesautomatiodecisiondor theclient.
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3.2 Parallel Programming with Metaserver

In orderto supportparallel programming,the client issuesmultiple requestsasyn-
chronouslyvia a Ninf call Ni nf_cal | _async() . Each outstandingrequestis
dispatchedto the bestserverby the metaserverThe client may continueits local
computationandwait for resultto comebackwith Ni nf _cal | _wai t function.
Anotherprogrammingnterfacefor parallelprogramming Ninf parallel transaction
The paralleltransactioris a programregionsurroundedy Ni nf _check_i n() and
Ni nf _check_out () .WhenNi nf _check_i n() isexecutedtheNinf callsdonot
issueactualrequestspontaneoushput theinformationof the callsareis storedanda
dataflowgraphis built to representhe datadependencyf the remotecomputations.
Whenthe executionreachedNi nf _check_out () , thedataflowgraphis sentto the
Ninf metaserverThe metaservescheduleshe computationsn the dataflowgraphto
executehemefficiently with multiple Ninf serversaccordingo theinformationit has.

Forexample,

Ni nf _check_in();

Ni nf_cal | ("dmmul "
Ni nf _cal | (" dmmul "
Ni nf _cal | ("dmul "
Ni nf _check_out ();

) N! Av By E)
,N,C D F)
1 Ny Ey Fy G)



Here,the computationgor E andF canbe executedn parallel.Note thattheinterface
informationof dmul is usedo constructhedataflowgraphof thesecomputationsAt
thepointwhereNi nf _check_out () isreturnedall computationsarefinished.The
advantagef the paralleltransactioris thatthe useronly insertsNi nf _check_i n()
andNi nf _check_out () withoutmodifying thesequencef the Ninf calls.

4 |Interactive UserInterface Tool: NinfCalc

One of our objectivesis to provide easy-to-use&computationakresourceslinteractive
userinterfacesareoftenvery attractivefor real-worldapplicationsNinfCalcis asimple

WWW-basedNinf interactiventerface providedasapartof theNinf browserNinfCalc

canload matricesas inputs, and call Ninf librariesinteractively The usercantesta

library functionwith particularargumentsia the browsergraphicalinterface Figure5

showsthe userinterfaceof NinfCalc. The lower frameindicatesghe non-zeroelements
of theloadedmatrix.

5 RelatedWork

The high-speedglobal network makespossiblethe realizationof high performance
world-wideglobalcomputing A few systemsareproposedor suchcomputingsystem:
Legion [4] is a project for constructingthe nationwidevirtual computercomprised
of many supercomputerandworkstations Legion usesan object-orientedanguage,
Mentat[3], to programglobal distributedcomputingsystems.The currentversion of
Ninf doesnot allow a userto export his programinto the server In this sensethe
Ninf is not a programminglanguagefor distributed computing, but rathera more
loosely-coupledserver-clientRPC-basedsystemwith lower-thresholdfor peopleto
use.Ninf remotelibrariesareinstalledandregisteredn the hostonly by aresponsible
library provider Theclientonly usesghemasacomponenfor his globalcomputing,in
avery similarmannerashis local computation.

NetSolve[2]is a similar projectto our Ninf project.It alsoprovidesa easy-to-use
programmingnterfacesimilar to ours,but it hasno descriptionlanguagefor interface
information.An agentprocesss providedfor loadbalancingn the systemjn asimilar
mannerasthe Ninf metaserver

The RemoteComputatiorSystem(RCS)[1] is aremoteprocedurecall facility that
providesuniform accesgso remotecomputersrangingfrom high-endworkstationsto
supercomputerdn orderto minimize responsdime, the RCS allocatesthe solution
of a problemdynamicallyto the leastloadedmachinein the network that provides
the desiredservice Whenusingthe systemfor parallelapplicationsthe dynamictask
allocationleadsto a balancedoad amongthe involved processorsAs Netsolve,RCS
usesso-calledmonitorsthat periodicallycheckthe loadon the participatingprocessors
andnetworks.The prototypesystemis implementecdn top of PVM.
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6 Curr ent Statusand Future Work

As theNinf projectis anon-goingeffort, we do expectvariouschangesandextensions
to occuraswe gainmoreexperiencdrom realapplicationsandasthe systenbecomes
morematurethroughwidespreadise.

Currently we arepreparinga suiteof Ninf serverson Cray J-90,SunUltraSparcs,
and a 32-processoDEC Alpha workstationclusterat ElectorotechnicaLaboratory
of Tsukuba,Japanfor public release.On theseservers,we have ported existing
mathematicalibrariesby definedNinf IDLs andregisteringwith the Ninf server The
librariesincludelinear algebrapackagesuchas LAPACK, Cray’s LibSci, and other
specialmathematicalibraries.A scientificconstantatabaséor physicsandchemistry
is alsobeingdesignedandbeingbuilt. The databasevill haveflexible queryfacilities
to copewith physicalconstantshatchangeminutelyovertime.

Sinceour objectiveis for Ninf to beaglobalserviceinfrastructureavailablefor free
for awidevarietyof scientificandengineeringise jinvolving notonly highperformance



butalsoquality-of-usetherearestill numerougesearchssuedo beaddressed:

— Authenticationand accounting:Although Ninf itself will be availablefor free,
institutionswill naturallywantto establishits own authenticatiorandaccounting
policies. This immediatelybringsup a lot of technicalchallengesincluding local
policy enforcingmechanismsuchashow onewould allocatecertainpercentagef
themachinescapabilitiedo anonymousisersinderexistingoperatingsystemsand
globalpoliciessuchasenforcingreciprocalaccountingon usevs. makingcomputer
serversavailable. This further transcendsnto protection policies for database
serversandmetaservers/hich musttakeinto accountvariousinstitutionalpolicies
whenschedulinghe computationgutomatically

— Exportingof clientcode: The currentNinf hasno facilities to executeclient’'s code
onaremotehost.AlthoughNinf hascall backmechanismin somecasesit will be
desirableto exportclient’'s codefor efficiencyreasons.

— Faulttolerance Sinceglobalnetworkis notfault-safe checkpoingingandrecovery
facility will be neededfor fault tolerance.We are currently planningto extend
the Ninf transactiorfacilities into full-fledgedrecoverabldransactionshowever
doing so without sacrificingcomputationspeedor wastingtoo muchresourcess
notaneasyissue.

— Security:Securityis naturallyimportant,especiallysinceeachNinf serverwill act
ascomputationserverandnot meredatabasaerver Provisionsfor entrustedNinf
servemodesaswell asencryptionwill beanimportantissuefor future evolution
of Ninf.

Theseandotherissueswill bedevelopedn accordancevith advancements other

globalnetworkingstandardsandothereffortson globalnetworkcomputing.
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