RPT. A Low OverheadSingle-EndProbingTool
for DetectingNetwork CongestiorPositions

NingningHu, PeterSteenkiste

Decembef0, 2003
CMU-CS-03-218

Schoolof ComputerScience
Carngjie Mellon University
Pittskhurgh, PA 15213

Abstract

Detectingthe pointsof network congestions anintriguing researciproblem,becausehis informationcan
bene t bothregular network usersandInternetServiceProviders. This is alsoa highly challengingprob-
lem, becausehe Internetis designedo provide only end-to-endservicesandits internalsarein principal
invisible to endusers.Currenttechniquesisedto detectbottleneckpositionshave problemssuchashigh
probingoverheadcandlow measuremerdccurag. In this paperwe proposeausingRecursve Packet Trains
(RPT)to detectthe network congestiorposition. RPT combineswo typesof probingpaclets— measure-
mentpacletsandload paclets— in a single probingpaclet train. Theideais to let load pacletsgenerate
a paclet queueon therouter andto usethe measurememtacletsat the beginningandthe endof thetrain
to measurehe paclet train length. By detectingthe changesn the paclet train length,we canderive the
congestiompointsof the network path. RPT hasthe adwvantageghatit only needssingle-endcontrol and
thatit hasrelatively low overheadIn this paperwe presenthealgorithmandevaluateit usingbothtestbed
experimentsandInternetexperiments.
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1 Intr oduction

In this paper the congestiorpositionis de ned asa network link or routerthatdeterminer signi cantly
affectsthe datatransmissiorthroughputalong a network path. Knowing the congestiorpositionsis ex-
tremelyusefulfor both the endusersandthe InternetServiceProviders (ISPs). The enduserscanuseit
to estimatethe performanceof an ISP, while an ISP canuseit to quickly locatethe position of network
problems.

Measuringnetwork performanceuchastheend-to-endwvailablebandwidthhasbeenanactiveresearch
area. However the proposedechniquedall shortin at leasttwo ways. First, they focuson end-to-end
performancewhile providing no locationinformationfor the performanceottleneck. Typical examples
include the work on available bandwidthmeasurementglO, 8, 12, 15, 17]. Second,for tools that do
measurehehop-by-hopperformancethe measuremerdverheads oftenvery high. This categoryincludes
Pathcharf9] andBFind[5].

We regardtwo propertiesasimportantfor a network congestiorpointdetectiortool: single-endcontrol
andlow overhead.In this paper we proposeusing Recursve Packet Trains (RPT) to achieve thesetwo
goals. The key ideais to combinemeasuremeracletsandload pacletsin a singleprobingpaclet train.
RPTreliesonthefactthatcongestiorbuilds up asload pacletsqueueon therouterinterface thuschanging
the paclettrain lengthonthelink. By measuringhis changeusingthe measurememaclets,the position
of thecongestiorcanbederived.

In this paper load pacletsemulatethe behaior of regular datapaclets. Thatis becausealuringtheir
transmissionthey interleave with thebackgroundraf ¢, whichenablesisto capturehenetwork properties
thatwe want. Measuremenpacletsaresmall probingpaclets, similar to thoseusedby standarchetwork
toolslike ping, tracerouteetc. The measuremergacletsareusedwhenwe do notrequireary interaction
betweerthe probingpacletsandthebackgroundrafc paclets.

This paperhastwo parts: the algorithmdescriptionandthe performancesvaluation. In Section3, we
describetheideaof Recursve Packet Trains,andpresenta preliminaryalgorithmto detectthe congestion
position. The restof the paperis devotedto the performanceevaluation, which includesboth Emulab
testbedexperimentgSection4) andinternetexperimentg Section5). We startwith a discussiorof related
work.

2 RelatedWork

The mostwidely usedactive probingtools are ping andtraceroute. Ping usesan ICMP echopaclet to
measureghe round-triptime (RTT) to a speci ¢ destination. Traceroutesetsthe TTL in the IP headerto
trigger response$rom the routersalongthe network path, thus collectingthe hostnameand RTT of the
routers.However, the only performancenformationprovided by thesetoolsis RTT, whichis not directly
relatedto congestion.

Bandwidthestimatiorntechniquesspeci cally availablebandwidthestimatioralgorithmg[10, 8,12, 15,
17], measurenetwork throughputwhich is morecloselyrelatedto congestion However, they provide no
locationinformationfor the congestiorpoint. Also, all thesetools, exceptcprobe needthe cooperatiorof
the destination.Thatmakesthemvery hardto deploy.

