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Abstract

Thefutureis saidto belongto informationappliancesspecializedandeasyto usedevicesthatwill
have thecartell thecoffee potto brew acup of coffeejustin time for our arrival home.Thesegadgets
aresupposedo eliminatethecompleity andresultingfrustrationsof the PC. Thethesisof this essayis
thatwhile informationappliancesvill proliferate they will notlessertheperceptiorof anexasperating
electronicervironment. The interactionof the coffee pot, the car, the smartfridge, andthe networked
camerawill createa new layerof compleity. In therushtowardsthe digital era,we will continueto

live right ontheedgeof intolerablefrustration.

The paradoxof informationapplianceds that while they are presentedis productsfor a mature
market, their main effect will be to unleasha tidal wave of innovation. Whentechnologychanges
rapidly, greatereaseof usesenesto attractmoreusersanddeveloperscreatingnew frustrations.The
mostwe cando is amelioratethe spreadof the informationapplianceproductsand services. To do
this, it appearsiecessaryo recognizethat flexibility andeaseof usearein an unavoidableconflict,
andthatthe optimal balancebetweerthosetwo factorsdiffersamongusers.Thereforesystemshould
be designedo have degreesof flexibility thatcanbe customizedor differentpeople. It will alsobe

essentiato provide for remoteadministratiorof homecomputingandnetworking.
1. Intr oduction

The PCis dead.Technologygurusassurausthatthe PCis passeandwe areenteringa new eraof
computing pftenreferrecto asubiquitousor penasive computing.lt is to bedominatedy information
appliancesspecializedand easyto usedevicesthat avoid the compleity of the PC. An enthusiastic
cover storyin Newsweek heraldedhe wondersof the comingnew age:“Y our alarmclock might ring

laterthanusualif it logsonto find outthatyoudont have to getthekids readyfor school snav day!”



[Levy]. The mostprominentproponenif the post-PCmovementis Don Norman,whoseinfluential
book, The Invisible Computer, presentdetailedcriticisms of the PC anda vision of an information

applianceuture.

EvenBill Gatesacceptanostof the gospelof theinvisible computer He arguesthatthe PC will
continueto play a centralrole, but thatit “will alsowork in tandemwith othercool devices, andthat

we will beableto shareour dataacrosdifferentmachinesn aseamles$ashionGates].

Are we enteringanew era,andis it goingto fulfill all theextravagantpromiseghataremadefor it?
Therearereasonso tempermur enthusiasnandbeskeptical. We candistinguishthreemainpredictions

by theadwcatesof theinvisible computer:
(a) Therewill bea proliferationof informationappliances.
(b) Informationappliancesvill eliminatethefrustrationsof thePC.
(c) Thedominanceof computingby the PCandMicrosoftwill end.

My predictionis “yes” on (a),adecided’no” on(b), anda“maybe”on(c). Informationappliances
will be popular sincethey will provide mary novel serviceghatthe PCis ill-suited for, andwill doso
in userfriendly ways. However, they will introducetheir own compleity, andthe level of frustration
with technologywill notdecreaseThisis aresultof the conflict betweerusabilityandflexibility. The
human-centereengineeringdwcatedoy Normanis feasible put only whentechnologiesindmarkets
aremature.Theinformationappliancemarketwill beanythingbut maturefor alongtimeto come.The
emphasisn informationprocessindiasbeen,andis likely to continueto be,on developmentof novel
applications Further the PC,in spiteof its shortcomingsmayindeedmanageo play akey rolein the

new era.Argumentssupportinghesepredictionsarepresentedh latersections.

