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Abstract

Is the Internetgrowing primarily becauset is a dumbnetwork, onethat simply delivers paclets
from onepoint to another?Probablynot. If werea dumbnetwork, we surelywould not needhuge
andrapidly growing ranksof network professionals A moredetailedlook suggestshatthe Internet
is succeedindargely for the samereasonghatled the PCto dominatethe mainframeandarerespon-
sible for the succes®f Microsoft. Like the PC,the Internetoffers anirresistiblebaigainto a crucial

constitueng, namelydeveloperswhile managingo conceatheburdenit placeson users.
1. Introduction

The Internetis growing explosiely, andis even threateningo take over transportof voice calls.
Populampressoftenexplainstheriseof thenternetasaresultof its greaterefficiengy in usingtransmis-
sionfacilities[K ellef]. Anotherexplanationpopularamongcomputingandcommunicatiorexperts,is
thatthe Internetreflectsthe migrationof intelligenceto the edgesandthusleadsto a dumbnetwork

thatjust transportsits (cf. [Isenbeg]).

While both of theseexplanationsare appealingand have evidencesupportingthem, they are not
entirely satishctory Considercosts. While paclet datatransmissioris likely to eventuallybecome
muchlessexpensie thanthe circuit switchednetwork, today mostcorporationsspendmoreto send
large files over their paclet networksthanthey would if they usedmodemson the public voice phone
network [Odlyzko]. As for the intelligenceof the network, notethat while the processingpower of
computerconnectedo the Internetis growing rapidly, therehasalwaysbeenmoreintelligenceat the
edgesof the network thaninsideit, in the humanbrainsat the endsof a connection.Thusthe popular

explanationsareat bestincomplete.

My thesisis that mary of the factorspowering the ascenbof the Internetare similar to thosethat

led the PC to displacethe mainframeand were exploited by Microsoft to dominatePC software. In



bothnetworks andcomputingthe endusersypically carejust aboutgettinga few crucialtasksdone.
However, endusersarenot necessarilfhe mostimportantplayers. In rapidly changingdfields, appli-
cationdevelopersare the crucial ones,creatingtools that attractusers,tools that usersdo not know
aheadof time they need.Both the Internetandthe PC offereddeveloperssuperiomlatformswith low
intellectualandfinancialbarriersto entry TheInternetwon becauset couldbe treatedby developers
asadumbnetwork, onethatsimply movespacletsaround.Thisled to anoutpouringof creatvity, with
individuals or small groupscreating“killer apps, asAndreessemandBina did with Mosaic. In PCs,
a similar phenomenompplied,with Bricklin andFrankstorcreatingVisiCalcandlater Kaporandhis
groupcreatingLotus 1-2-3. Microsoft achieved its dominancebecauset wasbetterat cateringto the

developercommunitythanthe competition.

The Internetandthe PC (especiallyMicrosoft with its operatingsystems)vere superbat serving
developersandreasonablyoodat servingthe earlyadoptersthe “power users. However, they were
not optimizedfor the bulk of endusers.Little attentionwaspaidto humanfactors. The resultis that
both networking andcomputingarefrustratingfor endusers.The compleities of competingsystems
(networkslike CompuSerg andMicrosoft Network, andthe mainframein the computingarena)were
lessenedbput were not eliminated. Instead,most of thosecompleities weretossedinto the laps of
computingand networking supportstafs. Eventhen,the enduserscould not be sparedcompletely
We canseethe resultsin the statisticsof householdpenetration.In spite of all the hooplaaboutthe
Internet,only abouthalf of U.S. householdshathave PCs(andthusabouta quarterof all households)
alsohave Internetconnectionsa muchsmallerfraction thanhave phoneor cableTV service. Since
Internetaccountsareavailableto mostof the U.S. populationfor about$20permonth,costis unlikely
to be amajordeterrentespeciallysincemostPC ownershave spentupwardsof two thousandiollars
ontheirmachinesClearlythereis somethindackingto the Internets appeathatsomary millions of

PCusersstayaway fromit.

