TelecommunicationsMResMartin Biddiscombe, 19961Dynamics of ATM Networks Dynamics of ATM Networks Martin BiddiscombeMartin BiddiscombeMRes studentMRes studentUniversity College LondonUniversity College LondonContact information:Contact information:e-maile-maileemt6@eleceng.ucl.ac.ukeemt6@eleceng.ucl.ac.ukalternativelyalternativelyM.D.Biddiscombe@nortel.co.ukM.D.Biddiscombe@nortel.co.ukWWWWWW

TelecommunicationsMResMartin Biddiscombe, 19962Dynamics of ATM NetworksDynamics of ATM NetworksBandwidth management andBandwidth management andtraffic routing on arbitrarily scaleabletraffic routing on arbitrarily scaleablemulti-traffic-type ATM networksmulti-traffic-type ATM networks

TelecommunicationsMResMartin Biddiscombe, 19963The problemThe problem

nnMultimedia traffic always Multimedia traffic always expands to fill the expands to fill the bandwidth availablebandwidth availablellFor instance: today�s For instance: today�s InternetInternetnnThis results in long and This results in long and highly variable delayshighly variable delaysll

traffic source and

destination

destination n n What about delay sensitive

What about delay sensitive

or otherwise urgent traffic?

or otherwise urgent traffic?

TelecommunicationsMResMartin Biddiscombe, 19964The problem: A solution?The problem: A solution?nnDelay sensitive and urgent traffic Delay sensitive and urgent traffic must be guaranteed fixed delaymust be guaranteed fixed delayllConstant or variable bitrateConstant or variable bitratellEven when mixed with low Even when mixed with low urgency trafficurgency trafficnnSuper-symmetric hierarchical

Super-symmetric hierarchical

core network

core network

Dynamic pricing n n Routing strategy

Routing strategy

TelecommunicationsMResMartin Biddiscombe, 19965Network symmetryNetwork symmetrynnSuper-symmetric hierarchical network structureSuper-symmetric hierarchical network structurellNodes equidistantNodes equidistant¨¨Routing choicesRouting choices¨¨Uniform internodal delayUniform internodal delayll�Super-cells�

�Super-cells� ¨ ¨ ¨ ATM routing reduced to time-division-multiplexing

ATM routing reduced to time-division-multiplexing

within each tier

within each tier

TelecommunicationsMResMartin Biddiscombe, 19966A symmetric networkA symmetric network

TelecommunicationsMResMartin Biddiscombe, 19967HierarchyHierarchy

Switching gap (switchesoperate synchronouslynetwork wide)Packets of cells(super-cells) withcommon routingat higher level

Cells (or packets ofcells) with commonrouting at lower level

TelecommunicationsMResMartin Biddiscombe, 19968Dynamic pricingDynamic pricingnnAim: design a system whichAim: design a system whichllallows variable bandwidthallows variable bandwidthllguarantees fixed delayguarantees fixed delayllguarantees essentially zero cell loss probabilityguarantees essentially zero cell loss probabilitynnRoutes, links or resources are priced according to

Routes, links or resources are priced according to

level of utilisation

level of utilisation

More traffic � � higher cost per unit bandwidth

higher cost per unit bandwidth l l Higher cost

Higher cost � � reduction in users (or less use per user)

reduction in users (or less use per user) n n Result: delay sensitive or high value data is given

Result: delay sensitive or high value data is given

priority

priority

TelecommunicationsMResMartin Biddiscombe, 19969Dynamic pricing (ctd)Dynamic pricing (ctd)nnThe bandwidths of a multitude of traffic streams The bandwidths of a multitude of traffic streams are dynamically adjusted according to valueare dynamically adjusted according to valuennCapacity overload is handled at the periphery of Capacity overload is handled at the periphery of the networkthe networkllUsers are given a Users are given a choicechoice of how to pay for overloading the

of how to pay for overloading the

network

network

Pay by suffering delay ¨ ¨ Pay by suffering cell loss

Pay by suffering cell loss ¨ ¨ Pay real money

Pay real money l l Current packet networks

Current packet networks

impose

impose

delay and loss - no third

delay and loss - no third

option is given

option is given

TelecommunicationsMResMartin Biddiscombe, 199610Dynamic pricing (ctd)Dynamic pricing (ctd)nn�Discovery�Discovery�llIf bandwidth and value are assumed to be random with If bandwidth and value are assumed to be random with independent Gaussian distributions then:independent Gaussian distributions then:llFlow can be regulated under Flow can be regulated under anyany degree of overload to degree of overload togive any

give any

desired

desired

maximum

value transfer

value transfer n n How?

How? l l Define a price of access,

Define a price of access, P P ¨ ¨ Traffic is only admitted if Value/Bandwidth ‡

Traffic is only admitted if Value/Bandwidth ‡ P P l l Price can also be considered as an angle,

Price can also be considered as an angle, Q Q : : ¨ ¨ Q = tan

= tan -1 -1 ( ( P P ) )

TelecommunicationsMResMartin Biddiscombe, 199611Bandwidth and valueBandwidth and value

Bandwidth

Value

QnnOnly those users who value their data sufficiently Only those users who value their data sufficiently transmit ittransmit it

SentNot Sent

TelecommunicationsMResMartin Biddiscombe, 199612Dynamic pricing (ctd)Dynamic pricing (ctd)nnThe mean bandwidth over all users can be calculated The mean bandwidth over all users can be calculated as:as:nnAnd so the mean bandwidth of those satisfying the price And so the mean bandwidth of those satisfying the price condition: Val/BW > tancondition: Val/BW > tan-1-1((QQ) is:

) is: l l

b bw b val v db dv

b bw b val v dr d b v r � = � =

� = � = =¥ =¥ ¥

= � � p( )p( )

p( )p( ) 0 0 0 02or, equivalently =qp q

b bw r val r dr d

r � = � = =¥ = � p( cos)p( sin)

q q q

qp 02Q

TelecommunicationsMResMartin Biddiscombe, 199613Dynamic pricing: conclusionDynamic pricing: conclusionnnWith the assumptions on the distributions, the With the assumptions on the distributions, the ratio between transmitted bandwidth (with price ratio between transmitted bandwidth (with price control) and offered bandwidth (no price control) control) and offered bandwidth (no price control) can be calculatedcan be calculatedll B B tr tr /B /B off off = 1-sin

= 1-sin Q Q1-sinQsinQDesiredutilisationOfferedbandwidth

TelecommunicationsMResMartin Biddiscombe, 199614Routing and optimisationRouting and optimisationnnGiven the choices available, how does the user or Given the choices available, how does the user or network operator select a route? network operator select a route? Least cost routingLeast cost routing ll

Resources priced according to fill: Price

Resources priced according to fill: Price � � availability

availability -1 -1 l l User�s (or network operator�s) software agent selects the

User�s (or network operator�s) software agent selects the

route involving minimum total cost route involving minimum total cost n n What is being optimised?

What is being optimised?

Value throughput

Value throughput l l Increasing utilisation

Increasing utilisation � � increasing price

increasing price l l Low value users must

Low value users must ¨ ¨ Decrease use

Decrease use ¨ ¨ Increase willingness to pay

Increase willingness to pay n n Maximum

Maximum

value value

as well as volume of data handled

as well as volume of data handled

TelecommunicationsMResMartin Biddiscombe, 199615SummarySummarynnScaleable symmetric network designScaleable symmetric network designnBuffers located at peripheryBuffers located at peripherynnDynamic pricingDynamic pricing n n Value throughput optimised

Value throughput optimised