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Three cultural groupsThree cultural groups

��CommunicationsCommunications

��ComputerComputer

��Content suppliersContent suppliers



Comparison of alternative networksComparison of alternative networks

ExtensiveExtensive
InfrastructureInfrastructure

Dynamic growthDynamic growth Access mainly toAccess mainly to
users in citiesusers in cities

Good access toGood access to
users (developedusers (developed
access networks)access networks)

Access to a largeAccess to a large
variety ofvariety of
information sourcesinformation sources

Broadband accessBroadband access
to usersto users

Good quality of TVGood quality of TV
serviceservice

Guaranteed QOSGuaranteed QOS No guaranteed QOSNo guaranteed QOS

Connection-orientedConnection-oriented ConnectionlessConnectionless BroadcastingBroadcasting
Synchronous andSynchronous and
symmetricsymmetric commcomm ..

Asynchronous andAsynchronous and
asymmetricasymmetric commcomm ..

Synchronous andSynchronous and
asymmetricasymmetric commcomm ..

Typical service:Typical service:
telephonytelephony

Typical services:Typical services:
e-mail,e-mail, wwwwww accessaccess

Typical service:Typical service:
access to TV progra maccess to TV progra m

Telephone NetworksTelephone Networks InternetInternet Cable TVCable TV



ConvergenceConvergence
of Parametersof Parameters

FlexibilityFlexibility

Quality of ServiceQuality of Service

BandwidthBandwidth

InternetInternet

CableCable TVTV

PSTNPSTN



The network of the futureThe network of the future willwill
probably beprobably be aa collection ofcollection of
networksnetworks ::

��of existing networksof existing networks
��of emerging networksof emerging networks
��of yet unknown networksof yet unknown networks

This network, from a user point of view,
must provide the same service regardless
of the underlying transport network to
which the user happens to be connected



�� “Thinking” network“Thinking” network
�� Intelligence inside network’s nodesIntelligence inside network’s nodes
��Examples:Examples:

�

�- PSTN- PSTN
�

�- Active computer networks- Active computer networks

�� Transparent networkTransparent network
Intelligence only at the network edgesIntelligence only at the network edges

ApproachesApproaches toto network intelligencenetwork intelligence



ThinkingThinking
networknetwork



Active networksActive networks

These networks are “active” in two ways:These networks are “active” in two ways:
�� RoutersRouters and switches within the networkand switches within the network

actively process, i.e., perform computations onactively process, i.e., perform computations on
the user data flowing through them;the user data flowing through them;

�� Individual users and/or administrators can injectIndividual users and/or administrators can inject
customized programs into the network, therebycustomized programs into the network, thereby
tailoring the node processing to be user and/ortailoring the node processing to be user and/or
application specific.application specific.

Active networks allow the network to performActive networks allow the network to perform
customized computations on the user datacustomized computations on the user data



Physical limits of switchesPhysical limits of switches

��Aggregate throughputAggregate throughput

ExampleExample ::
Switch ofSwitch of 100000100000 lineslines ; 10%; 10% usageusage

Lines ofLines of 6464 kbkb /s/s �������� 0.640.64 GbGb/s/s
Lines ofLines of 155 Mb/s155 Mb/s �������� 1.51.5 TbTb/s/s

��Power consumptionPower consumption



TrendsTrends

��Processing capacityProcessing capacity :: doublesdoubles
everyevery 12 – 1812 – 18 monthsmonths

��Transmission capacityTransmission capacity ::
increasesincreases 100 to 1000100 to 1000 timestimes
faster than processing capacityfaster than processing capacity

Shift in network design principles:
using less processing

and more transmission capacity



ATM —ATM — unfulfilled promiseunfulfilled promise ??

MajorMajor assumptionassumption ::

Bandwidth isBandwidth is aa scarce resourcescarce resource ,, whichwhich
hashas toto be sharedbe shared

MajorMajor consequenceconsequence ::

Sharing resources among significantlySharing resources among significantly
different users has leddifferent users has led toto excessivelyexcessively
complex control structurescomplex control structures



AllAll --optical networksoptical networks

Bandwidth availableBandwidth available ::

1.31.3 µµµµµµµµmm windowwindow : 8: 8 THzTHz
1.51.5 µµµµµµµµmm windowwindow : 10: 10 THzTHz

OpportunityOpportunity ::

AllAll --optical core with simpler and moreoptical core with simpler and more
predictable resource management schemespredictable resource management schemes



Transparent network:Transparent network:
”Big”Big PipesPipes ””



SoSo,, Where’s SwitchingWhere’s Switching ??

��At network edgesAt network edges
��Switches in LANsSwitches in LANs
��Switches in remote unitsSwitches in remote units

�� InIn crossconnectscrossconnects
((controlledcontrolled byby network managementnetwork management
systemssystems ))



NoNo moremore CentralCentral Office buildingsOffice buildings

��Routing function inRouting function in transporttransport nodesnodes
��OperatorOperator positions in the operators’positions in the operators’

homeshomes
��All line cards in remote unitsAll line cards in remote units
��OAMOAM positions in normal officepositions in normal office

buildingsbuildings
��Service intelligence in dispersedService intelligence in dispersed

serversservers



Some open problemsSome open problems

�� Optimal distribution and replicationOptimal distribution and replication
of hardware & software componentsof hardware & software components
to maximize performanceto maximize performance

�� Performance inPerformance in multimulti -protocol-protocol
environmentsenvironments

�� MulticastingMulticasting

�� PhotonicPhotonic networking architecturesnetworking architectures



ConclusionConclusion

�� Multiple players in telecommunicationsMultiple players in telecommunications
marketmarket

�� Traditional switches are disappearingTraditional switches are disappearing

�� More stress on performance of upperMore stress on performance of upper
layers and network managementlayers and network management


