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OutlineOutline

►► WhatWhat is is availableavailable bandwidthbandwidth??
►► Motivation: Motivation: whywhy measuremeasure AB in wireless AB in wireless networksnetworks??
►► TOPP TOPP modelmodel
►► Experimental Experimental 

setupsetup
resultsresults

►► Extension of TOPP Extension of TOPP modelmodel
►► Link Link capacitycapacity estimationestimation failurefailure
►► ConclusionsConclusions
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AvailableAvailable bandwidthbandwidth

►►Definition of Definition of availableavailable bandwidthbandwidth
The The unusedunused portion of the portion of the linklink capacitycapacity duringduring a a 
time time intervalinterval
EndEnd--toto--endend availableavailable bandwidthbandwidth

Time

L

►► Cross trafficCross traffic

►► Available bandwidth Available bandwidth 
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MotivationMotivation

►►WLAN are WLAN are becomingbecoming moremore commoncommon
On the On the edgesedges
Home/Home/HotspotsHotspots
OftenOften bottlenecksbottlenecks, WAN has , WAN has muchmuch higherhigher
capacitycapacity

►►AvailableAvailable bandwidthbandwidth toolstools must must estimateestimate
correctlycorrectly whenwhen the the bottleneckbottleneck is a WLANis a WLAN
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►► To To studystudy propertiesproperties of WLAN of WLAN bottlenecksbottlenecks
UseUse the TOPP the TOPP modelmodel
ImplementedImplemented in a in a tooltool

►► AsymptoticAsymptotic behaviourbehaviour
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The TOPP The TOPP modelmodel, , contcont..

►►HowHow is the rate is the rate responseresponse curvecurve affectedaffected by by 
WLAN WLAN bottlenecksbottlenecks? ? 

►►ConstructedConstructed testbedtestbed
►►PerformedPerformed measurementsmeasurements
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Experimental Experimental setupsetup
►► WLAN WLAN bottleneckbottleneck at the at the edgeedge (11 (11 MbpsMbps))
►► WiredWired linkslinks are 100 are 100 MbpsMbps
►► Cross Cross traffictraffic

WiredWired: approx. 10Mbps of : approx. 10Mbps of ParetoPareto crosscross--traffictraffic
Wireless: Wireless: variesvaries dependingdepending on scenarioon scenario
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Experimental Experimental resultsresults

AB and LC estimates (CBR x-traffic)
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►► WirelessWireless
►► ConstantConstant numbernumber of of probeprobe bitsbits
►► Top Top curvescurves: 0: 0
►► MiddleMiddle -- ”” -- : 250 kbps : 250 kbps 
►► BottomBottom -- ”” --: 500 kbps CBR : 500 kbps CBR xx--traffictraffic

►►

►►

►►

WiredWired
ConstantConstant numbernumber of of probeprobe bitsbits
Top Top curvecurve: : linklink capacitycapacity; ; bottombottom
curvecurve: : availableavailable bandwidthbandwidth

AB and LC estimates (4Mbps CBR)
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Experimental Experimental resultsresults

Cross trafficCross traffic Measurement (Mbps)Measurement (Mbps)

0 Kbps 0 Kbps 2.322.32--2.392.39

250 Kbps 250 Kbps cbrcbr 1.671.67--1.671.67

250 Kbps exp250 Kbps exp 1.731.73--1.731.73

250 Kbps par250 Kbps par 1.401.40--1.631.63

500 Kbps 500 Kbps cbrcbr 0.960.96--0.990.99

500 Kbps exp500 Kbps exp 0.870.87--0.950.95

500 Kbps par500 Kbps par 1.121.12--1.291.29

►► DietToppDietTopp resultsresults
►► Top Top curvescurves: 0: 0
►► MiddleMiddle -- ”” --: 250kbps: 250kbps
►► BottomBottom -- ”” --: 500 kbps EXP : 500 kbps EXP xx--traffictraffic

►► PathloadPathload resultsresults
moremore on this in the on this in the paperpaper
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An An extendedextended TOPP TOPP modelmodel

►► NeedNeed to to incorporateincorporate WLAN WLAN propertiesproperties intointo the the 
TOPP TOPP modelmodel
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An An extendedextended TOPP TOPP modelmodel, , contcont..
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►► AssumeAssume sendingsending s s 
bitsbits

►► ChangingChanging sizesize to s/nto s/n
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An An extendedextended TOPP TOPP modelmodel, , contcont..

►► IncreasedIncreased n (n (decreaseddecreased
pkt pkt sizesize) ) 

DecreasesDecreases in ABin AB
DecreasesDecreases in LCin LC

►► IncreasedIncreased TTkk

((increasedincreased xx--traffictraffic))
DecreasesDecreases in ABin AB
DecreasesDecreases in LCin LC

►► Tk=0 Tk=0 
(i.e. (i.e. wiredwired linklink))

The original TOPP The original TOPP modelmodel
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AB=intersection LC=1/slope
AB and LC estimates (CBR x-traffic)
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EstimatedEstimated vs. vs. physicalphysical linklink capacitycapacity

►►HowHow cancan the the linklink capacitycapacity varyvary??
The The estimateestimate of LC of LC varyvary
PhysicalPhysical LC, the bit transmission speed, still LC, the bit transmission speed, still 
constantconstant (11 (11 MbpsMbps))
I.e. the TOPP I.e. the TOPP modelmodel failsfails to to directlydirectly estimateestimate
physicalphysical LCLC
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EstimatedEstimated vs. vs. physicalphysical linklink capacitycapacity, , 
contcont..

►► PossiblePossible to to obtainobtain the the physicalphysical LC?LC?
YesYes, in , in somesome scenariosscenarios
EstimateEstimate LC with LC with twotwo pkt pkt sizessizes, , thenthen solvesolve

TTss gives the gives the physicalphysical LCLC
Problems Problems duedue to cross to cross traffictraffic, , TTkk not not constantconstant
►► MoreMore on this in the on this in the paperpaper
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ConclusionsConclusions

►►PropertiesProperties of WLANof WLAN
WLAN WLAN bottleneckbottleneck propertiesproperties are not the same are not the same 
as in as in wiredwired networksnetworks
AffectAffect measurementmeasurement resultsresults producedproduced by by ourour
implementationimplementation of TOPPof TOPP

►►ExtendedExtended the TOPP the TOPP modelmodel
►►DiscussedDiscussed the relation the relation betweenbetween estimatedestimated

and and physicalphysical LCLC
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QuestionsQuestions

??
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