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PROJECT SUMMARY

Challenging-scalg@roblemsconsistentlydemandsolutionsthat fuse geographicallydistributedand
heterogeneousdata, personnel,expertise,and resources. For example,national health care problems
requirecollaborationamongexpertsof fields as diverseas medicalinformatics, public policy, robotics,
and high performancecomputingto solve problemsrangingfrom telemedicingo costmanagemenand
quality control. Indeed, many National Challengesinclude Grand Challengesas subcomponentsWe
canposethe IntegratedChallengeasthe solution of metaproblem#ostedon world-wide metacomputers
linking all threeaspects:simulation,information processingand collaboration.

We suggesta hybrid approachto IntegratedChallengeshat combinesWorld-Wide Web (WWW)
technologieswith the currentportablescalablesoftwaresystemsdevelopedby the HPCC Initiative for
Engineeringand Scientific simulations. This combinesthe parallel languagesand runtime of HPCC
with the softwareengineeringcollaborationand pervasivetechnologybaseof the WWW. The resultant
systemwill supportcollaborativerapid prototyping,appliedto problemsolving environmentgPSE) at
differentscales.Supportwill extendfrom systemsuchasELLPACK (parallelpartialdifferentialequation
PSE), NWChem (parallel computationalchemistry PSE), MATLAB (uniprocessomatrix and signal
processingPSE), or Khoros (image processing/visualizatio®SE) in the simulation arenato complex
National Challengesncluding education manufacturingand healthcare Roughlywe considerthe world-
wide metacomputeas a setof future generationWWW servers gachof which (individual workstation,
cluster,SMP,or MPP)is implementednternally(in the closely-coupledhomogeneousnvironmentusing
appropriateHPCC technologieqe.g. HPF, MPI, PVM, Fortran-M, pC++, CC++, parallel Oracle,etc.).
Thenwe link theseserverstogetherusing generalizedVWW technologiedo allow executablgprogram
componentgo be publishedas services,and so createa distributed problem solving environmentfor
prototyping large scale software.

We thereforeproposea carefulthreelayer designandprototypeimplementatiorof WebWork, an ex-
tensibleworld-wide virtual maching( WWVM) modelfor heterogeneouanddistributedhigh performance
computation.In our threeyearplan, we proposeto initially developthe basicsoftwareengineeringools
in a bootstrapfashion— our first WebWork tools will acceleratehe distributeddevelopmenof further
capabilities. Note that whereasMPP’s have ratherlimited developmenenvironmentsthe World Wide
Web is likely to havethe bestproductivity tools of any system. Basing HPCC on Web technologies
allows us to leveragethesetools to producea powerful software engineeringenvironment. We will
prototypethe WebWbork computationalservicesand test them on severalapplications— including both
Grand and National Challengesfor which prototypeshave alreadybeendevelopedusing conventional
methodsand for which metacomputerand HPCC are appropriateapproaches.In particular, we will
developtools to supportcomputercentersset up as distributedmetacomputersThis will be testedon
a modestscaleat Boston’s Centerfor ComputationalScienceand Syracuse’sNPAC but designedfor
applicability to the NSF Metacenter.
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General Principles and Motivation 1.

1 General Principles and Motivation

1.1 Motivation Challenging-scal@roblemsconsistentlydemandsolutionsthat fuse geographicallydistributed
and heterogeneousdata, personnelexpertise,and resources.For example,national health care problemsrequire
collaboratioramongexpertsof fieldsasdiverseasmedicalinformatics,public policy, robotics,andhigh performance
computingto solve problemsrangingfrom telemedicineo costmanagemenand quality control. Anotherexample
is themanufacturinglomain: aircraftarenow built by virtual corporationswvith internationakcopenvolving several
large and thousand=f small companies. The computationalchallengeinvolves integratingtens of thousandsof
programsand expert systemswith distributed collaboration. We can pose such an IntegratedChallengeas the
solution of metaproblemsostedon world-wide metacomputersinking all threeaspects:simulation,information
processing,and collaboration. As many National Challengesinclude Grand Challengesas subcomponentswe
suggesta hybrid approachto IntegratedChallengeshat combinesWorld-Wide Web (WWW) technologieswith
the current portable scalablesoftware systemsdevelopedby the HPCC Initiative for Engineeringand Scientific
simulations.This approachmaturallylinks computatiorwith the evolvingbut alreadyexcellentcollaboratiorsupport
of the Web. Comparedto MPP’s, known for their primitive environmentswith poor or nonexistentproductivity
tools, the Web is rapidly becomingthe best supportedcomputing environmentwith a remarkableset of public
domainand commercialtools. All thesefactorsmakethe Web a naturalbasisfor an HPCC softwareengineering
environment,built from a bootstrapof Web-basecigh performancecomputingsystems.

We thereforeproposeWWebWork, a collaboratorymulti-user multi-serverproblem solving environmenton the
Internet, basedon the existing HPCC technologiesfor local computationalbackendsand the evolving WWW
technologiegor humaninterfacessystem-widecoordinatiorandworld-widedisseminationlt supportsollaborative
rapid prototyping,appliedto programmingenvironmentsat differentscalesrangingfrom supportfrom a single PC
runninga WWW serverandclient, to the enterpriseccomputingsystemsf a corporationor a universitydepartment,
to the NSF Metacenterand even multi-national, world-wide collaborations. WebWork'’s view of the world-wide
metacomputeis a set of future generationWWW servers,eachof which (individual workstation,cluster, SMP,
or MPP) is implementedinternally (in the closely-coupledhomogeneougnvironment)using appropriateHPCC
technologiegHPF, MPI, PVM, Fortran-M, pC++, parallelOracle,etc.). Thenwe link theseserverstogetherusing
generalizedVWW technologiego allow executablgprogramcomponentgo be publishedasservicesandso create
a distributed problem solving environmentfor prototypinglarge scalesoftware.

1.2 General Principles WebWbrk computationis built aroundthe conceptof a compute-server — an evolving
Web technologyserver— as a baseprocessingunit. Already today, Web serverssuchas NCSA HTTPD can
spawnarbitrary computationalmodules via the CGI protocol, and they can be linked via HTTP messageassing
basedchannels to form a distributedprocessingsystemthat we call the World-Wde Virtual Machine (WWVM).
Furthermore,the exploding installation baseof Web servers,a gradualblend of client and servertechnologies
(e.g. Javainterpreter),and their increasingcomputational(e.g. Netscape)and communication(e.g. HTTP-NG)
capabilities,will resultin continuousperformanceincreaseof sucha WWVM. Finally, the software industries
spawnedby the Web expansionguaranteecontinualimprovementin the quality of the underlying Web software
infrastructure. WebWork will harnesshis unprecedentegerformanceand quality to build a new generationof
Problem Solving Environments for Grand and National Challenges.

Anotherkey conceptof the WebWbrk modelis the Virtual Software Laboratory (VSL) — a softwareengineer-
ing framework basedon Web Productivity Tools (navigators,databaseseditors), enabling collaborative software
processes in which WebWbrk bootstrapstself by being usedto build its own software. WebWbrk applicationsare
specifiedas networksof linked modulescalled compute-webs and organizedaccordingto the datdlow paradigm,
popularizedn the scientificcommunityby systemssuchas AVS or Khoros,and heretermedWebFlow. The model
integrategpublicationand computationby offering WebWbrk softwarepublication standardscrossdisciplines,in-
stitutionsandgeographidocations. Web HPC developerawill publishboth computationaproblems (compute-webs
with missingcomponentsiand solutions (modules),and employ agents to perform suitablematching.
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General Principles and Motivation 15 The Proposal

1.3 Three Layered Architecture WebWbrk is a three layer softwarearchitecture.Layer 1 is an extensible
World-Wide Virtual Machine(WWVM) for heterogeneouanddistributedhigh performancecomputing;it defines
computationand communicationprimitives, initially basedon existing Web standard{MIME, HTTP, CGl, CCI),
to provide a publicationmodel of computation.Layer 3 containsthe userlevel programmingand problem-solving
environmentgPSE’s). Thesedomain-specifid®SE’srangefrom NWChem and Global Arrays for computational
chemistryat Pacific Northwestlaboratory,ELLPACK (parallelnumericsPSE),MATLAB (uniprocessoPSE),and
Khoros (signal processing/visualizatioPSE) in the simulation arena,to complex National Challengesincluding
educationmanufacturingand healthcare.This minimal two-layer model supportsonly traditional forms of client-
serverinteractionthatis, computatioris performedby awebof serverswhile clienttoolsactassimplepresenteror
the publishedoutputof the computation.As WebWbrk grows, ratherthanbuilding PSE’sdirectly atopthe WWVM,
Layer 2, or middleware, will add more advancectlient paradigmgo this basis.In Layer 2, advancectlient codes
calledagents may take on serverfunctionality, becomingautonomougparticipantsn the compute-webIncreasesn
client-codemobility andflexibility will alsorequirethe additionof "brokers to mediatethe interchangeof different
dataformatsand"little language’s (VRML for 3D graphics,PERL for text processingHPFCL for coarse-grained
control-paralleHPF modules AVS for visualizationanddatdlow, ELLPACK/PDELAB for PDE specificationsand
so forth) betweenparticipantsin a compute-web.This interpolatingenvironment \WebScript, will be an evolving
collection of competingapproachesvith agentbased"translatorsto implementinteroperability.

