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1. Introduction

MarkWeiser[1952-1999],of theComputerScienceLabat XeroxPARC,is widely regardedas
thefoundingfigure of thefield knownas"ubiquitouscomputing." First enunciatinghis ideasin
1988,heenvisagedaworld with largenumbersof wirelesscomputingdevicesperperson,with
thedevicesspanningwide rangesof sizeandcapability. In his vision,ubiquitouscomputingis
inspiredby "socialscientists,philosophers,andanthropologists;" "its highestidealis to makea
computersoimbedded,sofitting, sonatural,thatweuseit without eventhinking aboutit."
Althoughrelying uponwirelesscommunications,it "is not thesamething asmobilecomputing,
norasupersetnorasubset."Rather,it representsa "third wave"of computing,supersedingthe
erasof themainframeandof thedesktopPC,heralding"theageof calmtechnology,when
technologyrecedesinto thebackgroundof our lives. [1-3]"

Thereality subsequentto Weiser’suntimelydemisehasbeenanythingbut calm. Today’s
informationworkeris confrontedwith thebadges,tablets,andwhiteboardsthatWeiserworked
with, alongwith awidearrayof PDAs,pagers,mobilephones,smartcards,sensors,activeand
passiveradiofrequencyidentification tags(RFIDs),aswell aswirelessmice,keyboardsand
otheraccessories.Devicesarecommunicatingoverdataandtelephonicwired links aswell as
ultrasound,InfraredAdapter(IrDA), andvariousformsof radiofrequencyprotocols,including
802.11(Wi-Fi), 802.15.4(Zigbee),Bluetooth,Ultra Wide Band(UWB), andwireless
telephony/datastandards.Increasinglyactiveresearchinto mobileadhocnetworks(MANETs)
anticipatesaworld containingmobileusers,devices,andsensors,engagingin complexand
shifting relationships[4].

Theconnectionbetweencomputingandcommunicatingis nowwell established;however,the
multiplicity of devicesandmeansof communication,andthefact thatmanytechnicallyidentical
systemsareoperatedaspartof manageriallyisolatedsystems,hasled to clinicianswith belts
bristling with handheldelectronicequipment.Counteringthis complexityareeffortsto merge
multiple capabilitiesinto fewerdevices— mostnoticeablyin theeffort to combinePDAs,
mobiletelephones,andpagers,aneffort oftenreferredto by thesinglewordconvergence.
"Smartphone"PDA/phonehybridsof the1990swerecommercialfailures,but therecently
introducedHandspring/PalmTreo600hasbeenasolid success,andotherfirms arerushing
similar productsto market. Distinctionsbetweentechnologiesareblurring: originally devised
for therobusttransmission of data,Internetprotocolsareincreasinglyusedfor voice
communicationsaswell (aswith "Voice-over-IP,"or VoIP). As of this writing, severalfirms are
poisedto introducemobiletelephonesthatinvisibly switch-off between802.11andcell
telephonynetworksastheusermovesabout.

TheInternetandWorld Wide Webhavedemonstratedtheadvantages(andrisks)of integrating
informationresourceson feweruserinterfacesandfewerdevices,yet informationworkers,
includingcliniciansandbiomedicalresearchers,remainconfrontedwith informationappliances
thatseemneedlesslynumerous,non-standardized,complex,andnon-interconnected.Among
thesedisconnectedislandsremainstheonetechnologythatcomesclosest(if still remaining
distant)from Weiser’sview of acalmubiquitoustechnology— thehumbletelephone.TheCIA
World Factbookestimatesthatthereareat least186million mainlinesin usein theUS,and
over615million in therestof theworld. Surelythetelephoneis oneof themostubiquitous
informationapplianceson theplanet. It’s veryubiquity,andthedichotomywecommonlymake
of voiceversusdatacommunication,mayhaveblindedusto its furtherpotential.
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ProjectASKLEPiOS(Accessto ServicesandKnowledge,multiL ingually,Everywhere,
Portably,in OpenSource)is acollaborativeeffort with SunLaboratoriesandothersto explore
anddeveloptoolsandframeworksfor ubiquitouscomputingin biomedicine,focusingupon
servicesthatcanbebuilt with networkservers,handhelddevices,andthetelephonenetwork.

2. Project Objectives

TheASKLEPiOSprojectdrawsuponlessonsin strategylearnedfrom theWorld Wide Web,as
inventedby Berners-Leeandextendedby work at NCSA[5]:

1) Theuseof opensourceandopenstandardsencouragesacceptance,unleashesthecreative
talentsof a largecommunityof developers,andcanleveragepre-existinginformation
systems.Useof platform-andvendor-neutralstandardshaveplayedcrucialrolesin the
evolutionof theInternetandtheWeb;it is difficult to imaginethesesystemsarisingfrom a
proprietarycorporateculture. Two of themostimportantcontributionsof NCSAto the
Webwereits forms-baseduserinterface(thefirst inexpensivesystemallowing rapid
developmentof cross-platformgraphicaluserinterfaces)andtheCommonGateway
Interface(CGI, thefirst of manywaysof hiding existingservicesbehindawebinterface),
which togetherallowednumerouspre-existinginformationservicesto bebroughtquickly
to wideuseovertheInternet.

2) Intelligent integrationof existingtoolsandstandardscanhaveasynergisticeffectupon
their utility, andis aninnovationin its ownright. TheearlyWebbuilt itself uponexisting
conceptsandstandards(networkedhypertext,SGML-baseddocumentmarkup,amultitude
of multimediastandards)andinventedoutrightwith well-consideredparsimony(therewere
numerousexistingmodelsfor HTTP).

3) Simplicity is critically importantin thewidespreadacceptanceof a technology.Berners-
Leeknewwhatcompromisingsimplifications to make(droppingthenotionof bi-
directionalanchors,andsimplifying SGML, for example).

In thespirit of theseguidingprinciples,thefollowing four prototypesystemsarebeing
developed:

1) ASKLEPiOSserverscontainingthefollowing asHTTPservices:asimpleUnicode-based
multilingual clinical vocabulary;multilingually-capablespeechsynthesisandrecognition
systems(usedonly with Englishin this stageof theproject);and,asimpleroboticchat
serviceprovidingaccessto NLM onlineresources.TheASKLEPiOSserversalsoprovide
AccessGridvideoconferencingtools,andanInternettelephonyserver(baseduponthe
SessionInitiation Protocol,or SIP).

2) Novelgatewaysto anestablishedubiquitouscommunicationdevice— thetraditional
telephone(aservicesometimesreferredto asthe"Publicly SwitchedTelephoneNetwork,"
or PSTN).

3) A prototypewirelesshandhelddevice,theSNAKE (Small Network-AccessibleKnowledge
Engine),baseduponacommercialpersonaldigital assistant(PDA), runningLinux andX
windows. TheSNAKE suppliestheusualpersonalmanagementtoolsandotherfeatures
expectedof aPDA (calendar,"TO DO" list, addressbook,calculator,games,audiomemo,
handwritingrecognition,...) aswell as802.11bwirelessInternetandWorld Wide Web
access.It alsohasaSIPclient andAccessGrid-compatibleaudioandvideoconferencing
tools,whichalongwith accessto theASKLEPiOSserver,allow real-time
videoconferencing,accessto speech-enabledapplications,andmulti-modal audio(802.11
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andPSTN,SIPandnon-SIP)communication.

4) A prototypeinformationretrievalservicebasedon theARK (Archival ResourceKey)
persistentidentification scheme[6]. This system,layeredon top of PubMed,demonstrates
oneapproachto theimportantbut unsolvedproblemof howto dealwith thedegreeof
permanenceof digital informationobjects.

3. Significance

Theconsolidationof informationservicesonsmalldeviceswill leadto fewerpiecesof hardware
encumberingusers,morereadyaccessto informationwhenandwhereit is needed,andto an
increasedlikelihood thatexistingandfutureserviceswill besynergistically integrated.It will
allow newformsof serviceto arisethatwerepreviouslyimpractical,includingeasierclinical
consultationsbetweenhighly mobilephysicians,andremotemedicalservicesbeingguidedby
ancillarycare-giversor theill themselves.Portablepersonalizeddeviceswith visualand
speech-basedinterfaceswill provehelpful in deliveringhealthcareto anincreasingly
multicultural andmultilingual society. Suchplatformswill providemanynewopportunitiesto
disseminateNLM’s informationresourcesin moreusefulways.

4. Project Components

This projectreliesupontheintegrationof opensourcetoolscapableof runningundertheSolaris
and/orLinux operatingsystems,onnon-mobileSunworkstationsandon theARM-based
HP/COMPAQiPAQ PDA. Numeroustoolswereevaluatedfor useanddiscardedin favorof the
toolsdiscussedhere.

4.1SoftwareApplications

4.1.1ICPC Multilingual Collaboratory (IM C)

TheInternationalClassificationof PrimaryCare(ICPC)is aclinical classificationcontaining
726clinical concepts,availablein over20 languages,augmentedby links to ICD-10
concepts[7,8]. Developedby workersat theUniversityof Amsterdamundertheaegisof the
World Organizationof Family Doctors(Wonca),ICPCis employedin clinical information
systemsin severalEuropeancountries.In its original incarnation,contentexistedin numerous
different(mainly PC-specific)characterencodings,whichwasfoundto adverselyaffectdata
management,quality control,andportability. Therelativelysmallsizeandmultilingual content
of ICPCprovidedtheperfecttargetfor demonstratingtheapplicationof theUnicodetext
encodingstandard[9]. TheICPCMultilingual Collaboratory(IMC) is aweb-based
collaboratory(basedupontheuseof ourwebkitWorld Wide Webenvironment,seebelow)with
threeinterfaces:1) apassword-protectededitorial interfacewhich instantiatesahierarchical
authoritymodelandcommunicationchannelsfor review,control,andadditionof translations; 2)
anopenlyaccessibleread-onlyinterfacewith emailaccessto theeditors(providingpublic access
andanotherlevel of contentreview);and,3) amanagementinterfacefor thesystem
administrator [10].

