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Abstract

Recentwork hasemphasizedhe importanceof puredelay componentaswell asrate componentsn the
userperceved performanceof elasticInternetapplications,namelyWeb browsing. “Fun factors” have been
previously introducedo describethe obtainedoerformancevith respecto the maximumpossibleperformance
on ascaleof zero(no fun) to one(maximumfun).

In this paper several optionsfor definingsuchfun factorsusing delay andrate componentsre presentedin
orderto betterunderstandheinfluenceof delaysandtransmissiomates,two extensie traffic traceshave been
evaluated(a) to yield informationabouttheway browsersusepersistenandparallelHTTP/TCPconnectionso
accessVebsenersand(b) to sene asanexamplefor quantifyingquality of servicewith fun factors.
Keywords: InternetTraffic, Traffic MeasurementdTTP PerformanceParallel ConnectionsQoSfor Elastic
Applications,Fun Factor

ITC Topics: IP servicesandQoS/ Traffic modelingandmeasurementsPerformancéssueselatedto traffic

1 Intr oduction

Accessing/NVebpageds the maincauséor traffic andthe maininterestof usersn today's Internet.Consequently
the quality of serviceassociatedvith Web browsing is takenas representatie for the servicepossiblein the
Internet. While in the late 1990sthe focus of researchwas on characterisingMeb traffic and userbehaiour,
severalrecentstudieshave aimedat quantifyingthe delayperformancef the InternetandHT TP transfersover the
Internet[1, 2, 3, 4, 5]. Thepersistentonnectiormechanisnmintroducedn HTTP versionl.1to reducethelateny
whichis dueto connectiorset-uptimeshasbeenappliedin browserssendingHTTP version1.0 GET requestdy
usingthe“keep-alive” option, leadingto a significantfractionof connectionservingmorethanonerequesieven
in timeswhereHTTP 1.1wasonly rarelyused[6].

Active measuremerdtudieshave beenconductedo assesshedelayperformancef HTTP in theInternet,having

recognizedateny asamainperformanceroblemin WebaccessKrishnamurthyandWills [7] analyzedheinflu-
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enceof HTTP protocoloptionson performancey actively testingdownloadtimesfrom selectecsites.Similarly,
HuitemaandWeerahandj8] investigatedhe performancef DNS senersby actively requestinghameresolution
andcomparingthe performanceof differentsenersandthe evolution of lossratesandresponsdimesover a pe-
riod of six months BarfordandCrovella[1, 2] attributedlatenciego networkandsener influenceghroughactive
HTTP experimentswhile simultaneoushobservingpacketdelaysandlossratesin the Internetbetweerselected
sites.Habib and Abrams[4] usedrepeatedactive measurementen 290 differentURLs to separatdour delay
contributions: DNS lookup time, connectionset-uptime, the delay betweena GET requestandreceptionof the
first byte andthe actualdownloadtime. CohenandKaplan[3] useda simplified Web browserre-fetchingURLs
previouslyloggedin theirresearchab’s proxy senerandcomparedheperformancef severalstrategiesto reduce
thelateny of DNSlookups,connectiorset-upsandGET requestdelays.

Fromthe users perspectie, the lateng betweernrequestinga new link andgettingthe contentdisplayedon the
computemonitoris the mostrelevantperformanceneasurg9]. Dueto theextremevariationin file sizesretrieved
during a download[10], a rate basedperformancaneasuras more suitablethana delaybasedmeasurdor the
actualloadingphaseof adownload.

In anextensionto theratebasedperformancecharacterisatiompproachei[11], connectiorbasedperformance
measuremenis [12] andsingleelemenbasedyerformancevaluationdn [5], this paperis dedicatedo analyzing
the performanceaeceved whenmultiple Web elementsare loadedin reactionto a singleuserrequestin multple
connectionsandto definingandevaluatinga simpleperformanceneasure- a“fun factor” —thatis ableto capture
bothdelayandratebasederformanceharacteristicsThebehaiour relatedto persistenandparallelconnections
is highly dependenvnbrowser(andsener) softwarecharacteristicsConsequentlythepassve measuremenissed
in this paperarelessof a controlledexperimentbut betterrepresenthe real-worldperformancen contrasto the
above mentionedactive measurements.

After introducing several optionsfor extendingthe “fun factor” from [11] to (a) capturedelay aswell asrate
performanceand (b) allow more realistic target valuesin Sec.2, we discussmeasuremerdnd trace evaluation
detailsin Sec.3 neededo exctractthe informationfrom tracesusedto determinethe proposedun factorsin the
presenc®f parallelpersistentonnectionsDistributions of characteristizaluesaregivenandexamplefun factor

resultsarepresentedor two tracesin Sec.4.