Pacletlossrateis anothemetricthatis relatedto usertraf c performancegspeciallythe performance
of TCPtrafc [13]. Besidedoolsthatcandirectly measurghe network pathlossratesuchasSting[16],
therehasbeenatool Tulip [11] thatcanaccuratelypin pointthe pacletlossposition.

The tool is mostcloselyrelatedto RPT are BFind [5] and pathchar9]. BFind addsa steadyUDP

o w to the network path,andgraduallyincreasests throughput. At the sametime, traceroutds usedto



monitorthe RTT changedrom all the routerson the path. Whenthe UDP o w throughputapproachethe
availablebandwidthalongthe path,the RTT from the sourceto the bottleneckrouteris expectedo change
moresigni cantly thanthatto non-bottleneckouters.Oneof the problemsof BFind is thatthe UDP o w
generates heary measuremerdverheadwhichis undesirabldor a generalpurposeprobingtool.
Pathchar[9] wasdesignedearlier It is usedto estimatethe capacityof eachlink on a network path.
Themainideais to measurehe datatransmissiortime on eachlink. Thisis doneby takingthe difference
betweernthe RTTs from the sourceto two adjacentouters.To Iter out measurememntoisesdueto factors
suchas queueingdelay pathchameedsto sendout a large numberof probing paclets, picking out the
smallestRTT valuesfor the nal calculation.As aresult,pathchamlsohasalarge probingoverhead.

3 The Probing Algorithm

The key intuition that motivatesthis algorithmis: whena probing paclet train passeshroughthe routers
alonganetwork path,its total lengthchangesvith the changeof the availablebandwidthon eachlink. The
changedueto two reasonsthe paclet transmissiortiime is differenton links with differentcapacitiesand
the interactionwith backgroundrafc pacletscanincreaseor decreaséehe total paclet train length. We
expectthe largestchangeto happenat the congestiorpoints. To implementthis idea, we needa probing
techniquethatcanmeasurehe train lengthon ead link, which is doneby a novel paclet train design—
Recursve Paclket Train (RPT), and an algorithmthat can extract the exact congestionpositions. In this
sectionwe rst describehestructureof the RPT, we thenpresenthe algorithmusedto detectthe congest
positions,and nally we discusghe propertiesof theRPTtechnique.
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Figurel: Recursve Packet Train (RPT). Thenumbernn eachpacletis the TTL value.

3.1 Recursie Packet Train

An exampleof a Recursve Packet Train is shovn in Figure 1. In this gure, every box is a UDP paclet,
thenumbersn theboxesarethe TTL values.Thewhole probingpaclet train is composedf two typesof
paclets— measuementpadkets andload padcets

1. Measuremenpacletsarestandardracerouteaclets,i.e.,they are40 bytesUDP paclets,with prop-
erly lled-in payload elds. Thereare20 measuremergaclets,at eitherendof the paclettrain. The
TTL value of eachmeasuremenpaclet is linearly incrementedrom the head/tailpaclet, andthe
head/tailpaclet hasTTL value1l. Thetrainin Figure 1l canonly measurea network pathwith no
morethan20 hops,becausét hasonly 20 measurememaclketson bothends,but we caneasilyadd
moremeasuremergacletsfor alongerpath.

2. Load pacletsare usedto generatea paclet train with a measurabléengthalongthe network path.
The load pacletsshouldbe large paclets. The exactsizeis con gurablein ourimplementation.In
thefollowing experimentsye setit to 500bytes.



The numberof pacletsin the paclet train determinegshe amountof backgroundrafc thatit can
interactwith. As aresult,this numbershouldbefairly large. In our experimentwe setit empirically
in therangeof 60to 100. Automaticallycon guring the numberof probingpacletsis futurework.

RPT works asfollows. The usersendsout all the pacletsback-to-back.Whenthey arrive at the rst
router the rst andthelastpaclet will expire andbe droppedbecauseheir TTL valuesarel, resultingin
two ICMP pacletsbeinggenerated14]. The otherpacletsin the train areforwardedto the next router
with their TTL decrementedy 1. Sincethe TTL valuesin a RPT aresetrecursvely, the above processs
repeateabn eachsubsequentuter This methodof probingis calledRecusiveProbing

Thekey to the probingproceduras asfollows: thetime gapbetweerthe two ICMP padetsfromead
routeris a closeapproximationof thetimelengthof thepadettrain ontheincominglink of thatrouter This
is because(1) eachrouteronly dropsthe headandthetail measuremermaclets,and(2) the measurement
paclet sizeis muchsmallerthanthetotal sizeof thetrain, i.e., the changeof paclettrain lengthdueto the
droppingof the measuremerpacletscanbe neglected. In the following, we referto the interval between
two ICMP pacletsfrom the samerouterasthe gapvalue

3.2 The DetectionAlgorithm

RPT provides a way to get the probing paclet train length on eachnetwork link alongthe path,i.e., a
sequencef gapvalues.With thesegapvaluesiit is possibleto nd outtheexactcongestiorposition— we
expectthe train lengthto changesigni cantly at the congestiorpoint. We now presentan algorithmthat
candetectthe congestiorpositionfrom asequencef gapvalues.

