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1. Introduction

Mark Weiser[1952-1999]0f the ComputerScience_ab at Xerox PARC, is widely regardedas
thefoundingfigure of thefield knownas"ubiquitouscomputing.” First enunciatinchis ideasin
1988,heenvisaged world with largenumbersof wirelesscomputingdevicesper personwith
thedevicesspanningvide rangesof sizeandcapability. In his vision, ubiquitouscomputingis
inspiredby "social scientistsphilosophersandanthropologists;” "its highestidealis to makea
computersoimbeddedsofitting, sonatural,thatwe useit without eventhinking aboutit."
Althoughrelying uponwirelesscommunicationsit "is notthe samething asmobile computing,
norasupersehor asubset.”Rather jt represents "third wave"of computing,supersedinghe
erasof the mainframeandof the desktopPC, heralding'the ageof calmtechnologywhen
technologyrecedesnto the backgroundf ourlives. [1-3]"

Thereality subsequertb Weiser'suntimely demisehasbeenanythingbut calm. Today’s
informationworkeris confrontedwith the badgestablets,andwhiteboardghatWeiserworked
with, alongwith awide arrayof PDAs, pagersmobile phonessmartcardssensorsactiveand
passiveradiofrequencyidentification tags(RFIDs),aswell aswirelessmice, keyboardsand
otheraccessoriesDevicesarecommunicatingpverdataandtelephoniowired links aswell as
ultrasound]nfraredAdapter(IrDA), andvariousformsof radiofrequencyprotocols,including
802.11(Wi-Fi), 802.15.4(Zigbee),Bluetooth,Ultra Wide Band(UWB), andwireless
telephony/datatandards.Increasinglyactiveresearchnto mobile ad hocnetworks(MANETS)
anticipatesaworld containingmobile usersdevices andsensorsengagingn complexand
shifting relationshipg4].

Theconnectiorbetweercomputingandcommunicatings now well establishedhowever the
multiplicity of devicesandmeansof communicationandthefactthatmanytechnicallyidentical
systemsareoperatedaspartof manageriallyisolatedsystemshasled to clinicianswith belts
bristling with handheldelectronicequipment. Counteringthis complexityareeffortsto merge
multiple capabilitiesinto fewerdevices— mostnoticeablyin the effort to combinePDAsS,
mobiletelephonesandpagersaneffort oftenreferredto by the singleword convergence
"Smartphone’PDA/phonehybridsof the 1990swerecommercialffailures,but therecently
introducedHandspring/Palnireo 600 hasbeena solid successandotherfirms arerushing
similar productsto market. Distinctionsbetweertechnologiesareblurring: originally devised
for therobusttransmission of data,Internetprotocolsareincreasinglyusedfor voice
communicationgswell (aswith "Voice-over-1P,"or VolP). As of thiswriting, severafirms are
poisedto introducemobiletelephoneshatinvisibly switch-off betweer802.11andcell
telephonynetworksasthe usermovesabout.

ThelnternetandWorld Wide Webhavedemonstratethe advantagegandrisks) of integrating
informationresource®n feweruserinterfacesandfewerdevicesyetinformationworkers,
including cliniciansandbiomedicalresearchersemainconfrontedwith informationappliances
thatseemneedlessiywumerousnon-standardizedomplex,andnon-interconnectedAmong
thesedisconnectedslandsremainsthe onetechnologythatcomesclosest(if still remaining
distant)from Weiser’sview of a calmubiquitoustechnology— the humbletelephone.The CIA
World Factbookestimateghatthereareatleast186million mainlinesin usein the US, and
over615million in therestof theworld. Surelythetelephonds oneof the mostubiquitous
informationappliance®n the planet. It's very ubiquity, andthe dichotomywe commonlymake
of voiceversusdatacommunicationmay haveblindedusto its further potential.



ProjectASKLEPIOS(Accesdo ServicesandK nowledgemultiLingually, Everywhere,
Portably,in OpenSource)is a collaborativeeffort with SunLaboratoriesandothersto explore
anddeveloptoolsandframeworksfor ubiquitouscomputingin biomedicine focusingupon
serviceghatcanbebuilt with networkservershandheldlevicesandthetelephonenetwork.

2. Project Objectives

The ASKLEPiIOSprojectdrawsuponlessonsn strategylearnedirom the World Wide Web, as
inventedby Berners-Leandextendedy work at NCSA [5]:

1)

2)

3)

Theuseof opensourceandopenstandarde€ncourageacceptancajnleasheshe creative
talentsof alargecommunityof developersandcanleveragepre-existinginformation
systems.Useof platform-andvendor-neutrastandard$iaveplayedcrucialrolesin the
evolutionof the Internetandthe Web; it is difficult to imaginethesesystemsarisingfrom a
proprietarycorporateculture. Two of the mostimportantcontributionsof NCSAto the
Webwereits forms-basediserinterface(thefirst inexpensivesystemallowing rapid
developmenof cross-platforngraphicaluserinterfacesandthe CommonGateway
Interface(CGl, thefirst of manywaysof hiding existingservicesdbehindawebinterface),
whichtogetherallowednumerougre-existinginformationservicego be broughtquickly
to wide useovertheInternet.

Intelligentintegrationof existingtools andstandard€anhavea synergisticeffectupon
their utility, andis aninnovationin its ownright. TheearlyWebbuilt itself uponexisting
conceptandstandardgnetworkedhypertext, SGML-baseddocumenmarkup,a multitude
of multimedia standardsandinventedoutrightwith well-consideregarsimony(therewere
numerousexistingmodelsfor HTTP).

Simplicity is critically importantin the widespreadcceptancef atechnology. Berners-
Leeknewwhatcompromisingsimplifications to make(droppingthe notion of bi-
directionalanchorsandsimplifying SGML, for example).

In the spirit of theseguiding principles,thefollowing four prototypesystemsarebeing
developed:

1)

2)

3)

ASKLEPiOSserversontainingthe following asHTTP servicesa simpleUnicode-based
multilingual clinical vocabulary;multilingually-capable speeclsynthesisandrecognition
systemgusedonly with Englishin this stageof the project);and,a simpleroboticchat
serviceprovidingacces$o NLM onlineresources.The ASKLEPiOSserversalsoprovide
AccessGridvideoconferencingools,andanInternettelephonyserver(baseduponthe
Sessiorinitiation Protocol,or SIP).

Novel gatewaygo anestablishedibiquitouscommunicatiordevice— thetraditional
telephonga servicesometimeseferredto asthe"Publicly SwitchedTelephoneNetwork,"
or PSTN).

A prototypewirelesshandhelddevice,the SNAKE (Small Network-Accessiblek nowledge
Engine),basedupona commercialpersonabdigital assistan{PDA), runningLinux andX
windows. The SNAKE suppliesthe usualpersonamanagemeribols andotherfeatures
expectedf a PDA (calendar, TO DO" list, addresdoo0k, calculatorgamesaudiomemo,
handwritingrecognition,...) aswell as802.11bwirelessinternetandWorld Wide Web
access.It alsohasa SIP clientandAccessGrid-compatiblaudioandvideo conferencing
tools,which alongwith accesso the ASKLEPiIOSserver allow real-time
videoconferencingaccesso speech-enablegpplicationsandmulti-modal audio(802.11



andPSTN,SIPandnon-SIP)communication.

4) A prototypeinformationretrievalservicebasedn the ARK (Archival Resource&ey)
persistentdentification schemd6]. This system Jayeredon top of PubMed,demonstrates
oneapproacho theimportantbut unsolvedproblemof howto dealwith the degreeof
permanencef digital informationobjects.

3. Significance

Theconsolidatiorof informationserviceson smalldeviceswill leadto fewerpiecesof hardware
encumberingisersmorereadyaccesso informationwhenandwhereit is neededandto an
increasedikelihood thatexistingandfuture serviceswill besynergistically integrated.lIt will
allow newformsof serviceto arisethatwerepreviouslyimpractical,including easierclinical
consultationdetweerhighly mobile physiciansandremotemedicalservicesdbeingguidedby
ancillary care-giverr theill themselves Portablepersonalizedieviceswith visualand
speech-basedterfaceswill provehelpfulin deliveringhealthcareto anincreasingly
multicultural andmultilingual society. Suchplatformswill providemanynewopportunitieso
disseminatédNLM’s informationresourcesn moreusefulways.

4. Project Components

This projectreliesupontheintegrationof opensourcetools capableof runningunderthe Solaris
and/orLinux operatingsystemspn non-mobileSunworkstationsandon the ARM-based
HP/COMPAQIPAQ PDA. Numerougoolswereevaluatedor useanddiscardedn favor of the
toolsdiscussedhere.

4.1 Software Applications

4.1.11CPC Multilingual Collaboratory (IM C)

ThelInternationalClassificationof PrimaryCare(ICPC)is a clinical classificationcontaining
726c¢linical conceptsavailablein over20languagesaugmentedby links to ICD-10
conceptg7, 8]. Developedoy workersatthe University of Amsterdamunderthe aegisof the
World Organizatiorof Family Doctors(Wonca),|ICPCis employedn clinical information
systemsn severaEuropearcountries. In its original incarnation contentexistedin numerous
different(mainly PC-specific)kcharacteencodingswhich wasfoundto adverselyaffectdata
managemenguality control,andportability. Therelatively smallsizeandmultilingual content
of ICPC providedthe perfecttargetfor demonstratinghe applicationof the Unicodetext
encodingstandard9]. ThelCPCMultilingual Collaboratory(IMC) is aweb-based
collaboratory(baseduponthe useof our webkitWorld Wide Webenvironmentseebelow)with
threeinterfacesl) a password-protecteeditorial interfacewhich instantiates hierarchical
authoritymodelandcommunicatiorchanneldor review, control,andadditionof translations; 2)
anopenlyaccessibleead-onlyinterfacewith emailaccesdo the editors(providing public access
andanotherevel of contentreview); and,3) amanagemennterfacefor the system
administrator [10].