4.1.2Internet-BasedTeleconferencingTools, the MBONE, and the AccessGrid

AlthoughmostusersemploytheInternetfor one-to-onecommunications,its earlydevelopers
realizedits potentialfor one-to-manyandmany-to-manycommunicationsaswell, settingaside
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oneof IPv4’s five addressclasses(D) for thepurposeof "multicasting." In themulticastworld,
anIP addressrepresentsnot aspecifichost,but ratheranabstractentity knownasa "session,"in
whichmultiple hostsmayparticipate.Whenusedproperly,multicasting allowsfor amuchmore
efficient useof networkbandwidth(for example,apartysendingavideostreamto n other
partiesneedonly sendout onecopyof thestream,with copiesbeingreplicatedat routersonly
whereneededto feeddownstreamviewers). In the1990s,few routersweremulticast-capable,so
avirtual multicasting networkknownastheMulticastBackbone(MBONE)wascreatedby
runningmulticasting softwareonspecifichosts("tunnels")andpassingmulticasttraffic between
them,encapsulatedwithin conventionalIP packets.Tunnelsandbridgesarestill employed
todayto connectto multicastprogramsfrom hostsotherwiseunableto employmulticast(many
ISPsdonot enablemulticastserviceson their networks).

Two particularcentersof excellenceappearedduringtheMBONEdecade,developingtoolsto
supportmultimedianetworkconferencing:onewasat theDOE/UCLawrenceBerkeley
Laboratory(LBL), andtheothercenteredonJonCrowcroftandhis MultimediaResearchGroup
at UniversityCollegeLondon(UCL). Two of thetwo toolsdevelopedwithin thesegroupshave
provensousefulandstablethattheyhaveoutlivedtheMBONE,havebeenportedto many
platforms,andcontinueto serveasthecoretoolsof theAccessGrid[11], thecurrentcutting-
edgenetworkmulticasting initiative. TheAccessGridproject,headquarteredat theDOE
ArgonneNationalLaboratory(ANL), encouragesthecreationof speciallyequippedroomsfor
videoconferencing,with featuressuchaslarge-screendisplaysandroboticallycontrolledvideo
cameras,andhasprovidedserverandclient softwareto manage"virtual venues,"enablingthe
managementof participants,sharedsoftwaretools,andsecurity. Hundredsof AccessGrid
"nodes"havebeenestablishedacrosstheworld. At its core,AccessGridstill employstwo of the
MBONEtoolsdescribedbelow(rat andvic) for audioandvideoconferencing.

Notethatthesetoolsaredesignedfor truereal-timeconferencing,in eitherunicastor multicast
mode. Unlike themorecommonly-usedstreamingmediatools,in whichbufferingcanbeused
to allow TCPto correctlost anddamagedInternetpackets,thesetoolsemploythenon-error-
correctingUserDatagramProtocol(UDP) to transmitreal-timedata,employingcleverstrategies
to amelioratelost data. Methodsfor robusttransmission andbandwidthreservationareboth
activeresearchtopicswithin theInternetcommunity.

4.1.2.1Robust Audio Tool (rat)

TheRobustAudio Tool (rat) wascreatedat UCL for thepurposeof audiocommunication,and
complieswith theITU umbrellastandardH.323. It reliesuponthree(IETF-standardized)
protocols:Real-TimeProtocol(RTP)for audio[12], Real_TimeControlProtocol(RTCP)for
controlcommunications,andMessageBus(MBUS) for communicationbetweentheinterface
andaudiocomponents.It supportsmultiple unencumberedaudiocodecs(includingITU G7.11,
theGSM telephonycode,andLPC,uniqueto theMBONEcommunity). It containsmechanisms
for bothsender-basedrepair(redundanttransmission [13,14]) andamelioration(packet
interleaving[15]) andreceiver-basedrepair(silencesubstitution, packetrepetition,andpattern-
matchingrepair). It alsoincludesastrategyfor protectionagainstproblemsin thescheduling
algorithmsusedby UNIX andWindows[16], andtriple-DESencryptionfor secure
conferencing.RTCPallowsthegatheringof participantlists andreceptionquality reports,and
MBUSallowsrat to becontrolledby anotherprocess(for example,conferencecontroltoolsor
applicationswhichsynchronizespeechto lip motionin ananimation). ANL hasfurther
enhancedrat by addingAESencryption.
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4.1.2.2Video ConferencingTool (vic)

Originally developedby theNetworkResearchGroupat LBL, in collaborationwith the
Universityof California,Berkeley,vic wasfirst releasedassourcecodein November1994[17].
It wasmodifiedextensivelyat UCL to makeit easierto developalongsiderat, to supportIPv6,
to repairvariousbugs,andto addsupportfor additionalvideocodecs,videocapturedevices,and
hostingplatforms. It is compliantwith ITU standardsH.261andH.263,and,like rat, hasbeen
portedto awidenumberof platforms. (Notethatpopularproprietaryvideoconferencing
systemssuchasNetmeetingandiChatareH.263-compliant,but areplatform-specific,non-
interoperable,andalsofrequentlyhaveproblemswith firewalls). ANL hasfurtherenhancedvic
by addingAESencryption.

4.1.2.3Other UCL tools

TheUCL groupdevelopedothermulticast/unicast conferencingtoolswhich,althoughnot
currentlyusedby ASKLEPiOS,maybeusefulin future:awhiteboard(wbd, originally
developedby JulianHighfield of LoughboroughUniversity,andcompatiblewith theLBL-
developedwb) ashared-texteditor(nte), anda tool allowing advanceannouncementandjoining
of multicastsessions("sessiondirectorytool," or sdr) UCL alsodevelopeda transcoderfor rat,
whichallowsunicastparticipantsto join amulticastgroup,or which translatesbetweendifferent
codecsbeingusedby participantswhoareusingdifferentcommunicationbandwidths.

4.1.3Brazil (WebApplication Framework)

Brazil is awebservicesframework,written in theobject-orientedlanguage,Java,developedby
StephenUhlerof SunLaboratories[18]. At its corelies a lightweightthird-generationWeb
serverthatcanbeeasilylayeredon top of existingservices,by meansof writing of small
modularJavaprogramsknownas"handlers."Brazil allowscleanseparationof document
contentfrom its presentation,andfacilitatestheproductionof compactandreadablecode,
throughtheuseof HTML andBrazil ScriptingLanguage(BSL). It is particularlywell suitedfor
this project,asanumberof theothercomponentsarewritten in Java,its creatoris our
collaborator,andweareemphasizingcross-platformengineeringpractices.

4.1.4Sphinx (SpeechRecognition)

Sphinxarosefrom amulti-yearDARPA-fundedresearchprogramat CarnegieMellon
University. Sphinx1 appearedin 1988,establishingtheHiddenMarkovModel(HMM)
approach,previouslyconsideredcomputationallyinfeasible,at theforefrontof speech
recognitionresearch[19,20]. CMU releasedsphinx2 in 2000,alongwith acousticmodelsfor
bothEnglishandFrench.Nearlythreeyearslater,sphinx3 wasreleased,whichwasslowerbut
moreaccuratethansphinx2 [21]. Sphinx4, a joint projectbetweenSunResearchLaboratories,
Mitsubishi ElectricResearchLaboratories(MERL), andHewlettPackard(HP),with
contributionsfrom theUniversityof Californiaat SantaCruz(UCSC)andtheMassachusetts
Instituteof Technology(MIT), wasacompletere-writeof thesystem,in Java[22]. The
architectureof sphinx4 wascarefullyconsidered,allowing it bebebetterintegratedinto other
systems,andallowing partsof it to beusedindependentlyof thewhole.

Sphinxis describedasa real-time,large-vocabulary,speaker-independentspeechrecognition
system.It reliesuponfour sourcesof informationto performits task:1) anacousticmodel;2) a
languagemodel;3) apronunciationlexicon;and4) anoptional"noiseword" dictionary,usedto
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filter out breathing,coughing,laughing,andothernon-languagenoises.Sphinxis suppliedwith
well-establishedacousticandlanguagemodelsfor recognizingisolateddigits anddigits spoken
ascontinuousspeech(TI46, TIDIGITS) andfor recognizinga60,000wordvocabularybasedon
broadcastnews(HUB4), aswell asmodelsof intermediatesize,includingonesbasedon5,000
and20,000wordvocabulariesdrawnfrom theWall StreetJournal(WSH5K,WSH20K).
Pronunciationlexiconsmustbeconstructedmanually,but anumberof opensourcelexicons
exist,includingtheCMU Dictionary.

An acousticmodelis constructedby recordingmultiple speakerspronouncingtext thatis similar
to thatwhich is to berecognizedlater(a total recordingtime of 50-100hoursis generallyused).
It is segmented,usuallyat thesentencelevel,andsuppliedto amodelingsystemalongwith the
correspondingtext. SphinxTrainis anacoustictrainingenvironmentsupportingsphinx(2, 3, and
4) [23]. Incomingspeechis transformedinto aseriesof vectors("features")representing
characteristicsof thesound. This allowstheconstructionof agraphof all possiblefeature
sequencesin theentirelanguageunderconsideration,whichcanbeassociatedwith probabilities
of occurrencedrawnfrom thelanguagemodel. Audio containingspeechthatis to berecognized
is processedin thesamemanneraswith thetrainingsetdata,andthenits featuresarecompared
to thegraphof theacousticmodel. TheHiddenMarkovModelis thusasortof giantsearch
problem,seekingamatchbetweentheinput featuresandtheacousticmodelgraphwith the
highestassociatedprobability. An acousticmodelactuallyoperatesat thelevel of arbitrary
units,whichcanbephonemes,diphones,triphones,words,... asappropriateto thewordcorpus
to bedealtwith (for example,for theTIDIGITS acousticmodel,individual phonemesare
recognized,whereasfor mostlargermodels,triphonesareemployed).

A languagemodelis constructedfrom asubstantialsetof written materialsimilar to the
languagethatis to berecognized,andenablesuseof eitheraBNF grammaror (morecommonly)
an-gram(usuallytrigram)statistical approachto aid in word recognition— whichalsoservesto
disambiguatehomonyms("to," "too," and"two," for example).CMU providesanonlineservice
whichacceptsasentencecorpusfile andreturnsasetof lexical andlanguagemodelingfiles
suitablefor sphinx[24].

4.1.5Festival/Flite/FreeTTS(SpeechSynthesis)

Festivalis amultilingual (British, American,Spanish,Welsh)speech-synthesis(Text-to-Speech,
or TTS)system,developedat TheCentrefor SpeechTechnologyResearch(CSTR),University
of Edinburgh[25-27]. Written in C++, it featuresseveralAPIswhichallow accessfrom the
UNIX shell,Scheme,C++,Java,andEmacs.It employsdiphone-basedwaveformsynthesis.It
alsoprovidesaninterfaceto therelatedMBROLA projectof thePolytechnicalUniversityof
Mons,Belgium[28], whichaimsto providetext-to-speechsynthesizersfor asmanylanguagesas
possible(andwhichoffersvoicedatabasesandtoolsfor addingforeignaccentsandemotionto
synthesizedspeech).MBROLA is not availablein source,but binariesor manyplatformsare
availablefor non-commercialandnon-militaryuse. Festivalis commonlyusedin conjunction
with anMBROLA binaryandvoices,asmanypreferthefinal stageprocessing("resynthesis")
andvoicesthatMBROLA supplies.Festival/MBROLA haveenabledothersgroupsto create
synthesizersfor otherlanguages(for example,German[29]). FestivalcanemploySable,an
XML-basedspeechsynthesismarkuplanguagewhichattemptsto reconcileseveralpreceding
proto-standards.