Figure2 shows the pesudo-codéor the detectionalgorithm. Intuitively, the algorithmsearches$or the
positionswherethe gapvaluehasa signi cant change.To do this, we classifythe gapvaluechangesnto
two categyories: switch points,andstage points. A switch pointis de ned asa changethatlastsfor atleast
two hops;while astagepointis justa changefor asinglehop,whosegapvaluemayor maynotbethesame
in the next hop. Figure3(a)illustratesthis difference.

Thereasorfor makingthis distinctionis to Iter out gapvaluechangegiueto non-congestiofiactors.
As will bediscussedn the next section,therearetwo major non-congestioriactors— the time usedby
routersto generatéCMP pacletsandreversepathqueueing.To distill therealcongestionnducedchanges,
we rely on the obsenationthat congestionnducedgapvalueswill typically be maintainedoy subsequent
routers. Therefore the gapvalue sequences expectedto have a squarewave shape.Otherwise the gap
changedueto non-congestiomeasonss morelikely to be inconsistent.Soif we detecta squarewave in
thesequencef gapvalues,asde ned by the switch point, we have a highercon dencethatit is causedy
congestion.

To searctfor theswitchpoint, we usea simplebrute-forcealgorithm. By default, we searctfor 3 switch
points. We arbitrarily split the gapsequencénto 4 sggmentswith at least2 pointsin eachsegment. This
requireshesequenc#o have atleast8 points.In ouralgorithm,we only searctsequencethathave atleast
12 points,sothatwe cancompareamongseveralcombinationsFor eachsggment,we computeits average,
andthe distanceof eachpoint to this average.We usethe sumof the computeddistancedo indicatehow
goodthe segmentationapproaches squarewave — the smaller the better We outputthe segmentation
with the minimumsum. As just noted,we needat least12 pointsto searchfor 3 switch points. For shorter
sequencesye only look for 2 (for a 6-11 point sequencepr 1 (for a sequencavith lessthan6 points)
switchpoints.

For the stagepoint, sinceit is for only onehop, it is very hardto usethe probingresultof asingleRPT
to determinewhetherit is congestionnduced.Insteadwe comparanultiple consecutie probingresultsto
decidewhethera stagepoint on a particularhop occursconsistently For this reasonwe needto maintain



Algorithm CongestionDetect( )
[* is angapsequencevith values*/

returnif ;

returnif over half of thegapvaluesis 0;
®x theouitliers;

®x thehill/valley point;

[* searcHor switch points*/
if ( ) /* look for 3 switch points*/
SEGMENT3 :
else if ( ) /* look for 2 switchpoints*/
SEGMENT2 ;
else /* only look for 1 switchpoint*/
SEGMENT1 ;

[* searchor the stagepoint*/
for in( )

= getthelargest3 elementfrom ;

comparewith the previous4 record,if ahopis labelled
for lessthan4 times, it will notbeincludedin thecomparisorin the next step;

[* output*/
compare with , outputthe 3 hopswith thelargestchange;

Figure2: The CongestiorDetectionAlgorithm

a stage point history. In our algorithm,we compare5 probings.If a stagepoint ata hop occursat least4
times,we labelit ascongestiorinduced.

Sofar, we did not considermeasurememoise,which is unavoidablein probing. Here,we list two of
theimportanttechniqueghatdealwith noiseandpacletloss:

1. We needtwo ICMP pacletsfrom eachrouterto computethe gapvalue.If atleastoneof themis lost,
we will have a0 gapvalue.If overhalf of thegapvaluesare0O, we discardthewholesequence.