4.1.2Internet-Based TeleconferencingTools, the MBONE, and the AccessGrid

Althoughmostusersemploythe Internetfor one-to-onecommunicationsits earlydevelopers
realizedits potentialfor one-to-manyandmany-to-manyommunicationgswell, settingaside



oneof IPv4’sfive addresxlassegD) for the purposeof "multicasting.” In the multicastworld,
an|P addressepresentsot a specifichost,but ratheranabstracentity knownasa "session,'in
which multiple hostsmay participate. Whenusedproperly,multicasting allowsfor amuchmore
efficient useof networkbandwidth(for example a party sendinga video streamto n other
partiesneedonly sendout onecopy of the streamwith copiesbeingreplicatedat routersonly
whereneededo feeddownstreanviewers). In the 1990s few routersweremulticast-capableso
avirtual multicasting networkknownasthe MulticastBackbong MBONE) wascreatecby
runningmulticasting softwareon specifichosts("tunnels")andpassingnulticasttraffic between
them,encapsulatedithin conventionalP packets. Tunnelsandbridgesarestill employed
todayto connecto multicastprogramsrom hostsotherwiseunableto employmulticast(many
ISPsdo not enablemulticastserviceson their networks).

Two particularcentersof excellenceappearediuringthe MBONE decadegdevelopingtoolsto
supportmultimedia networkconferencingpnewasat the DOE/UC LawrenceBerkeley
Laboratory(LBL), andthe othercenteredbn JonCrowcroftandhis MultimediaResearclGroup
atUniversity CollegeLondon(UCL). Two of thetwo toolsdevelopedvithin thesegroupshave
provensousefulandstablethatthey haveoutlivedthe MBONE, havebeenportedto many
platforms,andcontinueto serveasthe coretools of the AccessGrid11], the currentcutting-
edgenetworkmulticasting initiative. The AccessGridgoroject,headquarteredtthe DOE
ArgonneNationalLaboratory(ANL), encouragethe creationof speciallyequippedoomsfor
videoconferencingwith featuressuchaslarge-screeuisplaysandrobotically controlledvideo
camerasandhasprovidedserverandclient softwareto manageé'virtual venues,'enablingthe
managementf participantssharedsoftwaretools,andsecurity. Hundredof AccessGrid
"nodes"havebeenestablishedcrossheworld. At its core,AccessGridstill employstwo of the
MBONE toolsdescribedelow (rat andvic) for audioandvideo conferencing.

Notethatthesetools aredesignedor truereal-timeconferencingin eitherunicastor multicast
mode. Unlike the morecommonly-usedtreamingmediatools,in which bufferingcanbe used
to allow TCPto correctlostanddamagednternetpacketsthesetools employthe non-error-
correctingUserDatagramProtocol(UDP) to transmitreal-timedata,employingcleverstrategies
to amelioratdost data. Methodsfor robusttransmission andbandwidthreservatiorareboth
activeresearchopicswithin the Internetcommunity.

4.1.2.1Robust Audio Tool (rat)

TheRobustAudio Tool (rat) wascreatedat UCL for the purposeof audiocommunicationand
complieswith theITU umbrellastandardH.323. It reliesuponthree(IETF-standardized)
protocols:Real-TimeProtocol(RTP) for audio[12], Real_TimeControl Protocol(RTCP)for
controlcommunicationsandMessag&us (MBUS) for communicatiorbetweertheinterface
andaudiocomponents It supportanultiple unencumberedudiocodecqincludingITU G7.11,
the GSMtelephonycode,andLPC, uniqueto the MBONE community). It containsmechanisms
for bothsender-basegkpair(redundantransmission [13, 14]) andamelioration(packet
interleaving[15]) andreceiver-basedepair(silencesubstitution, packetrepetition,andpattern-
matchingrepair). It alsoincludesa strategyfor protectionagainstproblemsin the scheduling
algorithmsusedby UNIX andWindows[16], andtriple-DESencryptionfor secure
conferencing.RTCPallowsthe gatheringof participantlists andreceptionquality reports,and
MBUS allowsrat to be controlledby anotherprocesgfor example conferenceontroltools or
applicationswhich synchronizespeecho lip motionin ananimation). ANL hasfurther
enhancedat by addingAES encryption.



4.1.2.2Video Conferencing Tool (vic)

Originally developedy the Network ResearclGroupat LBL, in collaborationwith the
University of California, Berkeley,vic wasfirst releasedssourcecodein Novemberl994[17].
It wasmodified extensivelyat UCL to makeit easierto developalongsiderat, to supportiPv6,
to repairvariousbugs,andto addsupportfor additionalvideo codecsyideo capturedevicesand
hostingplatforms. It is compliantwith ITU standard$d.261andH.263,and,like rat, hasbeen
portedto awide numberof platforms. (Notethatpopularproprietaryvideo conferencing
systemssuchasNetmeetingandiChatareH.263-compliantput areplatform-specific hon-
interoperableandalsofrequentlyhaveproblemswith firewalls). ANL hasfurtherenhancedic
by addingAES encryption.

4.1.2.30ther UCL tools

The UCL groupdevelopedthermulticast/unicast conferencingoolswhich, althoughnot
currentlyusedby ASKLEPIOS,maybe usefulin future: awhiteboardwbd originally
developedy JulianHighfield of LoughboroughJniversity,andcompatiblewith the LBL-
developedvb) ashared-texeditor (nte), andatool allowing advanceannouncemerdandjoining
of multicastsessiong"sessiordirectorytool,” or sdr) UCL alsodevelopedhatranscodefor rat,
which allowsunicastparticipantgo join a multicastgroup,or which translatedetweendifferent
codecseingusedby participantsvho areusingdifferentcommunicatiorbandwidths.

4.1.3Brazil (Web Application Framework)

Brazil is awebservicedramework,written in the object-orientedanguage,Java,developedy
StepherUhler of SunLaboratorie§18]. At its corelies alightweightthird-generationVeb
serverthatcanbeeasilylayeredon top of existingservicespy meansof writing of small
modularJavaprogramsknownas"handlers." Brazil allows cleanseparatiorof document
contentfrom its presentationandfacilitatesthe productionof compactandreadablecode,
throughtheuseof HTML andBrazil ScriptingLanguageBSL). It is particularlywell suitedfor
this project,asa numberof the othercomponentsrewritten in Java,its creatoris our
collaboratorandwe areemphasizingross-platformengineeringractices.

4.1.4Sphinx (SpeechRecognition)

Sphinxarosefrom a multi-yearDARPA-fundedresearctprogramat CarnegieMellon
University. Sphinx1 appearedh 1988,establishinghe HiddenMarkovModel(HMM)
approachpreviouslyconsidereccomputationallyinfeasible at the forefrontof speech
recognitionresearch19,20]. CMU releasedphinx2 in 2000,alongwith acoustiomodelsfor
both EnglishandFrench. Nearlythreeyearslater,sphinx3 wasreleasedwhich wasslowerbut
moreaccuratghansphinx2 [21]. Sphinx4, ajoint projectbetweerSunResearct.aboratories,
Mitsubishi ElectricResearcth.aboratorieMERL), andHewlettPackard HP), with
contributionsfrom the University of Californiaat SantaCruz (UCSC)andthe Massachusetts
Instituteof Technology(MIT), wasa completere-write of the systemjn Java[22]. The
architectureof sphinx4 wascarefully consideredallowing it be be betterintegratednto other
systemsandallowing partsof it to be usedindependentlyof thewhole.

Sphinxis describedasareal-time,large-vocabularyspeaker-independesgpeeclrecognition
system. It reliesuponfour sourcef informationto performits task:1) anacoustiomodel;2) a
languagemodel;3) a pronunciatioriexicon;and4) anoptional"noiseword" dictionary,usedto



filter out breathingcoughinglaughing,andothernon-languag@oises. Sphinxis suppliedwith
well-established@cousticandlanguagemodelsfor recognizingsolateddigits anddigits spoken
ascontinuousspeech(TI46, TIDIGITS) andfor recognizinga 60,000word vocabularybasedn
broadcashews(HUB4), aswell asmodelsof intermediatesize,includingonesbasedn 5,000
and20,000word vocabulariegsirawnfrom the Wall StreetJournal( WSH5K, WSH20K).
Pronunciatioriexiconsmustbe constructednanually,but a numberof opensourceexicons
exist,includingthe CMU Dictionary.

An acoustiamodelis constructedy recordingmultiple speakergronouncingext thatis similar
to thatwhichis to berecognizedater (atotal recordingtime of 50-100hoursis generallyused).
It is segmentedysuallyatthe sentencéevel, andsuppliedto amodelingsystemalongwith the
correspondingext. SphinxTrainis anacoustidraining environmensupportingsphinx(2, 3, and
4) [23]. Incomingspeechs transformednto a seriesof vectors("features")representing
characteristicef thesound. This allowsthe constructiorof agraphof all possiblefeature
sequencem theentirelanguagaunderconsiderationywhich canbe associateavith probabilities
of occurrencarawnfrom thelanguagemodel. Audio containingspeeclthatis to berecognized
is processedh the samemanneraswith thetraining setdata,andthenits featuresarecompared
to thegraphof theacoustiomodel. The HiddenMarkovModelis thusa sortof giantsearch
problem,seekinga matchbetweertheinput featuresandthe acousticnodelgraphwith the
highestassociategrobability. An acoustiomodelactuallyoperatesatthelevel of arbitrary
units, which canbe phonemesdgiphonestriphoneswords,... asappropriatedo theword corpus
to bedealtwith (for examplefor the TIDIGITS acoustiomodel,individual phonemesre
recognizedywhereador mostlargermodels triphonesareemployed).

A languagamodelis constructedrom a substantiaketof written materialsimilar to the
languagehatis to berecognizedandenablesiseof eithera BNF grammaror (morecommonly)
an-gram(usuallytrigram) statistical approactio aid in word recognition— which alsoserveso
disambiguatdhomonymg"to," "too," and"two," for example). CMU providesanonlineservice
which acceptsa sentenceorpusfile andreturnsa setof lexical andlanguaganodelingfiles
suitablefor sphinx[24].

4.1.5Festival/Flite/FreeTTS (SpeechSynthesis)

Festivalis amultilingual (British, American,SpanishWelsh)speech-synthes{d ext-to-Speech,
or TTS) systemdevelopedat The Centrefor SpeechlechnologyResearctiCSTR),University
of Edinburgh[25-27]. Writtenin C++,it featuresseveralAPls which allow accesgrom the
UNIX shell,SchemeC++, JavaandEmacs. It employsdiphone-basedaveformsynthesis.It
alsoprovidesaninterfaceto therelatedVI BROLA projectof the Polytechnicalniversity of
Mons,Belgium[28], which aimsto providetext-to-speeclsynthesizergor asmanylanguagess
possible(andwhich offersvoice databaseandtoolsfor addingforeignaccentandemaotionto
synthesizedpeech).MBROLA is not availablein source put binariesor manyplatformsare
availablefor non-commerciahndnon-military use. Festivalis commonlyusedin conjunction
with anMBROLA binaryandvoices,asmanypreferthefinal stageprocessingresynthesis")
andvoicesthatMBROLA supplies. FestivalMBROLA haveenabledthersgroupsto create
synthesizers$or otherlanguagegfor example German29]). FestivalcanemploySable,an

XM L-basedspeectsynthesisnarkuplanguagevhich attemptso reconcileseverabpreceding
proto-standards.