If thelevel of frustrationis notgoingto decreasds thereary pointin developingnew technologies,
andin payingary attentionto easenf use?Therecertainlyis. Wewill still befrustratedput ata higher
level of functionality andtherewill be moreof uswilling to be frustrated. Justconsiderthe Mosaic
browser It loweredthe compleity of accessinghe World Wide Web belov somemagicthreshold
anddrew millions of peopleontothe Internet. Thesemillions of new usersthencreatechew content,
which drew in millions of additionalusers. Thatis how the Internetgraduatedrom a researcttoy
to a revolutionarytool thatis transformingmainstreansociety However, we now get frustratedby
unreliableseners, network congestionandstaleURLSs, problemsthatwe did not worry aboutjust a

brief half-dozenyearsago.



The main point of this essayis not to detunk informationapplianceshut to temperthe overen-
thusiasticpromisesthat are beingmadefor them. In Section7 somesuggestionsre also madefor
a smootheiintroductionof informationappliancesit appearsessentiato develop systemghatallow
for settingthe flexibility at differentlevelsfor differentusers.It will alsobe necessaryo provide for

remoteadministratiorof homenetworksby experts,leadingto therise of a new outsourcingousiness.

2. Information applianceswill proliferate

Informationappliancesrenotanoverhypedadsuchasinteractve TV, pushtechnologyor “buddy
lists” Thereis substanceo their promisesandthe Palm Pilot is just oneearly exampleof the devoted
following they canacquire. As anotherexample,in “Finland, peopleare using their Nokiasto pay
bills, accessus schedule®mn the mobile-phoneaisplayand punchin paymentcodesfor carwashes
or juke-boxtunes”[Levy]. We will wantall theseservicesaswell asavariety of othersthathave not

beenthoughtof yet.

Fuller and more eloquentexpositionsof what informationapplianceswill bring us canbe found
in [Levy, Norman]. | will mentionbriefly justtwo key points. Oneis thatthe informationappliance
is the naturaloutcomein the evolution of informationprocessing.Thatis why they wereforeseera
long time ago,with the late Mark Weiserthe mostinfluential early pioneer Digital computersstarted
outasexpensve mainframesccessibléo afew. Thenext stepwasthe PCthatindividualscouldown.
Yeteventhe PCwasfor alongtime anexpensve instrumentandtherewasseldommorethanoneper
house.Thusit wasessentiato have asmuchfunctionalityin the PCaspossible Technologyis making
feasiblesmall andinexpensve devicesthat are smart. This helpspushthe intelligencecloserto the

people theultimatecustomers.

The secondpoint is thatthereis alreadya proliferationof primitive informationappliances.The
averagemiddle-classAmericanhouseholdlreadyhasaround40 microprocessorsn cell phonesmi-
crovave ovens,self-focusingcamerasandthelike. Furthermoremary of thesemicroprocessorare
astonishinglypowerful. For example,the latestgameconsoleshave more processingower thanthe
supercomputersf a decadeago. However, this power is hiddenfrom theuserswho seeonly a simple
interfacedesignedo provide justthe basicfunctionalitythedevice is designedor. Thusthe“invisible
computers’arealreadywith usin large numbers Whatis still lackingis the penasive communication

systemthatwill link themtogether



3. The visible problemsof the invisible computer

The centralparadoxof informationappliancess thatthey areaimedfor a maturemarlet with a
maturetechnology but their wide spreadwill ignite an explosionof innovationthatwill destry ary
stabilitythatmightexist. DonNormanarguesin hisbookThe I nvisible Computer thatthePCwasaimed
atthe“early adopters’(in theterminologypopularizedy Geofrey Moore[Moore], seealso[Rogers]).
Thenext stepis to designinformationappliancegor the massmarket. He adwocatesa “usercentered,
human-centeredhyumanetechnologyof appliancesvherethe technologyof the computerdisappears
behindthe scenesnto task-specifidevicesthatmaintainall the power withoutthe difficulties” (p. viii

of the Prefacein [Normanl]).