Therise of the PCandthe Internethasresultedn a migrationof intelligencetowardsthe edgesin
both networking andcomputing.Unfortunatelythis migrationhasalsoled to the migrationof admin-
istrationandmaintenanceéutiestowardsthe edgesandthis hasforcedwastefulduplicationof effort. |
suggesthatmuchcanbelearnedirom the experiencewith the mainframeandthe phonenetwork that
would help alleviate this problem. | do not adwocatethe “Intelligent Network,” with all functionality
providedfrom inside.However, we couldgainif someof theintelligencethatis now requiredto malke

thelnternetfunctioneitherwerepulledinsidethe network, or elseresidedat devicesattheedgef the



network thatwereadministereatentrally Intelligencewould still be primarily at the edgeshut much

of it would beinvisible to usersandwould lessertheir supportburdens.

Theidealinterfaceshouldlook simpleto users,andconceathe intelligencewithin. By thatstan-
dard,neitherthe PC nor the Internetis dumbenough.What systemslo peoplegetenthusiasti@bout?
The Palm Pilot is an excellentexample. It hassophisticatedoftwareandhardware,but that sophisti-
cationis invisible, andmakesthe few importanttasksgo smoothly Thatlevel of userfriendlinessis
whatwe shouldbe aimingfor. | adwcatemakingthe Internetappeareven simplerthanit doesnow,
moreof a“stupid network,” by puttingmorefunctionality insidethe network, andforegoing mary of
theQuality of Servicedevelopmentghatwould requireincreasedvork for systemadministratorsThis

mightleadto lower utilization of the physicalfacilities, but shouldlower total costs.

Finally, a disclaimer The analogybetweenthe Internetand Microsoft is not meantto be carried
toofar. For example,the agumentsheresaynothingaboutMicrosoft's businesgracticesnor about
themeritsof theantitrustcaseagainsMicrosoft. Only sometechnologicaleconomicandsociological

factorsthataffect the spreadf new technologiegreconside

2. What do peoplewant?

Peoplewantsimplicity andstability, but they alsowantflexibility. TheIBM mainframejustasthe
voice phonesystem stressedtability The currenterahasotherpriorities. In aninsightful piecein the

New York Times, Edward Tennerf{ Tenne} pointsoutthat

Microsoft hastriumphedbecausdt hasgiven us what we asled for: constantnovelty
coupledwith acceptabletability, ratherthanthe otherway around.Microsoftencouraged
our impulsesto embraceashion,affirm conformity love plannedobsolescencePeople
talk simplicity but buy featuresand pay the consequencesComple featuresmultiply

hiddencostsanderodebothefficiengy andsimplicity.

Althoughtherearewidespreadvarningsnot to buy ary Microsoft productuntil at leastthe third
upgradethey arewidely disregarded.Thereareeven peoplewho payto be betatestershelpingpro-
ducersdelug the producers'software. Clearly thereis a large constitueng for the kinds of products

Microsoftandothersoftwarecompanieproduce puggy anduserunfriendlyasthey are.

In communicationgsin computing peoplewantnetworksthatareboth smartandstupid. Ideally

the network shouldbe stupidin the senseof having a simple interface, yet be smartenoughto do
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whattheuserwishes.Theoriginal telephonesystemhadthesequalities.Unlike the currentautomated
version, the original had operatorshandlingall calls, operatorswho could be asled to do a variety
of chores.The functionality provided by thoseoperatorsvasvaluedenoughto generatgesistanceo

directdialing.

Vestigesof the original phonesystemarestill with us. Thoselucky enoughto have accesgo the
White Houseswitchboardrave aboutthe servicethey get. Armedwith finely honedskills, a large
databaseandthe magicwords“This is the White Housecalling; the professionalsherearereputed
to beableto find anyone,arywhere,atary time. This is theideal stupid/smarhetwork, with a simple

interfacethatunderstandsven spolencommand&ndinterpretsheir nuances.