2. We needto modify thehill/valley point (Figure3(b)). A hill pointis de ned asapoint in atriple-
pointgroup: , With gapvaluessatisfying . A valley pointis de ned similarly,
exceptthe conditionis changedo . Intuitively, a hill/valley pointis a burstin atime
seriesneasuremenButin theRPT probing,thistypeof burstis notexpected sincethegapvalueon
oneroutertendsto be maintainedor increasedy the next router For this reasonwe regarda burst
asanindicationof measurementoise. In our algorithm,we replace with the closergapvalueof
its two neighbors.
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3.3 Propertiesof RPT

Fromtheabove discussionye canseethatthe mainpropertiesof RPTinclude:

1. Time consistentmeasurementsAs describedabove, the gapvaluesfrom differentroutersaretrig-
geredby thesameRPT, andthemeasuremenimesarevery close.Thatallowsusto directly compare
the measurementsom adjacentrouters. This propertyalsoenablesus to catchall the congestion
pointsalongthe paththatchangethe paclet train length. Thatis, RPT is potentially capableof de-
tecting multiple congestiorpoints. Note that RPT is biasedto early congestionpoints, becausea
congestiorpointin anearly partof the pathcanhidea latercongestiorwith similar properties.

2. Single-enccontrol. RPTdoesnot needthe cooperatiorof thedestinationandcanthusbeeasilyused
by aregularnetwork user

3. Low overheadFor thecasean Figurel, oneprobingonly needslOOpaclets. For bettermeasurement
accurayg, we may needmultiple RPTsto do the probing. Evenso, this is an extremelylight-weight
probingtechniquecomparingwith pathchamandBFind,

In termsof the measuremerdccurag, thefollowing factorsneedto be considered:

1. ICMP pacletgeneratiortime. A routerneeddimeto generatehe ICMP respons@aclets. Thattime
is differentfor differentrouters,and possiblyfor differentpacletson the samerouter As a result,
the measuredjapvaluefor arouterwill not exactly equalthe paclet train lengthwhenpassinghat
router Fortunately measurements [7] and[6] shav thatthe ICMP pacletgeneratiortime is pretty
small;in mostcasest is betweer200usand500us.Soif the paclet train lengthis muchlargerthan
500us,it is reasonabléo neglectthis generatiortime. Sincemostinternetpathshave a bottleneck
link with a capacityof lessthan100Mbps,andwe use100load pacletsfor the Internetexperiment,
the correspondingpaclet train lengthis larger than4ms,which we regardaslarge enoughto ignore
theICMP pacletgeneratiortime.

2. Queueingdelayon the reversepath. Whenthe ICMP pacletsare sentbackto the senderthey can
experiencequeueingdelaydueto reversepathtraf c. Sincethis delaycanbe differentfor different
paclets,it is a sourceof measuremerdrror \We arenot awareof ary relatedwork thathasmeasured
thisvalue.In ouralgorithm,wetry to reducetheimpactof thisfactorby Itering outthemeasurement
outliers.

RPT alsohassomestructurallimitations:



1. We nd thatnetwork re walls often only let through40 bytesUDP pacletsthat strictly conformto
thetraceroutgaclketformat(with properly lled-in payload elds), anddropary otherUDP probing
paclets,suchastheload pacletsin a RPT. Soif the sendetis behindsucha re wall, RPT will not
work. Similarly, if the destinations behinda re wall, the measurement®r thosehopsbehindthe

re wall cannotbeobtainedoy RPT.

2. Evenif thereis no rewall on the destinationside, RPT may not be able to measurethe paclet
train lengthon the lastlink, becausehe ICMP pacletssentby the destinatiorhostcannot be used.
Theoreticallythedestinations supposedo generaten ICMP destinatiorportunreachablenessage
for eachpaclet in the paclet train. But dueto ICMP ratelimiting, the destinatiometwork system
will typically only generatd CMP pacletsfor someof the probing paclets, which often doesnot
includethetail paclet. Evenif anlICMP pacletis generatedor boththe headandthetail paclet,the
accumulatedCMP generatiortime for thewhole paclettrain makesthereturnednterval worthless.

4 TestbedValidation

We useboththe EmulabtestbedandInternetpathsto evaluateRPT. The Emulabtestbedorovidesa fully
controlledenvironmentto studydifferentaspect®f thetechniquewhile Internetexperimentsarenecessary
for studyingRPT's performancewith real backgroundrafc. In this section,we focuson the Emulab
testbedexperiments.The Internetexperimentsarediscussedn the next section.

With a fully controlledtestbed,we can separatehe factorsthat determinethe nal measurements,
focusingon obtaininga preliminary understandingf the algorithmproperties.In this section,we study
the performancef RPT with (1) asingle o w of backgroundrafc, (2) multi- o w backgroundrafc, (3)
queueingdelayon thereversepath. In all threecasesthe backgroundrafc is generatedisingiperf [4]

UDP o ws.
100M 50M 30M 100M 80M —70M — 50Mr—7 50M [— 100M

0 05ms E 0. 1ms§ 0. 4ms§ 0.4ms E 14ms E 2ms E4ms§ 40ms§ 10ms

Figure4: Testbedcon guration. Hop O is the probingsenderhop 9 is the probingdestination.Hop 1 - 8
work asroutersthe blankboxesareusedasiperf sender/recgerto generatehetraf c load.