Theflite ("festival-lite") programis written in C, andis a lighter-weightsibling to festival,
suitablefor usein embeddedapplicationsandonsmallerdevicessuchastheiPAQ [30].
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FreeTTSis aJavaderivativeof flite, developedby theSunMicrosystemsLaboratoryteamthat
helpedcreatesphinx4 (seeabove)[31]. It attemptsto combinethemoreefficient algorithmsof
flite with themoreflexible architectureof festival. A technicalreportclaimsthataftercode
optimizations, FreeTTSachievedexecutionspeedstwo to four timesfasterthantheC-based
flite [32].

4.1.6ALICE Chatbot

ALICE (Artificial Linguistic InternetComputerEntity) is anautomatedchatrobot,devisedby
RichardWallace[33]. It wasinspiredby theEliza program,anearlyexperimentin natural
languageprocessing(NLP) written at MIT by JosephWeizenbaum[34]. Althoughthesystem
hastwicewon theLoebnerPrizefor artificial intelligence,contemporaryworkersin bothAI and
NLP woulddenythatit is representativeof eitherdiscipline:it reliesuponasimple
query/responsemodelusinganalgorithmdrivenby textualpatternmatching,basedupon
laboriouslycreatedpatternswritten usingtheXML-basedArtificial IntelligenceMarkup
Language(AIM L) [35]. It hasspawnedmuchancillaryactivity, suchaswebsitesthatcharge
"botmasters"to hosttheir personalizedAIM L-drivenchatbots[36], andcommercialservices
whichprovidelip-synchronizedanimatedchatbotavatars[37], includingonepaidservicewhich
servesto tutor peoplein English[38]. Layingasidetheambitiousclaimsmadeby its author,
ALICE doesprovideanaturalfocalpoint for demonstratinganddeployingspeechservices,and
providesfor webinterfacesandtheability to interactwith othersoftware.ALICE is instantiated
in at leastfive currentlymaintainedindependentprograms,written in Java,PHP/MySQL,C++,
Pascal,andPerl. Weemployed"ProgramD," written in Java.

4.1.7PhoneStation(Computer TelephonySystem)

PhoneStation[39], developedby collaboratorStephenUhler,comprisesahardwarecomponent
(theSPARCstation-to-telephoneInterfaceModule,or STIM) andasoftwarecomponent
(PhoneScript, anextensionto the tcl scriptinglanguage[40]). TheSTIM connectsthe
workstationaudiosystemto asingletelephoneline, andPhoneScriptallowsoneto write
sophisticatedcomputer-driventelephonyservices(whichcanincludespeechsynthesis),suchas
accessto onlineservicesandinformation,andvoice-menuingsystems.Uhler is currently
consideringthedevelopmentof a thumb-sizedUSBtelephoneinterfacethatcouldbeusedto
replacetheuseof theSTIM; this interfacewouldbeplatform-independent(asis tcl), thus
enablingtheuseof PhoneStationonmostcomputingplatforms.

4.1.8SIP Serverand Clients

SessionInitiation Protocol(SIP)is anIETF-developedsignalingprotocolfor "Internet
conferencing,telephony,presence,eventsnotificationandinstantmessaging[41,42]." It does
not carryaudioor multimediacontent(thatis doneusingotherprotocols,suchasthoseusedby
vic andrat), it simply enablescommunication.SIPis aninterestingcase-studyin protocol
design,drawingheavilyfrom pre-existingwebconventionssuchasHTTPandtheuseof URL
syntax.

SIPExpressRouter(ser) [43], is anexcellentfreeRFC3261-compliantSIPserver;it is capable
of actingasaproxy, registrar,or redirectserver(theseservicesareusedby callersto locateone
anotheroverthenetwork),offersmanyotherSIP-relevantservices,andis capableof interacting
with awidevarietyof otherSIPproducts,providingaPBX-like capabilityfor Internet
telephony.
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TheSIPclient linphoneis availablefor theiPAQ in ipkg format.

4.1.9Asterisk(TelephonePBX)

Asteriskis softwarefor Linux thatcreatesaPrivateBranchExchange(PBX) for telephone
communications[44]. It wasreleasedasopensourceby its author,MarkSpencerof Digium, a
companywhichmanufacturesinterfacecardswhichallow aPCto beconnectedto asingle
phoneline, or to aggregatedformsof telephoneservicesuchasE1andT1 lines. Asterisk
supportsVoice-over-IPvia multiple protocols(H.323;SIP;MediaGatewayControlProtocol,or
MGCP),andbridgesVoIP protocolsandtraditionaltelephonyequipmentusingtheInter-
AsteriskeXchangeprotocol(IAX). It supports10differentaudiocodecs,andnumerous
telephonyandcall features.AsteriskrunningonasimplePCcanprovidesophisticated
telephoneservicesfor hundredsof usersat asmall fractionof whattraditionalpurpose-built
PBXscost. It’s enormouscapabilitycomesat apriceto theprogrammer,however:four different
APIs,all complex.

4.1.10ARK SystemPrototype

TheARK systemprototype(http://ark.nlm.nih.gov) providesa front-endto thePubMeddatabase
(andemploysPubMeduniqueidentifiers),illustrating onevision of acrediblepersistentdigital
objectidentification service.Conceivedat NLM, ARKs arebeingmostactivelyimplementedat
theCaliforniaDigital Library (CDL, http://ark.cdlib.org/), with additionalexperimentation
underwayat theUniversityCalifornia,theWorld IntellectualPropertyOrganization(WIPO),
RutgersUniversityLibraries,andtheInternetArchive. Open-sourcesoftwarethatmintsand
maintainsbindingsfor ARKs will bereleasedby theCDL in September2004.

TheARK namingschemeeasessupportfor persistentidentification of informationobjects. The
coreprincipleof theARK is thatpersistenceis purelyamatterof service,andis neitherinherent
in anobjectnorconferredon it by aparticularnamingsyntax. Themostthatcanbeexpectedof
anidentifier is to leadusersto servicesthatsupportpersistence.ThetermARK itself refersboth
to theschemeandto anysingleidentifier thatconformsto it.

An ARK definesa triplet of URLs thatconnectsusersto threethings:

1) Whentypedinto thelocationfield of awebbrowser,thebaseARK leadstheuserto the
namedobject.

2) ThatsameARK, followed by asinglequestionmark("?"), returnsabrief metadatarecord
thatis bothhuman-andmachine-readable.

3) Followedby dualquestionmarks("??"), theARK returnsastatementaboutthelevel of
persistencepromisedby theproviderthatis currentlyprovidingservicesfor theidentifier.
LP TheARK schemediffers from thePURL,URN, andDOI schemes[45] in thattheARK
schemerecognizesthattwo kindsof namingauthorityaffectpersistence:theoriginal
assignerof names(thenamingauthority)andthecurrentprovider(s)of mappingservices
(suchasname-to-object,name-to-metadata,andname-to-commitment) andactualcontent.
Theremaybemanyconcurrentand/orsuccessivemappingservices,aswell asactualobject
holders. Overtime, theoriginal namingauthorityandits policieshavelessandlessto do
with thecurrentobjectholdersandmappingservices,andtheir policies. In thecontextof
ourprototype,NLM is actingasthemappingprovider,but becausemostof thereferenced
objectsareheldelsewhere,NLM hasnocommitment to theobjectsthemselves,andso
NLM’s internalpermanenceratingscannotbeappliedto theobjects.
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4.1.11Ancillary Computing Infrastructure

Whendealingwith a largenumberof disparateandcomplexsoftwaresystems,andadding
locally developedsoftwareinto themix, it is crucially importantto developa reliablediscipline
for documenting,archiving,andretrievingwork thatis done. While usingthetoolsrcs andcvs,
whereappropriate,for versioncontrolof individual files, wealsohavedevelopedlocal
infrastructureto standardizetheUNIX environment(CommonUserEnvironment, or cue), and
wehaveworkedwith theApplied ResearchLaboratoriesat theUniversityof Texasat Austin to
extendtheir depotsharedsoftwarerepositorysystem,to install softwareasnetwork-sharable
packages[46-48]. This systemfacilitatesstandardizationof thedevelopmentenvironmentby
allowing thesamepackageto besuppliedto depotclientsfrom asingledepotserver.Multiple
versionsof agivenpackageareallowed,eachpackageis installedin its own filesystem
hierarchyfor easymanagementandremoval,andaservercanoffer files for multiple hardware
andOStypes. Everydepotpackageis accompaniedby aREADME.LOCAL file, with a
standardizedheaderdescribingthepackage,aswell asdetailedinstallation instructions.We
currentlyhavein excessof 700individual softwarepackagesinstalledonourmaindepotserver.

Ourgroupwebservicesrely uponwebkit, documentationandasetof Bourneshellscriptswhich
install andconfigurea fully-featuredwebserver,basedentirelyuponopensource,suitablefor
useasa researchplatform. Althoughtheprincipalcomponentsof webkitaretheApacheweb
server[49], thePHPserver-sidescriptinglanguage[50], andtheMySQLrelational
database[51], thepackageentailsover90distinctsoftwarepackages,all installedindependently
asdepotpackages.A numberof higher-levelwebapplicationshavebeenbuilt on top of webkit,
includingIMC, but alsoincludingsoftwarearchive, whichallowsusto catalogdepotpackages
whicharestoredoffline, in asearchablemanner.

4.2Platforms & Operating Systems

4.2.1Sun Workstations

Mostof this work hasbeendoneonSunUltraSPARC2 and60computers,soonto beupgraded
to SunBlade2000and2500machines.

4.2.2Solaris & Java

TheSunworkstationshavebeenoperatingunderSolaris2.8and2.9(soonto be2.10),and
carefullykeptup-to-datewith respectto securityandperformancepatches.Thesystemshavean
up-to-dateJavaenvironment,supplementedby numerousJavapackagesrequiredby this project,
suchastheJavaMediaFramework.

4.2.3PC (i86) Hardware

WeemployedaDell DimensionXPSR400(PentiumIII).