Theflite ("festival-lite") programis writtenin C, andis alighter-weightsibling to festival,
suitablefor usein embeddedpplicationsandon smallerdevicessuchastheiPAQ [30].



FreeTTSs aJavaderivativeof flite, developedy the SunMicrosystemd aboratoryteamthat
helpedcreatesphinx4 (seeabove)[31]. It attemptso combinethe moreefficient algorithmsof
flite with themoreflexible architectureof festival A technicalreportclaimsthataftercode
optimizations, FreeTT Sachievedexecutionspeeddwo to four timesfasterthanthe C-based
flite [32].

4.1.6ALICE Chatbot

ALICE (Artificial Linguistic InternetComputerEntity) is anautomatedhatrobot,devisedby
RichardWallace[33]. It wasinspiredby the Eliza program anearlyexperimenin natural
languageprocessindNLP) written at MIT by JosephVeizenbauni34]. Althoughthe system
hastwice wonthe LoebnerPrizefor artificial intelligence,contemporarworkersin bothAl and
NLP would denythatit is representativef eitherdiscipline:it reliesuponasimple
guery/responsmodelusinganalgorithmdrivenby textualpatternmatching,basedupon
laboriouslycreatedpatternswritten usingthe XM L-basedArtificial IntelligenceMarkup
LanguaggAIM L) [35]. It hasspawnednuchancillaryactivity, suchaswebsitesthatcharge
"botmasters'to hosttheir personalized\IM L-driven chatbot436], andcommerciakervices
which providelip-synchronizedanimatedchatbotavatard37], including onepaid servicewhich
servedo tutor peoplein English[38]. Layingasidethe ambitiousclaimsmadeby its author,
ALICE doesprovidea naturalfocal point for demonstratinganddeployingspeectservicesand
providesfor webinterfacesandthe ability to interactwith othersoftware. ALICE is instantiated
in atleastfive currentlymaintainedndependenprogramswrittenin Java,PHP/MySQL, C++,
PascalandPerl. We employed'ProgramD," writtenin Java.

4.1.7PhoneStation(Computer Telephony Systen)

PhoneStation39], developedy collaboratorStepheriJhler, comprisesa hardwarecomponent
(the SPARCstation-to-telephoriaterfaceModule,or STIM) anda softwarecomponent
(PhoneScriptanextensiorto thetcl scriptinglanguagd40]). TheSTIM connectghe
workstationaudiosystemto a singletelephondine, andPhoneScripallows oneto write
sophisticateaaomputer-drivertielephonyserviceqwhich canincludespeecksynthesis)suchas
accesgo online servicesandinformation,andvoice-menuingsystems.Uhleris currently
consideringhe developmenof athumb-sizedJSB telephonenterfacethatcouldbe usedto
replacethe useof the STIM; this interfacewould be platform-independen(asis tcl), thus
enablingtheuseof PhoneStatioon mostcomputingplatforms.

4.1.8SIP Server and Clients

Sessionnitiation Protocol(SIP)is anIETF-developedignalingprotocolfor "Internet
conferencingtelephony presenceeventsnotificationandinstantmessaging41,42]." It does
not carryaudioor multimedia content(thatis doneusingotherprotocols,suchasthoseusedby
vic andrat), it simply enablecommunication.SIPis aninterestingcase-studyn protocol
designdrawingheavilyfrom pre-existingwebconventionssuchasHTTP andthe useof URL
syntax.

SIP ExpressRouter(sen [43], is anexcellentfreeRFC3261-complian8IP server;it is capable
of actingasa proxy, registrar,or redirectserver(theseservicesareusedby callersto locateone
anotheroverthe network),offersmanyotherSIP-relevanservicesandis capableof interacting
with awide variety of otherSIP products providinga PBX-like capabilityfor Internet
telephony.
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The SIP clientlinphoneis availablefor theiPAQ in ipkg format.

4.1.9Asterisk(TelephonePBX)

Asteriskis softwarefor Linux thatcreatesa PrivateBranchExchanggPBX) for telephone
communication$44]. It wasreleasedsopensourceby its author,Mark Spencepof Digium, a
companywhich manufacturemterfacecardswhich allow a PCto be connectedo asingle
phoneline, or to aggregatedorms of telephoneservicesuchasE1l andT1 lines. Asterisk
supportsvoice-over-IPvia multiple protocols(H.323;SIP; MediaGatewayControl Protocol,or
MGCP),andbridgesVolP protocolsandtraditionaltelephonyequipmenusingthe Inter-
AsteriskeXchangeprotocol(IAX). It supportslO differentaudiocodecsandnumerous
telephonyandcall features.Asteriskrunningon a simplePC canprovidesophisticated
telephoneservicedor hundredsf usersata smallfractionof whattraditionalpurpose-built
PBXscost. It's enormousapabilitycomesat a priceto the programmerhowever:four different
APIls, all complex.

4.1.10ARK SystemPrototype

The ARK systemprototype(http://ark.nim.nih.gov) providesa front-endto the PubMed database
(andemploysPubMeduniqueidentifiers),illustrating onevision of a crediblepersistentligital
objectidentification service. Conceivecat NLM, ARKs arebeingmostactivelyimplementecht
the CaliforniaDigital Library (CDL, http://ark.cdlib.org/), with additionalexperimentation
underwayat the University California,the World IntellectualPropertyOrganizationWIPO),
RutgersUniversity Libraries,andthe InternetArchive. Open-sourceoftwarethatmintsand
maintainsbindingsfor ARKs will bereleasedy the CDL in Septembe2004.

The ARK namingschemesasesupportfor persistentdentification of informationobjects. The
coreprinciple of the ARK is thatpersistencés purelyamatterof service,andis neitherinherent
in anobjectnor conferredonit by a particularnamingsyntax. The mostthatcanbe expectedf
anidentifier is to leadusersto serviceghatsupportpersistence Theterm ARK itself refersboth
to the schemeaandto anysingleidentifier thatconformsto it.

An ARK definesatriplet of URLsthatconnectaisersto threethings:

1) Whentypedinto thelocationfield of awebbrowserthebaseARK leadsthe userto the
namedobject

2) ThatsameARK, followed by a singlequestionrmark ("?"), returnsa brief metadatarecord
thatis bothhuman-andmachine-readable.

3) Followedby dualquestionrmarks("??"),the ARK returnsa statemengaboutthelevel of
persistenc@romisedby the providerthatis currentlyproviding servicedor theidentifier.
LP The ARK schemadliffers from the PURL, URN, andDOI scheme$45] in thatthe ARK
schemeaecognizeghattwo kinds of namingauthorityaffectpersistencethe original
assignenf namegqthe namingauthority)andthe currentprovider(s)of mappingservices
(suchasname-to-objecthame-to-metadatandname-to-commitment) andactualcontent.
Theremaybemanyconcurrentand/orsuccessivenappingservicesaswell asactualobject
holders. Overtime, the original namingauthorityandits policieshavelessandlessto do
with the currentobjectholdersandmappingservicesandtheir policies. In the contextof
our prototype NLM is actingasthe mappingprovider,but becausenostof thereferenced
objectsareheld elsewhereNLM hasno commitment to the objectsthemselvesandso
NLM’s internalpermanenceatingscannotbe appliedto the objects.
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4.1.11Ancillary Computing Infrastructure

Whendealingwith alargenumberof disparateandcomplexsoftwaresystemsandadding
locally developedsoftwareinto the mix, it is crucially importantto developareliablediscipline
for documentingarchiving,andretrievingwork thatis done. While usingthetoolsrcs andcvs
whereappropriatefor versioncontrol of individual files, we alsohavedevelopedocal
infrastructureto standardizéhe UNIX environmen{Commorlser Environmentor cue), and
we haveworkedwith the Applied Research.aboratoriesat the University of Texasat Austin to
extendtheir depotsharedsoftwarerepositorysystemto install softwareasnetwork-sharable
package$46-48]. This systemfacilitatesstandardizatiomf the developmenenvironmenby
allowing the samepackagdo be suppliedto depotclientsfrom a singledepotserver. Multiple
versionsof a givenpackageareallowed,eachpackagas installedin its ownfilesystem
hierarchyfor easymanagemenandremoval,anda servercanoffer files for multiple hardware
andOStypes. Everydepotpackageas accompaniethy a README.LOCAL file, with a
standardizetheadedescribingthe packageaswell asdetailedinstallation instructions. We
currentlyhavein excesf 700individual softwarepackagesnstalledon our maindepotserver.

Ourgroupwebservicegely uponwebkit documentatiomnda setof Bourneshell scriptswhich
install andconfigurea fully-featuredweb server basedentirely uponopensource suitablefor
useasaresearclplatform. Althoughthe principalcomponent®f webkitarethe Apacheweb
serverf49], the PHPserver-sidescriptinglanguagg50], andthe MySQL relational
databas¢bl], the packageentailsover90 distinct softwarepackagesall installedindependently
asdepotpackages A numberof higher-levelwebapplicationshavebeenbuilt ontop of webkit
including IM C, butalsoincluding softwarearchive which allowsusto catalogdepotpackages
which arestoredoffline, in asearchablenanner.

4.2 Platforms & Operating Systens

4.2.1SunWorkstations

Mostof this work hasbeendoneon SunUltraSPARC2 and60 computerssoonto be upgraded
to SunBlade2000and2500machines.

4.2.2Solaris & Java

The SunworkstationshavebeenoperatingunderSolaris2.8 and2.9 (soonto be 2.10),and
carefully keptup-to-datewith respecto securityandperformanceyatches.The systemsavean
up-to-dateJavaenvironmentsupplementetdy numerouslavapackagesequiredby this project,
suchasthe JavaMediaFramework.

4.2.3PC (i86) Hardware
We employeda Dell DimensionXPSR400(Pentiumill).