1.4 Related Work WebWbrk doesnot competewith existing approachesit integratesthem by transferring
HPCClanguageswith their ability to expresgarallelismandtheir sophisticateduntimeenvironmentsto the Web.
WebWbrk takesadvantagef existinghigh performanceools(optimizingcompilers)andruntimeenvironmentglow-
latencymessagingvithin a tightly-coupledMPP)within eachindividual unit of a metacomputerSimultaneouslyit
takesadvantagef the fact thatthe coordinationof thesecoarse-grainegrogramchunks,spreadover the individual
units of the metacomputermay be betterservedby the flexibility and (emegent) robustnessf interpretedWeb
environments WebWork bringsto HPCCthe featuresof moderndistributedcomputing:real-timesystemsnetwork
security,(software)configurationcontrolfor distributeddatabaseandmore generalCASE andsoftwareengineering
support.

The evolutionof HPCC, from single-sitetechnologiedo a group-basedatollaborativeeffort over the NII, will
be critical if high-performancéechnologiesareto havetheir broadesimpact. The World-Wide Web, with support
for collective publicationand multisite collaboration,is rapidly emeging asthe dominantarenafor collaborative,
group-orientedsoftwaredevelopment.The coordinationand publicationof HPCC technologiesover the Web has
thereforebecomean inevitable and critical stepin the widespreadacceptancef thosetechnologies. Often one
considerscomputingas a pyramid, with personalsystemsat the bottom and MPP supercomputersat the apexof
the pyramid. Ratherthan directly porting HPCCtechnologiego the base WebWork takesadvantageof pervasive
Web supportat the baseand builds to the apex,guidedby the many key correctprinciplesand systemsproduced
by the HPCC Initiative.

1.5 The Proposal In the technicaldiscussionthat follows, we initially describewith a table and a succinct
summaryall the key subsystemandideasin WebWork. Thenwe describeour proposedechnicalapproachdivided
into the Virtual SoftwareLaboratory four key applicationsvith whichwe will testour designsandimplementations,
andthen our proposedactivitiesin the threelayersdescribedabove. In the final section,we summarizeboth the
deliverablesand our team,which combinesthe computerscienceand applicationsexpertiseof threeorganizations.
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Technical Background and Proposal 2

2 Technical Background and Proposal

2.1 Project Scope and Terminology

WebWbrk introducesmany new terms, and overloadssome commontermswith more specializedmeanings
for the sake of intuition. For example,we define “WebWbrk agents” (or, to be concise,simply “agents”) as
semiautonomousoftwaremodulesthat act as brokersbetweenother softwarecomponents.The following project
summary collects all major terms and conceptsof the proposedWebWbrk paradigm, marking our specialized
vocabularyin italics. The attachedtable collectsall termsand offers brief self-referentialdefinitions. Apparent
circularitiesare to be resolvedby the WebWbrk boostrappingprocessesliscussedn the proposalbody.

2.1.1 Project Scope The goal of this projectis to prototypeand demonstratehe WWebWork [1.1] basedProblem
Solving Environment [1.2] for Nationaland GrandChallenges.To accomplishthis task,we will usetoday’s server
[2.4.3] technologyand publicly availablecomponentof Web Productivity Tools [2.2.1] as exemplifiedby NPAC
WebTools [2.2.3] to bootstrapthe initial software process [2.2.2] that will prototypeVirtual Software Laboratory
(VL) [2.2.4]. We will then use VSL to prototype World-Wide Virtual Machine (WMAV/M) [2.4], and then use
both to prototype,testand demonstratea set of National or Grand Challengeapplications [2.3]. We will initially
employ the top-down process [2.2.2] methodologywhich facilitates quick formation and publication [2.4.1] of
coarsegrain modules [2.4.3] using the existing Challengesoftware components. Such modulesare then linked
in termsof dataflowchannels [2.4.3] to form compute-webs [2.4.1], accessibléy clients [2.6]. Visual compute-
web editor [2.6.4] will be prototypedin the early stageof the project and then usedto publish both problems
[1.2] and solutions [1.2] for the selectedset of Challengeapplications. This will provide frameworkfor testing
our conceptof the agents [2.5.2] aided collaborativeproblem solving environment. We will start with the most
intuitive WebFlow [2.6.2] paradigmin which usersdirectly employvisual editorsto build compute-welzonnectivity
graphs. A few applicationdomainswill be addressedoncurrently— initially telemedicineand chemistry— and
simpleinstance®f problemsandsolutionswill be identifiedby cross-cuttinghesedisciplinesin termsof emegent
WebWbrk standardsFor example telemedicinedevelopsanimageviewerfor pathologyworkstationand chemistry
usesit to visualize, debugand monitor compute-webdor distributedarray processing. Suchinteroperabilityis
achievedby usingcommonstandardormatsfor all object types [2.4.3] anddocuments [2.4.1] suchasinter-modular
connectionports [2.4.3] and communicationobjects [2.4.3]. In the next stage,we will extendthis approachto
other programmingparadigmsand we will addressbhaseHPCC supportfor intra-modularcomputationin terms
of the High Performance Fortran Coordination Language (HPFCL) [2.6.3] model. Here we will be also able to
initiate and test the bottom~up process [2.2.2] by importing HPCC runtime librariesto the WebWbrk framework.
Aspectsof sucha processaimedat building consistentand completemodulelibraries for selecteddomains,will
be addressedhroughoutthe project and we will attemptto formalize it in the HPCC domainin terms of the
WebScript [2.5.3] protocol. Suchan evolutionarycommonintermediateform would provide anintegrationplatform
for a growing collection of middleware [2.5] protocolsand a powerful, high level programminglanguagebased
frameworkfor publishingproblemsandsolutions. With HPFCL, we will initiate the processof building the HPCC
layer on top of pervasiveWeb technologiestestingit in the specificapplicationcontext, prototyping parallel 1/O
in termsof serverdatabases [2.6.3], and collecting specificationrequirementgor the nextgeneratiormultithreaded
object-orientedcompute-servers [2.4.3], driven by the WebWbrk paradigm. A suite of diversetest applications,
selectedor this project,suchasRSA factoring, telemedicinechemistry,and metacomputingupport,will allow us
to testHPFCL andintegrateit with severalotherhigh level programming/authoringaradigms suchasWebFlow,
Consumer/Produceand Visual Compute-Véb Editor.