4.2.4PC OS & Development Software

TheDell PCwassetupasadual-bootmachinewith Linux (7.3,laterupgradedto 9) and
WindowsXP. This host,runningunderLinux, wasusedbriefly in theearlystagesof installing
Linux on theiPAQ PDAs(usingtheminicom-2.00.0-3terminalemulator).

Thehandhelds.orgsiteprovidedapre-builtgcc-basedARM cross-compilerfor thei86
architecture,referredto asa "tool-chain." This runsunderLinux on thePC,andis required
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whencompilingfrom sourcecodeto createiPAQ binaryexecutablefiles.

4.2.5WirelessHandheld iPAQs

ThePDA hardwareconfigurationconsistedof:

1) HP/COMPAQPocketPCH3870. Features:240x320backlit color LCD screen,32MB
SDRAM, 16MB flashmemory,SmartData(SD)cardslot,andIrDA andserial
(synch/asynch)externalinterfaces(shippedwith: MicrosoftPocketPC,v. 3.0.11171,Build
11178(winCE)).

2) HP/COMPAQDualSlot PCCardExpansionPack

3) SimpleTechDigital MediaCompactFlashcard,128MB

4) 802.11bWirelessPCCard:LucentOrinocoGoldCard

5) Winnov VideumCamTraveller2.0VideoCamera& PCcard

TheiPAQ wasselectedbecauseof its uniqueexpandability,andstrongsupportfor Linux and
opensourcesoftwarefor it. TheDualSlot PCCardExpansionPackprovidesadditionalbattery
power,in additionto connectionsfor the802.11bandvideoPCcards.TheCompactFlashcard
allowsstorageof theMicrosoftPocketPCoperatingsystem,prior to its removal.

4.2.6Familiar (Linux for ARM devices)

Numerousdifferentapproacheshavebeentakenwith respectto embeddingLinux in small
devices[52], andit is foundin varioustypesof handheldandtabletcomputers,mobileandIP
telephones,robots,AV andautomotiveequipment,andevenawristwatch. Numerous
commercialPDAsemployLinux, manyof them(over25 asof this writing) documentedby
LinuxDevices.com[53]. Themostcommerciallysuccessfulof theseis likely theSharpZaurus.

Severalversionsof Linux existfor theiPAQ ARM-basedPDA. A full versionof DebianLinux,
knownasintimate, is availablebut consumesaminimum of 140MB of space,whichwould
requiretheuseof microdrive(for which thereis nosparePCslot). Theolder,more
parsimoniousLinux versionknownasfamiliar fits in 16MB of PDA flashmemory[54].
Amongits principalfeatures:journalingfastfile system2 (JFFS2)to accessFlashmemory
(important,asit alsoattemptsto distributereads/writesacrossthis limited-lifetimememory
form); secureshell(sshd); anti-aliasedTrueTypefont support;integratedPython,PyGtk,
PyGDKImlib; considerablebinary/librarycompatibility with Debian’sARM distribution; and,
softwarepackagesupportthroughipkg (basedon theDebianpackagemanagementmodel). It
canbeinstalledwith oneof two interfaces:theX Windows-andGTK+-basedGPE, or the
Qtopia-basedOpie.

Althoughdevelopedandmaintainedby a loosely-knitcommunityof opensourcedevelopers,
familiar hasreceivedconsiderablesupportfrom workersat HPLaboratories,Cambridge,who
alsohelpmaintainthehandhelds.orgwebsite.

5. Discussionof Current Statusof Work

5.1ICPC Multilingual Collaboratory (IM C)

TheICPCMultilingual Collaboratory(IMC) is completeandoperational,andfinal correctionsto
its onlinedocumentationareunderwayasof this writing. Thepenetrationof Unicodeon
commonlyusedcomputingplatformswaspoorwhenthis work began,but progressed
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remarkablyduringthecourseof thework. Theread-onlyinterfacefor examiningICPCcontent
usesserver-sideUnicodecapabilityto produceGIF files representingtext,allowing anyGIF-
capableWebclient to displayanyof its 20+languages,regardlessof local Unicodesupport. The
editorial interface,however,requiresclient-sideUnicodesupportin orderto edit ICPCcontent.
Wespentconsiderableeffort in locatinganddocumentingappropriatewebclientsandediting
toolsfor eachof theprincipalplatforms:PC/Windows,Macintosh/MacOS,andUNIX. In the
caseof UNIX, wecollaboratedwith ThomasWolff, authorof theminedUnicodetext editor,to
helpaddsupportfor editingChinese/Japanese/Korean.TheIMC systemis availableonline
throughtheEmergingTechnologiesGroup(ETG)website:http://etg.nlm.nih.gov/project/icpc/.

5.2ASKLEPiOS Server-BasedSystems

Thefollowing serviceshavebeeninstalledandtestedonnon-mobileSunworkstations:the
webkitWebresearchplatform(andotherancillaryresearchinfrastructureoutlinedearlier);the
IMC system;theserSIPserver;vic andrat; theFestivalandFreeTTStext-to-speechsystems;
thesphinx4 speech-to-textsystem;and,theJavaversionof theALICEchatbotsystem.

ASKLEPiOSemploysBrazil to providewebinterfacesfor variousservices,including:FreeTTS,
sphinx4, andALICE. For example,onecanpasstext within aURL to theFreeTTSBrazil
service,andreceiveanaudiofile in return,containingsynthesizedspeech.Wehavedevised
AIM L files for ALICE to instantiateASK, achatbotcapableof describingour researchactivities.

OurcollaboratorStephenUhler is handlingall of thework relatedto theAsteriskPBX system.
Althoughit conventionallyrunsunderLinux, heis portingit to Solaris. He is investigatingthe
feasibility of providingamuchsimplerdevelopmentenvironmentfor it, by layeringa
parsimoniousPhoneScript-like commandlanguageon top of Asterisk’s complexAPIs,andis
attemptingto extractpartsof Asteriskfor independentuse.

Giventhelackof agoodSIPclient for SPARC/Solarismachines,wehavebeencollaborating
with thecurrentmanagingauthorof theJava-basedSIPCommunicatorapplication(Emil Ivov),
to try to getit working. If this effort is unsuccessful,wehopeto usecodecurrentlybeing
extractedfrom theAsteriskPBX systemby Uhler.

5.3SNAKE Handheld WirelessDevices

Weinstalledfamiliar with theX WindowssystemandGPEuserinterface,usingacomplex
multi-stagebootstrappingprocess,whichwedocumentedthoroughlyonourgroupwebsite[55].
Wearethefirst groupto documentaninstallation methodrelying entirelyuponLinux andopen
source(othersiteshavedocumenteduseof aWindowsPCto sendbootstrapfiles to theiPAQ).
Startingwith version0.5.3,wehavesinceupgradedto 0.6pre,0.7pre-release,andfinally 0.7.2.
Using ipkg, wesupplementedthebaseinstallation with variousotherapplicationssuchasthevi
editor,vic, rat, andthe linphoneSIPclient.

Therat audiotool requiredmodification,to: 1) makeits graphicaluserinterfacefit on theiPAQ
screen;and,2) makeits audiocomponentwork properlywith theALSA audiodriver (this work
is in progressasof this writing).

Wearecurrentlyexperimentingwith installation anduseof aJavaVirtual Machineon theiPAQ,
whichwouldopenupopportunitiesto useJavaaudiocapturetools,FreeTTS, andpartsof sphinx
4.
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6. Evaluation & Discussion

In theinstanceof IMC, theworkingsystemwasclonedto aLinux serverin Amsterdam,and
presentedto aninternationally representativepanelof ICPCeditorsat anICPCworkshopthere
in June2004. Workshopattendeesagreedthatthesystemwould likely produceastriking
improvementin theefficiencyof their work in maintainingandextendingICPC. It is intended
thatourAmsterdam-basedcollaboratorswill takeonsupportof thesystemasit enters
productionmode;wehavediscussedplansasto howtheycouldevaluatetheimpactof IMC in
formal publishableterms,throughdocumentingtheratesat whichnewtranslationsare
contributedandcompleted,therateat whicherrorsaredetectedandrepaired,andthrough
assessmentsof changesin theawarenessanduseof ICPC.

ARK researchanddevelopmentis mostactiveat theCDL, andevaluationof thetechnologywill
beleft to thatgroup.

With theexceptionof IMC, thework describedhereis still at theproof-of-conceptprototyping
stage.In this stage,thequestionsto beaddressedfor eachcomponentare,in order:

1) Doesthis systemwork acceptablyat a technicallevel?

2) Is this systemsomethingthatI would like to useroutinely?

3) Is this systemsomethingthatotherswould like to useroutinely(and,if so,in whatsortof
applications)?

As componentsof ASKLEPiOSprogressbeyondtheprototypestage,theywill beappliedto
real-worldsituations,wherethemeansof evaluationwill varyasappropriate.

Initial technicalassessmentof theiPAQ yieldedmixedresults. Thedeviceitself, suitableasa
prototype,is still too physicallyunwieldyto deployfor routineuse. Thevideoframerate
remainslow — approximately6 fps,with detectablelatencywhichcouldinterferewith some
applicationswhereaudioandvideomustbetightly synchronized.Video imagesareof rather
poorquality,andhighly sensitiveto lighting conditions. Audio quality hasvariedwidely
dependinguponwhichwirelessnetworkwasin use;usingaCiscoAeronet350802.11bbase
station,weobservedlatenciesfrom 500to 1500msec,which is unacceptablefor telephonic
communications.However,usinganearlymodelAppleAirport basestation,weobservedclear
audiowith latencieswell undertheusualcutoff for acceptabilityof 250msec. Wewerenot able
to determinethesourceof latencyin theCiscosetup,a taskwhichmaybemuchmoredifficult
nowdueto recentchangesin managementof local wirelessnetworks(seebelow). Work onSIP
andspeechapplicationsis still at too earlyastageto makehelpful assessments.

Wehaveidentifiedandcontactedseveralothergroupsthathaveexperimentedwith the
familiar/iPAQ platform. USC/ISIconductedresearchinto military surveillanceapplicationsof
theplatformunderDARPA fundingin 2000-2001,with anemphasisonpoweranalysis,making
importantcontributionsto thesoftwarefor this device[56]. The"BabyGRASS"project[57],
hasusedit to runaGeographicalInformationSystem(GIS/GRASS).HainingLiu of theVideo
overIP Groupin the Schoolof InformationandComputerScienceat Universityof California,
Irvine, got vic andrat operatingasapilot project[58]. MotorolaLaboratories,aspartof their
Internet2 initiative, attemptedto integrateiPAQsrunningvic andrat with AccessGrid
nodes[59]. NeitherISI norLiu norMotorolaaddressedtheissueof therat userinterfacenot
fitting properlyon theiPAQ display,andrat audiowasmadeto work by installing analternative
audiodriver,potentiallybreakingotheraudioapplications.
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Althoughthereareexcellentopensourcepackagesfor dealingwith facsimile(fax)
transmissions, wehavechosennot to includefax serviceswithin theASKLEPiOSframework,as
weconsiderfax technologyasbeingrapidly eclipsedby moreefficient networkequivalents(it
couldbeaddedin futureif this evaluationchanges).