Normans vision is certainly an appealingone. His book citesthe instructive story of radio. It
startedout as a complicateddevice that requiredmuch practicefrom usersto obtain even a noisy
signal. The userinstructionsfor an early radio reproducedn [Norman]illustrate beautifully how far
we have come. Whereadhefirst radio usershadto have the patienceof Job,todaywe canselectary
radiofrom amonghundredof models take it home plugit into theelectricoutlet,pushsomebuttons,
and listen to our favorite music station. Thereis greattechnologyinside the radio (technologythat

keepsmproving from onegeneratiorto another) but we do not have to know anything aboutit.

Don Normanwould like computergo evolve theway radioreceversdid. The problemis thatwith
radio,we know well whatwe want, sincethe basicservicesve desire(suchasmusic,talk shaws, and
news reports)arewell understoodandstable. Thatis simply not whatwe will seewith information
appliancesnotfor along time. We cannotknow how peoplewill wantto useinformationappliances.
Notethateventhe Palm Pilot, beloved of millions of users andfrequentlycited astheideal outcome
of thehuman-centeredngineeringadwocatedby Norman,is not stable.Not only is therea succession
of new modelsfrom its manugcturey but therearemyriadsof accessoriesfferedby outsidesuppliers

for wirelesscommunicationgontrol of otherdevices,andsoon.

Eventheuserfriendly radiothatmakessuchan effective casefor Normans proposalss notlikely
toremainstableanduserfriendly. It islikely to besweptupin thewhirlwind of changehatinformation

appliancewvill unleashsincewe will wantour radiosto communicatevith our othergadgets.

Thuseven from a high level systemsview, therearereasongo be skeptical aboutthe ability of
informationappliancego fulfill all their promises.Next we look at what specificallyis likely to go

wrong.



4. The inevitable frustrations of information appliances

Carefuldesignthatis focusedon humanfactors,andincorporategpowerful processorand soft-
ware,canprovide informationapplianceshatarea delightto use. The Palm Pilot andgameconsoles
prove this. However, thatdoesnot meanthatwe will be delightedwith thenew electronicervironment
full of suchgadgetsegvenif (andthisis abig if) eachis excellentby itself. Informationappliancesre
not supposedo be standalonalevices. In Don Normans definition (p. 53 of [Norman]),“[a] distin-
guishedeatureof informationappliancess the ability to shareinformationamongthemseles’ Infor-
mationappliancesaremeantto be “cooperatingdevices, afelicitousterm coinedby Bob Frankston.
We will wantourcarto tell ourhousecontrolsystento warmupthefamily roomin timefor ourarrival,
and“the refrigeratofto] know it waslow onmilk andeggsandplaceanorderwith thelocal supermar
ket” [Lewis]. Onceall the radios,refrigeratorsdishwashersglocks,coffee pots,andotherdevicesin
our housesarereplacedy nev modelsthatareinformationappliancesthe current40 isolatedmicro-
processorperhouseholdnay grow to perhapgt00communicatinglevices. Will they all interoperate
smoothly?They certainlydo notdo sonow. Considerjustthedifficulty of settingup homenetworks,
even for simpleconnectionof PCs[Lewis]. Similar problemsarisein settingup cablemodemand
ADSL connectionsOncethe numberof devicesto be connectedncreasesandwirelesscommunica-
tion expands the difficulties will increase.No single problemwill beinsurmountable However, the

rangeof problemso besolvedwill be growing rapidly with increasingcompleity of the system.

Don Normanrecognizeghe difficulty this poses(seeChapter3 of [Norman]) but forecastshat
a solutioncanbe achieved through“world-wide agreemenon the appropriatenfrastructurethat will
allow appliancego sharetheir informationwith appropriateotherappliances. Bill Gatespromisego
fulfill thatvision, sothat“whenyou buy a new device, you'll know it will functionwith your existing
equipment[Gates]. Yetwill Microsoftdeliver, giventhatit now createsoftwarethatdoesnot allow
for easytransferof informationfrom one Microsoft software packageon a PCto anothercopy of the

samepackageon a differentPC[Alsop]?