2 Fun Factors

The notion of “fun factors” hasbeenintroducedin [11] to describeuserperceved quality of servicefor elastic

applicationsby a numberbetweerD (no quality) andl (full quality). Thetermwasdeliberatelychoserto indicate
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thatelasticapplicationscanvery well copewith awide variety of availablebit ratesin the networkbut the joy of
usingsuchanapplicationis determinedy thetime it takesto completea giventask.As someof thecharacteristic
distributionsin the Web show heavy tails [10], it is not advisableto usedownloadingtimesdirectly but ratherto
relatethemto the size of the item to be loaded,leadingto a rate basedmeasurehat canbe normalizede.g.to
theaccesdine rateor to anothertargetdownloadspeedln this paperwe discusgurther definition optionsof fun

factorsin orderto takethe high portionof serialpackettransmissionin HTTP downloadg[5] into account.

2.1 Serial Transmissionsin HTTP

Eventhoughthe currentversionsl.0 and1.1 of HTTP allow keepingconnection®penfor multiple downloads a
significantamountof delayis still dueto serialprocessingi.e. clientandsener exchangesinglepacketsaandwait
for theothersidebeforethey proceed.

Fig. 1 givesan idealizedsketchof the stepsnecessaryo load a single item after a userinstructedthe browser
softwaree.g.by clicking on a hyperlink. After receving the click, the browsertriesto getthe hostnameesohed
to opena TCP connectiorto. If thelP addressor this nameis notalreadyknown, aqueryis sentto a DNS sener
(instantsl and2). As soonasthe IP addresgo contactis known, a TCP connectionis openedinstants3—5) and
anHTTP GET requests transmittedn the establisheadtonnection(instant6). The instantwhenthefirst andlast
datapacketsarerecevvedin responseo thisrequestrelabeled7 and8. If thisitemwastheonly oneto beloaded,

it is displayedby the Web browserfor the userto view.

Web Web DNS
User Client Server  Server
‘ click :
‘ 1 DNS Query !
Ty T12 > DNS Response :
|
T
By TCP SYN
Tas, TCP SYN+ACK
Ts55 TCP ACK
Tas ¢ HTTP GET
Too
TCP ACK
T Ter b oo e (TCP ACK )
7 1st HTTP Data Packet
> (TCP ACKs and further HTTP
data packets not shown)
T7g
8 Last HTTP Data Packet
) display
9 . (further GET requests o
: or TCP FIN sequence) £

Fig. 1: DNS, TCPandHTTP messagsequencéor asingleHTTP download.

In reality, this simpleprocesss augmentedby two methodsConnectionarekeptopen(HTTP versionl.0 “keep-
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alive” orversion2.0“persistent’connectionsyothatfor following requestso the samaéiNebsener, theconnection
establishmenphasecanbesared.In addition,currentbrowsersuseparallelconnectionso increaseheclient’sfair
shareon congestedinks aswell aseffectively trying to approacha ProcessorSharingservicediscipline,which

preventsexceptionallylarge elementdrom completelyblocking downloadsof smallerones.

2.2 Definition Options for Fun Factors

Let therandomvariables?p, By, and7T;, denotetheinitial delaybeforeloadinganitem, theitem’s sizeandits
obseredloadingtime, respectiely. Using R, = By /77, for the obsenedrateduring7, andr; for a tamgetbit

rate,thefun factordefinedin [11] is givenby

Op =min {1, (R/r:)} 1)

wherein [11] it wassuggestedo setr; to theaccesdine rateif thiswasexpectedo significantlylimit theloading
speedIncluding the minimum function allows to settarmgetvalueslower thanphysicallimitations, yielding a fun
factorof 1if thetargetvalueis exceeded.

Thereare severalwaysto combinedelayandratemeasureito asingle“fun factor”. Usinga delaytargetd; for
the purewaiting phase®f theloadingprocesssimilarto theratetamgetr;, thefollowing definitionoptionscanbe

applied:

1 . Ry, . dy }) . Ry, - d;
o = — — 2 = 4
' 2 <mm {1’ T }+1mn {1’ Tp @) s min g b ry-Tp )
: : Rp\ . dy ‘
®, = min {mm{l,r—t},mln{l,g}} (3) >, min{]’dt+BL/Tt} (5)

Tp +Tr,
The behaiour of the differentdefinitionsis sketchedn contourplotsin Fig. 2. If the rate or the delay compo-

Il

nenthasvery bad performanceandthe otheris very good, averagingthe two valuescan still (wrongly) leadto
acceptabl@umericresultsfor ®,. Ontheotherhand,the minimumfunctionin &, completelypreventsary com-
pensatiorof long delaysby fasterdownloadsor of slow downloadsby shorterdelays A simpleapproactor such
acompensatiolis usedin ®5. A similar ideais followedin the definition of ®,, which transformsthe ratetarget
into a partof the delaytamet, allowing to taketherelative relevanceof the delayandratedominatedphasesnto
accountTheeffectof thisrelativerelevanceis demonstrateéor anassumedransfersizeof By, = d;r; in Fig.2d)
and By, = 10d;r; in Fig. 2 e). Thelongertransferreduceghe relevanceof theinitial delay which is reflectedin
andecreasedependencef &, onTp in Fig. 2 e).

