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Abstract

Convergencemeansthat different entities come togetheror approacheach
other. During the last yearsthe term convergencehasbecomea buzz-word for
thedevelopmentof new technologiesin thefield of digital communication.Con-
vergenceis not a new technologybut a termfor theprocessof technologiescon-
verging. The processhasstartedsomeyearsago. This text is aboutsomefirst
resultsof convergence.
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A commoninterpretationof thetermconvergenceis thatdifferenttechnologiesare
unified to onetechnologythat coversa wholefield of applications.A kid thatgrows
up in todaysworld, might assertthat therehave never beendifferenttechnologies.In
a few yearsthis kid could statethat whenhe wasyoungdifferent industriescreated
artificial incompatiblitiesbetweenoneandthe sametechnologyin orderto sell it on
differentmarkets.Of coursewe know thatthis is not trueat all - whenwe wereyoung
a telephonehad nothing to do with a radio and for us it still makes sensethat we
distinguishbetweentelecomcompaniesandradiobroadcasters.

Fromthetechnicalpointof view, it is notnecessaryanymoreto distinguishbetween
a telco and a radio broadcaster. Both companiesdeliver audio servicesand charge
money for it. That it makespracticallyno senseanymoreto call the playersof the
audio-serviceindustryby differentnamesis a goodsignthata scientificrevolution in
thesenseof ThomasS.Kuhnhastakenplace.Convergencehasalreadyhappened.The
resultis, asKuhnhasworkedout in his book“the structureof scientificrevolutions”,
thatsomewordsthatareusedto describedigital communicationbecomeobsoleteand
someothersbecomemoreimportant.

Thefollowing sectionsdescribemy personalopinionof which arethesenew enti-
tiesthatbuild theworld of digital communicationafterconvergencehastakenplace.

1 The user

A userusestechnologyto getthingsdone.Thereareseveralreasonswhy ausermight
useapieceof technology, but all technicaldeviceshaveonethingin common:they are
toolsthatareprogrammedto do certaintaskstheusersmight expectthemto do. Thus
thefirst topic to considerthinking aboutdigital communicationis:

1.1 User intention

As long asnobodyhasbuilt a computerthat passesthe Turing-test,my definition of
communicationis theexchangeof informationbetweenhumanbeings.Neitherman-
machineinteractionnor the interactionbetweena manandhis cat is communication.
Man hasinventedtoolsto make communicationmoreor lessindependentof time and
space.Communicationtools rely on the storageof information(e.g. the Gutenberg
Bible) andits transmissionovera distance(e.g.sendinga letter).

Mostcommunicationtechnologiesrequirethatthetransmittedinformationis more
or lesscompressed.Compressionof informationmayhappenin severalways.A very
effective way is thata humanbeing(medium)transcribesthesensationshehaswhile
receiving aninformationfrom asenderinto written languagebeforetransmittingit to a
receiver. Thereceivergetsonly theinformationthatis transmittedthroughthesubjec-
tive medium.Thetranscriptconsistsof wordsthataretheleastcommondenominator
of theimpressionsthattransmitterandreceivershare.If themediumtransformsthein-
formationinto digital code(e.g.Morse)beforetransmittingit, we canspeakof digital
communication.

Onceaninformationis digital it canbetransmittedwithout losses.Evenif thesig-
nal of a morsecodeis nearlyundistinguishablefrom noisethe informationit contains
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is still the original one. The receiver of a digitally communicateddocumentalways
receivestheoriginal documentwithout lossesor disturbances.If hedecidesto storeit
heownsanidenticalcopy of theoriginal.

The first purposeof digital communicationbetweenhumanbeingswasprobably
independenceof time andspace. If someaspectsof an event canbe transmittedto
otherplacestheaudiencedoesnot necesserilyhave to attendtheevent. Somaybethe
primarymotivationsto usedigital communicationdevicesarelazinessandthewantto
save time.

What makesa humanbeingto a user? It is the conviction that his life andwell-
beingdependson theaccessto informationor theability to communicatewhith others
whereeverheis andwheneverhewants.He is convincedthathiscommunicationabili-
tiesmakehim superiorto hisneighbourandhelphim survivecompetition.Someusers
even think that with a little help of their communicationdevices they becomeinde-
pendentof their bodiesandtheir rottenegos. At leastthis is what thecommunication
industrysuggeststhathumanlife nowadaysis about.