It helpsto comparanformationapplianceso programsnaPC.Eachapplicationrmightbedelight-
ful to use,but it is theinteractionof theseapplicationswith eachother andwith the operatingsystem,
thatcreatesmostof the compleity andfrustration(cf. [Alsop]). The PCis usedwidely in spiteof its
shortcomingdecausenostpeoplerely on just a few applicationsandin anapplication they usually
dependdnonly asmallsubsebf its features They thuslearnto live with thecomplities of the PChy

avoiding them. However, thosecompleities arethere. Einsteinsaidthat “everythingshouldbe made



assimpleaspossible but no simpler’ Unfortunatelywe areaskingour computerswhetherstandard
PCsor the information applianceof the future, to do complex things. Evenif a spreadsheeainda
word processowork fine, askingfor the ability to bring in a graphfrom the spreadsheetto theword

processocreatesanew level of compleity, with moreopportunitiesor bugs.

In the informationapplianceervironment, compleities similar to thoseof the PCswill alsobe
presentandin mary wayswill be magnified.After all, ona PCeverythingis in a singlebox, andthe
standargprocedurdor dealingwith problemss to rebootthe PC.Will we have to go aroundthehouse
rebootingthe potentiallyhundredf informationapplianceshatwe might own? Evenif we coulddo
it, it might not solve the problemif thedifficulty is in interactionwith our neighbors systempr thatof
ourin-laws ontheothersideof the continent.A smalltasteof the problemshatarelikely to plagueus

is givenin [Levy]:

... Bill Joy [of SunMicrosystemsa vocalcritic of the PCandanadwcateof information
appliancespffersto print out a paperthatillustratesa salientpoint. He reachedor his
laptop,whichis equippedvith thesortof wirelesshigh-speednternetconnectiorthat,one
day may be aroutineadornmenin all our cameraspalmtops,gamemachinesmedical
sensorand,yes,dishwashers Accordingto thetheory thesewill all belinkedtogetherot
coursejn aninfrastructurghatwill virtually eliminatecrashesndglitches.He keyboards
the commando print the documenin the adjoiningroom. And nothinghappens.“You
know what?” hefinally says.“l think thisdid getprinted—orthe printerbackin my house

acrosgown.

Theproponentsf informationappliancepromisethattechnologiesuchasBluetoothandJini will
solvetheproblem.Yetoneshouldbeskepticalof whetherthesepromiseswill berealized. Theproblem
is not necessarilythatthe technologie@reinadequateo achieve the promisedgoals. Rather it seems
likely that, just asin the past,the computingand communicationsndustrywill not concentrateon
thosegoals.Consideragainthe PC. Graphicaluserinterfaces object-orientegporogrammingandJava
arejustthreeof thetechnologieshatweresupposedo revolutionizecomputingandmale life simpler
Remarkablythesethreedid succeecdndour computingwould be muchmoreprimitive without them.

Still, their maineffect hasbeento createmorecomplicatedsystemsnotto simplify old ones.

Building complicatedsystemghatwork is hard. Building onesthatwork andareuserfriendly is

muchharder Further it is necessaryo balanceghe demandor userfriendlinesswith the demandor



morefeatures.Although mostuserscomplainthatthey wantsimplerversionsof applicationssuchas
Microsoft Office, their “responsesupportMicrosoft's contentiorthatwhile few peopleusemorethan
atiny percentagef the programsfeaturesgveryonewantsa different10%” [Wildstrom]. Thehistory
of the pasttwo decadeshaws that whenthe choicewasbetweemew featuresand easeof use,nev

featureshave won. Thevictory of the PCovertheMacis just oneexampleof this. As Edward Tenner

[Tenner]pointedout,

Microsofthastriumphedbecausét hasgivenuswhatwe asledfor: constannovelty cou-
pledwith acceptablestability, ratherthanthe otherway around.... Peopletalk simplicity
but buy featuresand pay the consequenceComplex featuresnultiply hiddencostsand

erodebothefficiengy andsimplicity.