2.1.2 WebWork Terms and Concepts

Agent a middleware broker module that facilitates WebWork operation 252

Application a WWWM-runnablecompute-web andits clients 2.3

WebWork for National & Grand Challenges 6 Fox, Furmanski, Chen, Rebbi & Cowie



interconnectedservers

Technical Background and Proposal 21 Project Scope and Terminology
Bottom-Up Process a software process that extractsreusablemodules from applications 2.2.2
Channel a communicatioriine betweentwo ports usedto exchangeobjects 243
Client a Web browseror editor 2.6
Compute-Server evolving Web technologyserver,driven by WWebWbrk computation 243
Compute-Veb a compositemodule given by a dataflownetwork of modules linked 24.1
by channels

Database a server document tree with atomicity, integrity and concurrency 2.6.3
cotrol support

Document Web-viewableinstanceof an object 24.1

Editor a Web browserwith enhanced\ebFlow authoringfunctions 2.6.4

HPFCL (HP-Fickle) coordinationscript and interfacebuilder for HPF modules 2.6.3

Middleware any WebWork modulethat is not a client or part of VWM 2.5

Module computationalunit with specifiedl/O ports and CGl interfaceto a 243
Server

Object an instanceof object type usedby modules asa communicatiorunit | 2.4.3

ObjectType Internet-publicor WebWork-private MIME type 243

Port a channel terminalwith specifiedobject type, publishedby a module | 2.4.3

Problem a publishedcompute-web with missingmodules 1.2

ProblemSolving Environment | a WebWork enabled agents aidedcollaborativeprocessof matching | 1.2
problems with solutions

Publication WWVM-runnablemodule with Web-publishednterface 24.1

Server any Web serverwith database supportor a compute-server 243

SoftwareProcess a V. basedwo-tier (top-down, bottom-up) WWebWork SE process 222

Solution a publishedmodule to be matchedwith a problem 1.2

Top-DownProcess a software process that encapsulateapplicationsas modules 222

Virtual SoftwareLaboratory Web Productivity Tools basedCASE tools that facilitate the software | 2.2.4
process

WebFlow userlevel WebWork dataflowbasedapplication development 2.6.2
environment

Web Productivity Tools any Web softwarethat facilitates\WebWork authoring 221

WebScript WebWork coordinationand managemenfanguagethe associated 253
software process and agents

WebTools an instanceof Web Productivity Tools, developedat NPAC to 223
bootstrapVsL

WebWbrk hierarchicalnetwork of applications andthe associatedoftware 1.1
process

World-Wide Virtual Machine WebWork infrastructurelayer given by an interactivesurfaceof 2.4

WebWork for National & Grand Challenges 7
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Technical Background and Proposal 21 Project Scope and Terminology

2.2 Virtual Software Laboratory

2.2.1 Web Productivity Tools Web technologiesoffer a viable standardizationpublication and productivity
platform for NIl software engineering. Current\Web Productivity Tools include free, low cost or bundled Web
browserssuchasNCSA Mosaic, NetscapeandInternetExplorer,quality HTML editorssuchasHotMetal, Internet
Assistantand WebMagic, databasenterfaces,and early collaborationtools. New generationtools, including
interactiveWeb extensionssuchas Java[Java95]and VRML [VRML95] will offer rich functionality in the area
of text processingmedia authoringand GUIs.

2.2.2 WebWork Software Process As partof the WebWbrk project,we will developVirtual Software Laboratory
— a Web Productivity Tools basedCASE environmenthat will enableWebWbrk software process. VSL tools will
allow to castexisting softwareentitiesto a moduleformat (we call it top—down process), or to developreusable
module libraries (we call it bottom-up process), andto publish it on the Web. Standardizecublication modes
will rangefrom staticexposurejncluding documentatiorand downloadinstructions,to an interactivedemomode,
to the full runtime servicemode. In the latter, full publication mode,a moduleis readyto be pluggedinto any
compute-web and directly participatein distributedWebWbrk computing.

VSL asspecfied aboveis a major effort by itself; it will requirethe involvementof the whole Web community
to succeedresultingeventuallyin a shoppingmall of standardizednodulewarehousesndcompute-welboutiques
for the NII. Within this project, we will proposeinitial standardcandidatesand provide minimal but operational
experimentatiorframeworkto facilitate collective interactiveexplorationof alternativesolutionsand extensionsof
the model.

2.2.3 NPAC WebTools Input for the WebWork/VSL bootstrapwill be provided by WebTools, currently in
prototype at NPAC. WebTools [FoFu95] — a CGl-extendedWeb server accessibleby any standardbrowser—
offerstools for groupwaresoftwaredevelopmentWeb Editor), MIME databasenodelfor the serverdocumentree
(Hyperwbrld Manager) disciplinednavigationthroughthe sourcecodeanddocumentatiorfHyper\World Navigator),
early CASE tools for integrateddevelopmenbof hyperlinkedsourceand documentationvolume (HyPerl World),
and collaborativee-mail support(WebMail). Currently, WebTools alreadycontainsthe baseWeb softwaresupport
requiredto build an embryonicWebWork. Individual tools will be adaptedto WebWbrk requirementover the
summer'95 andthe customizedWebTools packagewill be madeavailableon day one of the project.

2.2.4 WebWork Bootstrap An embryonicWebWbrk will be constructedat the beginningof Yearl by installing

instancef WebTools serverat Boston,CSCandNPAC. This will bootstrapthe initial 3-nodetop level compute-
web, including machinegangingfrom workstations SMP,and MPP to paralleldatabasendvisualizationsystems.
HyperWorld Managerwill offer the initial databasesupportfor the WWVM operation,and HyPerl World CASE

toolswill supportinitial moduleprototypingandpublicationformats. NPAC is responsibldor theWebToolsdelivery

as specifiedabove. Bostonand NPAC will startapplicationprototypingwork in Year1 thatwill enlage the core

WebWbrk by domain-specificompute-websandCSCwill provide softwareengineeringexpertiseén evaluatingthe

embryonicWebWbrk, suggestingmprovementsye-designingand re-implementingits infrastructurecomponents.
By the end of year 1, the WebWbrk bootstrapprocesswill be completed,WebWbrk conceptwill be proposed
in an InternetDraft, and the early WebWork software (WWVM, VSL andinitial applicationprototypes)will be

publishedon the Internetto encouraggormation of new WebWbrk nodes,and to start collaborativerefinement
of the WebWbrk publicationand computationstandards.VSL will evolve accordinglyand consolidatetools for

developmentind managementf applicationmodules(Year2) and reusablemodulelibraries (Year 3).

2.3 Test Applications

WebWbrk’s designand testing requirementscall for a suite of sampleapplications. We considera broad
spaceof applicationsfor the WebWbrk designbut realistically must choosesomerelatively simple examplesto
implementfor test purposes. After somegeneralremarks,we describefour applicationareas- RSA Factoring,
ComputationalChemistry, Telemedicineand MetacomputingCenters- wherewe will apply and thoroughly test
WebWbrk. Otherareas(manufacturingdifferential equationsolver systems)will be usedin WebWbrk designbut

WebWork for National & Grand Challenges 8 Fox, Furmanski, Chen, Rebbi & Cowie



Technical Background and Proposal 23 Test Applications

no major implementationsare included in this proposal. We have always worked closely with applicationsas

illustrated by BostonUniversity’s Centerfor ComputationalSciencewhere scientistsfrom abouttwenty different
departments@nd centershavebeenengagedn over 100 differentresearchprojects,making BU an acknowledged
pioneerin the useof high performancecomputingfor scienceandengineeringapplications.In addition, the recent
book"ParallelComputingWorks" [FMW94] describe®ver40 applicationgdevelopedat Caltechin groupinvolving

Fox (asPl) and Furmanskibeforetheir moveto Syracuse.So our WebWork designcertainly bendits from many
yearsof experiencein analyzingthe softwareand HPCC requirementf large scalesimulations. We note that
severalof the National Challengescombine major computingand information requirementsand so are natural
candidatesor WebWork.

2.3.1 RSA Factoring We will initially testour two-layerprototypewith aninteresting"embarrassinglyarallel”
applicationinvolving the factoring of large (512 bit) numbersusedin RSA coding. We are collaboratingwith the
Bellcore teamthat pioneeredthe factoring by email approachto smaller problemsof this type. We estimatethis
will needaboutone Teraopmonthto completeandwe expectthe publicationmodel of computationto attractweb
usersand so harnesghe many thousand®f workstation/PentiunPC classmachinesneededo addresst.

2.3.2 Metacenter Support The publicationmodelalsolendsitself to supportfor batchcomputingand metered
HPC servicesandis especiallysuitedfor the growingtrendto geographicallydistributedmetacomputecenterssuch
asthe NSF Metacenter WWVM-publisheddescriptionof availablecomputationatesourceganultimatelyinclude
pricing andavailability information. The WWVM layer canincludeclient-sideandserver-siddgools for trackingthe
costsincurredby the nodesof a given compute-weband eventhe exchangeof digital cashfor immediateon-line
payment. More importantly, however, WWVM batch-modecomputingcan help the providersof HPC resources
manageaccesdo andschedulingof thoseresourcesimproving availability and minimizing idle time. This project
will be a major responsibilityof BU and after testingat the ComputationalScienceCenterand NPAC (Syracuse)
in Year2, we will explorein Year3 the use of WebWbrk in the NSF Metacenter.