In other words: communicationis a drug. The decisionto be a user is utterly
subjective andinfluencedby thedrug lordsof thecommunicationindustry. However,
in the presentworld digital communicationhasbecomea major economyfactorand
createdmany jobs.We cannotimagineanymoreliving in a world without digital com-
munication.We areusers.Sothenext topicwe haveto discussis:

1.2 User requirements

Communicationis a very personalthing. So first of all a usershouldrequirecontrol
over the devicesheusesto communicatedigitally. Controlmeansfor examplethata
senderwantsto know what happensto his voicewhenit is compressedby his phone
andhow his voicesoundsin theearsof thereceiver.

Control alsomeansthata userwantsto be ableto declaresomeinformation(e.g.
informationabouthimself, a phonecall, a letter) privateandbe ableto prevent third
personsfrom gettingaccessto this information.Someinformationsmaybefor friends
but not for strangers.Digital informationdoesnot havea lifetime. Onceit is outof the
user’sheadanddigitized,it is very hardto cancelit. Thereforea userwantsto beable
to clearlydefinewho receiveshis informationandwhonot.

Communicationdevicesshouldbeasindependentaspossiblefrom theprovidersof
communicationservices(following the feeling thatbeingdrugusers,we do not want
to bedependenton onedrugdealer).

A wholeindustryprofitsfrom thefact thatpresentlyuserscannotcontrol their de-
vicesatall. For yearsdirectmarketershavebeencooperatingwith creditcardsuppliers
andsoftwarecompaniesto dealthepersonaldataof theircustomers.As amatterof fact
privatedataareexploitedby applyinghiddenscriptsandsophisticatedlog file analysis
to digital communication.Thatusersarespammedwith advertisingthey never asked
for is partlytheirown fault: As longastheirdeviceworks,veryfew usersareinterested
how it works (e.g. whatsoftwareit uses,theaccessprivilegesto personaldatafiles).
Veryoftenthefactoryconfigurationof asoftware(e.g.Netscape)is insecure.Although
theconfigurationcanbechanged,only a few usersbother.
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Thus,below theconvenientsurfaceof digital communication,thecommunication
industrytries to get ever morecontrol over their users.Too well informedusersare
bad for the industry. Cell phoneusersfor instanceresistto changetheir providers,
becausethey hada hardtime learninghow to usetheir phonesanddo not wantto lose
theirphonenumbers.Thereforefor thecell phonecompany every (stupid)customeris
worth thousandsof dollars.

It is obvious that the usercanonly have ultimatecontrol over his tools if he un-
derstandsthem(e.g.understandsthebusinessmodelof theprovider),ownsthem(e.g.
thatheownsthesourcecodeof thesoftwarethat runshis devices)andknows how to
usethem(e.g.how to programhis device).

Apartof controlauserhasmorerequirementsto hisdigital communicationdevices:
thecommunicationtoolsshouldbealwaysavailable(independenceof timeandspace),
they shouldbe adaptableto the his situation(mobiledevices,fixeddevices)andthey
shouldbetrustworthy. A mostcommonmisunderstandingis that informationis more
trustworthywhenreceivedin theform of picturesor sound.Justbecausehis sensesof
seeingandhearingareaddresseda usermaybelieve thata thing really happenedor an
informationis trustworty. As a clearresultof this psychologicalfact,an industrythat
hasthe meansto manipulateaudiovisual information is ableto manipulatethe users
(e.g.warpropaganda).

Of coursetoday every userwith a videocameraand a PC is able to create,ma-
nipulateandspreadaudiovisual information. At the endof the day it is the decision
of theuserwhich informationhe trustsandwhich not. Thereforeusersstartbuilding
networksof trustin orderto exchangeinformationoversecurecommunicationlines.

Lastbut not leastmany usersseedigital communicationaspartof their sociallife.
Userswho move in public net-spaceshouldhave thechanceto speakfreely. For any
employercantracewhatanemployeehasutteredwhenhewaspluggedin, sometimes
it might beusefulfor a userto stayanonymous.Theright to accessdigital communi-
cationatall aswell astheright to communicateanonymouslyareuserrequirementsto
digital communication.