In theevolutiontowardstheinformationapplianceera,we canexpectsimilaroutcomesnotbecause
they arepreordainedby technologyor dictatedby Microsoft, but becausé¢hatis whatpeoplearewilling
to payfor. Thepremiumwill continueto be on beingfirst to market with the latestinnovation, noton

easeof use.
5. The dominanceof the PC and of Micr osoft

CentralizedWeb senersarealreadyusurpingmuchof the PC's role. Will informationappliances
deliver the final blow, andleadto the Post-PCerain which the PC is mauginalized, as Microsoft’s
competitorspredict? Or will they leadto the PC-plusera, in which the PC playsa centralrole, as
MicrosofthopegGates]?It appearsmpossibleto predictbecausef uncertaintiesn bothtechnology

andindustrialpolitics.

The complity of managingthe interactionof all the invisible computerscould be tamedmost
easily at leastinitially, by usinga powerful centralprocessgra role thatthe PC cannaturallyaspire
to play. Thatwould alsosimplify the integration of existing PC software with the new information
appliancesOnthe otherhand,the strengthof the PCin legag applicationss alsoaweaknessin that
the PCis not well suitedfor the new distributed ervironment. This createsan openingfor potential

rivalssuchasthe AperiosandEpocoperatingsystems.

If Microsoftconcentrate@xclusively onthe PC,onecould easilyforeseea futurein which infor-
mationappliancewould play therole of a disruptive technologyChristensen].They would develop

in theshadav of thedominantPC, servingnew markets,until thosemarketswould dwarf thebasicPC
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industry At that stageinformationappliancesvould relegatethe PCto a secondaryole, just asthe
PCdid to themainframe However, Microsoftis vigorouslypursuingtheinformationappliancemarket
[Gates,Lewis], andmay becomea rare caseof an establishegblayerthatis nimble enoughto change
directions.Whetheiit will presere its dominantrole dependsotjustontechnologybut alsoon polit-
ical alliances.Therearemary otherpowerful playersthatarereluctantto conceddhe leadershipole
to Microsoft. Thusthe eventualoutcomewill be lessa matterof technologythanof politics, andis

muchharderto predict.

The emeging competitionbetweerMicrosoft andits rivals for dominanceof the informationap-
pliancemarletis abadomenfor theeaseof usethatwe arepromised.Justaswith PCs,victory will go
to the campthatgainsthe allegianceof developerswho will be creatingall the enticingnew devices
andserviceghatwill attractcustomers.Hencethe premiumwill be on makingthe developers’task
easy not on users’convenience. Thatwas a major factor behindthe evolution of the frustratingPC
[Odlyzka].

6. The unavoidabletradeoff betweenflexibility and easeof use

ThePCis extremelyflexible. In Bill Gates'words[Gates],

[s]itting atyour PC,you cando yourtaxes,surfthe Web, write letters,e-mailfriends,play

gamesplanabusinesshuy a car, doyour homaevork ... in fact,do whaterer you want.

A network managefound350differentsoftwarepackagesnthe1l,000PCsin hiscompawy [Jafe].
Evenmoreremarkablghanthevariety of applicationghatrunonaPCis thatthe PCwasnotdesigned
with themin mind. The basicarchitectureof todays PCis not muchdifferentfrom that of the early
Atari machinesnarketedto hobbyists.Yet spreadsheenddesktoppublishing,thetwo “killer apps”
thatpropelledthe PCto its currentdominantstatuscouldrun onit. More recently theriseof theInter
netin public consciousnessanbe datedto the massdistribution of the Mosaicbrowser It penetrated
aswidely andasrapidly asit did becausdt couldbe easilyinstalledon millions of PCsthathadbeen
acquiredfor otherpurposesTheideaof a universalinformationprocessingngine which is whatthe

PCembodiesis extremelypowerful.

UnfortunatelyasDon Normansays(p. 181 of [Norman])

Computersaregeneral-purposdevices,designedo do everything.As aresult,they cant

be optimizedfor ary individual task.



