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Abstract

Convergencemeansthat different entities come togetheror approacheach
other During the last yearsthe term cornvergencehasbecomea buzz-word for
the developmentof new technologiesn the field of digital communication.Con-
vergenceis not a new technologybut a termfor the processof technologieson-
verging. The processhasstartedsomeyearsago. This text is aboutsomefirst
resultsof corvergence.
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A commoninterpretatiorof thetermcorvergencds thatdifferenttechnologiesre
unified to onetechnologythat coversa whole field of applications.A kid thatgrows
up in todaysworld, might asserthattherehave never beendifferenttechnologies.In
a few yearsthis kid could statethat when he was young differentindustriescreated
artificial incompatiblitiesbetweenone andthe sametechnologyin orderto sell it on
differentmarkets. Of coursewe know thatthisis nottrue atall - whenwe wereyoung
a telephonehad nothing to do with a radio and for us it still makes sensethat we
distinguishbetweertelecomcompaniesndradiobroadcasters.

Fromthetechnicalpointof view, it is notnecessargnymoreto distinguishbetween
a telco and a radio broadcaster Both companiesdeliver audio servicesand chage
money for it. Thatit makes practically no sensearymoreto call the playersof the
audio-servicendustryby differentnamesds a goodsignthata scientificrevolution in
thesensef ThomasS. Kuhnhastakenplace.CorvergencehasalreadyhappenedThe
resultis, asKuhnhasworkedoutin his book“the structureof scientificrevolutions”,
thatsomewordsthatareusedto describedigital communicatiorbecomeobsoleteand
someothersbecomamoreimportant.

The following sectiondescribemy personabpinion of which arethesenew enti-
tiesthatbuild theworld of digital communicatiorafter convergencehastakenplace.

1 Theuser

A userusegtechnologyto getthingsdone.Thereareseveralreasonsvhy ausermight
usea pieceof technologybut all technicaldeviceshave onethingin common:they are
toolsthatare programmedo do certaintasksthe usersmight expectthemto do. Thus
thefirst topic to considerthinking aboutdigital communicationis:

1.1 Userintention

As long asnobodyhasbuilt a computerthat passeshe Turing-test,my definition of
communicatioris the exchangeof informationbetweerhumanbeings. Neitherman-
machineinteractionnor the interactionbetweena manandhis catis communication.
Man hasinventedtoolsto make communicatiormoreor lessindependentf time and
space. Communicatiortools rely on the storageof information (e.g. the Gutenbeg
Bible) andits transmissiorover a distancee.g. sendinga letter).

Most communicatiortechnologiesequirethatthe transmittednformationis more
or lesscompressedCompressiorf informationmay happenn severalways. A very
effective way is thata humanbeing (medium)transcribeghe sensationfie haswhile
receving aninformationfrom a sendeiinto written languageeforetransmittingit to a
recever. Therecever getsonly theinformationthatis transmittedhroughthe subjec-
tive medium. The transcriptconsistsof wordsthatarethe leastcommondenominator
of theimpressionghattransmitterandrecever share If themediumtransformghein-
formationinto digital code(e.g. Morse)beforetransmittingit, we canspeakof digital
communication.

Onceaninformationis digital it canbetransmittedwvithout losses Evenif thesig-
nal of a morsecodeis nearlyundistinguishablérom noisetheinformationit contains



is still the original one. The recever of a digitally communicatedlocumentalways
recevesthe original documentwvithout lossesor disturbanceslf he decidedo storeit
he ownsanidenticalcopy of theoriginal.

The first purposeof digital communicatiorbetweenhumanbeingswas probably
independencef time and space. If someaspectf an event canbe transmittedto
otherplacesthe audiencedoesnot necesseriljhave to attendthe event. Somaybethe
primary motivationsto usedigital communicatiordevicesarelazinessandthe wantto
savetime.