2 The device

A userusesa device to accessdigital communication.As thesensesof a humanbeing
aresusceptibleonly to anaolgsignalsthedevice mustcontainanA/D (analogto dig-
ital) converterfor userinput anda D/A (digital to analog)converterfor outputto the
user. Theusercommunicateswith thedevice by theuserinterface- theuserinterface
is analogon theusersideanddigital on thesideof thedevice. Apart of theuserinter-
facethedevicemayhavea applicationprogrammerinterface(API) anda programmer
interface. The device may alsohave someinterfacesto otherdevices(e.g. ethernet
port,serialport). Thedifferentinterfacesshow thattherearedifferentgroupsof users:
the “end user” andthe programmer. Eachusergrouphasdifferentrequirementsto a
device.
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2.1 User interface

Theuserinterfaceof adeviceshouldshow atfirst glancewhatthedevicecandofor the
user. If it is a communicationdevice it shoulddisplaywhatservicesmaybeaccessed
or usedthroughthedevice. Theuserinterfaceto theservicesshouldbestandardizedso
that theusercanaccessthesameserviceusinganotherdevice without having to learn
anew interface.

A good user interfacemakes the user independentfrom a certaindevice. If he
wantsto usethesameservicewith anotherdevice he is freeto do so. A killer feature
of any userinterfaceis standardization.Themoredisposableandexchangebleadevice
is, the betterit is for the user. Onceuserslearnthat a device is nothingmorethana
tool to accessa servicethey will seethat any personalizationof the interfaceor any
proprietaryfeatureof thedevice is only a lossof time. For obviousreasonsuserswill
alsohave to learnnot to storepersonaldataon insecuredevices.

Thedevice industrynaturallycannotacceptthat their devicesshouldbecomedis-
posableor exchangeable.By cooperatingwith serviceprovidersthey combinetheir
deviceswith certainservices.This strategy is deemedto fail - serviceprovidersknow
alreadythat only platform independencegivesthemaccessto the maximumnumber
of users. The failure of proprietaryonline-servicesin the early daysof world wide
webis anexamplefor that.Todaytheworld wide webcanbeaccessedby a varietyof
browsersthatrunon many differentoperatingsystemsanddevices.That it is impossi-
ble to regulateservicesby introducingblockingdevicesis provenby parentalcontrol
devices. Oneof the few privilegesof the internetuseris the freedomto choosethe
deviceheusesto accesstheworld wideweb.

2.2 Programming interface

Someusersareprogrammers.For a programmera device is just a pieceof hardware
with a certainoperatingsystemthatrunsa softwareto deliversomeservices.Thepro-
grammeris very muchinterestedto configurea device sothat it satisfieshis demands.
For a programmerconfiguringthedevice meansprogrammingit. All theprogrammer
needsto write softwarefor adevice is documentationof thehardware,acommandline
interfaceto theoperatingsystemanda compilerthat translatesthesourcecodeof his
softwareinto executablecode.

For a programmerthe preferredinterfaceto any device is thereforea shell with
a compiler. The operatingsystemand the applicationsoftware that comeswith the
deviceshouldbeOpenSource(preferablyLinux).

By openingtheprogramminginterfacethedevice industrywill losecertainassets:
it will notbeableanymoreto selloneandthesamehardwarewith differentapplication
softwareastwo differentdevicesto thesameuser. A device is justapieceof hardware
thatdoeswhattheuserwantsit to do. If theuserwantsit to domoreheuploadsanother
software. He may buy the softwarefrom the device industryor he may downloadit
from thewebsiteof a programmer.

The industrystill differentiatesbetweendevicesdesignedfor the consumer(con-
sumerelectronics)anddevices for professionals(computers).The differentdevices
target differentmarkets. Consumerelectronicscomeswith sophisticateduserinter-
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facesfor the(keepit simpleandstupid)massesandno programminginterfacesat all.
Computerscomewith crappy userinterfacesfor consumerservicesandmoreor less
sophisticatedprogramminginterfaces.