Thatis onedifficulty with the PC. Another related problemis thatin the designof the PC, mary
choicesweremadeintentionallyto make it asflexible andasuserfriendly aspossible.(Yes,paradox-
ically, it wasthe desirefor easeof usethatled to mary of the problemsthe PCis deridedfor.) Users
have completecontrol over their machinesandcaneven modify the operatingsystemat will, just by
clicking on anemailattachmentThis modelmakesary real securityimpossible.Further it malkesit
hardevenfor experienceccomputerexpertsto fix problemgcf. [Alsop]). Thuslong-rangecaseof use
hasbeengiven up in favor of short-termcorveniencejn enablingusersto modify their machineson
the spurof themoment.Thisis greatif you careaboutrapiddiffusion of the next Mosaic,but it leads
to frustrationwhenthingsgo wrong, asthey oftendo. To provide stability, security or transparenc

requiredimiting users’flexibility .

A tradeof betweerflexibility andeaseof useis unavoidable. However, thereis no singletradeof
thatis optimalfor everyone.Don Normanamguesthatthe PCwasaimedatthe“early adopters$,andthat
its lack of successn penetratingabouthalf of the householdsn the U.S.is a sign of its poordesign.
Popularperceptionof the PCis certainly one of “infuriating compleity that makesus wantto toss
our beloved PCsout thewindow about,oh, onceanhour” [Levy]. The succes®f theiMac is another
signthatconsumerslo valuesimplicity. Normanamuesthatinformationappliancesanandshouldbe
designedor the massmarket. Properdesignof simpleinterfacesappropriatavhena restrictedsetof

tasksis to be enableddoesmale this possible.

The problem,aswasexplainedearlier is thatwe shouldnot be thinking just of individual infor-
mationappliances.Thosecanbe madeto appearsimplethroughcarefuldesign,andin particularby
limiting their functionality We have to be concernedvith the whole system,which is likely to be
complex. Further thereis no singletradeof of flexibility versuseaseof usethatis optimal for ev-
eryone. Thereis not even a singletradeof thatis likely to be optimal for ary individual for long. A
personlearninga new systemcanusuallyhandleprogressiely morefeatures.Thuswe cannothope
to designinformationappliancego a single standard.Normancitesthe exampleof the evolution of
radioreceversasmodelsof how computershouldchange However, thereis a substantiadlifference
betweerradiosandcomputers We needa muchgreatewvariety of computerghanof radios. Further
in the networked ervironment,the full rangeof informationappliancesvith varying capabilitieswill

have to interoperate.

To appreciatehe wide rangeof computingthat we have, and are likely to have in the future,

consideropensourcesoftware. It is oftentoutedasa proof that a viable competitorto Microsoft’s



Windows canarise. Yet it seemghatthatthe mainlessonto be dravn from the succes®f Linux and
Apacheis different. Thesesystemsarebuilt by expertsto be usedby experts. Therearemary people
(althougha tiny fraction of the whole population)who know what regular expressionsare, and can
usetext commandgo executeprogramsmuchfasterthana graphicaluserinterfacewould let them.
They alsotendto bein chage of importantresourcesuchasWeb seners, and appreciat§anduse
effectively) the flexibility thataccesgo sourcecodepravides. ApacheandLinux areidealfor them.
They arenot satisfiedwith the black-boxsoftwarefrom commerciavendors.On the otherhandi,it is
doubtfulwhetherthoseamongthemwho contrilute to the code,asopposedo just usingit, have the
interestin creatingthe easyto usebut muchlessflexible interfacethatwould appeato awider marlet.
Thatis the province of Microsoft, Apple, andothersoftware companies.(Theremight be a business
opportunityfor companieso putsimpleinterfacesontop of Linux for themasamarket, though.)These
expertusersdo not accountfor alarge fraction of desktopcomputersbut do controla a large shareof
computingbudgets.They form a substantiamarket for computeravhereflexibility is dominanteven

atthecostof easeof use.