4.2.4PC OS & Developrent Software

TheDell PCwassetup asa dual-bootmachinewith Linux (7.3, laterupgradedo 9) and
WindowsXP. This host,runningunderLinux, wasusedbriefly in the early stageof installing
Linux ontheiPAQ PDAs (usingthe minicom-2.00.0-3erminalemulator).

Thehandhelds.orgite provideda pre-builtgccbasedARM cross-compilefor thei86
architecturereferredto asa"tool-chain.” ThisrunsunderLinux onthe PC,andis required
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whencompilingfrom sourcecodeto createPAQ binaryexecutabldiles.

4.2 5WirelessHandheld iPAQs
The PDA hardwareconfigurationconsistef:

1) HP/COMPAQ PocketPCH3870. Features240x320backlit color LCD screen32 MB
SDRAM, 16 MB flashmemory,SmartDatgSD) cardslot, andIrDA andserial
(synch/asynchgxternalinterfaceqshippedwith: MicrosoftPocketPC,v. 3.0.11171Build
11178(winCE)).

2) HP/COMPAQ Dual Slot PC CardExpansiorPack

3) SimpleTechDigital MediaCompactFlaslkcard,128MB

4) 802.11bWirelessPCCard:LucentOrinocoGold Card

5) WinnovVideumCamTraveller2.0Video Camera& PCcard

TheiPAQ wasselecteecaus®f its uniqueexpandability andstrongsupportfor Linux and
opensourcesoftwarefor it. The Dual Slot PC CardExpansiorPackprovidesadditionalbattery
power,in additionto connectiondor the802.11bandvideo PCcards. The CompactFlasitard
allows storageof the Microsoft PocketPC operatingsystem prior to its removal.

4.2.6Familiar (Linux for ARM devices)

Numeroudifferentapproachebavebeentakenwith respecto embedding-inux in small
deviceg52], andit is foundin varioustypesof handheldandtabletcomputersmobile andIP
telephonesiobots,AV andautomotiveequipmentandevena wristwatch. Numerous
commercialPDAsemployLinux, manyof them(over 25 asof this writing) documentedby
LinuxDevices.conj53]. Themostcommerciallysuccessfubf theseis likely the SharpZaurus.

Severalersionsof Linux existfor theiPAQ ARM-basedPDA. A full versionof DebianLinux,
knownasintimate is availablebut consumes minimum of 140MB of spacewhichwould
requirethe useof microdrive (for which thereis no sparePCslot). Theolder,more
parsimonioud.inux versionknownasfamiliar fits in 16 MB of PDA flashmemory[54].
Amongits principalfeaturesjournalingfastfile system2 (JFFS2)to acces$-lashmemory
(important,asit alsoattemptgo distributereads/writescrosghis limited-lifetime memory
form); secureshell(sshd; anti-aliasedlrue Typefont support;integratedPython,PyGitk,
PyGDKImlib; considerabldinary/librarycompatibility with Debian’sARM distribution; and,
softwarepackagesupportthroughipkg (basedn the Debianpackagananagementnodel). It
canbeinstalledwith oneof two interfacesthe X Windows-andGTK+-basedGPE, or the
Qtopia-base®pie

Althoughdevelopedandmaintainedoy aloosely-knitcommunityof opensourcedevelopers,
familiar hasreceivedconsiderablsupportfrom workersat HP LaboratoriesCambridgewho
alsohelpmaintainthe handhelds.orgvebsite.

5. Discussionof Current Statusof Work

5.1ICPC Multilingual Collaboratory (IM C)

ThelCPCMultilingual Collaboratory(IM C) is completeandoperationalandfinal correctiongo
its online documentatiormreunderwayasof this writing. The penetratiorof Unicodeon
commonlyusedcomputingplatformswaspoorwhenthis work beganput progressed
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remarkablyduringthe courseof thework. Theread-onlyinterfacefor examininglCPC content
usesserver-sidaJnicodecapabilityto produceGIF files representingext, allowing any GIF-
capableNebclientto displayanyof its 20+ languagestegardles®f local Unicodesupport. The
editorialinterface howeverrequiresclient-sideUnicodesupportin orderto edit ICPC content.
We spentconsiderableffort in locatinganddocumentingappropriatevebclientsandediting
toolsfor eachof the principal platforms:PC/Windows,Macintosh/MacOS,andUNIX. In the
caseof UNIX, we collaboratedvith ThomasWolff, authorof the minedUnicodetext editor,to
helpaddsupportfor editing Chinese/Japanese/KorearheIM C systemis availableonline
throughthe EmergingTechnologiessroup(ETG) website: http://etg.nlm.nih.gov/project/icpc/.

5.2 ASKLEPIOS Server-BasedSystens

Thefollowing serviceshavebeeninstalledandtestedon non-mobileSunworkstationsthe
webkitWebresearclplatform (andotherancillaryresearchnfrastructureoutlinedearlier);the
IM C system;the ser SIP server,vic andrat; the FestivalandFreeTT Sext-to-speeclsystems;
the sphinx4 speech-to-texsystem;and,the Javaversionof the ALICE chatbotsystem.

ASKLEPiOSemploysBrazil to providewebinterfacedor variousservicesjncluding: FreeTTS
sphinx4, andALICE. Forexampleonecanpassextwithin aURL to the FreeTTBrazil
service andreceiveanaudiofile in return,containingsynthesizedpeech.We havedevised
AIML files for ALICE to instantiateASK a chatbotcapableof describingour researclactivities.

Our collaboratorStepheriJhleris handlingall of thework relatedto the AsteriskPBX system.
Althoughit conventionallyrunsunderLinux, heis portingit to Solaris. He is investigatingthe
feasibility of providinga muchsimplerdevelopmenéenvironmenfor it, by layeringa
parsimonious?honeScriplike commandanguageon top of Asterisks complexAPls, andis
attemptingto extractpartsof Asteriskfor independentise.

Giventhelack of agoodSIP clientfor SPARC/Solarisnachinesye havebeencollaborating
with the currentmanagingauthorof the Java-base&IP Communicatoapplication(Emil Ivov),
to try to getit working. If this effort is unsuccessfulve hopeto usecodecurrentlybeing
extractedrom the AsteriskPBX systemby Uhler.

5.3SNAKE Handheld WirelessDevices

We installedfamiliar with the X Windowssystemand GPE userinterface usinga complex
multi-stagebootstrappingrocesswhich we documentedhoroughlyon our groupwebsite [55].
We arethefirst groupto documentaninstallation methodrelying entirely uponLinux andopen
source(othersiteshavedocumentediseof a WindowsPCto sendbootstradiles to theiPAQ).
Startingwith version0.5.3,we havesinceupgradedo 0.6pre 0.7 pre-releaseandfinally 0.7.2.
Usingipkg, we supplementethe baseinstallation with variousotherapplicationssuchasthevi
editor,vic, rat, andthelinphoneSIP client.

Therat audiotool requiredmodification,to: 1) makeits graphicaluserinterfacefit ontheiPAQ
screenand,2) makeits audiocomponentvork properlywith the ALSA audiodriver (this work
is in progressasof this writing).

We arecurrentlyexperimentingwith installation anduseof a JavaVirtual Machineon theiPAQ,
whichwould openup opportunitiego useJavaaudiocapturetools, FreeTTSandpartsof sphinx
4.
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6. Evaluation & Discussion

In theinstanceof IM C, the working systemwasclonedto a Linux serverin Amsterdamand
presentedo aninternationally representativpanelof ICPCeditorsatanICPCworkshopthere
in June2004. Workshopattendeesgreedhatthe systemwould likely producea striking
improvemenin theefficiency of their work in maintainingandextendinglCPC. It is intended
thatour Amsterdam-basecbllaboratorswill takeon supportof the systemasit enters
productionmode;we havediscussegblansasto howtheycould evaluateheimpactof IMC in
formal publishablegerms,throughdocumentinghe ratesat which newtranslationsare
contributedandcompletedtherateat which errorsaredetectecandrepaired andthrough
assessmentd changesn theawarenesanduseof ICPC.

ARK researctanddevelopmenis mostactiveatthe CDL, andevaluationof thetechnologywill
beleft to thatgroup.

With the exceptionof IM C, thework describecdereis still atthe proof-of-concepprototyping
stage. In this stage the questiongo beaddressefbr eachcomponentre,in order:

1) Doesthis systemwork acceptablyatatechnicallevel?
2) Isthissystemsomethinghatl would like to useroutinely?

3) Isthissystemsomethinghatotherswould like to useroutinely (and,if so,in whatsortof
applications)?

As component®f ASKLEPiIOSprogresdeyondthe prototypestage theywill beappliedto

real-worldsituations wherethe meansof evaluationwill vary asappropriate.

Initial technicalassessmemtf theiPAQ yieldedmixedresults. Thedeviceitself, suitableasa
prototype,is still too physicallyunwieldyto deployfor routineuse. Thevideoframerate
remaindow — approximately6 fps, with detectabldatencywhich couldinterferewith some
applicationsvhereaudioandvideo mustbetightly synchronized.Videoimagesareof rather
poorquality, andhighly sensitiveto lighting conditions. Audio quality hasvariedwidely
dependinguponwhich wirelessnetworkwasin use;usinga CiscoAeronet350802.11bbase
station,we observedatenciesrom 500to 1500msecwhichis unacceptabléor telephonic
communications However,usinganearlymodelApple Airport basestation,we observedlear
audiowith latencieswvell underthe usualcutoff for acceptabilityof 250msec. We werenot able
to determinethe sourceof latencyin the Ciscosetup,a taskwhich maybe muchmoredifficult
now dueto recentchangesn managemendf local wirelessnetworks(seebelow). Work on SIP
andspeechapplicationgs still attoo earlya stageto makehelpful assessments.

We haveidentified andcontactedseverabthergroupsthathaveexperimentedavith the
familiar/iPAQ platform. USC/ISIconductedesearchnto military surveillanceapplicationsof
the platformunderDARPA fundingin 2000-2001with anemphasi®n poweranalysismaking
importantcontributionsto the softwarefor this device[56]. The"Baby GRASS"project[57],
hasusedit to runa GeographicalnformationSystem(GIS/GRASS).HainingLiu of theVideo
overlP Groupin the Schoolof InformationandComputerScienceat University of California,
Irvine, gotvic andrat operatingasa pilot project[58]. MotorolaLaboratoriesaspartof their
Internet2 initiative, attemptedo integratePAQsrunningvic andrat with AccessGrid
nodeg59]. NeitherlSI norLiu nor Motorolaaddressetheissueof therat userinterfacenot
fitting properlyontheiPAQ display,andrat audiowasmadeto work by installing analternative
audiodriver, potentiallybreakingotheraudioapplications.
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Althoughthereareexcellentopensourcepackagesor dealingwith facsimile (fax)
transmissions, we havechosemotto includefax serviceswithin the ASKLEPiOSframework,as
we considerfax technologyasbeingrapidly eclipsedoy moreefficient networkequivalentqit
couldbeaddedn futureif this evaluationchanges).