In theworld of convergenceapieceof hardwareisadevice.Thedifferencebetween
socalledconsumerelectronicsdevicesandcomputerssimply doesnot exist anymore.
Cell Phones,Walkmen,Radiosareaudiodevices. Laptops,TV sets,PCsarevideo
devices. If the device industry doesnot surrenderthe control of the programming
interfaceto theusers,theuserswill takecontrolby installingLinux on thedevices.

2.3 Independence

The device itself shouldnot dependon the otherentitiesthat constitutethe world of
convergence:user, service,network. Thecontrolof thedeviceshouldbeentirelyin the
handsof theuser.

If a device is independentfrom thehabitsof a certainuser, differentuserscanuse
it. This independenceis only a questionof good userinterfacedesign. The lessa
device dependson a certainsoftwarethe moreservicesmay be accessedthroughit.
Theindependenceof softwareis only a questionof goodsoftwaredesign.Concerning
connectivity independencemeans:themorepossibilitiesadevicehasto accesstheNet
the moreflexible it is. This independenceis a questionof hardwaredesignand the
underlyingnetwork protocols.

It seemsthat thevalueof a convergencedevice to theuseris directly proportional
to the (time/ space/service/network) independenceit giveshim. The ideal commu-
nicationdevice offersa goodinterfaceto theprimaryserviceit is supposedto deliver.
Embeddedin thedevice is a technicallywell documentedhardwarerunningLinux or
any otherOpenSourceoperatingsystem.Thesoftwareof thedevice is alsowell doc-
umentedby beingavailableassourcecode. For a programmerit is possibleto write
softwarefor thedevice. For a userit is possibleto extendthecapabilitiesof hisdevice
by uploadingsoftware.

Digital communicationbetweenuserstakesplaceby theexchangeof audiovisual
information, sound,still pictures,text and many other datatypes. Communication
devicesmaybedistinguishedby thenumberandthequality of servicesthey areable
to deliver. The value of a device might dependon its physicalsize, the resolution
of its display, the differentnetworks it canaccess,the bandwithof datait is ableto
processandmany other factors. Differentdeviceswill be bestfor differentservices
anddifferentusersin differentsituations.

A relatively new aspectfor thevalueof a device is its openness- devicesthatcan
beprogrammedby theusercaneasilyadaptnew servicesandnew applications.They
aremorecompatiblewith theworld of convergenceandthereforemorevaluable.

3 The service

Technically, a digital communicationserviceis nothing more andnothing lessthan
moving somedatafrom asenderto areceiver. Neverthelessthedigital communication
serviceindustry is probablythe fastestgrowing industry in the world. Partly this is
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justifiedbecausetheserviceindustrycreatesvalueby assemblingdataandpackaging
theminto services(e.g.WebSites).But thebiggestpartof theserviceindustryconsists
justof thedinosaursleft overfrom thecenturyof analogcommunication.Theseplayers
try to block the developmentof digital communicationas long as possiblebecause
digital communicationis their death.By closingaccessto thenetworksthey own, by
allowing only certainservicesto run on their networks,by controlling thetechnology
of thedevicesthatareusedto accesstheir networksthey try to keeptheir influence.

3.1 Service providers

Todaythetelcodinosaurscall themselvesserviceprovidersandoffer servicesliketele-
phony, cabletelevision andthingslike that in connectionwith theaccessto their net-
works. It is obvious that theseso calledservicesarecompletelyindependentof the
providersthatbring themto the user. What they call servicesconsistsmerelyof net-
work accessandalot of marketing.But providing network accessis thejob of network
providerswho form anotherpartof theconvergenceworld.

In orderto definetherole of serviceprovidersin theconvergenceworld onehasto
askonselfsimply thequestion:what is a serviceandwhatserviceamI willing to pay
for? A communicationservicemay consistof gatheringsomemeta-informationthat
makesit easyto theuserto find thepieceof dataheis looking for (e.g.searchengine,
electronicprogrammguide).Of coursetheinformationitself (e.g. a pieceof music,a
film) is alsoof value.But it is not a service,it is content.Unlesstheserviceprovider
hasacquiredtherightsto distributethiscontenttheusershouldnotbeforcedto payfor
the privilege to accessthe content(a so calledgatekeeperfunctiononly makessense
for exclusiveservicesandcontent).Which raisesthequestionif contentdistribution is
a serviceat all andif it werenot betterthata contentownerdistributeshis contentand
chargesfor it directly.