What malkesa humanbeingto a user? It is the corviction that his life andwell-
beingdepend®n the accesgo informationor the ability to communicatavhith others
whereeerheis andwhen&erhewants.He is corvincedthathis communicatiorabili-
tiesmalke him superiorto his neighbourandhelphim survive competition.Someusers
even think that with a little help of their communicationdevicesthey becomeinde-
pendeniof their bodiesandtheir rottenegos. At leastthis is whatthe communication
industrysuggestshathumanlife nowvadayss about.

In otherwords: communicationis a drug. The decisionto be a useris utterly
subjectve andinfluencedby the druglords of the communicatiorindustry However,
in the presentworld digital communicatiorhasbecomea major economyfactorand
creatednary jobs. We cannotimaginearymoreliving in aworld without digital com-
munication.We areusers.Sothe next topic we haveto discusss:

1.2 Userrequirements

Communicatioris a very personakhing. Sofirst of all a usershouldrequirecontrol
over the deviceshe usesto communicataligitally. Control meansfor examplethata
sendemwantsto know what happengo his voice whenit is compressetby his phone
andhow his voice soundsn the earsof therecever.

Controlalsomeanghata userwantsto be ableto declaresomeinformation(e.g.
informationabouthimself, a phonecall, a letter) privateand be ableto preventthird
persondrom gettingaccesgo thisinformation. Someinformationsmaybefor friends
but not for strangersDigital informationdoesnot have a lifetime. Onceit is out of the
users headanddigitized, it is very hardto cancelit. Thereforea userwantsto beable
to clearlydefinewho receveshis informationandwho not.

Communicatiordevicesshouldbe asindependenaspossiblefrom theprovidersof
communicatiorserviceg(following the feeling that beingdrug users we do not want
to bedependenbn onedrugdealer).

A wholeindustryprofitsfrom the factthat presentlyuserscannotcontroltheir de-
vicesatall. For yearsdirectmarketershave beencooperatingvith creditcardsuppliers
andsoftwarecompanieso dealthe personatiataof their customersAs amatterof fact
privatedataareexploitedby applyinghiddenscriptsandsophisticatedog file analysis
to digital communication.That usersare spammedvith adwertisingthey never asled
for is partlytheirown fault: As longastheir device works, very few usersareinterested
how it works (e.g. whatsoftwareit usesthe accesgrivilegesto personaldatafiles).
Very oftenthefactoryconfiguratiorof asoftware(e.g. Netscapejs insecure Although
theconfigurationcanbe changedonly a few usershother



Thus,below the corvenientsurfaceof digital communicationthe communication
industrytries to get ever more control over their users. Too well informedusersare
badfor the industry Cell phoneusersfor instanceresistto changetheir providers,
because¢hey hada hardtime learninghow to usetheir phonesanddo notwantto lose
their phonenumbers.Thereforefor the cell phonecompaty every (stupid)customets
worth thousand®f dollars.

It is obvious thatthe usercanonly have ultimate control over his tools if he un-
derstandshem(e.g. understandghe businessnodelof the provider), ownsthem(e.g.
thathe ownsthe sourcecodeof the softwarethatrunshis devices)andknows how to
usethem(e.g.how to programhis device).

Apartof controlauserhasmorerequirementso hisdigital communicatiordevices:
thecommunicatiorioolsshouldbe awaysavailable(independencef time andspace),
they shouldbe adaptableo the his situation(mobile devices, fixed devices)andthey
shouldbetrustworthy. A mostcommonmisunderstandings thatinformationis more
trustworthy whenreceiedin theform of picturesor sound.Justbecausdis sense®f
seeingandhearingareaddressed usermay believe thata thing really happenear an
informationis trustworty. As a clearresultof this psychologicafact, anindustrythat
hasthe meansto manipulateaudiovisual informationis ableto manipulatethe users
(e.g.war propaganda).

Of coursetoday every userwith a videocameraand a PC is able to create,ma-
nipulateand spreadaudiovisualinformation. At the endof the day it is the decision
of the userwhich informationhe trustsandwhich not. Thereforeusersstartbuilding
networksof trustin orderto exchangenformationover securecommunicatioriines.