The testbedis createdusingthe Emulab[3] facilities. Figure4 shows the testbedcon guration. Be-
causethe physicalEmulablink capacityis 100Mbps we setthe bottlenecKink capacityas30Mbpsin this
experiment,usingthe dummynetfunctionality provided by Emulab Thelink delaysareroughly setbased
onatracerouteneasuremeritom a CMU hostto yahoo.comNotethatall thehostsonthetestbedarePCs,
notrouters,sosomepropertiessuchasthe ICMP generatioriime arenot exactly the sameasthoseof areal
router As theresult,thefollowing testbedexperimentaresultsignoresomeof therouterrelatedfactors.

4.1 Single-Flov Background Traf ¢

In this sectionwe focusontwo factorsthatdetermineghe degreeof a congestionthelink capacityandthe
trafc load.

In Figure 5, we addno backgroundrafc, andthe congestiorpointis purely determinedby the link
capacity We probethe path10 times;the gapvalueson eachhop areplottedin Figure5. We canseethat
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the maximumgapchangesppeamat R3, whoseinput link is the bottleneckink. Therearealsosmallgap
increasest the subsequenuters.Onepossiblereasonis time measuremerdrror Anotherreasons that
the gapsin the paclet train are not evenly distributed, so whenthe link capacitydecreasessomeof the
smallpaclet gapscanstill increasethusincreasinghetotal paclettrainlength.

Figure5 plotsthebasecaseof the probingresults.In thefollowing, we adddifferentbackgroundraf c
loadondifferentlinks to studyRPT's performanceUnlessexplicitly statedtheexperimentsaredoneusing
thefollowing procedureWe graduallyincreaseheiperf UDPtraf ¢ load,in incrementof 10%of thelink
capacity For eachload,we probethe path10times,with 5 secondsleepingimein between.

Figure6 shaws the resultswhenaddingbackgroundrafc onthelink betweerR3 andR4. The other
links arestill free of load. Here,we chooseo presenthe measuremerftom 40%to 90%trafc load. We
canseethat, only whenthe availablebandwidthon this link is lessthan30Mbps(the 80% graph)doesthe
congestiorpointchangdrom R3to R4, which correctlyre ects thereal bottleneckchange.

Figure 7 presentghe measurementvhenaddingbackgroundrafc on the link betweenR6 andR7,
while keepingthe otherlinks free of load. Similarly, only whenthe availablebandwidthonthislink is less
than 30Mbps(startsfrom the 50% point in the gure) doesthe congestiorpoint changeto R7, which is
againtherealbottleneckchange.

4.2 Multi-Flo w Background Traf c

In this sectionwe studyhow RPTworkswith multiple competingrafc o ws. We focusontwo scenarios.
In the rst scenarioye addtwo backgroundo wsin thesamedirection,but ondifferentlinks. Thisis done
asfollows: we rst adda 20Mbps o w from R4 to R8, thenwe graduallyincreasdehetrafc betweenR6
andR7,in 3Mbpsincrements.As in the previous experimentswe do 10 probingsfor eachsetting,for 9
settingsin total. In the secondscenariowe con gure thetwo trafc 0 wsin oppositedirections:we rst
x theloadfrom R8to R4 to 20Mbps,andthengraduallyincreaseheload from R6to R7,in increments
of 10%of thelink capacity

Table1 presentghe experimentalresults. Sinceour probingalgorithmusesthe rst 4 probingsasthe
stagepoint history, we canobtain6 nal measurementsndeachhopcanbelabelledatmost6 times.The
numbersn thetablearethe numberof timesthata routeris labelledasa congestiorpoint.

For the rst experiment,the real bottleneckis on , andthe probing algorithm startsto
identify it whenthetraf c loadreache®0%of theresidualcapacityi.e. whentherealavailablebandwidth
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is 24Mbps.Themeasurememhissegherealcongestiorpointat R7 for 3 timesin the 10%casedueto the
small differencein available bandwidthof 27Mbpson
resultsexempli es animportantpropertyof RPT. the measuremeris biasedto the congestiorpointin the
earlypartof the path,i.e., a congestiorpoint canhide alater point with a similar level of congestionThis
is alsowhy the tool missesthe congestiorpoint
40% and50% (correspondingo availablebandwidthsof 30Mbpsand25Mbps).

and30Mbpson

. These

in the secondexperimentwhenthe loadis
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4.3 QueueingDelay on the ReversePath

Duringthe probingof RPT, whenICMP pacletsaresentbackto the senderthey mayexperiencegqueueing
delaydueto thetraf ¢ in thereversedirection,thusincreasingneasuremerdrror. To understandhis effect,
. Thatis, we addtrafc in thereverse

we experimentwith trafc onlinks

and

directionon eachof thesdinks, andgraduallyincreaseheload,aswe did in the experimentfor Figure6.