Earliersectionsof this reportmayleadsomereadersto concludethatwebelievethattelephony
hasastrongfuture. In fact,althoughwebelievethattelephonicfunctionality (voice
communication)hasastrongfuture,we foreseethedisappearanceof thetelephonein its current
form, asthemergerof computingandcommunicationscontinues;oral communicationswill
becomeintegratedwith othermodalitiesof informationexchangeonawidevarietyof physical
devices.As with mostsuchtechnologicalshifts,thetransitionperiodwill bemarkedby the
newertechnology(thecomputer)imitating theolder(telephony),asdomostcurrent"SIP
telephone"sets;overtime, thefull flexibility of computertelephonywill berevealedto usersby
softwareapplicationsthatdeviatemorefrom theestablishedconventionsof traditional
telephony,andintegratethemselvesinto theothermultimediacapabilitiesof theunderlying
computingplatform. Giventhehugeinstalledbaseof traditionaltelephonesetsaroundthe
world, this transitionmaytakemanyyearsto complete,occurringfirst in wealthierareasof the
world. PhoneStationandAsteriskprovideapathwayfor thelargeexistingtelephone
infrastructureto beintegratedinto this transition.

With consumer-andindustrial-gradecommercialspeechrecognitionsystemsavailable,why use
sphinx? Therearecompellingreasons,mostof themrelatedto thefact thatit is opensource.
First, it is multi-platform, andnot tied to specificcomputinghardware.Work built uponit will
bemorewidely usable.Second,proprietarysystemspresentyouwith their own fixed language
models. Mostconsumer-gradesystemsallow theseto besupplementedby trainingfor an
individual speaker,but youcannot createanunderlyingspeaker-independentmodelof yourown
design,andtheonesthevendoroffersmaynot besatisfactoryfor agivenapplication.Third,
work built usingsphinxis unencumberedandfreelysharable,makingit moresuitablefor
collaborativeresearch,andensuringanstablepathforwardin time (which is morethana
hypotheticalconcern,asdemonstratedby thecollapseof industryleaderLernoutandHauspie).
Finally, commercialsystemsarenot modular— youcannot pick off componentsfor embedding
within otherapplications.

7. Potential Applications

Potentialapplicationsexistat thelevelsof thecomputeroperatingsystem,applicationsoftware,
andhumanactivity.

Mobile wirelessInternet-connecteddeviceswith speechinterfaceswouldbeaboonto the
disabled,andto physicianswhowork with handsoccupied(asfor pathologistsandsurgeons).
Theywouldhavemyriadapplicationsfor emergencyresponsepersonnel.Thereis muchneed
for thedevelopmentof goodunencumberedcross-platformserver-sideandclient-side(perhaps
Javaapplet-mediated)webcontentreaders.

A singlehandheldwirelessdevicethatcanactasa telephone,pager,Internetaccessdevice,and
videoconferencingplatformcouldreplacethecurrentcollectionof clinical belt-lineaccessories.
It wouldallow integrationof informationresourcesandmeansof actionin amannernow
difficult: for example,it wouldbemucheasierto tie togetheraspecificpatientwith that
patient’selectronicmedicalrecordanda list of care-givers,alongwith thevariouswaysin which
thosecare-giverscanbecontacted(email,SIPor conventionaltelephony,etc.). NLM databases
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couldbeaccessedvia typedinput or speech,andoutputobtainedastext or spokenlanguage.
Full telephonyservicescouldbeprovidedover802.11networks,with 802.11-to-PSTNbridging
providedvia PhoneStationor Asterisk. (bypassingtherecurringservicefeechargedby pending
commercial802.11/PSTNmobilephoneservicesfor useof their internalproprietarybridge).

DataunderlyingthePDA-like services(calendars,addressbooks,"TO DO" lists, ...) of the
hand-heldInternet-connectedSNAKE couldbemaintainedonasingle,secure,well managed
(backed-up)centralserveron thenetwork,andsynchronizeddynamicallywith copieson the
SNAKE, with noactionrequiredon thepartof theuser.

Themultimediacapabilitiesof aproperlydesignedSNAKE would improvethequality and
coherenceof clinical training,asbedsideroundscouldnow integratecommentsandimagesfrom
radiologists,pathologists,andotherswhoarepresentlyseenat othertimesandplaces,making
their findingsmoreclearandcompellingthroughtheir immediacy. Partof a resident’smorning
roundsdutiescouldbeto preparelucid summariesof literaturefindingsthatcouldbeintegrated
on-the-spotwith aparticularpatient’sclinical findingsandlaboratoryresults,in amannerthat
couldbesharedby everyonepresentin thepalmof their ownhand. Radiologists,pathologists,
andothersarealreadyarchivingimages,sometimeswithin their formal reports,anda
multimediaplatformcouldretrievetheseimagesondemandin anylocationneeded,to be
integratedmorenaturallyinto teachingrounds,family conferences,or collegialdiscussions.By
freeingupphysiciansfrom thetyrannyof proximity, clinical consultationscouldbemoreeasily
arranged,andfollow-up discussionsmorefrequent.

WeemploytheiPAQ asaSNAKE prototypebecauseits expandabilitymakesit aconvenient
researchplatform. Theframeworkof toolsenvisagedherewill beof valueregardlessof the
physicalformatof thefinal device. Althoughsomeof theapplicationsmayrunsuboptimally on
today’sequipment(speechrecognitionmaybeslow, imagespoor),evolutionin processor,
display,andcameratechnologywill rapidly catchup.

8. Plansfor Further Work

Ourprimaryoutsidecollaborator,StephenUhler, is concentratingonevaluatingAsteriskand
developingtoolsfor handlingaudiousingtheSIPandInter-AsteriskeXchange(IAX) protocols
onSolarisandLinux. Inventorof theBrazil frameworkandPhoneStation, heprovidedthe
striking SLIM demonstration(discussedbelow)andhasbeenhelpingusto developaBrazil
handler-basedwebinterfacefor sphinx. WehaveconcentratedondevelopingtheiPAQ SNAKE
prototype,dealingwith Internet-basedvideoconferencing,workingwith sphinx, anddeveloping
biomedicalapplicationsthatutilize NLM resources.

8.1Clinical Evaluations of SNAKE Prototype & Computer TelephonyApplications

TheSNAKE prototypecurrentlyin useis impractical,in partdueto its unwieldybackpackwith
external802.11cardvideocamera,andvideocard,but alsodueto its sluggishperformancefor
conferencing,andits limited batterycapacity. In earlyAugust2004,HPannouncedanewiPAQ
model,clearlyintendedto competewith theTreo600phone/PDAhybrid. Theh6315employs
theXScaleARM chip,which is doublethespeedof theprocessorin themodelwecurrentlyuse;
it containstwice thememory(64MB SDRAM, 64MB FlashROM), contains802.11bsupport,
andsupportsBluetooth. It alsoservesasamobilephone,supportingtheGlobalSystemfor
Mobile Communications(GSM) protocolandtheassociatedGeneralPacketRadioService
(GPRS,aprotocolfor datatransferusingmobiletelephones,with a theoreticalmaximumspeed
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of 171.2kbps). Theinitial serviceproviderwill beT-Mobile. Mostimportantlyfor this project,
it hasabuilt-in camera,which is beingadvertisedasastill camera,but which (weareassuredby
colleaguesat HPLaboratories)will becapableof video. Onelimitation is thatthecameradoes
not appearto beaimableindependentlyof theiPAQ case,sothatthedevicemaystill not be
optimal for videoconferencing.Wewould like to replaceourcurrentiPAQ platformwith this
model(thusdispensingwith theexternalPCcardbackpackwecurrentlyrequireto support
802.11andvideoservices).Althoughstill far from theoptimaldevicefor ASKLEPiOS,sucha
devicewouldbedeployablein realisticclinical settings.(In future,wecananticipatetherelease
of bothincreasinglycapablehandhelddevices,andalsoof betterwirelessservices,suchas
"EnhancedDataratesfor GSM Evolution,"or EDGE,acomponentof forthcoming"third
generation"GSM services,or 3GSM, whichoffersthreetimesthedataratesof GPRS).

Pendingcorrectionof problemsin ourARM cross-compilerenvironment,wewill completeour
modificationsto therat audiotool, encapsulatetheresultsinto an ipkg package,andsharethis
thehandhelds.orgcommunity. Wewill completetestingof theSIPclient, linphone. In the
intermediateterm,wewill install andtestaAsterisk-compatibleIAX audioclient being
producedby ourcollaboratorUhler. TheSNAKE platformwill bethetargetof several
experimentsin speechinterfacedesign(discussedbelow).

In thelongerterm(12-18months,dependinguponhowquickly familiar andtherestof our
iPAQ softwareenvironmentcanbetransferredto thenewHP6315)wewill attemptto evaluate
theSNAKE in aclinical environment.Weareengagedin discussionswith membersof the
Departmentof InternalMedicineat theUniversityof California,SanFrancisco,with respectto
executingclinical assessmentstudiesof thedevice. Thecurrentlyenvisagedstudydesign
(subjectto furtherelaboration)is asfollows:

Hypothesis:
Theuseof hand-heldvideoconferencingcancontributeto improvedremotesupervisionof
residents/nursesby the"physicianof record"at momentswhenhe/shecannot bephysically
present,leadingto improvedhealthcare.

Methods:
Eight teamsof residentswill bedividedinto two groups. Thecontrolgroupwill conduct
themselvesasusual,relying mainly on telephoneconversationswith "physiciansof record"
whensuchphysicianscannot bepresentfor directpatientevaluation(asat night,or when
thephysicianis at anothersite). Thetestgroupwill employSNAKESfor such
conferences,usingencrypted802.11wirelessvideo-teleconferencingoverUCSF’sclinical
virtual privatenetwork(VPN). Thephysicianwill employadesktopcomputerwith rat and
vic. Thestudywill continuefor aperiodof between6 and12months.