Is telephony a serviceoneshouldpay for? Is emaila serviceoneshouldpay for?
If a useris only willing to payfor servicesthatgive him additionalvalueto usinghis
communicationdevicetheanswersaresimple:neitherfor telephoningnorfor exchang-
ing email theuserof a digital communicationdeviceneedsa serviceprovider. Todays
communicationdevicesareperfectlyableto digitize voice,packetizeit into dataand
sendit to a receiver. Onceall deviceshave uniqueip adresses(e.g. IPv6 addresses)
thesocalledtelephony providerswill losetheir monopolyto switchcallsandcharge
money for it.

3.2 Classificationof services

Anyway, thereareplentyof digital communicationservicestoday- somearefor free,
mostarenot. As we saw before,servicesarenearlyindependentfrom thedevicesthat
areusedto accessthem.Much strongerthey dependon thenetworksthatareusedfor
thetransferof theirdata.Thusthevalueof aserviceisbasicallyconnectedto thecostof
its network transmission.Othercostsmaybecausedby datastorage,theexclusiveness
of theserviceor andadditionalvaluelikeconvenience.A classificationof theservices
shedssomelight on their relativecost.
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Themaincostfactoris thebandwidtha serviceuseson thenetwork. Videoneeds
morebandwidththanaudio.Voicetransmission,graphicsandtext needevenlessband-
width. In thecaseof broadcastandmulticastservicesmany userssharethesameser-
vice. Sothecostof aservicecanbeestimatedby relatingthecostof bandwithto bring
theserviceto every userto thenumberof all users.Accordingto this modelexclusive
serviceslikevideoondemandaremoreexpensive thannon-exclusiveservices.

Anothercostfactorfor a serviceis whetherit is real time or not. For transmitting
video,audioor voiceservicesthenetwork hasto guaranteea certainbandwidth- the
userpaysfor so calledquality of service(QOS). If the network doesnot guarantee
QOStheusermayhave theoptionto wait until thedataaredownloadedto his device
and replay them later (e.g. On Demandservices). The cost of such“low priority
bandwidth”mightbeless.

Service Users Bandwidth Timing
TV Broadcast unlimited 2-6 Mbit/s realtime
TV Multicast limited 2-6 Mbit/s realtime
VideoOn Demand one 2-6Mbit not realtime
RadioBroadcast unlimited 150kbit/s realtime
RadioMulticast limited 150kbit/s realtime
Audio on Demand one 150kbit/s not realtime
VideoConferencing two 1-3 Mbit/s realtime
Telephony two 16 kbit/s realtime
WWW one 16kbit/s not realtime
email limited 16kbit/s not realtime

Table1: Classificationof services

Thevalueof aserviceis of courseasubjectivemeasurement.It dependslargelyon
thecommunicationhabitsandthepreferencesof theuser. Theclassificationof services
howevershows thatit is possibleto deliver thesamecontentmoreor lessexpensively.
Richpeoplecanafford to say“I wanttheservicehereandnow”, theotherswill befree
to organizein usergroupsandsharethecosts.

4 The network

Without a network convergencewould beimpossible.“The Net” connectsthedevices
thatareusedby theusersto communicatewith eachother. Digital communicationcan
becategorizedinto servicesthatdependon thequalityof thenetworksthey use.

Differentphysicallayersconstitutethe Net. Large distancesmay be crossedby
glassfibreor satelliteconnections.For smallerdistancestherearecopperwires,cellu-
lar networks,radionetworks,coaxcables,infraredandsoon. Briefly, theNet consists
of electromagneticwavesthatflow betweendevicesthroughcablesor throughtheair.

In orderto transportdigital dataoverthenetwork theelectromagneticalwavesneed
to bemodulated.Differentnetworksrequiredifferentwaysof modulatingthewaves.
On top of the modulatedwavessits a network protocolcalledIP (InternetProtocol).
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Thisis asimplification- thereareotherprotocolsbesidesandbeneathIP but asamatter
of facteveryconvergencedevicesooneror laterspeaksIP.