Table2: Returnpathqueueingon link
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The experimentalresultsarelistedin Table2. We canseethat, R2 andR3 arealwayslabelledascon-
gestionpointsin all the probings which meanghatthe probingtechniquenever missegherealcongestion

point.



5 Internet Validation

This sectionevaluateghe performancef RPTon Internetpaths.For acompletesvaluationon theInternet,
we needto know therealavailablebandwidthon all thelinks of anetwork path.But thatinformationis hard
to obtain. The Abilenebackbond1] canpartly solve this problem,sinceit publishests backbondopology
andthetraf c load(5-minuteSNMP statistics)2]. For thisreasonwe did all our Internetexperimentsover
Abilene paths. Becausehe tool needsroot permissionto sendraw paclets, we only did the experiment
from two sourcesa CMU machineandan Emulabhost.

Theexperiments carriedoutasthefollows. Basedon Abilene's backboneaopology from eachprobing
sourcenode we choose22 probingdestinationsFor eachof the 11 majorrouterson the Abilenebackbone,
we make surethatit is usedby at leastone probing path. From either probing source,we keepprobing
all thedestinationswith 2 secondsleepingtime in between.For eachdestinationwe obtained33 setsof
measurementsom the CMU source andover 200setsof measurementsom the Emulabsource.

Table3 andTable4 list the experimentaresults.For eachprobingdestinationyve list the total number
of probingresultsthatwe collected(excludingthe rst 4 thatareusedasthe stagepoint history), andthe
top 3 routersthatarelabelledasthe congestiorpoints. For eachcongestiorpoint, we presenthe number
of timesit is labelled,andthe correspondingercentagever all the probings,which is referredto asthe
detectiorrate

The primary congestiompoint for CMU sourcedpathsis abilene-psc.abilene.ucaid.edwrresponding
to alink within Pittsturgh Supercomputin@enter Thetop congestiorpoint for the Emulabsourcedpaths
is 205.124.237.10Llt is arouterin the Utah EducationaNetwork. In both casesthe detectionrateis over
90%,which shavs the stability of RPT.

The secondcongestiorpoint in eachpathis alsovaluable,asindicatedby the detectionrate,which is
often over 50%. We believe this is the secondbottleneckon the path. For example,the pathfrom both
sourceso www.ogig.netidenti ed pos-6-3.core0.eug.ayen-gigapop.neasthe secondcongestiorpoint,
bothwith a 70% detectionrate. Usingthe MRTG datafrom Abilene (referto Figure8), we nd thatthat
routercorrespondso anOC-3link, whichindeedhasthesmallestcapacityfor the partialpathstartingfrom
PSC.

6 Conclusionand Futur e Work

In this paper we proposedheideaof RPT, atool thatcanbe usedto detectthe congestiorpositionof a
network path. It hasattractve propertiessuchassingle-endcontrolandlow overhead.We alsoreportthe
designandevaluationof a preliminaryalgorithmthatanalyzeghe probingresultsfrom RPT andidenti es
the congestiorpoint of a network path. We useboth Emulabtestbedand Internetexperimentgo evaluate
this algorithm. The preliminary resultsshav that RPT is effective in detectingthe position of network
congestion.

We are currentlyworking on improving the following aspectf the RPT techniquepresentedn this
paper:

1. Algorithmimprovement We needto improve the congestiorpoint detectionalgorithmdiscussedn
Section3.2,to make it morecomplete.

2. More realistictestbedevaluation In this paper we studiedseveralaspectof the probingtechnique,
trying to understandts basicproperties.But thetraf c loadsthatwe usedarenot alwaysrealistic.
Experimentsvith morerealisticbackgroundraf c areneeded.
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3. More solid and extensivelinternetevaluation We only studythe performancef thetool on Abilene

Internetpaths.We needto usemorediverselinternetpathsto evaluatethistool. A challengen Internet
experimentis to know therealtraf c loadonall relevantlinks.

. Understandingwhatthis tool really measues We discussedhe notionof “congestionpoint” in this

paper But in somecasesthis may not be thelink with the lowestavailable bandwidth.We needto
have a morecompleteunderstandingn whatfactorsaffect our measuremerdandhow to distinguish
them.