Earliersectionof this reportmayleadsomereaderdo concludethatwe believethattelephony
hasa strongfuture. In fact, althoughwe believethattelephonicfunctionality (voice
communicationhasa strongfuture, we foreseghe disappearancef thetelephonen its current
form, asthe mergerof computingandcommunicationgontinuespral communicationsvill
becomantegratedwith othermodalitiesof informationexchangen awide variety of physical
devices. As with mostsuchtechnologicakhifts, thetransitionperiodwill be markedby the
newertechnology(the computer)mitating the older (telephony) asdo mostcurrent"SIP
telephone'sets;overtime, thefull flexibility of computertelephonywill berevealedo usersby
softwareapplicationghatdeviatemorefrom the establisheadtonventionof traditional
telephony andintegratethemselvesnto the othermultimedia capabilitiesof the underlying
computingplatform. Giventhe hugeinstalledbaseof traditionaltelephonesetsaroundthe
world, this transitionmay takemanyyearsto complete pccurringfirst in wealthierareasof the
world. PhoneStatiormndAsteriskprovidea pathwayfor the largeexistingtelephone
infrastructureo beintegratednto this transition.

With consumerandindustrial-gradeeommercialspeechrecognitionsystemsavailable why use
sphinX Therearecompellingreasonsinostof themrelatedto thefactthatit is opensource.
First, it is multi-platform, andnottied to specificcomputinghardware.Work built uponit will
bemorewidely usable. Secondproprietarysystemgresentyou with their own fixed language
models. Mostconsumer-gradsystemsallow theseto be supplementetyy trainingfor an
individual speakerbut you cannot createanunderlyingspeaker-independentodelof your own
design,andthe onesthevendoroffers maynot be satisfactoryfor a givenapplication.Third,
work built usingsphinxis unencumberedndfreely sharablemakingit moresuitablefor
collaborativeresearchandensuringanstablepathforwardin time (whichis morethana
hypotheticalconcernasdemonstratetdy the collapseof industryleader_ernoutandHauspie).
Finally, commercialystemsarenot modular— you cannot pick off component$or embedding
within otherapplications.

7. Potential Applications

Potentialapplicationsexistat the levelsof the computeroperatingsystem applicationsoftware,
andhumanactivity.

Mobile wirelessInternet-connectedeviceswith speechnterfacesvould beaboonto the
disabled andto physicianavho work with handsoccupied(asfor pathologistandsurgeons).
Theywould havemyriad applicationdor emergencyesponsgersonnel.Thereis muchneed
for thedevelopmenbf goodunencumberedross-platformserver-sideandclient-side(perhaps
Javaapplet-mediatedyvebcontentreaders.

A singlehandheldvirelessdevicethatcanactasatelephonepager Internetaccesslevice,and
videoconferencinglatformcouldreplacethe currentcollectionof clinical belt-line accessories.
It would allow integrationof informationresourcesndmeansof actionin amannemow
difficult: for examplejt would bemucheasietrto tie togethera specificpatientwith that
patient’selectronicmedicalrecordandalist of care-giversalongwith thevariouswaysin which
thosecare-giversanbe contactedemail, SIP or conventionatelephonyetc.). NLM databases
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couldbeaccessettia typedinput or speechandoutputobtainedastext or spokenanguage.
Full telephonyservicescouldbe providedover802.11networks with 802.11-to-PSTNbridging
providedvia PhoneStatioror Asterisk (bypassingherecurringservicefeechargedy pending
commercial802.11/PSTNnobile phoneservicedor useof theirinternalproprietarybridge).

Dataunderlyingthe PDA-like serviceqcalendarsaddressooks,"TO DO" lists, ...) of the
hand-heldnternet-connecte8NAKE could be maintainedon a single,securewell managed
(backed-upxentralserveron the network,andsynchronizealynamicallywith copiesonthe
SNAKE, with no actionrequiredon the partof the user.

Themultimedia capabilitiesof a properlydesignedSNAKE would improvethe quality and
coherence®f clinical training,asbedsideroundscould now integratecommentsandimagesfrom
radiologists pathologistsandotherswho arepresentlyseenat othertimesandplacesmaking
their findings moreclearandcompellingthroughtheirimmediacy. Partof aresident’smorning
roundsdutiescouldbeto preparducid summarie®f literaturefindingsthatcouldbeintegrated
on-the-spotvith a particularpatient’sclinical findings andlaboratoryresults,in amannerthat
couldbesharedoy everyonepresenin the palmof their own hand. Radiologists pathologists,
andothersarealreadyarchivingimages sometimeswithin their formal reports,anda
multimedia platform couldretrievetheseimageson demandn anylocationneededto be
integratedmorenaturallyinto teachingrounds family conferencesyr collegialdiscussions By
freeingup physiciangrom thetyrannyof proximity, clinical consultationsouldbe moreeasily
arrangedandfollow-up discussionsnorefrequent.

We employtheiPAQ asa SNAKE prototypebecauséts expandabilitymakest a convenient
researclplatform. Theframeworkof toolsenvisagederewill beof valueregardles®f the
physicalformatof thefinal device. Although someof the applicationsamay run suboptimally on
today’sequipmenispeeclrecognitionmaybe slow,imagespoor),evolutionin processor,
display,andcameraechnologywill rapidly catchup.

8. Plansfor Further Work

Our primary outsidecollaborator StepheriJhler, is concentratingpn evaluatingAsteriskand
developingtoolsfor handlingaudiousingthe SIP andinter-Asteriske XchangglAX) protocols
on SolarisandLinux. Inventorof theBrazil frameworkandPhoneStationhe providedthe
striking SLIM demonstratiorfdiscussedbelow)andhasbeenhelpingusto developa Brazil
handler-basedebinterfacefor sphinx We haveconcentratedn developingtheiPAQ SNAKE
prototype,dealingwith Internet-basedideoconferencingyorking with sphinx anddeveloping
biomedicalapplicationghatutilize NLM resources.

8.1 Clinical Evaluations of SNAKE Prototype & Computer TelephonyApplications

The SNAKE prototypecurrentlyin useis impractical,in partdueto its unwieldy backpackwith
external802.11cardvideocameraandvideocard,but alsodueto its sluggishperformancdor
conferencingandits limited batterycapacity. In early August2004,HP announce@ newiPAQ
model,clearlyintendedto competewith the Treo 600 phone/PDAhybrid. Theh6315employs
the XScaleARM chip, whichis doublethe speedf the processom the modelwe currentlyuse;
it containstwice thememory(64 MB SDRAM, 64 MB FlashROM), contains302.11bsupport,
andsupportBluetooth. It alsoservesasa mobile phone supportingthe Global Systemfor
Mobile CommunicationgGSM) protocolandthe associatedeneraPacketRadioService
(GPRS aprotocolfor datatransferusingmobile telephoneswith atheoreticalmaximumspeed
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of 171.2kbps). Theinitial serviceproviderwill be T-Mobile. Mostimportantlyfor this project,
it hasa built-in camerawhichis beingadvertisedasa still cameraputwhich (we areassuredy
colleaguest HP Laboratoriesill be capableof video. Onelimitation is thatthe cameradoes
not appearto beaimableindependentlyf theiPAQ case sothatthe devicemaystill notbe
optimalfor videoconferencingWe would like to replaceour currentiPAQ platformwith this
model(thusdispensingwith the externalPC cardbackpackwe currentlyrequireto support
802.11andvideoservices).Althoughstill far from the optimaldevicefor ASKLEPiIOS,sucha
devicewould bedeployablen realisticclinical settings. (In future,we cananticipatetherelease
of bothincreasinglycapablehandhelddevices andalsoof betterwirelessservicessuchas
"Enhancedataratesfor GSM Evolution," or EDGE,a componenbf forthcoming"third
generation'GSM servicespr 3GSM, which offersthreetimesthe dataratesof GPRS).

Pendingcorrectionof problemsin our ARM cross-compileenvironmentwe will completeour
modificationsto therat audiotool, encapsulatéheresultsinto anipkg packageandsharethis
thehandhelds.orgommunity. We will completetestingof the SIP client, linphone In the
intermediatéerm,we will install andtesta Asterisk-compatibléAX audioclientbeing
producedy our collaboratortUhler. The SNAKE platformwill bethetargetof several
experimentsn speechnterfacedesign(discussedbelow).

In thelongerterm (12-18months,dependinguponhow quickly familiar andtherestof our
iIPAQ softwareenvironmentanbetransferredo thenewHP 6315)we will attemptto evaluate
the SNAKE in aclinical environment.We areengagedn discussionsvith membersof the
Departmenbf InternalMedicineat the University of California, SanFranciscowith respecto
executingclinical assessmerstudiesof thedevice. The currentlyenvisagedtudydesign
(subjectto furtherelaboration)s asfollows:

Hypothesis:
Theuseof hand-heldvideo conferencingsancontributeto improvedremotesupervisiorof
residents/nursdsy the"physicianof record"at momentsvhenhe/shecannot be physically
present|eadingto improvedhealthcare.

Methods:
Eightteamsof residentswill bedividedinto two groups. The controlgroupwill conduct
themselvessusual,relying mainly on telephoneconversationsvith "physiciansof record"
whensuchphysicianscannot be presenfor direct patientevaluation(asat night, or when
the physicianis atanothersite). Thetestgroupwill employSNAKESfor such
conferencesjsingencrypted02.11wirelessvideo-teleconferencingver UCSF’sclinical
virtual privatenetwork(VPN). Thephysicianwill employa desktopcomputemwith rat and
vic. Thestudywill continuefor a periodof betweerb and12 months.

EvaluationCriteria:
This useof the SNAKE will be evaluatedaccordingo thefollowing criteria: 1) frequency
of use;2) usersatisfactionbothresident’sandphysician’s);3) numberof occasionsn
which the physicianconsiderghatuseof the SNAKE is likely to havechangedliagnoses
or managemenplans,with estimate®f thelikely effecton outcomeof care. Lengthof
stayandpatientthroughputwill be comparedetweerthe controlandtestgroups.