EvaluationCriteria:
This useof theSNAKE will beevaluatedaccordingto thefollowing criteria:1) frequency
of use;2) usersatisfaction(bothresident’sandphysician’s);3) numberof occasionsin
which thephysicianconsidersthatuseof theSNAKE is likely to havechangeddiagnoses
or managementplans,with estimatesof thelikely effectonoutcomeof care. Lengthof
stayandpatientthroughputwill becomparedbetweenthecontrolandtestgroups.

Colleaguesin theDepartmentof LaboratoryMedicine,Universityof California,SanFrancisco
(Drs.Hamill andTerrazas),areeagerto exploretheapplicationof computerizedtelephonyto
pressingproblemsin their department.Their clinical laboratoryhasrecentlybeenmovedacross
thecity from themainclinical center(additionally,thelaboratoryalreadyhadseveralsatellite
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facilities). In apilot projectat UCSFseveralyearsago,R.P.C.R.demonstratedtheuseof
MBONEtechnologyto transmitclinically usablemicroscopicimagesof bonemarrowaspirates,
for thepurposesof beingevaluatedby apathologistat a remotesite. In thefirst stageof the
currentsharedendeavor,wehaveinstalledanAccessGridnodewithin theDepartmentof
LaboratoryMedicine,whichwill beusedinitially to performclinical teachingroundsbetweena
physician/microbiologist working in thelaboratory(a facility removedfrom themaincampus),
andaninfectiousdiseasespecialistandhis Fellows,working in thehospitalon themaincampus.
At leasttwo simultaneousvideostreamswill bein use,supplyingfacial imagesfrom the
infectiousdiseaseparticipants,andlive imagesof microbiological cultureplatesandmicroscopic
imagesfrom themicrobiologist. A singleaudiostreamwill carryfull-duplex voice
communicationsbetweenthetwo sites. This systemin anticipatedto befully operationalby the
endof 2004. It will beevaluatedasfollows:

Hypothesis:
Theuseof videoteleconferencingcansubstitutefor a face-to-faceconferencein thecontext
of microbiology/infectious diseaserounds,andcanimproveefficiencyof teachingwhen
participantsarewidely separatedandwouldotherwisehaveto travelto meet.

Methods:
Instantiatethesystemdescribedabove.Havetheparticipantsat bothendscomplete
surveysfor theperiodsbeforeandafterimplementation, ratingthetwo regimesaccording
to: frequencyof rounds;amountof time takenfor themeetings(includingtransportation
time in thecaseof theinitial regime),clarity of thedidacticmaterials,andoverall
satisfaction(acceptingspecificcommentsaswell).

EvaluationCriteria:
Comparetheratingsobtainedbeforeandafteruseof teleconferencing.

In thenextstageof collaborativework, during2005,two computer-telephonysystemswill be
prototyped.Wewill beusingAsteriskfor this application,aswewish to build thesystemusing
readilyavailablehardwarewhichmaybeeasilyreplacedandrepaired.Integrationof these
systemswith existingUCSFclinical informationsystemswill beconductedby UCSFpersonnel.

Thetelephonetasksweautomateherearecurrentlyexpensiveproblemsfor theUCSF
laboratory,whichestimatesthatit consumestheequivalentof between2 and3 FTEsduring16
hourseachday(callsfall off duringthe"graveyard"shift). Giventhedisciplinedtime
managementpracticesin thelaboratory,evaluatingtheimpactof thesesystemsin puredollar
termswill bestraightforward.

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

2) A systemwhichwouldassistwith calling up responsiblepartieswhenemergency
laboratoryresultsareobserved.For example,whenanambulatorypatienton
anticoagulantsis foundto beat risk of hemorrhagedueto his medications,a laboratory
technicianmustdial telephonenumbersfrom asuppliedlist of care-giversuntil oneis
locatedwhocanquickly takechargeto ensurethepatient’ssafety. This automatedsystem
will takeoverdialing out for responsiblepartiesuntil oneis found,thenpassthecall to the
technicianto completethepass-offof information.

Both systemswill beevaluatedin thefollowing manner:
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Hypothesis:
Thecomputerizedtelephonyservicewill reducetheFTEsrequired,with nodecreasein
technicianor care-giversatisfaction,or detrimentaleffectsonpatientcare.

Methods:
Gatherdatafor theperiodof 6-12monthsprior to deploymentof thesystem,to compute
theFTEsdedicatedto thetask. Thendeploythecomputerizedtelephonysystem,and
gatherdataaboutFTEsrequiredafterthesystemis declaredfully operational,for thesame
periodof time usedprior to deployment.

EvaluationCriteria:
Computethechangesin FTEsbeforeandafterdeployment;performsurveysof technicians
andcare-giversto assessoverallsatisfactionbeforeandafterthenewsystemis deployed.
Write casestudiesof anyinstanceswhereeitherthemanualor semi-automatedsystems
causeor encounterspecialproblems(for example,inordinatedelaysor miscommunicated
results).

Systemsalreadyexistcapableof providingtheaboveservices,but theyareexpensive,
proprietary,andlimited to telephonecommunications.TheASKLEPiOSopensource
frameworkwoulddramaticallylower thecostbarrierfor developingsuchservices,andprovide
multimodal communicationscapability,whichwewould like to explorebeyond2005:the
directionthatwork takeswill dependuponthedegreesof successin theotherareasof work
outlinedhere.

8.2SpeechInterface Research& Development

GivenNLM’s considerableexpertiseandinterestin naturallanguageprocessing(NLP), the
appearanceof sphinx4, theworld’s first seriousopensourcespeechrecognitionengine,is of
particularimport (noteagainthecommentsat theendof section6). Evaluationof suchsystems
is baseduponmeasuringaccuracyrates:whatproportionof wordswithin a targetdocumentare
recognized?However,trainingandthenevaluatingsphinx4 is anythingbut trivial. TheHMM
algorithmis essentiallyahugebrute-forcepattern-matchingexercise.Thenumberof parameters
at play in determiningtheperformanceof sphinx4 is large,andtheparametershavecomplex
interactions.

Workersin speechrecognitionrely uponsimpleempirically-derivedrules-of-thumbin training
their engines,asthereareno rigorouslydeterminedstatistical guidelines.In creatingnew
acousticmodels,between10and30speakersaregenerallyemployed.On theorderof five hours
of spokenmaterialaregatheredfrom eachspeaker.It is importantto userealisticspeakersof the
sortto berecognized,ratherthantrainedvoiceactors(thereareof coursemanyvariablesat play
in selectingspeakers,whosespeechpatternsmaydiffer widely basedonage,sex,level of
education,dialect,etc.). It is alsoimportantto useaudiosamplingratesandambientnoiselevels
thataccuratelyreflectthetargetedfinal workingconditions. Thereareof coursetrade-offs:
usingmorespeakersfor trainingimprovesthespeakerindependenceof thefinal system(overall
accuracyfor randomlyselectedspeakers),but at thecostof reducedaccuracyfor anyone
speaker(note:sphinxcanbetrainedto aspecificspeaker,with improvementin recognitionrates
for thatspeaker;about20minutesof speechfrom theindividual is required,whichcanbefolded
into apre-existingacousticmodelusingmaximum-likelihood methods).A largertraining
vocabularymeansthatthefinal enginewill recognizemorewords,but againat acostof reduced
overallaccuracy.Finally, greatcaremustbetakenin definingtheproblem:just whatkind of
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speechis to berecognized?Thatinfluencesthechoiceof a "unit of recognition"to beemployed
in thelanguageandacousticmodels:for example,whenrecognizingnumbers,thevocabularyis
small (goodfor increasedrecognitionrates)but thewordsthemselvesareshortandsometimes
resembleoneanother(badfor recognitionrates). TheHMM algorithmis oftenfoundto work
betterin suchcircumstancesif theunit of recognitionis takento beanindividual phoneme.

Takinginto accountthenthatdevisingspeechrecognitionmodelsremainsmoreart thanscience,
andthatambitiousgoalsmayrequiresubstantialtime andresources,weoutlineanumberof
researchanddevelopmenttargets,listedin increasingorderof difficulty. Someof theseprojects
mayneedto drawuponthelinguistic expertiseof NLP-specificcollaboratorswithin LHNCBC:

ShortTerm(Year1):

Hypothesis:
Performanceof sphinxis comparableto commerciallyavailablespeechrecognition
engines.

Methods:
Usingaminimum of 10acousticallydiversespeakersin quietambientconditions,
measurerecognitionratesfor thedigit-recognition andWall StreetJournalmodels
suppliedwith sphinx, usinganadequatesamplingof digits andexcerptsfrom theWSJ
asthetestmaterials.Repeatstudyusingacommercialspeechrecognitionengine
(IBM’s ViaVoice) insteadof sphinx.

EvaluationCriteria:
ComparerecognitionratesbetweensphinxandViaVoice.

Hypothesis:
Individual speakertrainingimprovesrecognitionratesfor thatspeaker,to asimilar
extentin sphinxandViaVoice.

Methods:
Usingthespeakersfrom theabovestudy,train theenginefor eachindividual speaker
andrepeatthemeasurementof recognitionrate.

EvaluationCriteria:
Comparethechangesin recognitionratesbeforeandaftertraining,for bothsphinxand
ViaVoice,andcomparethesefigurersbetweenthetwo systems.

Hypothesis:
Useof a languagemodelsuchasWSJis inadequatefor purposesof searchingthe
biomedicalliterature.

Methods:
Usingthespeakersfrom thepreviousstudies,measurerecognitionratesfor the
existingWSJmodel,but appliedto thereadingof a testsetof biomedicalabstracts,
obtainedby usingqueriesfrom oneof NLM’s querytestsets(orientedtowardInternal
MedicineandFamily Practice)to searchPubMed.

EvaluationCriteria:
Comparetherecognitionratesobtainedfor biomedicalabstractsto thoseobtainedin
theinitial studyfor readingWSJmaterials.

IntermediateTerm(Years2-3):
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Hypothesis:
Creationanduseof languageandacousticmodelsappropriateto theGraeco-Latin
languageusedin biomedicinewill yield improvedrecognitionratesfor biomedical
literature,ascomparedto useof theWSJmodel.

Methods:
Usebetween10and30 representativespeakers,working in low ambientnoise
conditions(suitablefor literaturesearchesin quietsettings,but not recognitionfrom
ERtelephonecalls). Drawtrainingmaterialsfrom theliteraturefor InternalMedicine
andFamily Practiceusingelementsfrom NLM querytestsetsappropriateto those
disciplines,suchthatabout5 hoursof speakingtime perspeakeris obtained.Employ
SphinxTrainto createanewacousticmodel.