2.3.3 Telemedicine Our secondtest application for WebWork involves a simplified healthcare(a National
Challenge)problemwhich we havedevelopedat NPAC with the local SUNY Health ScienceCenterwhich hasa
nationallyrecognizedelemedicineactivity. Herewe usenetworkedworkstationsandan MPP (Maspar)to support
imageprocessinganddatamanagemenfor a "pathologyworkstatiorf wherethe suigeonhasa computercontrolled
image capturedevice. We are currently implementingthis with web-interfacedOracle databaseand AVS image
processingnodules.We will useWebWork to implementa full web technologysolution usingthe WebFlowlayer
3 artifact describedin Section2.6.2.

2.3.4 Chemistry Our final examplesare rather different, basedon the NWChemapproachto parallelizationof

chemistry problemsdevelopedat DoE’s Pacific NorthwestLaboratory. NWChem usesa “Global Array” (GA)

abstractiofNHL94], and hasbeensuccessfullyappliedto severalimportantchemistryproblems. GA'’s currently
supportany applicationbuilt on top of full matrix datastructuresandboth BostonandNPAC havemuchexperience
with networkedsolutionsand compiler/runtimeoptimizationfor this problemclassin the caseof Computational
Electromagneticaising the method of moments[CLFMH93]. This problem class can be naively broken into

matrix generation(embarrassinglyparallel) followed by matrix manipulationwith eigenvaluesgquationsolution

and multiplication importantin differentcases.Much of the matrix manipulationis coarsegrain andso suitablefor

loosely couplednetworkimplementation.As mentionedin Section2.6, we will developWebChemasan example
of a domain specific problem solving environment. We will in the last year, link this to a parallel I/O server
(Layer 1 in Section2.4, seealso Section2.6.3) that we are building using web technologyas this will explore-

albeitin a simplified case- the critical link of database$l/O) and computingin WebWbrk. Chemistryproblems
traditionally have major datamanagemenand I/O needsand also require compiler and runtime systemexpertise
offered by this team.

235 Next Steps  Manufacturingis a particularly rich examplewhere NPAC is working with the MADIC

(Multidisciplinary Analysisand DesignindustryConsortium)collaborationinvolving Rockwell, NorthropGrumman
Vought,McDonnellDouglas,GenerakElectric, GeneralMotorsandGeogia Tech. Fox is in particularinvolved (and
is projectPl) in establishingor this NASA project,the NIl requirement$or a future concurrenengineeringconcept
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called ASOP (Affordable SystemsOptimization Process).Aircraft are now built by multi-companycollaborations
with internationalscope;thesevirtual corporationsneedthe collaborativeand networkedsoftwareengineeringand

workflow supportbuilt into VSL. Configurationmanagemenis a critical need. ASOP links a rangeof disciplines
(from manufacturingprocesssimulation,electromagnetisignature aeronauticsand propulsioncomputationlinked

to CAD databaseandvirtual reality visualization)using MDO — multidisciplinary optimization— techniques.The

integrationof conceptualinitial) anddetaileddesignwith the manufacturingandlife cycle supportphasesaturally
requiresthe integrationof informationand computingin WebWbrk. Notethatthe detaileddesignphasecaninvolve

the linking of thousandf separatgFortran) programsin the optimizationprocess- a greatplacefor HPFCL at

Layer 3 (Sec. 2.6.3). Eachdiscipline hasits own approachand interfaceswhich naively implies N translation
programsfor N disciplines. This is partially addressedby the Industry ProductDescriptionStandardPDES/STEP
specificatiorwherewe translateall systemdo a singleintermediateform andso only require2N translators.If our

vision is correct, VRML and STEPwill be megedto a suitableWeb basedstandarddatastructure. Furthereach
discipline is now essentiallyassociatedvith its own interpretediittle languagewhich needsintegrationasin our

proposed.ayer 2 (Sec2.5). We will continueto work with ASOPwhoserequirementglocumentwill be delivered
Septembe®5 and refine its implicationsfor WebWbrk. Fundsoutsidethis proposalwill be soughtfor exploring

the use of Web technologyin ASOP demonstrations.

Notethat ASOPincludesasa subsethe solutionof manydifferentpartial differentialequations Evenby itself,
this subproblenrepresents goodopportunityfor WebWork — for example asthe softwarebackplandor Purdue’s
PDELAB andtheolder(parallel)ELLPACK. Herewe seealittle languagédor specifyingpartialdifferentialequations
and Webtechnology(HPFCL) usedboth for the manydifferentmodulesandinternally to a single solverto control
thedifferentdomainsn moderndomaindecompositioror adaptivemultigrid methods.NPAC is developinga toolkit
with Texasas part of a numericalrelativity grandchallengewhich could useWebWobrk for softwareintegration.

We havedescribeda rich application(manufacturingand partial differential equationsolution) that motivates
and providesrequirementdor most featuresof WebWork. We have also discussed set of simpler applications
which seemrealistic to build using WebWbrk within the requestecdbudget. Naturally we will review the broad
requirementsand specificimplementationsas technologyand our understandingf applicationsevolve, so that we
can modify our plansif needed.

We now proceedvith a moredetailedtechnicalpresentatiomf individual layersin thethree-layeredrchitecture
of the WebWbrk system,followed by the projectimplementationplan.

2.4 Layer 1: WWVM — The World-Wide Virtual Machine

The WWVM is the distributedsoftwareand hardwarebasisfor a publication-basednodel of computationjn
which existing Web serverscollaborateto provide simple, coarse-grainedataflowamongWeb-publishedsoftware
modules.Thecoretechnologie®f this basisarethe existingstandardgor client/serveinteractionanddataexchange
that arenow in commonuse(CGI, HTTP, HTML, MIME). By definingthe primitive mechanism®f publication-
baseddistributedcomputation WWVM providesthe bootstrapfor higher-levelcomputationakervicesof Layers2
("Middleware") and 3 ("Application Environments").

2.4.1 Disgtributed Computation as Collective Publication The WWVM takesadvantagef the observatiorthat
a Web servercan easily take the role of a Web client, requestingcopiesof information from other Web servers
in addition to simply maintaining hyperlinks into their documentspace. In our initial releaseof the WWVM,
publication will enablecomputationin two ways. To establisha simple, coarse-grainedlataflow patternamong
nodesin this graph,or compute-web, serverswill publishdescriptionsof the softwaremodulesthey offer, plus their
"wish list" of unsolvedproblems. Oncethe userhasconstructeda compute-webgxecutingmodulesat eachsite
will usethe URL document spaceasan I/O scratchpad, publishingsnapshot®f internal stateasinput to remote
computationalmodulesas the computationprogresses.

2.4.2 Integrating Current Approaches to Parallelism TheWWVM'’s supportfor effective distributedcomput-
ing is due primarily to its useof the bestunderlyingWeb serverandclient technology— whateverthat may mean
at any giventime. For example,eachof the large computationakervicespublishedby a singlenodemay itself be
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a PVM processinternally, funneling the combinedefforts of an organization-widecomputationalclusterthrough
a single point of publicationin the Web. Becausethe initial WWVM takesadvantageof existing Web servers,
and simple POST/GETrequestdrom the HTTP protocol, userswill be free to augmentthe WWVM with direct
server-servemessage-passirmgotocolsof their own choosing.Fromthe start,this will makethe WWVM anideal
environmentfrom which to launchand monitor PVM computations.