. Theimpactof the probing padet sizeand the numberof padket padets In this paper the probing

paclet sizeandthe numberof load pacletsin the train wereempirically selected We needto know
how the measurementhangewith differentcon gurations,and eventually designa mechanisnto
automaticallycon gure the probingpaclettrain.
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Table3: Probingresultsover Abilene pathsusinga CMU hostasthe source

www.anl.gos 33

WWW.0gig.net33

30 0.91 abilene-psc.abilene.ucaid.edu
25 0.76 barcmu-ge-4-0-0-1.psc.net

5 0.15 chinng-rycmng.abilene.ucaid.edy

25 0.76 abilene-psc.abilene.ucaid.edu
23 0.70 pos-6-3.core0.eug.ayen-gigapop.ne
116 0.48 barcmu-ge-4-0-0-1.psc.net

[

www.apan.ne84

www.onenet.ne83

33 0.97 abilene-psc.abilene.ucaid.edu
20 0.59 barcmu-ge-4-0-0-1.psc.net

5 0.15 losang-hstnng.abilene.ucaid.edu

31 0.94 abilene-psc.abilene.ucaid.edu
19 0.58 barcmu-ge-4-0-0-1.psc.net
9 0.27 164.58.10.209

www.arc.nasa.go33

WWW.pnw-gigapop.ned3

27 0.82 abilene-psc.abilene.ucaid.edu
16 0.48 barcmu-ge-4-0-0-1.psc.net
9 0.27 chinng-rycmng.abilene.ucaid.edy

24 0.73 abilene-psc.abilene.ucaid.edu
10 0.30 nycmng-washng.abilene.ucaid.edu
110 0.30 HYPER-VL502.GWCMU.NET

www.arizona.ed33

www.rutgers.edd4

19 0.58 abilene-psc.abilene.ucaid.edu
16 0.48 barcmu-ge-4-0-0-1.psc.net
10 0.30 HYPER-VL502.GWCMU.NET

26 0.76 abilene-psc.abilene.ucaid.edu
17 0.50 barcmu-ge-4-0-0-1.psc.net
11 0.32 nycmng-washng.abilene.ucaid.edu

www.calren2.neB4

WWW.Sox.net34

23 0.68 abilene-psc.abilene.ucaid.edu
20 0.59 barcmu-ge-4-0-0-1.psc.net
10 0.29 beast-bag4-0-1.psc.net

31 0.91 abilene-psc.abilene.ucaid.edu
25 0.74 barcmu-ge-4-0-0-1.psc.net
5 0.15 gw2-sox.sox.gatech.edu

www.hawvaii.edu33

www.tamu.ediB4

24 0.73 abilene-psc.abilene.ucaid.edu
17 0.52 barcmu-ge-4-0-0-1.psc.net
12 0.36 205.166.205.218

31 0.91 abilene-psc.abilene.ucaid.edu
22 0.65 barcmu-ge-4-0-0-1.psc.net
7 0.21 atla-washng.abilene.ucaid.edu

www.iastate.ed33

www.ttu.edu34

26 0.79 abilene-psc.abilene.ucaid.edu
13 0.39 HYPER-VL502.GWCMU.NET
10 0.30 nycmng-washng.abilene.ucaid.eq

32 0.94 abilene-psc.abilene.ucaid.edu
23 0.68 barcmu-ge-4-0-0-1.psc.net
lu5 0.15 hstnng-atlang.abilene.ucaid.edu

www.louisville.edu33

www.udel.edu34

29 0.88 abilene-psc.abilene.ucaid.edu
24 0.73 barcmu-ge-4-0-0-1.psc.net
11 0.33 lou-belknap-9-0-0-p&c.net

31 0.91 abilene-psc.abilene.ucaid.edu
26 0.76 barcmu-ge-4-0-0-1.psc.net
7 0.21 chp-br4-p-0-0-0.nss.udel.edu

www.magpi.ne84

www.usf.edu34

32 0.94 abilene-psc.abilene.ucaid.edu
29 0.85 barcmu-ge-4-0-0-1.psc.net
6 0.18 locall.abilene.magpi.net

32 0.94 abilene-psc.abilene.ucaid.edu
28 0.82 barcmu-ge-4-0-0-1.psc.net
8 0.24 atla-washng.abilene.ucaid.edu

www.npt.nren.nasa.gd3

www.wisc.edu33

25 0.76 abilene-psc.abilene.ucaid.edu
21 0.64 barcmu-ge-4-0-0-1.psc.net
8 0.24 drvrng-ksgng.abilene.ucaid.edu