EvaluationCriteria:
Evaluaterecognitionratesusingotherspeakers(minimum 10 in number)and
publishedmaterialsnot usedfor thetrainingprocess.Train theenginefor each
individual speaker,andrepeatthemeasurementof recognitionrates.

Hypothesis:
Sphinxprovidesausablesourceof softwarecomponents

Methods:
This is really anengineeringevaluation:look at thecodedesignto seeif sphinx4’s
modulardesignallows,in principle,theuseof componentsfor ancillaryapplications;
couldone,for example,createaphonemerecognizer,anduseit behindawebsiteto
createanopensourcebiomedicallanguagepronunciationdictionary?

EvaluationCriteria:
Seeif aphonemerecognizercanbesuccessfullyextractedfrom thecodeandrun
independently.

Hypothesis:
Speechrecognitionvia aSNAKE canbemademoreefficient by placingpartsof the
sphinxrecognitionengineon theSNAKE itself.

Methods:
Partsof sphinxwill beplacedon theiPAQ: theacousticcapturemechanismand
feature-recognitionengine.Theremainingtaskswill bedoneon theASKLEPiOS
server,working in conjunctionwith theSNAKE via thenetworkconnection.A
simplespeechrecognitiontask(recognitionof numbersandasmallvocabulary)will
beperformedby 10separatespeakers,undertwo regimes:doingfeaturerecognition
on theSNAKE andtheremainderof processingon theASKLEPiOSserver,versus
capturingaudioon theSNAKE but doingrecognitionprocessingentirelyuponthe
ASKLEPiOSserver.Recognitionrateandspeedwill bothbemeasured.

EvaluationCriteria:
Recognitionratesandspeedwill becomparedbetweenthetwo testregimes.

Theprecedingprojectsdealtwith speechrecognition;thefollowing projectsexplorespeech
synthesis,which is amuchsimplerandmorematuretechnology.

ShortTerm(Year1):

Speakingwebsite
Therearecommercialsystemswhichprovide"speakingwebsites."
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Hypothesis:
A Javaappletusedwith sphinxcanprovideequivalentperformanceto a
comparablecommercialsystemwhile providingsuperiorengineeringfeatures.

Methods:
DeviseaJavaappletto harvestcontenthighlightedby aWebclient user(or,
alternatively,thecontentof anentireframe)andreturnsyntheticspeechfrom the
ASKLEPiOSFreeTTSserver.Comparetheperformanceof this systemto a
public demonstrationprojectusingacommercialsolution,in placeat NIH
(http://nihseniorhealth.gov). Haveat least20subjectsusebothsystems
(randomizingtheorderof presentation)andratethembothaccordingto: speed,
easeof use,clarity of speech,andoverall impression.

EvaluationCriteria:
Comparetheratingsfoundfor thetwo systems.

Speechon theSNAKE

Hypothesis:
Adequatebiomedicalspeechsynthesiscanbeperformedonadevicelike the
SNAKE.

Methods:
Install aJavaVirtual Machinewill beinstalledon theiPAQ, allowing the
installation of FreeTTS. Obtainasmallsetof biomedicalabstractsusingseveral
queriesfrom aNLM querytestset. Haveat least20subjectsevaluatethequality
of eachof thesynthesizedversionsof theabstracts,accordingto: speedof
synthesis(runningaloneandwith videoconferencingrunningconcurrently).
Havethesamematerialpresentedvia theaudioon theSNAKE, but with
synthesisbeingdoneon theASKLEPiOSFreeTTSserver(randomizingtheorder
of presentationof thetwo versionsof eachabstract).

EvaluationCriteria:
Comparetheratingsto determinethequality of SNAKE-synthesizedspeechwith
server-synthesizedspeech.

Althoughnot strictly speechinterfaces,thefollowing two experimentsarecloselyrelatedto
demonstratingandprovidingspeechservices.

ShortTerm(Year1):

Unicodeonsmalldevices

Hypothesis:
Full Unicodesupportis possibleonahandheldSNAKE.

Methods:
Attemptto install nativeUnicodesupporton theiPAQ by installing theCyberbit
glyph set(employingamicrodiskor SDcardfor therequiredstorage).

EvaluationCriteria:
Testtheinstallation by accessingUnicode-containingwebsitessuchastheIMC
server.

ASK: anInternetsearchbot
As simpleasit is (or, perhapsbecauseit is sosimple),ALICEoffersintriguing
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possibilities. A demonstrationexistsin theform of SLIM (SunLabsInstant
Messenger),developedby collaboratorUhler,which looksat first like aconventional
text-basedInternetchatroom. However,it alsoallowstheparticipationof telephone-
basedparticipants(whohearthecommentsof othersvia speechsynthesis,andwhose
commentsareheardby thetext-basedparticipantsthroughhypertextlinks which lead
to theplayingof audiofiles containinghis/herspokenremarks).ALICE is another
participantin this chatroom,andcanspawnsearchesof Googleandof the
EncyclopediaBrittanicabasedonqueriesposedto it duringchat. Wehavemodified
SLIM, by developingAIM L files for ALICE, to createachatbotwecall "ASK,"
whichcandescribeour research;wewill continueto developAIM L files whichguide
usersin accessingNLM resources,searchingPubMedandotherNLM onlinesystems
basedonchatinteractionswith users.ASK is intendedto providehigh-levelguidance
only.

Hypothesis:
ASK is ausefuladjunctto NLM’s website.

Methods:
ASK will beimplementedasdescribedabove.Two testgroupsof at least20
memberseachwill becomposed,onerepresentativeof membersof thegeneral
public,andtheotherof healthcareproviders. Theamountof prior exposureto
NLM’s webresourceswill bedeterminedfor eachparticipant. Eachsubjectwill
askedto devisetenmedicallyrelevantquestionstheywish to answer,andthen
will engagein achatwith ASK, andwith theNLM website,in aneffort to find
answers.Onehalf of eachgroup,randomlyassigned,will useASK first; the
otherhalf will useNLM’s websitefirst. Wewill furtherevaluatethis systemby
creatinga testsetof severalhundredquestionsreceivedby NLM from database
users,posingthemto ASK. Adviceonwhereto find answersto thesequeries
will alsobeobtainedfrom aNLM librarian.

EvaluationCriteria:
Userswill scoretheir level of satisfactionfor eachqueryfor bothASK andthe
website,with respectto speed,easeof use,perceivedusefulnessof
replies/content,andoverallsatisfaction.ASK will becomparedto the"gold
standard"librarianfor correctnessof advice.

Thefollowing studiescombinespeechrecognitionandsynthesiswork; wecananticipatebetter
successwith the(simpler,moremature)synthesissystems.

IntermediateTerm(Years2-3)

Verbalshell
At theborderbetweenOSandapplicationlevelsof UNIX, onecanenvisagea "verbal
shell,"whichcanbeusedto interactwith thecomputervia speech.Theopensource
"Bourne-againshell,"or bash, will bemodifiedby adding"speak"and"listen"
commandsto its repertory,whichwill in turn drawupontheHTTP-basedspeech
capabilitiesof theASKLEPiOSserver(carebeingtakento allow
confirmation/correction of spokeninput). A verbalshellwill beusefulbothto issue
commandsto thecomputerin real-time,andto write standalonespeech-based
applications,usingtheshellasaninterpretedcomputinglanguage.TheFestivaland
flite TTSsystemshavebeenusedin this spirit in conjunctionwith Speakup[60], a
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Linux OSTTS interface,andEmacspeak[61]. Suchanapproachrequiresthe
definition of acommandvocabularyfor controllingtheshell’sbehavior(whatto call
">", for example).Speechrecognitionsystemsarein useby, for example,software
engineerswith severecarpaltunnelsyndrome.However,existingsystemshavebeen
awkwardto setupdueto their beingplatformspecific(for example,UNIX
workstationprogrammershavehadto haveparallelPCssetup just for speech
recognition,with additionalsoftwarehandlingcommunicationbetweenthetwo
systems).

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

Methods:
Theverbalshellwill beimplementedasdescribed.Two testgroupsof non-
visually-impaired subjectswill becomposed:onecontainingsoftwareengineers
whoarealreadyaccustomedto usingspeechtechnologyfor computertasksother
thandictation,theotherwith softwareengineerswhohavenot usedit or usedit
only for dictation. Both groupswill beassignedseveraltasks,includingthe
entryandexecutionof smallBourneshellprograms.

EvaluationCriteria:
Userswill ratespeechsynthesisfor clarity, speed,andoverallusersatisfaction.
Speechrecognitionwill beratedby speed,recognitionrate,andoveralluser
satisfaction.

Add aspeechinterfaceto theASK searchbot
Wewill addASKLEPiOSspeechrecognition/synthesiscapabilitiesto theASK search
agent.Thestudydesignwill beidenticalto thatusedfor theinitial ASK evaluation,
but in addition,therecognitionratewill bemeasuredfor speechrecognition,thespeed
of querycompletionsmeasuredandcomparedto thoseof theearlierstudywhenusing
typedinput/output, andscoresobtainedfrom usersfor satisfactionwith both
recognitionandsynthesis.

Looking furtherahead,excitingbut morespeculativeprojects(beyondthescopeof thecurrent
proposal)woulddependuponsuccesswith theprojectsdescribedhere. Both sphinx4 and
festival/FreeTTSarecapableof dealingwith anyhumanlanguage.NLM couldfind and/or
developrecognitionandsynthesismodelsfor otherlanguages(for example,Spanish)which
might helpserveits mission. Onecanenvisagethemultilingual contentof NLM’s
Metathesaurus(of which ICPCis but asmallpart),servingat thecoreof anautomated
biomedicaltranslationtool. Speechrecognitioncouldbeusedto indexthecontentof
audiovisualmaterials,alongwith timestamps for synchronizationto thesource(whichwould
facilitateautomatedtranslationof thelanguageaswell).