The transitionfrom manualoperationgo the directdial voice phonenetwork led to a lossof the
flexibility andexpertisethathumanintelligenceinsidethe network provided. This transitiondid lower
the costs,though,andit did provide simplicity. The phonenetwork is the mostubiquitouscommuni-
cationsystemsofar, andit doesallow anyonein Tulsato call Timbuktu with a minimum of fuss. It
hasbeenadoptedor usesfar beyondthe early predictiongdeSolaR, andit hasbecomea crucial part
of all industrializedsocietiesmuchlarger in revenuesthaneven the airlines,andfar larger thanthe
entertainmenindustry However, thetraditionalphones lack of flexibility wasanannging constraint,
especiallyastechnologyprovidedastoundingprogressn otherareasespeciallicomputing.Thephone
network requiredsophisticatedechnologyto designandoperateput this technologywasesotericand

invisible anddid not allow usersmuchcontrol.

The deficienciesof the traditional phonesystemwere partially remediedby putting more intel-
ligenceinto the core of the network (with featuressuchascall waiting) andby attachingintelligent
devicesat the edgeqsuchasansweringnachines) Theseattemptsveresuccessfuin providing more
flexibility, but at hugecostbothin developmentof the new featuresandin simplicity of operation.
Nobodyenjoys gettingtrappedin “voice-mailpumatory’ or having to keeptrack of a dozenor more
numbers(phone.fax, pager accessode,phonecredit card, etc.), mary of which changeevery few

months,or rememberingll thecommandg“ls it *68 or *86?”) neededo make the systemwork.

Comparedo the voice phonenetwork, the Internetis a far more flexible medium. It hasbeen
describedas“cheapandstupidbecausédt wasbeinghbuilt for smartendpointscalledcomputers’{Pet-
zinger]. Unfortunatelyit is neithercheapnor stupid. If it were, would we needhordesof network
expertsfluentin thelanguageof BGR caching DNS, bandwidthmanagement,ayer3 switching,dual

homing,firewalls, proxies,andotherarcanetopics? Would we alsohave the flourishingcommunica-



tionsoutsourcingousinesghatAT&T Solutions AndersernConsultingandothercompaniegnjoy?

3. What can people be made to want?

It is oftensaidthat“the people”or “the market” demanda particularproductor feature.This may
be appropriatefor establishedatgyoriessuchascars,but lessso for rapidly evolving fields suchas
informationtechnologies.How muchdemandwastherefor a Web browvser before Andreesserand
Bina createdMosaic? The secretof success$n the communicationgandcomputingareashasbeento
divine what peoplemight wantto use. In thatervironment,the dominantrole belongsto thosewho

createnew products.

How caninnovatorscreatemarketsfor their productsandservices?The easiestvay to introduce
anew technologyis asa substitutefor anotherone, a substitutethatis betterin costor features.The
jet enginereplacedthe turbopropthatway. However, suchsimple substitutionsare possibleonly in
somemarkets. In generalit is hardto dislodgean establishedechnology It is far easiernto develop
uniquenew applicationsThe PCdid notgainprimag/ overthemainframethroughafrontal assaultpy
takingover banks'dataprocessingenterssay Neitherdid theInternetovershadw theswitchedvoice
network by carryingvoice calls. Maturetechnologiesisuallyarewell adoptedo their maintask. It
took over almosta decaddrom theintroductionof the IBM PC,which settheindustrystandarduntil
it becameacceptedvisdomthatthe PC would be dominant. Evennow, after a reirvigoratingshotof
PCtechnologythe mainframecontinuego fill a substantiamarket niche. The mostambitiousgoals
thattheIBM executiveshadfor their PC creationseemlaughablymodestoday However, thosegoals
weresetin aworld dominatedoy mainframeswheretherole of a PCwasindeedlimited. It took the
developmenif new applicationsgspeciallyspreadsheetik e Lotus 1-2-3,to power the growth of the

PCmarlet.

Similarly, the Internetwasdominatednitially by email,and morerecentlyby the Web, services
that the traditional phonenetwork could not provide. Furthermorewhile the Internethasgrown at
astoundingates,it hasdoneso largely by utilizing the infrastructureof the phonenetwork. Twelve
yearsago,the NSFNetbackbongwhich evolvedinto the currentinternet)consistedf a few dozen56
Kbps circuits, of the kind thatcancarry a single phoneconversation. Eventoday the Internetis still
considerablysmallerthanthatphonenetwork. Despiteits fantasticallyrapid growth rate, the Internet

carrieglittle voicetraffic, andits growth hascomefrom the developmentof novel services.