For a communicationlink from one device to anotherboth devices needIP ad-
dresses.Todaynot everydevicehasauniqueIP address- it is quiteusualthatnetwork
providerssupplya dynamicIP addressto a device whenit connectsto the Net. The
reasonis that the network providersdo not have enoughIP addressesfor their cus-
tomers.With theimprovementsof theIP protocol(IPv6) dynamicIP adresseswill not
benecessaryanymore.

If everydevicehasanIP adressandeverynetwork cantransportIP datatheconver-
gencescenariobecomesoncemoresimple:auserthatusesadevicecannotonly chose
theserviceheaccesseswith thedevicebut alsothenetwork his deviceuses.Again the
valueof differenttypesof network connectionsto theuseris subjective.

A first criterionfor thevalueof anetwork is its availability: If theuserstandsin the
middleof a desertandwantsto connectto theNet hehasnot muchchoice- probably
he will connectto a satellitenetwork andpay muchmoney for it. In a big town the
situationis different- theusermaychosebetweentendifferentwaysof accessingthe
Net.

Convenienceis anotherfactor - if the userwantsto be mobile he would rather
accessa wirelessnetwork thanconnectingby cable. A third factorcould be quality
of service- dependenton what servicesthe useraccessessomenetworks may have
advantagesto others.

4.1 Network providers

Which network a userchoosesto plug into the Net is of coursealso a questionof
money. Thecostof network accessdependson how muchbandwitha userneedsfor
accessinga service,how many dataaretransportedto andfrom theuser, how reliable
the bandwidthis over the time andwhat all the otherusersof the network aredoing
while the useraccessesit. At the endof the day the amountof cashthe userhasto
pay for network accessdependson his communicationhabitsandlifestyle. For there
aredifferentnetwork providerswho offer network accesstheuseris freeto choosethe
mostconvenientone. Thenetwork provider is not ananonymousinstitution - for the
userin awayheis apersonof trust.Herearesomequalitiesof anetwork providerthat
might influencetheuser’sdecisionwhich network provider to choose.

Very importantfor theuseris thetrustworthinessof hisprovider. Everymovement
a userdoeson theNet, every connection,every serviceheuses,is loggedby his net-
work provider. Governmentlaws force providersto do this. For the userit is worth
money thathisnetwork providerkeepshis logfilesprivate.Thetrustworthinesswill be
measuredby theknow-how andthetechnologythenetwork provider offersto protect
theprivacy of his customers.

Otherimportantqualitiesof a network provider arehis reliability, availability and
qualityof service.Dependentonhis lifestyle theusermightexpectthesamequalityof
servicewhereeverheis. Everyprovidershouldoffer asmany waysto accesstheNetas
possible.Thisdoesnot imply thatheneedsto own thelinesof thenetwork - onecould
think of roamingservicesalreadyknown from cellularnetworks.
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As saidbefore,it is importantthat a network provider doesnot mix up network
accessandservices.For theindependenceof theuserit is necessarythathis accessto
servicesneitherdependsonproprietarydevicesnoronthenetwork provider. Of course
this serviceindependencestaysin strongcontrastto todaystelcosstrategy. Oncethe
userslearnthattheprizefor independance(of device,service,time,place)is indepen-
dence(of thenetwork provider) this will change.

If a network provider offers supportto his customershe shouldkeepin mind: if
he is not ableto supporta userhaving problemswith a certaindevice that runsa less
known operatingsystem,it mightbeareasonfor theuserto changehisprovider. Tech-
nical supportis a service.Usersexpecttheir network provider to betechnicallycom-
petent.

Few network providersown theirnetwork infrastructure.Butasbandwidhis agood
thatcanbetradedon a stockmarket,network providerssooneror laterwill broke the
bandwidththey sell to their customers.By subscribingto a certainnetwork provider
the usersgive the network provider the ability to forecasttheir demandof bandwith.
This enableshim to buy cheapbandwidthandto make a profit. For bandwidthwill
be dealt in public the userswill be ableto calculatethe profit their network provider
makes. Thereforethe userswill expectsometransparency concerningthe prize for
bandwidthandtheprofitstheir network providerchargesfor service.
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