Figure 1 This diagramillustratespoint-to-pointcommunicationbetweenWeb servers,usedto implementa webflow channel
betweencompute-welmodules.Two extremeimplementatiormodesare described:a) basedon today’sWeb servertechnology,
andb) basedn threadmemorymappechigh performancémplementationexpectedn future Web compute-serversSubsequent
steps,representedy a sequencef labelledlinesin the figure, are describedbelow in both implementationrmodes.

a) Today’s Web server mode: (1) — M; locks O; on S disk. (2) — M; sendsPOSTHTTP messageo $; with M, URL in
the headersectorandwith O; URL in the body sector.(3) — S activatesM; via CGI and passe$D; URL asa command-line
amgument. (4) — M, sendsGET methodto S; with O; URL in the header.(5) — S fetchesO; from its documenttree. (6) —
S, sendsthe contentof O; to M, which completesthe GET exchange.(7) — M, savesO; by overwriting currentl, on the S,
disk. If I is locked, M, waits (blocks). (8) — After O; is savedon the S disk, Mz returns’end-of-transfer’acknowledgment
to My which completesthe POST exchange.(9) — M1 unlocks O; and exists.

b) Compute-server (future Web server) mode: (1) - M; locks its memoryobjectO;. (2) - M; checksif socketconnection
to My is in My connectiontable. If yes, go to (5) below. Otherwise,M; connectsto & and sendsM, creationscript. (3) -
S spawnsM; and acknowledges.(4) - M; receivesacknowledgemessageand savesnew socketin connectiontable. (5) -
M getsO; handle. (6) - My writes O; to M> using socketlib calls. (7) - Mz readsO; using socketlib calls. If I, is free,
O: buffer is copieddirectly to I, buffer. If I, is locked, M, createsO; cloneand blocks. (8) - M, sendsacknowledgeo M.
(9) - M1 unlocks O, and blocks.
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2.4.3 Sample Implementation We summarizeour discussiorof the WWVM by presentinga sampleimplemen-
tation of publication-basediataflow primitives. Figure 1 illustrate an exampleof our Year1 and Year 2 releases
of WWVM; two Web servers(S;, $) are engagedn building the datdlow communicationchannelbetweentwo
modules(M1, M). Heavy lines (circles, segmentsdots) representhe WebWbrk dataflow metaphor(modules,
channelsports); thin linesillustrate the implementatiorin termsof existingWebtechnologies Hexagongepresent
CGI modules,while rectanglesepresentinput and output MIME files publishedin the documentireesservedby
S and S,.

The particularactionexposedn Figurelais anobjecttransferalongthe channelconnectingmodulesM; and
M,. Module M; received, asinput andproduce), asoutput. Module M, received, andl; asinputandproduces
0O, and O3 asoutput. ObjectsO; andl, areconnectedsia dataflowchannelandusea commonMIME format. My
hasjust producedO;,, installedit asa MIME documentin the documenttree servedby S;, and notified M, of the
changein its input, using HTTP protocol methodsPOST (to passthe addressand GET (to passthe data).

Figure 1b describesa more sophisticatedmplementationof WWVM dataflow; it showshow current Web
serversawill likely evolvewith the adventof multithreadedand object-orientedext transferprotocols. The stateless
HTTP basedanddisk I/O intensiveimplementationof the WWVM datdlow will resultin high latenciesand will
be mostappropriatefor coarsegrain modules;advancesn theseunderlyingprotocolswill translateinto improved
WWVM computationaperformancethanksto memoryobjectcachesthreadbasednodulesandhigh performance
server-to-servecommunication.

24.4 Layer 1 Bootstrap By theendof yearl we will publishtheinitial versionof the WWVM, in the form of a
CGl scriptpackagdo upgradeexistingWebservers'in thefield." This softwarewill enableanycollectionof existing
Web servers,using nothing more complexthan the existing Hypertext TransferProtocol, to act collectively as a
simple graph-structuredomputationakurface. This releasetogetherwith the softwareengineeringools provided
by the initial Virtual SoftwareLaboratory,will let userspublish existing C++ and Fortrancodesas Web services,
and constructcompute-webdrom a collection of publishedservicesusing coarse-grainediataflow. Installed at

NPAC, BU, and CSC, this softwarebasiswill form an initial WWVM testbed,ntegratingPVM-basedclustersof

workstationswith individual high performancemachinesfor our first Web-basedapplications.

In years2 and 3, we will releaseupgradedversionsof the WWVM to assimilateadvancesn Web server
technologyand protocols. WWVM'’s generalityand performancewill improve aswe addresselatedsubproblems
from distributedcomputing. Theseextensiongatomic primitives, distributedtimekeeping and security provisions)
will be closelyanalogougo existingsolutions;for example a setof atomicprimitivesin supportof multiple-writer
Web pagesmight include atomic pageexchangemigration of single-instancgpagesfrom serverto server,andthe
ability to lock multiple distributedWeb pageswhile they are operatedon asa group.

By deliberatelyincluding only the mostbasicpublishedsolutionsof eachof theseproblemsthe WWVM wiill
help bootstrapthe developmenbf more sophisticatedreatmentghardrealtime,hard security)of Web computation
by existing academicand commercialresearchefforts in those specificfields, while avoiding direct competition
and reinvention.

2.5 Layer 2: Middleware Integration

SimpleWebWbrk applicationssuchasConsumer-Producer discussedn Section3.6.1canbeeasilyconstructed
usingthe standardwo-layer client-serverarchitecture.ln general,however,we will alsoneedmiddlewaresupport
to assureinteroperabilityand fault toleranceof the WebWbrk operation.

25.1 Complexity Thesoftwareindustrycurrentlyoffersseveralcompetingmiddieware standardgor client/server
computing, including OpenDoc, Lotus Notes, SQL databasesTP monitors, groupware,agents,workflow and
distributed objects (CORBA, OLE). The overall picture becomesincreasingly complex and still far from full

openstandardshasedinteroperability. The corresponding/Neb middleware,initially representedy simple rapid
prototypinglanguagessuchas Perl or Tcl, hasbecomesimilarly multi-faceted,including advancedprogramming
models such as Java and VRML (Virtual Reality Modeling Language). Furthermore,advancedapplications
developedvy Nationaland Grand Challengesften comewith their own, domainspeciic “little languages'which

WebWork for National & Grand Challenges 12 Fox, Furmanski, Chen, Rebbi & Cowie



Technical Background and Proposal 26 Layer 3: High Level Environments

contributeto the proliferation of middleware. Finally, the HPCC domainbrings to the table a suite of protocols
suchas PVM/MPI, programmingmodelssuchas HPF and HPC++, and runtime environmentssuch as Nexus or
PCRClibraries, all of which which needto be integratedwith pervasiveand/orindustry standardniddleware.

To carry out the WebWbrk pilot project, we will needto face some aspectsof this complex middleware
integrationproblem. We plan to addresst in two Layer 2 thrusts,based respectively,on agents and a common
intermediateform called WebScript.

252 Agents Initial WebWork testsin Year1 will usesimple 2—layer modelin which Web browsersas clients
interactdirectly with the WWVM servers.However,eventhe simplestuserlevel WebWbrk environment\WebFlow,
will require middlewarelayer as discussedn Section2.6. Supportfor suchintermediateentities, which we call
agents, will be providedfor specificapplicationneeds.The WebFlow agentsmentionedabovesimply compensate
for the mismatchbetweenclient and serverprogrammingmodelsand/or dataformats. We will developsuitable
protocoltranslatordrom WebFlowto Javaand VRML in Year1, andfrom HPFCL to Javaand VRML in Year?2.
We will alsoaddresghe issueof more advanced/intelligenagentsupportfor load balancing,resourceallocation,
automatedproblemsolving support,and CORBA/WebWbrk interoperability.

253 WebScript Advancedagents,suchas thoseusedin the Magic Cap/Telescriptmodel, employ high level
scripting protocolsfor transportationyeplication, negotiationand information exchange. An elegantsolution of
the middlewareintegrationproblem could be constructedby organizing all interoperabilityand higher agentsin
termsof languagestructuresof somecommonintermediateform, andthen makeboth WebWbrk clientsandservers
compatiblewith sucha language.Telescript’'smulti-servermodel, wherethe Magic Cap client is alsoa Telescript
interpreter,already offers such a framework, and Java/HotJavaould be naturally extendedby developingJava
interpreterbasedWebWbrk compute-servers.

We also explored previously a similar methodologyin the MOVIE (Multitasking Object-orientedVisual
InteractiveEnvironment)[Furm94] serverbasedHPF interpretefFFHNS93]at NPAC, anddevelopedan extended
PostScriptsyntax basedlanguage,MovieScript, to integrateselectedcomputationaldomainssuch as windowing
(Motif), networking (sockets)and matrix algebra(Fortran90). MOVIE will be usedin Year 3 of this projectto
packagePCRC runtime libraries as WebFlow and HPFCL modules.