As the Internetmatures,it is worthwhile to seewhetherit canbenefitfrom the lessonsof the



developmentof the phonesystem. After all, the phonealsostartedout asa niche product,unworthy
of the attentionof the WesternUnion telegraphgiant. Initially it wasan extremelyexpensve service
for limited uses.In 1896,the basicmonthlyfee for aphoneconnectiorin New York City was$20. A

centurylater, anlinternetaccounts also$20permonth,but the purchasingpower of this $20is vastly
different. In 1896,%$20 wasmorethanhalf a month’s pay for a worker, comparablego about$1,000
today How mary Internetuserswould therebe at $1,000per month?To attainits ubiquity; with over
700million linesaroundtheworld, the phonenetwork hadto lower costsandbecomesuficiently user

friendly for the vastmajority of the populationto accepitt.

4. Platforms, users, and application developers

Whenthe searchis on for compellingnew products,it is the potentialcreatorsof these“killer
apps"who have to becateredo. Fromthe perspectie of theinnovators,the shortcoming®f themain-
frameandthe phonenetwork werethatapplicationavereextremelyhardto createrequiringextensve
knowledgeof theseplatformsand expensie equipmentneitherof which could be possessetly the
proverbialteenagein agarage Modernmainframeandphoneswitchdevelopmenteamsemploy hun-
dredsof softwareexpertsfor mary monthsatatime. The PCoffereda betterplatformfor applications
developersthandid the mainframe andMicrosoft offereda betterplatformthandid competitorssuch
asApple. Smallgroupsor evenindividualscouldcreatenovel applicationsvith minorinvestmentThis

is crucialwhenthe succes®f anapplicationcannotbe predictedoeforehandandmostefforts fail.

It is worth noting that Microsoft's revenueshave stayedaround10% of thoseof the entire PC
softwareindustry It is truethatMicrosoft hastakenthelion's share(around30%) of the profitsin that
industry andthat othercompaniegendto oscillatebetweenhopeof beingboughtby the Redmond
giantandfear of beingcrushedoy it. However, thatis notdirectly relevantto this essay The pointis
that Microsoft succeededy cateringto developers,andits succes$hasrestedon their ability to craft
new productsandserviceson the Microsoft platform. Microsoft's victory over Apple, andlater over

IBM with its OS/2operatingsystempowed muchto gainingthe supportof developers.

The succes®f the Internetwasalsoduelargely to its offering a superiorplatformto application
developers.Remembetheintroductionof the Microsoft Network, andthe fearthatit would dominate
communications® simply couldnotcompetewith theInternetwith its openstandardandeconomies
of scale.Thebig attractionof the Internetto developerswvasthatit couldindeedbetreatedike adumb

network, onethatjust carriedpaclets from one point to another Often only minimal knowvledge of



TCP/IPwasrequiredto develop productsor thelnternet.

The PC andthe Internethave benefitedfrom the cleanfunctional differentiationamongservice
layers.Thishasallowedspecializeglayers(Microsoftandintel beingtheobviousexamples}o exploit
economie®f scaleandnetwork effectsto greatesadvantage However, this specializatiorhascreated
its own costs,which we will considerin greaterdetail belon. As aresult,it is not clearif therewere
ary realcostssaringsin carryingout traditionaltasks. The mainadwantageof the Internetandthe PC

appearso have beenin stimulatingcreatvity amongapplicationdevelopers.

Of coursehaw productsdo have to beacceptedn the marketplace.However, it is notthereaction
of the vastmajority of potentialusersthat mattersthe mostin the early stagesf the developmentof
anew productor service.For applicationdevelopersthefirst taskis to hookthe “early adopters$, the
peoplewho aresophisticatedandwilling to devote time andenegy to learningnew tools andfitting
theminto theirernvironment.Oncethesefolks areonboard,onecanthenworry aboutthe massmarket,

wherehumanfactorsaremoreimportant.