Colleaguesn the Departmenbf LaboratoryMedicine,University of California, SanFrancisco
(Drs.Hamill andTerrazas)areeagetrto explorethe applicationof computerizedelephonyto
pressingproblemsin their department.Their clinical laboratoryhasrecentlybeenmovedacross
the city from themainclinical center(additionally,the laboratoryalreadyhadseverakatellite

18



facilities). In apilot projectat UCSFseveralyearsago,R.P.C.R.demonstratethe useof
MBONE technologyto transmitclinically usablemicroscopidmagesof bonemarrowaspirates,
for the purpose®f beingevaluatedy a pathologistat aremotesite. In thefirst stageof the
currentsharedcendeavorye haveinstalledan AccessGrichodewithin the Departmentf
LaboratoryMedicine,whichwill beusedinitially to performclinical teachingroundsbetweera
physician/microbiologist working in thelaboratory(a facility removedrom the maincampus),
andaninfectiousdiseasespecialistandhis Fellows,working in the hospitalon the maincampus.
At leasttwo simultaneouwsideostreamswill bein use,supplyingfacialimagesfrom the
infectiousdiseaseparticipantsandlive imagesof microbiological cultureplatesandmicroscopic
imagesfrom themicrobiologist. A singleaudiostreamwill carryfull-duplex voice
communicationbetweerthetwo sites. This systemin anticipatedo befully operationaby the
endof 2004. It will be evaluatedasfollows:

Hypothesis:
Theuseof videoteleconferencingansubstitutefor a face-to-faceconferencen the context
of microbiology/infectious diseaseounds,andcanimproveefficiency of teachingwhen
participantsarewidely separate@ndwould otherwisehaveto travelto meet.

Methods:
Instantiatethe systemdescribedabove. Havethe participantsat bothendscomplete
surveysfor the periodsbeforeandafterimplementation, ratingthetwo regimesaccording
to: frequencyof rounds;amountof time takenfor the meetinggincludingtransportation
time in the caseof theinitial regime),clarity of the didacticmaterialsandoverall
satisfaction(acceptingspecificcommentsaswell).

EvaluationCriteria:
Compareheratingsobtainedbeforeandafter useof teleconferencing.

In the nextstageof collaborativework, during2005,two computer-telephongystemswill be
prototyped. We will beusingAsteriskfor this application,aswe wish to build the systemusing
readilyavailablehardwarewvhich may be easilyreplacedandrepaired. Integrationof these
systemawith existingUCSFclinical informationsystemswill be conductedby UCSFpersonnel.

Thetelephondaskswe automateherearecurrentlyexpensiveproblemsfor the UCSF
laboratory which estimateghatit consumeshe equivalentof betweer2 and3 FTEsduring16
hourseachday (callsfall off duringthe"graveyard"shift). Giventhedisciplinedtime
managemenpracticesn thelaboratory evaluatingtheimpactof thesesystemsn puredollar
termswill bestraightforward.

1) A systemenablingphysiciango call thelab by phone entertheir securitycode,and
retrieverecentlaboratoryresultsfor their patients.

2) A systemwhichwould assistwith calling up responsiblgpartieswhenemergency
laboratoryresultsareobserved.For example whenanambulatorypatienton
anticoagulantss foundto beatrisk of hemorrhage&ueto his medicationsalaboratory
technicianmustdial telephonenumberdrom a suppliedlist of care-giverauntil oneis
locatedwho canquickly takechargeto ensurethe patient’'ssafety. This automatedystem
will takeoverdialing outfor responsiblgartiesuntil oneis found,thenpassthe call to the
technicianto completethe pass-offof information.

Both systemswill beevaluatedn thefollowing manner:
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Hypothesis:
Thecomputerizedelephonyservicewill reducethe FTEsrequired with no decreasén
technicianor care-giversatisfactionpr detrimentaleffectson patientcare.

Methods:
Gatherdatafor the periodof 6-12 monthsprior to deploymenbf the systemto compute
the FTEsdedicatedo thetask. Thendeploythe computerizedelephonysystemand
gatherdataaboutFTEsrequiredafterthe systemis declaredully operationalfor thesame
periodof time usedprior to deployment.

EvaluationCriteria:
Computethe changesn FTEsbeforeandafterdeploymentperformsurveysof technicians
andcare-giverdo assessverallsatisfactiorbeforeandafterthe newsystemis deployed.
Write casestudiesof anyinstancesvhereeitherthe manualor semi-automatedystems
causeor encountespecialproblems(for examplejnordinatedelaysor miscommunicated
results).

Systemslreadyexistcapableof providingthe aboveservicesputtheyareexpensive,
proprietary,andlimited to telephonecommunications.The ASKLEPiOSopensource
frameworkwould dramaticallylower the costbarrierfor developingsuchservicesandprovide
multimodal communicationgapability,which we would like to explorebeyond2005:the
directionthatwork takeswill dependuponthe degree®f successn the otherareasof work
outlinedhere.

8.2 Speechinterface Research& Developnent

GivenNLM'’s considerablexpertiseandinterestin naturallanguagegprocessindNLP), the
appearancef sphinx4, theworld’s first seriousopensourcespeechrecognitionengine,is of
particularimport (noteagainthe commentsat the endof section6). Evaluationof suchsystems
is baseduponmeasuringaccuracyrates:whatproportionof wordswithin atargetdocumentre
recognized?However trainingandthenevaluatingsphinx4 is anythingbut trivial. TheHMM
algorithmis essentiallya hugebrute-forcepattern-matchingxercise. The numberof parameters
atplay in determiningthe performancef sphinx4 is large,andthe parameterfiavecomplex
interactions.

Workersin speeclrecognitionrely uponsimpleempirically-derivedules-of-thumhn training
theirenginesasthereareno rigorouslydeterminedstatistical guidelines. In creatingnew
acousticmodels betweenl0 and30 speakeraregenerallyemployed. Onthe orderof five hours
of spokenmaterialaregatheredrom eachspeaker.It is importantto userealisticspeaker®f the
sortto berecognizedratherthantrainedvoice actors(thereareof coursemanyvariablesat play
in selectingspeakerswhosespeectpatternamay differ widely basedn age,sex,level of
educationgdialect,etc.). It is alsoimportantto useaudiosamplingratesandambientnoiselevels
thataccuratelyreflectthetargetedinal working conditions. Thereareof coursetrade-offs:
usingmorespeakersor trainingimprovesthe speakeindependencef thefinal system(overall
accuracyfor randomlyselectedspeakers)yut at the costof reducedaccuracyfor anyone
speakefnote:sphinxcanbetrainedto a specificspeakerwith improvemenin recognitionrates
for thatspeakerabout20 minutesof speecHrom theindividual is required which canbefolded
into a pre-existingacoustiomodelusingmaximum-likelihood methods).A largertraining
vocabularymeanghatthefinal enginewill recognizenorewords,but againat a costof reduced
overallaccuracy.Finally, greatcaremustbetakenin definingthe problem:just whatkind of
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speechs to berecognized?Thatinfluencesthe choiceof a "unit of recognition"to beemployed
in thelanguageandacousticnodels:for example whenrecognizingnumbersthevocabularyis
small(goodfor increasedecognitionrates)but thewordsthemselvesreshortandsometimes
resembleoneanother(badfor recognitionrates). TheHMM algorithmis oftenfoundto work
betterin suchcircumstance the unit of recognitionis takento be anindividual phoneme.

Takinginto accounthenthatdevisingspeeclrecognitionmodelsremainsmoreartthanscience,
andthatambitiousgoalsmayrequiresubstantiatime andresourcesye outline a numberof
researctanddevelopmentargets]istedin increasingorderof difficulty. Someof theseprojects
may needto drawuponthelinguistic expertiseof NLP-specificcollaboratorsvithin LHNCBC:

ShortTerm(Yearl):

Hypothesis:
Performancef sphinxis comparabléo commerciallyavailablespeechrecognition
engines.

Methods:
Usinga minimum of 10 acousticallydiversespeakersn quietambientconditions,
measurgecognitionratesfor the digit-recognition andWall StreetJournalmodels
suppliedwith sphinx usinganadequatsamplingof digits andexcerptdrom the WSJ
asthetestmaterials. Repeastudyusinga commercialspeectrecognitionengine
(IBM’s ViaVoice) insteadof sphinx

EvaluationCriteria:
CompareecognitionratesbetweersphinxandViaVoice.

Hypothesis:
Individual speaketrainingimprovesrecognitionratesfor thatspeakerto a similar
extentin sphinxandViaVoice.

Methods:
Usingthe speakerérom the abovestudy,train the enginefor eachindividual speaker
andrepeathe measurementdf recognitionrate.

EvaluationCriteria:
Comparehe changesn recognitionratesbeforeandaftertraining, for bothsphinxand
ViaVoice,andcomparehesefigurersbetweerthetwo systems.

Hypothesis:
Useof alanguagenodelsuchasWSJis inadequatdor purpose®f searchinghe
biomedicalliterature.

Methods:
Usingthe speakerérom the previousstudies measureecognitionratesfor the
existingWSJmodel,but appliedto thereadingof atestsetof biomedicalabstracts,
obtainedby usingqueriesirom oneof NLM’s querytestsets(orientedtowardInternal
MedicineandFamily Practice)o searchiPubMed.

EvaluationCriteria:
Compareherecognitionratesobtainedor biomedicalabstractgo thoseobtainedn
theinitial studyfor readingWSJmaterials.

IntermediateélTerm(Years2-3):
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Hypothesis:
Creationanduseof languageandacoustiomodelsappropriateo the Graeco-Latin
languageusedin biomedicinewill yield improvedrecognitionratesfor biomedical
literature,ascomparedo useof theWSJmodel.

Methods:
Usebetweenl0 and30 representativepeakersyworking in low ambientnoise
conditions(suitablefor literaturesearches quietsettings butnot recognitionfrom
ERtelephonecalls). Drawtraining materialsfrom theliteraturefor InternalMedicine
andFamily Practiceusingelementdrom NLM querytestsetsappropriatgo those
disciplines,suchthatabout5 hoursof speakingime perspeakeis obtained. Employ
SphinxTrainto createa newacoustiomodel.

EvaluationCriteria:
Evaluaterecognitionratesusingotherspeakergminimum 10in number)and
publishedmaterialsnot usedfor thetrainingprocess.Train the enginefor each
individual speakerandrepeathe measuremerdf recognitionrates.