A conceptof a common intermediateform for the WebWork model, called WebScript will be addressed
in the secondpart of this project. Design of a common Web middleware must clearly involve the whole
community. Our limited goal in this projectis to formulate and publish the problem, and to evaluateseveral
solutioncandidatesnentionedabove basedon the lessondearnedin prototypingWebWbrk applicationsaswell as
our previousexperiencevith commonintermediatdanguagdormatsfor multitarget optimizing compilersf CCW95]
and interpreters[FFHNS93].

2.6 Layer 3: High Level Environments

WebWbrk userswill be offereda collectionof high level programmingor GUI basedauthoring environments,
suitablefor assemblingvariousapplicationclassesfrom modulelibraries. We discusshere a few suchuserlevel
environmentshat will be prototypedas part of this project.

2.6.1 Consumer-Producer The simplestnon-trivial compute-webcontainsa single channellinking 'consumer’
and 'producer’ modules. Suchlinks will be often aggregatedo form verticeswith the ’host’ module at the
center, linked to a set of 'node’ modules. Several popular groupwareor/and collaborative settings can be
naturallyimplementedn termsof suitablecompute-webssuchas: a) master-slave basedembarrassinglyparallel’
computationwith a set of producernodesreturning asynchronoushtheir partial resultsto the consumerhost
master;b) project management supportthat allows a consumerostto checkquickly and at any time a collection
of progressreport pagesin a set of producernodes;c) webcast support,e.g. for distancelearning,in which a
producerhost broadcastghe currentdocument(viewgraph,video clip etc.) to a group of consumemodes;or d)
webchat/tel econferencing support,in which the currentchatter/speakebecomesa producerhostusing a dynamic,
transientwebcasttopology.
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We will implementonecomputationallyintensiveconsumer-producét/ebWork application-the RSAfactoring
challenge describedn Section2.3.1. The topology hereis of the master-slavaype, producersare volunteersthat
participatein the challenge and consumeis the core WebWbrk describedn Section2.2.4that collectsthe results.
However,the eventualconsumer’of this project’s’product’ will be a customerof a bankwhosesecurityis RSA-
basedwho will be publicly informedif his/herbankcodecanor cannotbe currentlybrokenby the world’s fastest
computer— the WebWork.

2.6.2 WebFlow Simple consumer-producdlype compute-webgan be easily authoredin termsof today’s Web

browsertechnologies.Indeed,formationof a compute-webvertexrequiresonly a list of participatingnodes,which

canbe easily selectedby the hostuserfrom WebWork 'yellow pages’in termsof conventionaforms/widgetssuch
asmulti-selectablescrolledlists. For morecomplexgraphtopologies,ncluding bi-directionalor dynamicchannels,
hierarchical DAGs or closedloops, we needmore flexible high level compute-webauthoringtools. Dataflow
visualizationenvironmentssuchas AVS [CFFFLM93] or Khoros offer a useful metaphorbasedon the notion of

an active editable computationalgraph, with modulesrepresenteds labelled boxesor icons, and with channels
representeds color codedlines, connectingappropriatemodules. We will prototypetwo instancesf suchvisual

interfaceas part of the WebWbrk projectand we discussit in more detail in Section2.6.4.

WebWbrk dataflowenvironment,or WebFlow, allows WebWbrk usersto design,run, testand monitor coarse
grain applicationsby directly assemblingand interactingwith the active visual graphsthat representompute-web
topology. WebFlowimplementatiorincludesvisual compute-weleditor and agentswhich map betweenuserlevel
andWWVM level compute-weltopologies.Early WebFlow prototypewill be availableby the end of Year1, and
thentestedandrefinedin the contextof metacentertelemedicineand chemistryapplicationsin Year2 and 3.

All Layer 3 programmingparadigmstranslateinto Layer 1 dataflow, so that WebFlow maintains close
correspondencéetweenuser-leveland machineviews of the WebWbrk operation. This graphical approachis
most useful for a small collection of coarsegrain moduleswith arbitrary irregular connectiontopology. On the
other hand, symbolic techniquesare more practical for large but regular compute-webauthoringtasks such as
settinga webcast(in which casethe 'yellow pages’basedselectionis more efficient) or decomposinga massively
parallel application.

2.6.3 HPFCL  VSL will providesupportfor building WebWbrk modulesin severalpopularsequentiaprogram-
ming languagegC/C++, Fortran,Perl,Java). Full HPF supportis beyondthe scopeof this pilot project,but we will
initiate this processby designingand prototypinga minimal subsetof encapsulatetHPF called HPFCL (High Per-
formanceFortranCoordinationLanguage).HPFCL offers the baseHPF supportfor building WebWbrk modulesin
termsof distribution/alignmentlirectives,runtimelibrary callsandMODULE andINTERFACE constructs HPFCL
delegatesall numbercrunchingto pre-compiledruntime library calls and focuseson handlingmodule /O, object
layout and encapsulationAll thesetaskscanbe implementedn the interpretedmodewithout major performance
lossessince high performances guaranteedy the optimized data parallel runtime.

The runtime supportwill be provided by the Parallel Compiler Runtime Consortium (PCRC) [FRSM+93]
[CoHa95]libraries, currentlyin the specificationstage andto be availablein WebWbrk objectand moduleformats
in Year3. Parallell/O is at the momentstill in the researchstageand not plannedas part of PCRCrelease.We
will prototypeparallell/O supportusing WebWork documentdatabaseonstructgdiscussedn Section2.2 and2.4,
and we will combineit with PCRClibraries as part of the HPFCL backend.

HPFCL interpreterwill be designeddevelopedandintegratedwith WebFlowin Year2, and thenintegrated
with the PCRC, parallel I/O and the WebFlow editor, and usedfor building chemistry applicationsin Year 3.
Top/applicationlevel coordinationwill be provided by the visual WebFlow paradigm. For selectedchemistry
objectssuchas Global Arrays, we will also start exploring the issue of WebScriptbasedsymbolic coordination.
This will prepareinfrastructuresupportfor mappinglarge scaledataparallel computationonto meshesof WWVM
compute-serversvhich will be addressedn a follow-on project.

2.6.4 Visual Compute-Web Editor We will bootstragn Yearl, prototypein Year2, andrefinein Year3 avisual
compute-weleditor to supportthe WebFlow programmingenvironment.The year 1 implementatiorwill bootstrap
the WebFlowmodelby reusingandadaptingfor WebWbrk purposes publicly availabledataflowenvironmentsuch
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asKhoros. Khoros'virtual’ moduleswill play the role of WebWbrk agents translatinguservisual designdown to
the WWVM layer. Khoros basedWebFlowwill be usedto prototypechemistryapplicationsin Yearl. In year2,
we will add HPCC supportto this applicationdomainin termsof selectedHPFCL modules.

We will also prototypein Year 2 a Web browserembeddedWebFlow editor, basedon the best available
interactiveWeb technologies.At the moment,the most promising candidateis the Java/HotJavanodel, recently
publishedby Sun Microsystemsand licensedby Netscape.ln a Javabasedvisual compute-weleditor, WebWork
moduleswill be representedis active appletsthat can adopt various visual dynamic forms dependingon user
preferencesndrangingfrom labelledboxesto little simulations.Whenselectedrom a palette/databaselragged-
and-droppednto the active editor area,and linked to the existing compute-web they will instantiatesuitable
modulesand connectionsat the WWVM level. Agentswill be implementedas Javathreadsin the client domain
whichwill enforcereliability and provideconvenienplatform for experimentaith high level servicessuchasfault
tolerance resourceallocation,navigationthroughlarge hierarchicalwebsetc. WebFloweditor will be integratedn
Year 3 with alreadyexisting backendsupportfor the chemistryapplicationssuchas HPFCL modulesand parallel
I/0, and deliveredas a proof-of-the-conceptompletelarge scale WebWork application.

Supportfor URL-icon mappingand drag-and-dropbasedHTML editing is alreadyoffered by Internettools
integratedwith Windows’95 (Internet Assistant, Internet Explorer) and the WebFlow editor will offer a natural
extensiontowardsand integrationwith computation. Active graph basedauthoringwill soonbecomea popular
metaphorfor businesscomputing,for example,in workflow tools for complextransactionprocessingour visual
WebFlowauthoringtools will eventuallybe complementedy the next generationrcommercialdesktopproducts.
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3 Project Organization and Implementation

3.1 Teaming ThePI's haveactivelydiscussedhis projectsincethe endof 1994;in thattime, we haveestablished
an excellentcollaborationwhich builds on our commonexpertisein HPCC and parallel compilertechnology. As
discussedn Sec. 2.1, the virtual softwarelaboratoryis designedto supportgeographicallydistributed software
developmentand we intendto testthe VSL by utilizing it fully throughoutthe courseof our projectas described
previouslyin Section2.2.4andbelow in Section3.2. The teammembersare alsowithin easyair travel rangefor
conventionalface to face meetings,so we expectthis teamto form a successfutollaboration.