At the otherextreme,abouthalf of the householdén the U.S. still do not have ary computerand
often this is becausef the perceved difficulty of usingcurrentPCs. Further thereare millions of
VCRswhoseclocksflash12:00. The ownersof theseVCRsareignoringthe ability to programvideo-
tapingon their devices. This is the standardresponseof consumergo featuresthat do not provide
enoughvaluecomparedo the hassleof usingthem. Whatit meands thatinformationappliancewill
have to be extremelyattractiye andeasyto useto gainwide acceptancd-urther thefull rangeof users,
from the computerexpertsusingopensourcesystemsjo thetotally non-technicafolks, will have to

operatewithin the samecommunicationgnfrastructure.

7. Customizableflexibility and computing and communicationsoutsourcing

Flexibility doesconflictwith easeof useandthe optimal balancevarieswidely amongusers.Fur-
ther, flexibility is valuedeven whenit is not used. Thereare millions of VCRs with 12:00flashing
in their clock display becauseheir ownersusethemexclusiely for playing prerecordedapes,and
have not felt the needto setthemup for programmedecording. However, play-only units, although
lessexpensie, have haddisappointingsales Beingableto recordata moments noticehassignificant
value. Similarly, thereis valuein beingableto install the next Mosaicon an existing device without

hardwaremodifications.
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Theproblemis haw to balancdlexibility andeaseof usein awaythatcanbecustomizedor people
with differentneeds.Furthermoretheright balanceis likely to vary for differentpeoplein the same
household.It seemghat the only way to solwe this problemis throughthe logical evolution of the
approachthatis alreadyfollowedin corporationsaswell asuniversities. Almost all suchinstitutions
have groupsof expertsthatprovide computingandnetworking assistanceT hesegroupsoftenspecify
whattypesof equipmentandsoftwarethey will support.Exceptionsanbemadefor specializedheeds,
but thenusersare oftentold thatthey have to beresponsibldor the operationof the specialsystems.

Most userdive within thelimits imposedby the supporigroup.

The homeinformationappliancesnvironmentis likely to be morecomplicatedhanthe office en-
vironmenttoday Also, mary userswill belessknowledgeableaboutelectronicghanthetypical office
worker. Thereforeit will be essentiato outsourcdhe setupandmaintenancef homecomputingand
electronicgo experts.It will notbe economicallyfeasiblefor themto visit in persorevery time some-
thing goeswrong,or a new device is to be addedto the system.Thereforeall deviceswill have to be
designedor remoteadministration(Mostof it will beautomatedandit will befacilitatedby, andmay
essentiallyrequire,broadbandiccesso thehome.)Perhapsven moreimportant,all thesenew infor-
mationappliancewill have to bedesignedor customizabldlexibility, sothatonly theadministrators
will have full controlof them.Userswill begivenvaryingdegreesof control,dependingon theirskills
andtrustworthiness.The operatingsystemwill needto be rigidly isolatedfrom the applicationsand
theapplicationswill have to betestedfor compatibilityby the administratordeforethey areinstalled.
Thiswill reduceusersfreedomto modify their systemsHowever, it shouldbringin somesanityto the
potentiallychaoticsceneandmake possibledeeppenetratiorof informationappliancesnto society If
Aunt Millie wantsto give a new toy to your sonBill for Christmasshemay first have to checkwith
your systemmanagewhetherthattoy will interoperatevith all the otherinformationappliancesn the

house Mostusersarelikely to accepisuchrestrictiongo simplify theirlives.

8. Conclusions

Wewerefrustratedvith computersadecadego,we arefrustratedvith themnow, andwill continue
to be frustratedin the future. As long astechnologyoffers enticingnew productsand serviceswe
will continueto live on the edgeof intolerablefrustration. However, by providing for customizable
flexibility anddevelopingoutsourcingservicedor computingandnetworking supportwe cansmooth

thetransitionto theinformationapplianceeraof computing.
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