Lastbut notleastmary usersseedigital communicatioraspartof their sociallife.
Userswho move in public net-spaceshouldhave the chanceto speakfreely. For ary
employer cantracewhatanemployeehasutteredwhenhe waspluggedin, sometimes
it might be usefulfor a userto stayanorymous. Theright to accessigital communi-
cationatall aswell astheright to communicatenorymouslyareuserrequirements$o
digital communication.

2 Thedevice

A userusesadevice to accesdligital communicationAs the sense®f a humanbeing
aresusceptibleonly to anaolgsignalsthe device mustcontainan A/D (analogto dig-
ital) corverterfor userinputanda D/A (digital to analog)corverterfor outputto the
user Theusercommunicatesvith the device by the userinterface- the userinterface
is analogon the usersideanddigital on the sideof the device. Apart of the userinter-
facethe device may have a applicationprogrammeinterface(API) anda programmer
interface. The device may also have someinterfacesto otherdevices(e.g. ethernet
port, serialport). Thedifferentinterfacesshov thattherearedifferentgroupsof users:
the “end user” andthe programmer Eachusergroup hasdifferentrequirementdo a
device.



2.1 Userinterface

Theuserinterfaceof adevice shouldshaw atfirst glancewhatthedevice candofor the
user If it is acommunicatiordevice it shoulddisplaywhatservicesnaybe accessed
or usedthroughthedevice. Theuserinterfaceto theserviceshouldbe standardizedo
thatthe usercanaccesshe sameserviceusinganotherdevice without having to learn
anew interface.

A good userinterface makes the userindependenfrom a certaindevice. If he
wantsto usethe sameservicewith anotherdevice heis freeto do so. A killer feature
of ary userinterfaceis standardizationThe moredisposablendexchangeblea device
is, the betterit is for the user Onceuserslearnthata device is nothingmorethana
tool to accessa servicethey will seethatany personalizatiorof the interfaceor ary
proprietaryfeatureof the device is only alossof time. For obviousreasonaiserswill
alsohave to learnnot to storepersonabataon insecuredevices.

The device industrynaturally cannotacceptthattheir devicesshouldbecomedis-
posableor exchangeable.By cooperatingwith serviceprovidersthey combinetheir
deviceswith certainservices.This strateyy is deemedo fail - serviceprovidersknow
alreadythat only platformindependencgivesthemaccesdo the maximumnumber
of users. The failure of proprietaryonline-servicesn the early daysof world wide
webis anexamplefor that. Todaythe world wide web canbe accessetly a variety of
browsersthatrun on mary differentoperatingsystemsanddevices. Thatit is impossi-
ble to regulateservicesby introducingblocking devicesis provenby parentalcontrol
devices. One of the few privilegesof the internetuseris the freedomto choosethe
device heusegto accessheworld wide weh

2.2 Programming interface

Someusersare programmersFor a programmeia device is just a pieceof hardware
with a certainoperatingsystemthatrunsa softwareto deliver someservices.The pro-
grammeiris very muchinterestedo configurea device sothatit satisfieshis demands.
For a programmerconfiguringthe device meansprogrammingt. All the programmer
needdo write softwarefor adevice is documentatiomf thehardware,acommandine
interfaceto the operatingsystemanda compilerthattranslateghe sourcecodeof his
softwareinto executablecode.

For a programmetthe preferredinterfaceto ary device is thereforea shell with
a compiler The operatingsystemand the applicationsoftware that comeswith the
device shouldbe OpenSource(preferablylLinux).

By openingthe programmingnterfacethe device industrywill losecertainassets:
it will notbeableanymoreto selloneandthesamehardwarewith differentapplication
softwareastwo differentdevicesto the sameuser A deviceis justa pieceof hardware
thatdoeswhattheuserwantsit to do. If theuserwantsit to domoreheuploadsanother
software. He may buy the software from the device industry or he may downloadit
from thewebssite of a programmer

The industrystill differentiatesbetweendevicesdesignedor the consumer(con-
sumerelectronics)and devices for professionalg{computers). The differentdevices
target differentmarkets. Consumerelectronicscomeswith sophisticateduserinter-



facesfor the (keepit simpleandstupid)massesandno programmingnterfacesat all.
Computerscomewith crappy userinterfacesfor consumeiservicesand moreor less
sophisticate¢hrogrammingnterfaces.