9. Summary

TheASKLEPiOSprojectis exploringnovelmeansof integratingnon-mobilecomputerservers,
telephones,andportablewirelesshand-helddevices(SNAKES),througha frameworkof open
sourcetoolsfacilitating PSTN-basedandInternetSIP-basedtelephony,videoconferencing,and
wirelessdataservices,facilitatedby aPSTN-to-Internetgateway,speechrecognition/synthesis
services,andasimplepattern-recognition-drivenroboticchatservice.Thework is guidedby the
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exampleof theWorld Wide Webin striving for simplicity, andseekingto achievesynergy
betweenexistingtechnologiesby facilitating their closerintegration.
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Asklepios: the Myth, the Acronym (A PostScript)

TheMyth:
As with mostmyths,thestoryof Asklepiosappearsin manyvariants,whichagreeonmain
points. His motherwasmortal,his fatherthegodApollo. His motherwaskilled by
Apollo’s sisterArtemis(sentto thetaskby Apollo) for falling in love with amortalman,
andAsklepioswassnatchedfrom herwomb(by Apollo himself,in onetelling) prior to her
bodybeingburnedonapyre. Theinfant Asklepioswastakenby Apollo to awisecentaur,
Chiron,whoraisedhim andtaughthim theskills of healing. Married,hehadasmanyas
threesons(two of whomappearasphysiciansin Homer’sIliad), andasmanyasfive
daughters,thebestknownbeingHygeia. Famedfor his wisdomandskill, hewasassisted
by thegoddessAthenathroughagift of bloodtakenfrom theGorgon,Medusa.Blood
arisingfrom aGorgon’sleft sidewasdeadly,but thattakenfrom herright sidecouldraise
thedead.Asklepiosmethis endwhenZeusstruckhim deadwith a thunderboltfor raising
amanfrom thedead. In sometellings,this wasdueto Zeus’sdistressin seeingAsklepios
tamperingwith thenaturalorderof theworld; in Pindar’svariant,Asklepiosis killed
becauseheperformedthis actin responseto "... a lordly bribe,gold flashingin thehand
... [62]" (thesocialsignificanceof thelatterversionhasnot beenlost oncontemporary
medicalprofessionals[63]). As with manyactsof violence,thedeathof Asklepios
produceda reprisal,whenApollo slewtheCyclopsthathadforgedZeus’sthunderbolt.
After aninterval in Hades,Asklepiosendedupasbothaconstellation(Ophiuchus,the
"serpent-bearer")andagod. His nameis still invokedtodayin theHippocraticoath,which
begins:"I swearby Apollo thephysician,andAsklepios,andHygeia,andPanakeia,andall
thegodsandgoddesses,that,accordingto my ability andjudgment,I will keepthis Oath
andthis stipulation ..."

Asklepios’sprincipalsymbol,thekarykeion, asingleserpentwoundaroundawoodenstaff
(andtheorigin of anotherof ouracronyms,SNAKE) is widely usedasasymbolwithin the
modernmedicalprofession(as,for example,by theAMA), but hasoftenbeenconfused
with thestaff of thegodHermes,thecaduceus, which is wingedandhastwo serpentscoiled
aroundit [64,65].). This confusionis morecommonin commercialandmilitary settings,
andin theUnitedStatesascomparedto Europe.

TheAcronym:
Giventhesymbolicimportanceof Asklepiosto westernmedicine,it wouldbesurprising
not to find his namein wideusewithin theprofession(his namehasbeengivento medical
clinics,pharmacies,museums,...). After adaptingthenameasanacronymfor theproject
describedhere,it wasdiscoveredto havealsobeenusedby aninternationalcollaborationin
telemedicineandproblem-basedlearning,involving personnelat theUniversityof
Missouri,HowardUniversity,YaleUniversitySchoolof Medicine,theUniversityof
Regensburg,Aristotle University(Thessaloniki,Greece)andtheUniversityof La Laguna
(SantaCruzdeTenerifeLa Laguna,Spain)[38]. However,this groupdoesnot appearto
haveusedthenameasanacronym,wasinconsistentin theusetheGreek-derived
(Asklepios)versusLatin-derived(Asclepius)spellings,anddoesnot appearto havebeen
activesince2001.
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FoundingMember,InternationalWorld Wide WebConferenceCommittee(andchairof live
audio-videomulticasts, conferencesII - VII), 1994-1998

FoundingChair,NSF/NCSAWorld Wide WebFederalConsortium,1994-1995

CreatedandmaintainedHyperDOC,asuiteof contentandapplicationscomprisingNLM’s first
public World Wide Webservice,1993-1995

Organizerof specialInterestGroupfor NetworkedInformationDiscoveryandRetrieval
(SIGNIDRIII; oneof thefirst scientific/technical conferencesto bemulticastedlive overthe
Internet,andthefirst from NIH), 1993
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UCSF-developedsoftwarepackageslicensedthroughOffice of TechnologyLicensing,
Universityof California,Berkekey(Enhancedtroff/TranScriptdocumentpreparationsystem,
bibIX bibliographicpreprocessorfor ETT system,academIXoffice tools,SystemManager’s
Toolkit), 1992

SelectedPublications:

1. Rodgers,RPC,Sherwin,Z, Lamberts,H, Okkes,I. ICPCMultilingual Collaboratory
(IMC): A web-andUnicode-basedsystemfor distributedediting/translating/viewing of the
multilingual InternationalClassificationof PrimaryCare. Proceedings,MEDINFO2004.
SanFrancisco,California:7-11September2004:(in press).

2. Kunze,J,Rodgers,RPC. TheARK PersistentIdentifier Scheme.July 2004. (Internet
Draft, submittedto InternetEngineeringTaskForce).

3. Rodgers,RPC,Sherwin,Z. A ManagementSystemfor Network-SharableLocally Installed
Software:MergingRPM andtheDepotSchemeunderSolaris. SanDiego,CA: 2-7
December2001:267-272.Proceedings,2001LISA XV.

4. Rodgers,RPC. Searchingfor BiomedicalInformationon theWorld Wide Web. J Med
Pract Man 2000;15: 306-313.

5. Rodgers,RPC. JavaandIts Futurein BiomedicalComputing. JAMIA 1996;3: 303-307.

6. Stites,DP,Rodgers,RPC. Clinical laboratorymethodsfor detectionof antigensand
antibodies.In: Stites,DP,Terr,AI, eds.,BasicandClinical Immunology. Norwalk,
Connecticut:AppletonandLange,1996. Ninth edition.

7. Rodgers,RPC,Srinivasan,S. On-LineImagesfrom theHistory of Medicine(OLI):
CreatingaLargeSearchableImageDatabasefor Distributionvia World-Wide Web.
Geneva:25-27May1994:423-431.Proceedings,TheFirst InternationalWorld-Wide Web
Conference.

8. Rodgers,RPC,Baddeley,A. Journalof AppliedProbability 1991;28: 539-552.

9. Rodgers,RPC,Levin, J. A critical reappraisalof thebleedingtime. SeminThromb
Hemostas1990;16: 1-20.

10. Beebe,NHF, Rodgers,RPC. <PLOT79>:A comprehensiveportableFortranscientific line
graphicssystem,asappliedto biomedicalresearch.ComputBiol Med 1989;19: 385-402.

11. Rodgers,RPC. How muchquality control is enough?A cost-effectivenessmodelfor
clinical laboratoryquality controlprocedures(illustrated by its applicationto a ligand-
assay-basedscreeningprogram). MedDecisMaking 1987;7: 156-167.

12. Rodgers,RPC. Dataanalysisandquality controlof assays:apracticalprimer. In: Butt,
WR, ed.,PracticalImmunoassay:TheStateof theArt. NewYork: Dekker,1983:253-308.

13. Rodgers,RPC,Tannen,R. Rapidandaccuratedeterminationof total lung capacity(TLC)
from routinechestradiogramsusingaprogrammablehand-heldcalculator. ComputBiol
Med 1983;13: 125-140.

14. Rodgers,RC,Hill, GE. Equationsfor vapourpressureversustemperature:derivationand
useof theAntoineequationonahand-heldprogrammablecalculator. Br J Anaes1978;
50: 415-424.
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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 
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"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 
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Biographical Sketchesof Collaborators

Timothy Hamill, MD (University of California, SanFrancisco)

Dr. Hamill is Clinical Professorin theDepartmentof LaboratoryMedicine,Universityof
Californiaat SanFrancisco(UCSF),andDirectorof theUCSFClinical Laboratory.Hehashad
longstandinginterestsin computerapplicationsto his field, andcollaboratedwith Nikon in the
developmentof a roboticmicroscopefor clinical pathologicalexaminations.

John Kunze

JohnKunzeis aseniordevelopmentarchitectin theCaliforniaDigital Library’s preservation
program. His currentfocusis thecreationof long-termdurabledigital references(ARKs) to
informationobjects,backedupby standardsfor kernelmetadataandpermanenceratings,andby
searchsystemsthatmakethemdiscoverable.Recentlyhehasworkedat theUniversityof
California,SanFrancisco,andat theU.S.NationalLibrary of Medicine. John’sbackgroundis in
computerscienceandinformationsystems.Hedesigned,implemented,andranUC Berkeley’s
first campus-wideinformationsystem,whichwasanearlyrival andclient of theWorld Wide
Web. Thesystemalsodemonstratedthefirst interoperationof theZ39.50library searchand
retrievalprotocol. Johnmademajorcontributionsto thestandardizationof URLs,Dublin Core
metadata,andZ39.50. In anearlierlife hewasaBSDUnix hackerwhosework lives on in
today’sLinux andAppleoperatingsystems.

Enrique Terrazas,MD, MS (University of California, SanFrancisco)

Dr. Terrazasis Clinical AssistantProfessorwithin theDepartmentof LaboratoryMedicine,
Universityof Californiaat SanFrancisco(UCSF),Directorof theMountZion HospitalClinical
Laboratory(aUCSF-affiliatedinstitution), andDirectorof theClinical PathologyResidency
Programat UCSF. He is veryactivein developingandsupportinginformationsystemswithin
theDepartmentof LaboratoryMedicine.

StephenUhler (Sun Microsystems Laboratories)

StephenUhlerworkedon thetechnicalstaff at Bell Laboratories(Whippany,NJ)onuser
interfacemanagementsystems,thenjoinedBell CommunicationsResearch(Bellcore)whenit
wasfoundedin 1984. TherehedevisedMGR,anetwork-distributedwindowingsystemwhich
predatedbothX andNeWS,andPhoneStation. After abrief stint with aBayAreastartup,he
joinedSunMicrosystemsLaboratoriesn 1993asaSeniorStaff EngineerandPrincipal
Investigator.Leaderof theWebApplicationsTechnologiesgroup,hehasbeenresponsiblefor
exploringtheconvergenceof webapplicationservers,proxy technologies,andwirelessPDAsto
providearchitecturesfor thenextgenerationof webservices.Hehaswritten partsof theTCL
programminglanguage,inventedtheBrazil frameworkfor Java-basednetworkapplications,and
devisednumerousdemonstrationsof novelcomputingapplications,rangingfrom theuseof
power-linenetworksfor homeautomationto theusesmartcardsfor authenticationtasks. Mr.
Uhler is recipientof theSunPresidentialAward. (Seefull resumeat:
http://pages.sbcglobal.net/sau/resume.pdf).
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