Hypothesis:
Sphinxprovidesa usablesourceof softwarecomponents

Methods:
Thisis really anengineeringevaluationiook atthe codedesignto seeif sphinx4’s
modulardesignallows, in principle,the useof components$or ancillary applications;
couldone,for example createa phonemeecognizeranduseit behindawebsiteto
createanopensourcebiomedicallanguaggronunciatiordictionary?

EvaluationCriteria:
Seeif aphonemeecognizercanbe successfullyextractedrom thecodeandrun
independently.

Hypothesis:
Speechrecognitionvia a SNAKE canbe mademoreefficient by placingpartsof the
sphinxrecognitionengineonthe SNAKE itself.

Methods:
Partsof sphinxwill beplacedontheiPAQ: theacousticcapturemechanisnand
feature-recognitiomngine. Theremainingtaskswill bedoneonthe ASKLEPIOS
serverworking in conjunctionwith the SNAKE via the networkconnection.A
simplespeechrecognitiontask(recognitionof numbersanda smallvocabulary)will
be performedby 10 separatespeakers,indertwo regimes:doingfeaturerecognition
onthe SNAKE andtheremainderof processingonthe ASKLEPiIOSserver versus
capturingaudioon the SNAKE but doingrecognitionprocessingntirely uponthe
ASKLEPIiOSserver. Recognitionrateandspeedwill bothbe measured.

EvaluationCriteria:
Recognitionratesandspeedwill becomparedetweerthetwo testregimes.

Theprecedingorojectsdealtwith speectrecognition;thefollowing projectsexplorespeech
synthesiswhichis amuchsimplerandmorematuretechnology.

ShortTerm(Yearl):

Speakingvebsite
Therearecommerciakystemswvhich provide"speakingwebsites."
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Hypothesis:
A Javaappletusedwith sphinxcanprovideequivalentperformanceo a
comparableommerciakystemwhile providing superiorengineeringeatures.

Methods:
Devisea Javaappletto harvestcontenthighlightedby a Webclient user(or,
alternatively the contentof anentireframe)andreturnsyntheticspeechHrom the
ASKLEPIOSFreeTTSserver. Comparehe performancef this systemto a
public demonstratiomprojectusinga commercialsolution,in placeat NIH
(http://nihseniorhealth.gov). Haveatleast20 subjectausebothsystems
(randomizingthe orderof presentationandratethembothaccordingo: speed,
easeof use,clarity of speechandoverallimpression.

EvaluationCriteria:
Compareheratingsfoundfor thetwo systems.

Speectonthe SNAKE

Hypothesis:
Adequatebiomedicalspeectsynthesicanbe performedon a devicelike the
SNAKE.

Methods:
Install a JavaVirtual Machinewill beinstalledontheiPAQ, allowing the
installation of FreeTTS Obtaina smallsetof biomedicalabstractaisingseveral
queriesfrom aNLM querytestset. Haveatleast20 subjectsevaluatehe quality
of eachof the synthesizedersionsof theabstractsaccordingo: speedf
synthesigrunningaloneandwith videoconferencingunningconcurrently).
Havethe samematerialpresentedia theaudioonthe SNAKE, but with
synthesideingdoneon the ASKLEPiIOSFreeTTSserver(randomizingthe order
of presentatiorf the two versionsof eachabstract).

EvaluationCriteria:
Compareheratingsto determinethe quality of SNAKE-synthesizedpeectwith
server-synthesizespeech.
Althoughnotstrictly speechnterfacesthefollowing two experimentsarecloselyrelatedto
demonstratingndproviding speectservices.

ShortTerm(Yearl):
Unicodeon smalldevices

Hypothesis:
Full Unicodesupportis possibleon a handheldSNAKE.

Methods:
Attemptto install nativeUnicodesupportontheiPAQ by installing the Cyberbit
glyph set(employinga microdiskor SD cardfor therequiredstorage).

EvaluationCriteria:
Testtheinstallation by accessindgJnicode-containingvebsitessuchastheIMC
server.

ASK: anlinternetsearchoot
As simpleasit is (or, perhapsecauset is sosimple),ALICE offersintriguing
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possibilities. A demonstratiorexistsin theform of SLIM (SunLabsInstant
Messenger)levelopedy collaboratorUhler, which looksatfirst like a conventional
text-basednternetchatroom. However,it alsoallowsthe participationof telephone-
basedarticipantdwho hearthe commentof othersvia speechsynthesisandwhose
commentsareheardby thetext-basegarticipantghroughhypertextlinks which lead
to the playing of audiofiles containinghis/herspokerremarks). ALICE is another
participantin this chatroom,andcanspawnsearchesf Googleandof the
EncyclopedidBrittanicabasedon queriesposedo it duringchat. We havemodified
SLIM, by developingAIM L files for ALICE, to createa chatbotwe call "ASK,"
which candescribeour researchyve will continueto developAIM L files which guide
usersin accessindNLM resourcessearchingfPubMedandotherNLM online systems
basedn chatinteractionswith users. ASK is intendedto providehigh-levelguidance
only.

Hypothesis:
ASK is ausefuladjunctto NLM’s website.

Methods:
ASK will beimplementedasdescribedabove. Two testgroupsof atleast20
memberseachwill becomposedonerepresentativef membersof thegeneral
public, andthe otherof healthcareproviders. Theamountof prior exposurdo
NLM’s webresourcesvill bedeterminedor eachparticipant. Eachsubjectwill
askedo devisetenmedicallyrelevantquestiongheywish to answerandthen
will engagen achatwith ASK, andwith theNLM website,in aneffort to find
answers.Onehalf of eachgroup,randomlyassignedwill useASK first; the
otherhalf will useNLM'’s websitefirst. We will furtherevaluatehis systemby
creatingatestsetof severahundredguestiongeceivedoy NLM from database
usersposingthemto ASK. Advice onwhereto find answergo thesequeries
will alsobeobtainedirom aNLM librarian.

EvaluationCriteria:
Userswill scoretheirlevel of satisfactiorfor eachqueryfor bothASK andthe
website,with respecto speedgeaseof use,perceivedusefulnessf
replies/contentandoverall satisfaction. ASK will becomparedo the"gold
standard'librarianfor correctnessf advice.

Thefollowing studiescombinespeechrecognitionandsynthesisvork; we cananticipatebetter
succeswvith the (simpler,moremature)synthesisystems.

IntermediateTerm(Years2-3)

Verbalshell
At theborderbetweerOS andapplicationlevelsof UNIX, onecanenvisagea "verbal
shell,"which canbe usedto interactwith the computervia speech.Theopensource
"Bourne-agairshell," or bash will bemodifiedby adding"speak"and”listen”
commandso its repertory whichwill in turndrawuponthe HTTP-basedpeech
capabilitiesof the ASKLEPiIOSserver(carebeingtakento allow
confirmation/correction of spokeninput). A verbalshellwill beusefulbothto issue
commandsgo thecomputerin real-time,andto write standalonepeech-based
applicationsusingthe shellasaninterpretedccomputinglanguage.The Festivaland
flite TTS systemshavebeenusedin this spirit in conjunctionwith Speakugd60], a
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Linux OSTTS interface,andEmacspeak6l]. Suchanapproachrequiresthe
definition of acommandvocabularyfor controllingthe shell’'sbehavior(whatto call
">" for example) Speeclrecognitionsystemsarein useby, for example software
engineersvith severecarpaltunnelsyndrome.However existingsystemsavebeen
awkwardto setup dueto their beingplatform specific(for example UNIX
workstationprogrammer$iavehadto haveparallelPCssetup just for speech
recognition,with additionalsoftwarehandlingcommunicatiorbetweerthetwo
systems).

Hypothesis:
A verbalshellwill beslowerfor usethanakeyboard-drivershell,but acceptably
usable.

Methods:
Theverbalshellwill beimplementedasdescribed.Two testgroupsof non-
visually-impaired subjectswill becomposedonecontainingsoftwareengineers
who arealreadyaccustomedo usingspeechechnologyfor computertasksother
thandictation,the otherwith softwareengineersvho havenot usedit or usedit
only for dictation. Both groupswill beassignedeverakasks,includingthe
entryandexecutionof smallBourneshellprograms.

EvaluationCriteria:
Userswill ratespeectsynthesidor clarity, speedandoverallusersatisfaction.
Speechrecognitionwill beratedby speedrecognitionrate,andoveralluser
satisfaction.

Add a speechinterfaceto the ASK searchbot
We will addASKLEPiIOSspeeclrecognition/synthesis capabilitiesto the ASK search
agent. Thestudydesignwill beidenticalto thatusedfor theinitial ASK evaluation,
butin addition,therecognitionratewill be measuredor speechrecognition the speed
of querycompletionameasure@ndcomparedo thoseof the earlierstudywhenusing
typedinput/output, andscoresobtainedfrom usersfor satisfactionwith both
recognitionandsynthesis.

Looking furtheraheadgexciting but morespeculativeprojects(beyondthe scopeof the current
proposalwould dependuponsuccessvith the projectsdescribechere. Both sphinx4 and
festivalFreeTTSarecapableof dealingwith any humanlanguage.NLM couldfind and/or
developrecognitionandsynthesignodelsfor otherlanguagegfor example Spanish)which
might help serveits mission. Onecanenvisagehe multilingual contentof NLM’s
Metathesauru@f which ICPCis buta smallpart),servingat the coreof anautomated
biomedicaltranslationtool. Speechrecognitioncouldbeusedto indexthe contentof
audiovisualmaterials alongwith timestamps for synchronizationo the source(whichwould
facilitate automatedranslationof thelanguageaswell).