In theworld of corvergenceapieceof hardwareis adevice. Thedifferencebetween
socalledconsumeelectronicdevicesandcomputersimply doesnot exist anymore.
Cell PhonesWalkmen, Radiosare audiodevices. Laptops,TV sets,PCsarevideo
devices. If the device industry doesnot surrenderthe control of the programming
interfaceto theuserstheuserswill take controlby installingLinux onthe devices.

2.3 Independence

The device itself shouldnot dependon the other entitiesthat constitutethe world of
convergenceuser service network. Thecontrolof thedevice shouldbeentirelyin the
handsof theuser

If adeviceis independentrom the habitsof a certainuser differentuserscanuse
it. This independencés only a questionof good userinterfacedesign. The lessa
device dependon a certainsoftware the more servicesmay be accessedhroughit.
Theindependencef softwareis only a questionof goodsoftwaredesign.Concerning
connectvity independencemeansthemorepossibilitiesa device hasto accesshe Net
the moreflexible it is. This independencés a questionof hardware designandthe
underlyingnetwork protocols.

It seemghatthevalueof a corvergencedevice to the useris directly proportional
to the (time/ spacekervice/network) independencé giveshim. The ideal commu-
nicationdevice offersa goodinterfaceto the primary serviceit is supposedo deliver.
Embeddedn the device is a technicallywell documentedhardwarerunningLinux or
ary otherOpenSourceoperatingsystem.The softwareof the device is alsowell doc-
umentedby beingavailable assourcecode. For a programmeiit is possibleto write
softwarefor thedevice. For a userit is possibleto extendthe capabilitiesof his device
by uploadingsoftware.

Digital communicatiorbetweenuserstakesplaceby the exchangeof audiovisual
information, sound,still pictures,text and mary other datatypes. Communication
devicesmay be distinguishedy the numberandthe quality of serviceshey areable
to deliver. The value of a device might dependon its physicalsize, the resolution
of its display the differentnetworksit canaccessthe bandwithof datait is ableto
processand mary otherfactors. Differentdeviceswill be bestfor differentservices
anddifferentuserdn differentsituations.

A relatively new aspecfor thevalueof a device is its openness devicesthatcan
be programmedy the usercaneasilyadaptnew servicesandnew applications.They
aremorecompatiblewith theworld of corvergenceandthereforemorevaluable.

3 Thesewice

Technically a digital communicationserviceis nothing more and nothing lessthan
maoving somedatafrom a sendeto arecever. Neverthelesshedigital communication
serviceindustryis probablythe fastestgrowing industryin the world. Partly this is



justified becausehe serviceindustrycreatesvalueby assemblinglataand packaging
theminto serviceqe.g.Web Sites).But the biggestpartof theserviceindustryconsists
justof thedinosaurdeft overfrom thecenturyof analogcommunicationTheseplayers
try to block the developmentof digital communicationas long as possiblebecause
digital communicatioris their death.By closingaccesgo the networksthey own, by
allowing only certainservicego run on their networks, by controlling the technology
of thedevicesthatareusedto accessheir networksthey try to keeptheirinfluence.

3.1 Sewice providers

Todaythetelcodinosaursall themselesserviceprovidersandoffer servicedik e tele-
phory, cabletelevision andthingslike thatin connectionwith the accesgo their net-
works. It is obvious that theseso called servicesare completelyindependenof the
providersthat bring themto the user Whatthey call servicesconsistamerelyof net-
work accesandalot of marketing. But providing network accesss thejob of network
providerswho form anothempartof the convergenceworld.

In orderto definetherole of serviceprovidersin the corvergenceworld onehasto
askonselfsimply the question:whatis a serviceandwhatserviceam| willing to pay
for? A communicatiorservicemay consistof gatheringsomemeta-informatiorthat
makesit easyto the userto find the pieceof dataheis looking for (e.g.searchengine,
electronicprogrammguide). Of coursethe informationitself (e.g. a pieceof music,a
film) is alsoof value. But it is nota service,it is content.Unlessthe serviceprovider
hasacquiredherightsto distributethis contenthe usershouldnot beforcedto payfor
the privilege to accesghe content(a so called gateleeperfunction only makessense
for exclusive servicesandcontent).Which raisesthe questionif contentdistributionis
aserviceatall andif it werenot betterthata contentownerdistributeshis contentand
chagesfor it directly.