5. Thehidden and not so hidden costs

ThePCandthelnternetaregreatcreationghathave stimulateccreatvity, invigoratedtheeconomy
andrepresenthe future. However, they carry substantiahiddenburdens.As an example,Microsoft
gives developersthe freedomto overwrite DLLs at will. The haplessuserswho suddenlyfind that
crucial programso longerwork have to figure out whatwentwrong,in whatorderto reinstallall the

packagesetc. Usuallythey endup searchingor somebodyknowledgeabldo doit.

A prominentindustryanalystlikesWindows98becausde thinksit will cutin half the 26 minutes
perweekhe spendsootingup andshuttingdown his Windowns95PC[Dodgdq. If otherownersof the
morethan200million PCssave similar amountsthen,at a modestaveragevaluationof their time of
$15 per hour, the annualsavings will cometo over $33 billion, more thantwice Microsoft's annual

revenues!Yet, sofar, suchfactorshave notbeena seriousconcernfor Microsoft.

Themainhiddencostsof bothPCsandthe Internetarein the supportoperationsA GartnerGroup
studyestimateghatin a PC/LAN ervironment,total costof ownershipis 80% laborand20% capital,
while in a datacentery the percentagearereversedKirwinC]. As aresult,both PCsandthe Internet
arenot“cheapandstupid”[Petzinge], but expensve andintelligent,because¢hey all requireplentyof

time from smarthumanbrainsto make themwork effectively. Thesecostshave beenbearablen the



pastlargely becaus¢hey werenotvisible, oftencarriedby somesupportorganization.

Rapid changealways carriessubstantiatosts. Schumpeterthe apostleof “creative destructiord,
championeaapitalismnotfor efficieng (as,lackingour extra half a centuryof experiencehethought
socialismcouldbemoreproductive [Schumpetdy, but for its innovation. The problemis how to lower

the coststhatinnovationcarries.

6. Conclusions, recommendations, and predictions

The computingand networking industriesare changing,and are paying more attentionto their
hiddencosts.Onereasoris thatthosecostsaregettingharderto hide,andcorporationsarewakingup
to the $10,000thatit costsa company to operatea PCfor ayear Thatis why theideaof a network
computer(NC) wasreceved so enthusiasticallyEvenif the NC doesnot make substantialnroads,it
doesappeatrto have frightenedMicrosoft and othersoftware producersnto payingmoreattentionto
total systencosts.They areworkingto simplify administratiorof their systemsTypically thisinvolves
profligateuseof resourcessuchashundredof megabytesof disk spacefor softwareinstallations.As
the sayinggoes,“What Andy Grove giveth, Bill Gatestaketh away,” with the hardware provided by
Intel quickly filled by bloatedsoftwarefrom Microsoft. Fromatotal systempoint of view, thatis the
preferredway to go. Economiessuchasusingtwo digits to designateyearsare morelikely to harm

thanhelp,whenresourcegron atanexponentialpace.

Anotherreasonto expectchangeis that growvth in computerusersis slowving down. To increase
householgpenetratiorof PCsandthelnternet,it appearshatgreatesimplicity is desirablgandsimpler
devicessuchasWebTV maybe oneway to achieve it). Thiswill requireintelligenceprimarily atthe
edgesof the network, notinsideit, but intelligencethatdoesnot requireextensve involvementby the

usersor systemsexpertsto make it work.

Althoughthereareforcesthatarepushingthe IT industrytowardssimplification,otherforcesare
workingin the otherdirection. Theindustryis still searchingor thenext “killer app’; andapplication
developersarein control. Further attemptsto provide differentiatedservicelevels on the Internet
are complicatingthe scenefor both developersand users. Whetherthe resultwill be more or less
compleity is hardto predict. However, the fundamentahttractionof a dumb-lookingnetwork and
dumb-lookingcomputerds undeniableandthe mostsuccessfutompaniesarelikely to be the ones
thatcandeliverin this area.Thetroublewith the PCandtheInternetis thatthey arenotdumbenough.

We shouldgainfrom putting moreresourcesindintelligenceinto computingandnetworking to make
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themseemdumber
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