The team brings together expertisein a wide range of applications[PCW94] [BCLL92] and software
[FFHNS93] at both messagepassingand high level (data parallel) compilers[CCW95] [BCFHR93] [ChC092]
[LiCh91] [LuCh91] for a rangeof HPCC architecturesand approachegFFHNS94] during the last 10-15 years.
Furtheras describedin the last section,we have developedsubstantialkexpertisein the World Wide Web with in
particularaninitial setof toolsfor softwareengineeringmail, file managemerandhyperworldnavigation[FoFu95].
Furtherwe have usedand extendedthe Web technologyfor useon the New York state-funded.iving Textbook
[MFCM+95] projectwhich links the parallel serversat NPAC via NYNET [DJWF+95]to six K-12 schools.

3.2 Collaboration Plan WebWbrk is a collaborativeprojectthatwill developanddelivertoolsfor collaborative
problem solving. We will apply similar bootstrapprocessas discussedpreviously in the software domain to

establishan efficient collaborationspacespanningNPAC, Bostonand CSC. NPAC will deliver WebTools to the

group, forming a core WebWork as describedin Section2.2.4to be usedinitially to exchangeand accumulate
early softwarecomponentsanddesignelements.The goal of the first critical year of the projectis to bootstrapthe

systeminfrastructure(WWVM, VSL), developearly applicationdemonstrationsprototypethe publicationmodel

andpublishbaseWebWbrk to initiate Internet/\\eb discussion.Initially, eachsite will focuson oneapplicationtask
andall siteswill collaborateon the infrastructuretask, coordinatecoy CSC.NPAC will focuson telemedicineand

Bostonon Metacomputingsupport. After forming andtestingan embryonicWebWobrk, two collaborativeapplication
taskswill be alsoinitiated: Chemistry,sharedby Bostonand NPAC, and RSA factoring, sharedby Boston,CSC
andNPAC. After thefirst year,geographidocationis expectedo play a decreasingole and variousshiftsin task
assignmentsvill be naturaland plausible. Detailed planningbeyondthe first yearis difficult due to the following

unknownfactors: a) WebWork publicationwill generatdfeedbackfrom the Web communityand turn part of the

core WebWbrk into an 'event driven’ operationmode; b) early applicationdemoswill likely attractdevelopers
from individual domains. New infrastructuretasksfor the core WebWork in Year 2 are: parallelI/O, middleware
(e.g. Java)and HPFCL. ParallelI/O will be sharedbetweenCSC and NPAC, middlewarebetweenBoston and

NPAC, and HPFCL betweenall threeteams. Year 3 will be focusedon integrationandfinal delivery andthe task
assignmenwill be naturally determinedoy the expertiseof individual teams,developedduring Year1 and 2.

3.3 Timelines and Deliverables

Year Virtual Software Laboratory Sec.
1 WebTools basedvVSL boostrapcompleted 224
2 Developmentand managementools for applicationmodules 2.6.2
3 Developmentand managementools for reusabldibrary modules 2.6.3

Year World-Wide Virtual Machine
1 Designandimplementationof the NCSA HTTPD basedWWVM 24.4
2 Supportfor parallell/O 2.6.3
3 Selectedcompute-serveextensiontests(HTTP-NG, Javaetc.) 243
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Year Middleware Integration
1 IntegratingJavaand VRML with WebFlow 25.2
2 IntegratingJavaand VRML with HPFCL 25.2
3 IntegratingPCRCruntime libraries with WebFlowand HPFCL 253
Year High Level Environments
1 WebFlow— modulewrapperlibraries, link with externaleditor (Khoros) 2.6.2
2 HPFCL interpreter,integratedwith WebFlow 2.6.3
3 WebFlowandHPFCL integratedwith WebWbrk Editor 2.6.4
Year Application Demonstrations
1 RSA Factoring,Chemistryand Telemedicinen WebFlow 2.3.1
2 Chemistry,Telemedicinein HPFCL, MetacomputingTestsat Bostonand NPAC 3.2
3 Chemistryand Telemedicinewith WebFlow Editor, Metacomputingn NSF Metacenter 3.2
3.4 Facilities

We can leverage substantialparallel computing and high-speednetworking infrastructure[Podg94]. At
Syracuse this includesNYNET [DJWF+95] - the state-wideATM network with double OC3 wide-arealinks.
We are currentlythe major userof NYNET with a setof projects(Virtual Reality, Datatransport,Collaborationand
Video-On-Demand)undedby RomeLaboratorythe Stateof New York andNYNEX. High Performanc&omputers
at NPAC includearangeof modestsystems- SGI Challenge)]BM SP-2,CM-5 from Thinking Machines nCUBE?2
and a Maspar,plus a numberof workstationclusters(DEC Alpha, SGI, IBM) supportedby high speednetworks
(ATM LAN, switchedFDDI). Most of thesefacilities are funded by the Stateof New York as part the InfoMall
[FBIM+94] program. As part of NYNET activities, NPAC hasintegratedATM and ISDN technologyinto its
networkinginfrastructurewhich alsoincludesthe FDDI backboneanda direct T3 link to the Internet. Diversity of
NPAC resource®ffersan excellenttestbedor the metacomputingpplicationof WebWbrk. Also notethatNYNET
links NPAC to the Cornell Theory Centerand so to the NSF Metacentetinfrastructure.

The computingenvironmentat BostonUniversity hascontinuedto grow and now includesa 64 node CM-5,
an 8 processoiSGI PowerOnyx compute/graphicserver,numeroushigh performanceworkstations,an advanced
graphicslaboratorywith animationand video productioncapabilities HiPPl and FDDI high performancenetworks
in additionto universalEthernetconnectivityanda 10Mb per secondconnectionto the NSFnetbackbone.Starting
later this yearandcontinuingthroughthe secondhalf of 1996, with supportfrom a major NSF grant,BU will phase
in our next generationsupercomputindacility to replacethe CM-5. Although we havenot finalized the selection,
we aretargetinga 96 to 128 nodemachinewith a peakperformancen excesf 60 Gflopswith at least12 Gbytes
of memoryand 100 Gigabytesof high performancedisk. The collection of facility clearly forms a metacomputer
and would enablethe testing of WebWbrk.
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4 Glossary of Acronyms

ASOP — Affordable SystemsOptimization Process

AVS — Application Visualization System

CAD - ComputerAided Design

CASE — ComputerAided Software Engineering

CCl — CommonClient Interface

CFD — ComputationalFluid Dynamics

CGl — CommonGatewayInterface

CORBA — CommonObject RequestBroker Architecture
DAG - Directed Acyclic Graph

GA - Global Array

GUI — GraphicalUser Interface

HPC — High PerformanceComputing

HPCC - High PerformanceComputingand Communications
HPF — High Performance~ortran

HPFCL - High Performance-ortran CoordinationLanguage
HPFI — High PerformanceFortran Interpreter

HTML - HyperText Markup Language

HTTP — HyperText TransferProtocol

MADIC — Multidisciplinary Analysis and Design Industry Consortium
MIME — MultipurposeInternet Mail Extension

MDO — Multi-Disciplinary Optimization

MOVIE — Multitasking Object-orientedvisual Interactive Environment
MPI — MessagePassinginterface

MPP — Massively Parallel Processing

NIl — National Information Infrastructure

NPAC — NortheastParallel ArchitecturesCenter

OLE - Object Linking and Embedding

PCRC - Parallel Compiler Runtime Consortium

PDE - Partial Differential Equation

PDES/STEP - Industry ProductDescription Standard

PNL - Pacific NorthwestLaboratory

PSE — ProgramSolving Environment

PVM — Parallel Virtual Machine

RPC - RemoteProcedureCall

RSA — Rivest, Shamirand Adelman public cryptographyalgorithm
SGI - Silicon Graphics,Inc.