24 0.73 abilene-psc.abilene.ucaid.edu
21 0.64 barcmu-ge-4-0-0-1.psc.net
16 0.48 r-peerWNMadison-gwnet.wisc.edu

www.oarnet33

www.wpi.edu34

29 0.88 abilene-psc.abilene.ucaid.edu
24 0.73 barcmu-ge-4-0-0-1.psc.net

27 0.79 abilene-psc.abilene.ucaid.edu
26 0.76 barcmu-ge-4-0-0-1.psc.net

12 0.36 chinng-rycmng.abilene.ucaid.edt

I 6 0.18 nycmng-washng.abilene.ucaid.edu
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Table4: Probingresultsover Abilene pathsusingan Emulabhostasthe source

www.anl.gos 207

www.0gig.net207

192 0.93 205.124.237.10
115 0.56 wrlebc-crebc.net.utah.edu

101 0.49 anl-mren-gige.anch@nl.gos

182 0.88 205.124.237.10

145 0.70 pos-6-3.core0.eug.ayen-
gigapop.net

113 0.55 205.124.249.122

www.apan.ne08

www.onenet.ne?06

201 0.97 205.124.237.10
153 0.74 155.99.132.109
80 0.38 205.124.249.122

201 0.98 205.124.237.10
138 0.67 155.99.132.109
123 0.60 205.124.249.122

www.arc.nasa.go207

Www.pnw-gigapop.ne207

190 0.92 205.124.237.10
138 0.67 155.99.132.109
88 0.43 205.124.249.122

201 0.97 205.124.237.10
140 0.68 155.99.132.105
81 0.39 205.124.249.122

www.calren2.nef08

www.rutgers.edi208

199 0.96 205.124.237.10

110 0.53 wrlebc-crpark.net.utah.edu

101 0.49 WestEdCA6009POS-
WestEdGSRPOS.CSU.net

198 0.95 205.124.237.10
120 0.58 POS5-0-0-rutgers-gRutgers.EDU
116 0.56 wrlebc-crebc.net.utah.edu

www.cmu.edw207

WWw.Ssox.net208

197 0.95 205.124.237.10
132 0.64 wrlebc-crpark.net.utah.edu
108 0.52 cmu-i2.psc.net

201 0.97 205.124.237.10
105 0.50 155.99.132.105
76 0.37 205.124.249.122

www.hawaii.edu207

www.tamu.ed®?08

195 0.94 205.124.237.10
120 0.58 155.99.132.105
69 0.33 205.124.249.122

202 0.97 205.124.237.10
134 0.64 155.99.132.109
34 0.16 TAMU.GIGAPORGEN.TX.US

www.iastate.ed@07

www.ttu.edu208

198 0.96 205.124.237.10
75 0.36 155.99.132.109
43 0.21 wrlebc-crebc.net.utah.edu

198 0.95 205.124.237.10
128 0.62 155.99.132.105
63 0.30 205.124.249.122

www.louisville.edu207

www.udel.edw208

197 0.95 205.124.237.10
123 0.59 155.99.132.109
22 0.11 205.124.249.122

194 0.93 205.124.237.10
98 0.47 wrlebc-crebc.net.utah.edu
60 0.29 chp-br4-p-0-0-0.nss.udel.edu

www.magpi.ne08

www.usf.edu208

191 0.92 205.124.237.10
117 0.56 wrlebc-crpark.net.utah.edu
51 0.25 phl-01-02.backbone.magpi.net

204 0.98 205.124.237.10
139 0.67 155.99.132.109
58 0.28 205.124.249.122

www.npt.nren.nasa.ga207

www.wisc.edw207

202 0.98 205.124.237.10
128 0.62 155.99.132.109
67 0.32 192.12.123.201

199 0.96 205.124.237.10
104 0.50 155.99.132.109
82 0.40 r-peerWNMadison-gwnet.wisc.edu

www.oarnet207

www.wpi.edu208

197 0.95 205.124.237.10
132 0.64 155.99.132.105
49 0.24 krcl-atm1-0-0s4.columis.oamet

198 0.95 205.124.237.10
122 0.59 155.99.132.105
119 0.57 goddard-wpi.goddard.gigapop.net
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PSC— (WASH), OC48

(WASH) —NYCM, OC192

(NYCM) — CHIN, OC192

(CHIN) —IPLS,0C192
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(IPLS)—KSCY, 0C192

(KSCY)—-DNVR, OC192

(DNVR) — OGIG,0C3

Figure8: TheMRTG trafc statisticsfor the AbileneroutersonthepathCMU  www.ogig.net.
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