9. Summary

The ASKLEPiIOSprojectis exploringnovelmeansof integratingnon-mobilecomputerservers,
telephonesandportablewirelesshand-helddeviceSNAKES), througha frameworkof open
sourcetoolsfacilitating PSTN-base@ndInternetSIP-basedelephonyyvideoconferencingand
wirelessdataservicesfacilitatedby a PSTN-to-Internegateway speectrecognition/synthesis
servicesanda simplepattern-recognition-driverobotic chatservice. Thework is guidedby the
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exampleof the World Wide Webin striving for simplicity, andseekingto achievesynergy
betweerexistingtechnologiesdy facilitating their closerintegration.
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Asklepios: the Myth, the Acronym (A PostScript)

TheMyth:
As with mostmyths,the story of Asklepiosappearsn manyvariants,which agreeon main
points. His motherwasmortal, his fatherthegod Apollo. His motherwaskilled by
Apollo’s sisterArtemis(sentto thetaskby Apollo) for falling in love with amortalman,
andAsklepioswassnatchedrom herwomb (by Apollo himself,in onetelling) prior to her
bodybeingburnedon a pyre. Theinfant Asklepioswastakenby Apollo to awise centaur,
Chiron,who raisedhim andtaughthim the skills of healing. Married,hehadasmanyas
threesons(two of whomappearmsphysiciandan Homer’slliad), andasmanyasfive
daughtersthe bestknownbeingHygeia. Famedfor his wisdomandskill, hewasassisted
by thegoddes#thenathrougha gift of bloodtakenfrom the Gorgon,Medusa.Blood
arisingfrom a Gorgon’sleft sidewasdeadly,butthattakenfrom herright sidecouldraise
thedead. Asklepiosmethis endwhenZeusstruckhim deadwith athunderboltfor raising
amanfrom thedead. In sometellings, this wasdueto Zeus’sdistresan seeingAsklepios
tamperingwith the naturalorderof theworld; in Pindar’svariant,Asklepiosis killed
becausde performechis actin responséo "... alordly bribe,gold flashingin thehand
...[62]" (thesocialsignificanceof thelatterversionhasnot beenlost on contemporary
medicalprofessional$63]). As with manyactsof violence,the deathof Asklepios
producedareprisal,whenApollo slewthe CyclopsthathadforgedZeus’sthunderbolt.
After anintervalin Hades Asklepiosendedup asbotha constellationOphiuchusthe
"serpent-bearer'andagod. His nameis still invokedtodayin the Hippocraticoath,which
begins:"l swearby Apollo the physician,andAsklepios,andHygeia,andPanakeiaandall
thegodsandgoddesseghat,accordingto my ability andjudgment,] will keepthis Oath
andthis stipulation ..."

Asklepios’sprincipal symbol,the karykeion a singleserpentwoundarounda woodenstaff
(andtheorigin of anotherof our acronyms SNAKE) is widely usedasa symbolwithin the
modernmedicalprofession(as,for example py the AMA), but hasoftenbeenconfused
with the staff of the god Hermesthe caduceuswhich is wingedandhastwo serpentsoiled
aroundit [64,65].). This confusionis morecommonin commercialandmilitary settings,
andin the United Statesascomparedo Europe.

TheAcronym:
Giventhe symbolicimportanceof Asklepiosto westernmedicine,it would be surprising
notto find his namein wide usewithin the profession(his namehasbeengivento medical
clinics, pharmaciesmuseums,..). After adaptingthe nameasanacronymfor the project
describedhere,it wasdiscoveredo havealsobeenusedby aninternationalcollaborationin
telemedicineandproblem-basetkarning,involving personneht the University of
Missouri,HowardUniversity, Yale University Schoolof Medicine,the University of
RegensburgAristotle University (ThessalonikiGreeceandthe University of La Laguna
(SantaCruzde TenerifeLa Laguna,Spain)[38]. However this groupdoesnot appearto
haveusedthe nameasanacronymwasinconsistenin the usethe Greek-derived
(Asklepios)versusLatin-derived(Asclepius)spellings,anddoesnot appeato havebeen
activesince2001.
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Education and Training:

AmericanBoardof Pathology Diplomatein Clinical Pathology 1984
University of Utah Collegeof Medicine MD 1976
HarvardCollege BA cumlaude(BiochemicalSciences) 1972

Researchand ProfessionalExperience:

Clinical SpecialtyConsultantLister Hill NationalCenterfor BiomedicalCommunications,
NationalLibrary of Medicine,Nationallnstitutesof Health,BethesdaMD, 1992-present

AssistantResearctChemist,Departmenbf PharmaceuticaChemistry,University of California,
SanFranciscoCA, 1987-1992

AssistantProfessorPepartmentf LaboratoryMedicine,University of California, San
FranciscoCA, 1984-1992

Residenin LaboratoryMedicine,Departmenbdf LaboratoryMedicine,University of California,
SanFranciscoCA, 1982-1984

ICP Fellow, Unité de MédecineExpaimentale, Internationallinstitute of CellularandMolecular
Pathology UniversiteCatholiquede Louvain,Bruxelles,Belgium,1980-1982

Research\ssociatelaboratoryof TheoreticaBiology, NationalCanceinstitute,National
Institutesof Health,BethesdaMD, 1978-1980

Researclirellow, Departmenbdf NuclearMedicine,MiddlesexHospitalMedicalSchool,
University of London,London,UK, 1977-1978

Residenin InternalMedicine,St. Mary’s Hospital& MedicalCenter,SanFranciscoCA,
1976-1977

SelectedPertinent Activities:

Member,Standard®evelopmenCommittee NationallnformationStandard©rganization
(NISO), 2004-present

Participantn InternetEngineeringlaskForce(IETF) standardizatiomctivities,1992-present

FoundingMember InternationaWorld Wide Web ConferenceCommittee(andchairof live
audio-videomulticasts, conferencedl - VII), 1994-1998

FoundingChair, NSF/NCSAWorld Wide Web FederalConsortium,1994-1995

CreatedandmaintainedHyperDOC a suiteof contentandapplicationscomprisingNLM’'s first
public World Wide Webservice, 1993-1995

Organizerof specialinterestGroupfor NetworkedinformationDiscoveryandRetrieval
(SIGNIDRIII; oneof thefirst scientific/technical conferenceso be multicastedive overthe
Internet,andthefirst from NIH), 1993
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bibIX bibliographicpreprocessdior ETT systemacademlXoffice tools, SystemManager’s
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Geneva25-27May 1994:423-431. ProceedingsT he First InternationaMorld-Wide Web
Conference.
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Education

University of Delaware, Newark, Delaware, 1997-1999
Master of Science: Computer and Information Sciences
Advisor: Dr. Keith Decker
Zhejiang University, Hangzhou, Zhejiang, China, 1992-1996
Advisor: Dr. Miaoliang Zhu
Bachelor of Science: Computer Science and Engineering

Experience

Senior System Engineer, Contractor of Lister Hill National Center for Biomedical
Communications, National Library of Medicine, National Institute of Health,
Bethesda, MD, 2000-present

Software Engineer, Bell Atlantic, Arlington, VA, 1999-2000

Research Assistant, Natural Language Processing and Artificial Intelligence
Laboratory, University of Delaware, Newark, DE, 1997-1999

Teaching and Research Assistant, Center for Artificial Intelligence, Zhejiang
University, Hangzhou, China, 1996-1997

Computer Programmer, Fire and Rescue Dispatch and Operations Center,
Hangzhou Fire Department, Hangzhou, China, 1995-1996

Publications

"ICPC Multilingual Collaboratory: a Web-and Unicode-Based System for Distributed
editing/Translating/Viewing of the Multilingual International Classification of
Primary Care", RPC Rodgers and Ziying Sherwin, MEDINFO 2004, in process

" A Management System for Network-Sharable Locally Installed Software: Merging
RPM and the Depot Scheme under Solaris”,RPC Rodgers and Ziying Sherwin, LISA
XV fifteenth system administration conference, 2001

"A Chinese Character Filter for Map", Ziying Shao and Miaoliang Zhu, Journal

of Computer Aided Design and Comput

er Graphics, China, Vol. 10, No.2, 1998.



Biographical Sketchesof Collaborators

Timothy Hamill, MD (University of California, SanFrancisco)

Dr. Hamill is Clinical Professoin the Departmenbf LaboratoryMedicine,University of
Californiaat SanFranciscq UCSF),andDirector of the UCSFClinical Laboratory. He hashad
longstandingnterestan computerapplicationgo his field, andcollaboratedvith Nikon in the
developmenbf arobotic microscopdor clinical pathologicalexaminations.

John Kunze

JohnKunzeis aseniordevelopmenarchitectin the CaliforniaDigital Library’s preservation
program. His currentfocusis the creationof long-termdurabledigital reference¢ARKS) to
informationobjects,backedup by standard$or kernelmetadataandpermanenceatings,andby
searchsystemghatmakethemdiscoverable Recentlyhe hasworkedat the University of
California, SanFranciscoandatthe U.S. NationalLibrary of Medicine. John’sbackgrounds in
computerscienceandinformationsystems.He designedimplementedandran UC Berkeley’s
first campus-widenformationsystemwhichwasanearlyrival andclient of the World Wide
Web. Thesystemalsodemonstratethefirst interoperatiorof the Z39.50library searchand
retrievalprotocol. Johnmademajor contributionsto the standardizatiof URLs, Dublin Core
metadataandZ39.50. In anearlierlife hewasaBSD Unix hackerwhosework livesonin
today’sLinux andApple operatingsystems.

Enrique Terrazas,MD, M S (University of California, SanFrancisco)

Dr. Terrazass Clinical AssistantProfessowithin the Departmenbf LaboratoryMedicine,
University of Californiaat SanFranciscq UCSF),Directorof theMountZion HospitalClinical
Laboratory(a UCSF-affiliatedinstitution), andDirector of the Clinical PathologyResidency
Programat UCSF. Heis very activein developingandsupportingnformationsystemswithin
the Departmenbf LaboratoryMedicine.

StephenUhler (Sun Microsystens Laboratories)

StepherUhlerworkedon thetechnicalstaff at Bell LaboratoriegWhippany,NJ) on user
interfacemanagemergystemsthenjoined Bell Communication®kesearclkiBellcore)whenit
wasfoundedin 1984. TherehedevisedMGR, a network-distributedvindowing systemwhich
predatedoth X andNeWS, andPhoneStation After a brief stint with a Bay Areastartup he
joined SunMicrosystemd aboratoriesr 1993asa SeniorStaff EngineerandPrincipal
Investigator. Leaderof the Web ApplicationsTechnologiegroup,he hasbeenresponsibldor
exploringthe convergencef webapplicationserversproxy technologiesandwirelessPDAsto
providearchitecture$or the nextgeneratiorof webservices.He haswritten partsof the TCL
programminganguageinventedthe Brazil frameworkfor Java-basedetworkapplicationsand
devisednumerousiemonstrationsf novel computingapplicationsyrangingfrom the useof
power-linenetworksfor homeautomatiorto the usesmartcard$or authenticatioriasks. Mr.
Uhleris recipientof the SunPresidentiaAward. (Seefull resumeat:

http://pages.sbcglobal .net/sau/resume. pdf).
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