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E2E

7 Isthead-to-endargumentdead?

3 Shouldwvecontinuetotakeseriouslyconsideration
ofwhetherourresearchisbestplacednower
layerorinthe upper-mostlayerpossible?

7 No.

I Thereisnopointinasking!



TheIP datagramformat Now

IPprotocol
versionis4

32bits

head.| typeof
len | service length
. - fragment
lé-blfldenflfler flgs offset
timeto upper Internet
live layer checksu
3bitsourcelPaddress

32bitdestinationLPaddress

Options(ifany)

data

(variablelength,
typicallyaTCP

orUDPsegment)




TheIP datagramformat intheyear2101
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len | service
. - fragment
16-bitidentifier |[flgs offset

timeto upper Internet
live layer checksu

32bitsourcelPaddress
32bitdestinationLPaddress
Options(ifany)

data
(variablelength,
typicallyaTCP
orUDPsegment)

IPprotocol
versionis4

length




GradStudentstakenotice

I Thelastchanceyouhadtochangethe networkayer
wasyearsaggprobablysometimebeforeM TWent
ontheair.

7 Itmaybeinterestingtodecidehowservicescanbe
moreefficientatthecurrentnetworkayer butit's
anacademicexercise.

J Levine'sobservation: theInternetisanunstoppable
forcethathasbecomeanimmovableob ject.

o Thelnternetisgrowingatarenormousrate,but
thenetworkayeritcarriesisunchangeable.



HistoricalArgument

7 Pasteffortsathenetworkayer:

o Multicast IPv6, Interserv/ Diffserv, etc.
7 Successfulend-to-endefforts:

o theweb/HTTP, napster /gnutella/morpheus

J Servicesthatareperformedend-to-endare quickto
deploy,cheapanddon'tinvolvethel E TForany

other mafia.

J Levine's GolderRule: Dathingsend-to-endandyou'll
getnoargumentfromanyone.
o Youmightlose 8.34221717 overhead.

o Youmightactuallydosomethingusefulwiththe
Internet.



Runasfastasyoucan

7 Thenetworkayerhasbecomefixed,andthe
transportlayerisonitsway.

Examples:

3 ChangestoTCPare increasinglysmalltweaksto
subtlemechanismsatonlyone end.
O Tahoe -> Reno-> Newreno -> limitedtransmit

7 DespitethediscoveryofsecurityproblemswithTCP,
nochangeswilleverbemade.

o TCP Daytona

3 Therequirementof TCP-friendlinesshasputa
strangleholdonothertransportservices.



Runtoanotherlayer

J Giventhathoonewhoworkson Internetworking
caresaboutihelinkayer

o (numberofpapersoninkayerattis
conferencezero)

peoplearerunningscaredtotheapplicationlayer
wheretheycareffectchange.

I Eventuallytherewillbesomanylayerspresenton
theInternet,anewfieldwilldevelopcalled

InternetArchaeology : thestudyofhistoriclayers
of internet stratainordertoinferculturalaspects
ofthepeopleswhocreatedthem.



TheTowerofBabel

7 Astimegoeson,the towerofprotocolswillcontinue
togrowtallerinordertoescape the IETRand
industry whowillracetof reezemachayer.

7 Levine'sadvice: Themostinterestingareasofstudy
rightnowarewheretheE2Bargumentdoesn’tapply.

7 Whichbasicallymeans peer-to-peernetworking
o Overlaynetworks

o Newservices:privacy,censorship-freepublishing,
contentsharing,multiplayergames.

o Adhocroutingandmobileapplications



Makingnoneywithyourendofthe

network

I Whilewe areallboundbypeer-review,commercial
venturesarenot.

7 Thereismoneytobemadefronbeing tcp-
unfriendlyandunfair.

o morpheus paralleldownloads

3 Bobby'scorollary : the networkmaybe fossilized,but
youcammeswithitfor$$ $atyourendofthe
networkayeraslongasit'sinvisibletoothers.

e.g. NATboxes Layerd/7switches.



AdhocNetworking

I Adhometworkingissopopularbecausethehosts
are the routers.

o Therearencexistingservicestobreak.
O Thereexisthoadhocnetworksinfact.

o It'sthedreamofeveryonewhowantstobreak
theaxd-to-endargument.

7 Levine's prediction: Adhocnetworkingwillcontinue
tobedhotopicforaslongasresearchersfeelthey
have anopportunitytomeswiththelayersand
breaktheend-to-endargument;af terthantime
theywillbuildoverlaysandnoveon.



summary

7 Thead-to-endargumentisinteresting,and
probablyagoodargument.

7 Networkingresearcherslovetobreaklayers
becauseallwecareaboutisperformance(andhot
security, deployability,ausefulness)

I Thecommercialandboliticalrealitiesofthe
Internetcreatearenvironmeniwhereit'simpossible
tochange lowerlayers.

I Creatingoverlaynetworksandmorelayersend-to-
endmakesviolatingayerseasy.

I Sothe pointismoot.