Is telepholy a serviceoneshouldpayfor? Is emaila serviceone shouldpay for?
If auseris only willing to payfor serviceghatgive him additionalvalueto usinghis
communicatiordevicetheanswersaresimple: neitherfor telephoningnorfor exchang-
ing emailthe userof a digital communicatiordevice needsa serviceprovider. Todays
communicatiordevicesare perfectlyableto digitize voice, pacletizeit into dataand
sendit to arecever. Onceall deviceshave uniqueip adressege.g. IPv6 addresses)
the so calledtelephoty providerswill losetheir monopolyto switch callsandchage
money for it.

3.2 Classificationof sewices

Anyway, thereare plenty of digital communicatiorservicegoday- somearefor free,
mostarenot. As we sav before,servicesarenearlyindependentrom the devicesthat
areusedto accesgshem. Much strongerthey dependon the networksthatareusedfor
thetransferof their data. Thusthevalueof aserviceis basicallyconnectedo the costof
its network transmissionOthercostsmaybe causedy datastoragetheexclusiveness
of the serviceor andadditionalvaluelik e corvenienceA classificatiorof the services
shedssomelight ontheir relative cost.



The main costfactoris the bandwidtha serviceuseson the network. Video needs
morebandwidththanaudio. Voicetransmissiongraphicsandtext needevenlessband-
width. In the caseof broadcasandmulticastservicesmary userssharethe sameser
vice. Sothe costof a servicecanbe estimatedy relatingthe costof bandwithto bring
the serviceto every userto the numberof all users.Accordingto this modelexclusive
servicedik e videoon demandaremoreexpensve thannon-ecclusive services.

Anothercostfactorfor a serviceis whetherit is realtime or not. For transmitting
video, audioor voice serviceshe network hasto guarantee certainbandwidth- the
userpaysfor so called quality of service(QOS).If the network doesnot guarantee
QOStheusermay have the optionto wait until the dataaredownloadedto his device
andreplay them later (e.g. On Demandservices). The costof such“low priority
bandwidth"mightbeless.

Sevwice Users | Bandwidth Timing
TV Broadcast unlimited | 2-6 Mbit/s realtime
TV Multicast limited 2-6 Mbit/s realtime
VideoOn Demand one 2-6 Mbit notrealtime
RadioBroadcast unlimited | 150Kkbit/s realtime
RadioMulticast limited 150kbit/s realtime
Audio on Demand one 150kbit/s | notrealtime
VideoConferencing two 1-3 Mbit/s realtime
Telephoty two 16 kbit/s realtime
WwWWwW one 16kbit/s notrealtime
email limited 16kbit/s notrealtime

Tablel: Classificatiorof services

Thevalueof aserviceis of coursea subjectve measurementt dependdargely on
thecommunicatiorhabitsandthe preferencesf theuser Theclassificatiorof services
however shownsthatit is possibleto deliver the samecontentmoreor lessexpensvely.
Rich peoplecanafford to say“l wanttheservicehereandnow”, theotherswill befree
to organizein usergroupsandsharethe costs.

4 The network

Without a network cornvergencewould beimpossible.“The Net” connectghe devices
thatareusedby the userso communicatevith eachother Digital communicatiorcan
be catggorizedinto serviceghatdependn the quality of the networksthey use.
Different physicallayersconstitutethe Net. Large distanceanay be crossedby
glassfibre or satelliteconnectionsFor smallerdistancesherearecopperwires, cellu-
lar networks, radio networks, coaxcables,jnfraredandsoon. Briefly, the Net consists
of electromagnetigvavesthatflow betweerdevicesthroughcablesor throughtheair.
In orderto transpordigital dataoverthenetwork theelectromagneticabvavesneed
to be modulated.Differentnetworks requiredifferentwaysof modulatingthe waves.
On top of the modulatedwavessits a network protocolcalledIP (InternetProtocol).



