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Bandwidth(Hz)versusBandwidth(bps)
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Bandwidthestimationinthephysicallayer

BandwidthEstimationworkshop,CAIDA,December9-10,20033of10



Majorbandwidthmetrics

�Capacity
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�Bulk-TransferCapacity(BTC)
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Definitionofcapacity
�Linkcapacity:��forlink�(bps)

typicallyconstantatlayer-2,relatedtotransmissionclock

�Pathcapacity:
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�Pathcapacityislimitedbynarrowlink�:
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CapacityatIP-layer
�Capacity���atIP-layerasfunctionof���atlayer-2:
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IP over PPP
IP over Ethernet

�Bewareof:trafficshapers,wirelesslinks,time-varyingcapacity
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Definitionofaveragelinkutilization
�Instantaneouslinkutilization������������

�Averageutilization
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Definitionofavailablebandwidth
����
:Averageutilizationoflink�intimeintervaloflength�(�����
��)

�Avail-bwoflink�:���
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�Availablebandwidthislimitedbytightlink
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Bulk-TransferCapacitydefinition

�Bulk-TransferCapacity(BTC):long-termaverageTCPthroughput

�Congestion-limitedtransfer,i.e.,sufficientlylargereceiverwindow

�BTCdependson:

–ExactTCPimplementationatsender&receiver

–Availablebandwidth

–Linkbuffersizes

–Crosstrafficresponsiveness(elasticity)
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Bulk-TransferCapacityestimation

�BTCcanbederivedmathematically

–Simplestmodel:

Throughput�

�MSS

RTTlossrate

–Note:suchmodelscannotbeusedtopredictBTC,becauseRTTand

lossratemaybeincreasedduetonewTCPconnection
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