SMP — Symmetric Multiprocessing

SQL - StructuredQuery Language

SUNY - StateUniversity New York

TP — TransactionProcessing

URL - Universal Resourcelocator

VRML - Virtual Reality Modeling Language

VSL — Virtual SoftwarelLaboratory

WWVM — World-Wide Virtual Machine

WWW — World-Wide Web

WebWork for National & Grand Challenges 18 Fox, Furmanski, Chen, Rebbi & Cowie



Bibliography 5

5 Bibliography

[BCFHR93] Bozkus, Z., Choudhary,A., Fox, G., Haupt, T., and Ranka, S., “Compiling HPF for Distributed
memoryMIMD Computers”,in The Interaction of Compilation Technology and Computer Architecture, Kluver
AcademicPublishers1993. http://www.npac.syr.edu/HPFF/Fortran90D/book.ps

[BCLL92] Bhatt, S., Chen,M., Lin, C.Y., andLiu, P., “Abstractionsfor ParallelN-body Simulations”, Scalable
High PerformanceComputingConferenc SHPCC’92), Williamsbuig, Virginia, April 1992.
http://cs-www.bu.edu:80/faculty/mcchen/publication.html

[BGWSHC95]Beckman,P., GannonD., Winnicka, B., SussmanA., Haupt, T., and Cowie, J., “PCRC Distributed
Data DescriptorsSpecification— Draft 0.4”, PCRCReport, February27, 1995.
http://aldebaran.npac.syr.edu:1955/CCDDspec/ver0.4/DDD.ps

[CCW95] Chen,M., Cowie, J.,andWu, J., "CRAFT: A Frameworkfor F90 Compiler Optimization."CPC95,5th
Workshopon Compilersfor ParallelComputers.Malaga, Spain,June1995, http://cooperate.com/docs.html

[CFFFLM93] Cheng, G., Faigle. C.., Fox, G.C., Furmanski,W., Li, B. and Mills, K., “Exploring AVS for
HPDC Software Integration: Case Studies Towards Parallel Supportfor GIS”, in Proceedingsf the 2nd
Annual InternationalAVS ConferenceThe Magic of Science: AVS 93, Lake BuenaVista, Florida, May 1993.
http://www.npac.syr.edu/PROJECTS/PUB/wojtek/hpsin/doc/avs93.ps

[ChC092] M. Chen, M., and Cowie, J., "Prototyping Fortran-90 Compilers for Massively Parallel Machines,"
ACM Symposiumon ProgrammingLanguageDesignand Implementation(PLDI), June1992, SanFrancisco,
California, http://cs-www.bu.edu:80/faculty/mcchen/publication.html

[CLFMH93] Cheng, G., Lu, Y., Fox, G.C., Mills, K., and Haupt, T., “An Interactive Remote Visualization
Environmentfor an ElectromagneticScattering Simulation on a High PerformanceComputing System”,
Proceeding®f Supercomputingd3, Portland,Oregon,1993. ftp:/ftp.npac.syr.eduMS/electromagnetics.ps.Z

[CoHa95]Cowie, J., andHaupt, T., "CommonRuntime Supportfor High Performancd-ortran:, ParallelCompiler
Runtime Consortium,April 1995. http://cooperate.com/PCRC/DDDF

[DIWF+95] McDermott,S.G.,JohnstonW., Ware,B., Fox, G.C.,Lunn, M.S., Kalos, M.H., Graniero,J.A., Davis,
l., “The NYNET UpstateCorridor: A High-PerformanceComputingand CommunicationdNetwork”, White
Paper,Jan1995. http://www.npac.syr.edu/users/hariri/publications/whitepaper/wiite.h

[FBIM+94] G.C.Fox,E.A.Bogucz,D.A.Jones K.Mills, M.Podgornyand K.A.Hawick, “InfoMall: A ScalableOr-
ganisatiorfor the Developmenbf High Performance&Computingand Communication$Softwareand Systems”,
in Proc. HPCN 1994, Munich, GermanyApril 1994. Volume 2, PP137.http://www.infomall.og

[FFHNS93] Fox. G.C., Furmanski, W., Hornbeger, P., Niemiec, J., and Simoni, D., “Towards Interactive
HPCC: High PerformanceFortran Interpreter”, Demo at the Supercomputing’93Portland, Oregon, 1993.
http://www.npac.syr.edu/PROJECTS/PUB/wojtek/hpsifi/hpml

[FFHNS94]Fox. G.C.,FurmanskiW., Hornbeger, P., Niemiec,J.,andSimoni, D., “ImplementingTelevirtuality”,
in Applications of Mirtual Reality, British ComputerSociety, ComputerGraphicsand Displays Group, 1994.
http://www.npac.syr.edu/PROJECTS/PUB/wojtek/hpsin/doc/tvr.ps

[FMW94] Fox, G.C., Messina,P., Williams, R., editors, Parallel Computing Works, Morgan and Kaufman 1994.
http://www.infomall.og/npac/pcw/

[FoFu95] Fox, G.C., Furmanski, W., “WebWndows: Motivation and Application to Distributed Comput-
ing”, talk and WebTools demo presentedat the CRPC Annual Review, Houston, TX, March 22, 1995.
http://kayak.npac.syr.edu:20058WTools.html

WebWork for National & Grand Challenges 19 Fox, Furmanski, Chen, Rebbi & Cowie



Bibliography 5

[FRSM+93] Fox, G.C., Ranka,S., Scott, M., Malony, A.D., Browne,J., Chen,M., ChoudharyA., CheathamT.,
Cuny, J., EigenmannR., Fahmy,A., Foster,l., Gannon,D., Haupt, T., Karr, M., Kesselman(., Koebel,C.,
Li, W., Lam, M., LeBlanc,T., OpenShaw,)., PaduaD., PolychronopulousC., Saltz,J., SussmanA., Wigand,
G., Yelick, K., “Runtime Supportfor High PerformanceParallelLanguages” Supercomputing’93,
ftp://minerva.npac.syr.edu/PCRC/supercomputing9tip;//aldebaran.npac.syr.edu:1955
For a recentreport, see[CoHa95].

[Furm94] W. Furmanski, “MOVIE — Multitasking Object-oriented Visual Interactive Environment”, in
Fox, G.C., Messina, P., Williams, R., editors, Parallel Computing Works, Morgan and Kaufman 1994,
http://www.npac.syr/edu/PROJECTS/PUB/wojtek/hpsin/movie.html

[Java95]Java/HotJav&rogramming.anguageand Web Browser,Alpha ReleaseApril 1995, http://java.sun.com.

[LiCh91] Li. J., andChen,M., "Compiling communication-Hfcient Programsfor Massively ParallelMachines,"
IEEE Transactionon Paralleland Distributed Systems pp. 361-376,July 1991.
http://cs-www.bu.edu:80/faculty/mcchen/publication.html

[LUCh91] Lu, L.C., M. Chen,M., "ParallelizingLoopswith Indirect Array Reference®r Pointers,"4th Workshop
on ProgrammingLanguagesnd Compilersfor ParallelComputing,SantaClara, California, August,1991.
http://cs-www.bu.edu:80/faculty/mcchen/publication.html

[MFCM+95] Mills, K., Fox, G., Coddington,P., Mihalas, B., Podgorny,M., “The Living Textbookand the K-12
Classroomof the Futurée, .http://www.npac.syr.edu/projects/Ith.

[NHL94] Nieplocha, J., Harrison, R.J., and Littlefield, R.J., “Global Arrays: A Portable’'Shared-Memory’
ProgrammingModel for Distributed Memory Computers”,Pacific NorthwestLaboratory,in Proceedingof
Supercomputing’94http://www.emsl.pnl.gov:2080

[Podg94]Podgorny,M., “NortheastParallel ArchitecturesCenterComputationalFacilities”,
http://minerva.npac.syr.edu/ME1/PUB/infra2/infra2.html

[VRML95] Virtual Reality Modeling LanguageForum: http://vrml.wired.com

WebWork for National & Grand Challenges 20 Fox, Furmanski, Chen, Rebbi & Cowie



WebWork: Integrated
Programming Environment Tools
for National and Grand Challenges

Marina Chen James Cowie
Geoffrey For Wojtek Furmansk:
Claudio Rebb:

CRPC-TRY95614
June 1995

Center for Research on Parallel Computation
Rice University

6100 South Main Street

CRPC - MS 41

Houston, TX 77005

Also available as SCCS-715 from the Northeast Parallel

Architectures Center at Syracuse University.