Thisis asimplification- thereareotherprotocolshesideandbeneathiP but asa matter
of factevery corvergencedevice sooneror later speakdP.

For a communicationlink from one device to anotherboth devices needIP ad-
dressesTodaynot every device hasa uniquelP address it is quite usualthatnetwork
providerssupplya dynamiclP addresdo a device whenit connectgo the Net. The
reasonis that the network providersdo not have enoughlP addresseor their cus-
tomers.With theimprovementf the IP protocol(IPv6) dynamiclP adressewvill not
benecessaranymore.

If everydevice hasanlP adressandevery network cantransportiP datathecorver-
gencescenariddecome®ncemoresimple: auserthatusesadevice cannotonly chose
theserviceheaccessewith thedevice but alsothe network his device uses.Againthe
valueof differenttypesof network connectiondo the useris subjectve.

A first criterionfor thevalueof anetwork s its availability: If theuserstandsn the
middle of a desertandwantsto connecto the Net he hasnot muchchoice- probably
he will connectto a satellitenetwork and pay muchmoney for it. In a big town the
situationis different- the usermay chosebetweertendifferentwaysof accessinghe
Net.

Corvenienceis anotherfactor - if the userwantsto be mobile he would rather
access wirelessnetwork than connectingby cable. A third factor could be quality
of service- dependenbn what servicesthe useraccessesomenetworks may have
adwantagego others.

4.1 Network providers

Which network a userchoosego plug into the Net is of coursealso a questionof
money. The costof network accesslependon how muchbandwitha userneedsfor
accessing service how mary dataaretransportedo andfrom the user how reliable
the bandwidthis over the time andwhat all the otherusersof the network are doing
while the useraccesseft. At the end of the day the amountof cashthe userhasto
pay for network accesslependn his communicatiorhabitsandlifestyle. For there
aredifferentnetwork providerswho offer network accesshe useris freeto choosethe
mostcorvenientone. The network provider is not an anorymousinstitution - for the
userin away heis a personof trust. Herearesomeqgualitiesof a network providerthat
mightinfluencethe users decisionwhich network providerto choose.

Very importantfor the useris thetrustworthines<of his provider. Every movement
auserdoeson the Net, every connectiongvery servicehe uses,is loggedby his net-
work provider. Governmentlaws force providersto do this. For the userit is worth
money thathis network provider keepshis logfiles private. The trustworthinesswill be
measuredby the know-how andthe technologythe network provider offersto protect
theprivacgy of his customers.

Otherimportantqualitiesof a network provider arehis reliability, availability and
quality of service.Dependenbn his lifestyle theusermight expectthe samequality of
servicewhere@erheis. Everyprovider shouldoffer asmary waysto accessheNetas
possible.This doesnotimply thathe needgo own thelinesof thenetwork - onecould
think of roamingservicesalreadyknown from cellularnetworks.



As said before, it is importantthat a network provider doesnot mix up network
accesandservices.For theindependencef the userit is necessaryhathis accesdo
servicemeitherdepend®n proprietarydevicesnoronthenetwork provider. Of course
this serviceindependencstaysin strongcontrastto todaystelcosstratey. Oncethe
userdearnthatthe prizefor independancéof device, service time, place)is indepen-
dence(of the network provider) thiswill change.

If a network provider offers supportto his customershe shouldkeepin mind: if
heis not ableto supporta userhaving problemswith a certaindevice thatrunsaless
known operatingsystemjt mightbeareasorfor theuserto changehis provider. Tech-
nical supportis a service.Usersexpecttheir network provider to be technicallycom-
petent.

Few network providersown their network infrastructure But asbandwidhis agood
thatcanbe tradedon 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 dealtin public the userswill be ableto calculatethe profit their network provider
makes. Thereforethe userswill expectsometranspareng concerningthe prize for
bandwidthandthe profitstheir network provider chagesfor service.