Note thatthe definition of thesefun factorsis on a perdownloador peractivity basis,i.e. meanvaluesor distri-

butionsof fun factorswill consideronesampleperactivity. On the otherhand,mathematicahnalyse®ftenyield
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a)d, ) b) ®, ) C) by ) do, ) e)o, , large transfer
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1 dt
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Fig. 2: Contourplotsof fun factorsversusd; /Tp andRy,/rr. a) ®, from (2), b) @5 from (3), c) @5 from (4), d) &, from (5)
for B, = d;r;, d) ®4 from (5) for By, = 10d;r;.

time basedstatistics|.e. the samplesareeitherweightedwith thedurationof the correspondingctivity, or results
describdime averagef anunderlyingsystemstate Consequentlytheresultsobtainedfrom differentevaluations

differ if thereis a correlationbetweerthe measurendthe durationof the correspondingctivity.

3 Measurements

3.1 Trace Collection

The resultspresentedn Sec.4 have beenobtainedfrom two extensive packettraces.Traffic characteristic®b-
senedin thesetraceshave beenpublishedbefore[6, 12, 5] with a focuson othermeasureshanpresentedere.
Bothtraceswerecollectedusinga modifiedversionof Tcpdump[13] on aFreeBSDcomputerconnectedo alocal
Ethernetsggmentbetweenclient computersandtheir connectiorto the Internet. The clientsobseredin TraceA
hadfixed ADSL accessinesconfiguredo 2.5Mbit/sdownstreanmand384kbit/supstreamgonnectinghemto their
University's campusetworkthrougha 100Mbit/s link. The campusetworkin turn offereda 34 Mbit/s connec-
tion to the Internetvia the Germarresearchnetwork.The clientsobsenedin TraceB usedModemsor oneor two
ISDN channelswith optionaldatacompressiorio dial into a local ISP network,which offeredalocal sener and

wasconnectedo the Internetthrougha 128kbit/s link. For moredetailson the measuremergetupsee€[6].

3.2 Trace Evaluation

Themeasuremermoint betweerontheaccessetworkbetweerclientsandcorenetworkallowedusto recordthe
full traffic from andto users’computersHowever, when consideringdelays,the additionaldelay on the actual
accessine (ADSL, modemor ISDN) betweermeasurememointandclientcomputemustbetakeninto account.

This delaywasfoundto bevery small (atmosta few ms)for ADSL accessandratherlargeon somemodemlines
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(morethan100ms) in a previous study[5]. For the whole study, a client view is assumedso that a distinction
betweemetworkandsener delaysis not necessary

The packethasedraceswereevaluatedby analyzingthetime stampssizesandTCP flagsof therecordedpbackets
aswell asinformationif the packetcontainedan HTTP GET request.In the analysis,a separateHTTP/TCP
statemachinewasrun for eachHTTP/TCPconnectiondeliveringconnectiorstart, GET requestdownloadstart,
downloadendandconnectiorendeventsto a perclient calendarAfter theendof a client’s actiity, this calendar
wasplayedoutto tracethe numbersof parallelconnectionsgonnectionsvaiting for a downloadstartafteraGET
requestvastransmittedandconnectionsctively receving downloadeddata.The separatiorbetweerreadingthe
traceand collecting numbersof parallel connectionsvas necessanas someeventslike the endof a download
couldonly beinferedfrom the traceafterreceptionof thefollowing packet.

In contrasto [14] and[15], our separatiorbetweemmainandinline objectsis basechot only onthedelaybetween
GETrequest$ut ratheron the separatiorbetweerdownloads:The numberof parallelconnectionsvaiting for an
answerto a GET reques{Ngr1wqir) andthe numberof parallelconnectiongurrentlyreceving data(/Nr,oqding)
areobsered.When N, tive = NoETwait + NLoading = 0 during atime interval of morethanonesecondthe
useris supposedo view the contentavhereaperiodsof N, > 0 areassumedo bedueto a singleuserclick.
Thoseperiodsarein thefollowing denotedas“activities” or “one click” flows. In thisway, requestsssuedserially
in onepersistenbr keep-alive connectioraswell asrequestdrandledconcurrentlyin parallelconnectionganbe
broughtinto relation.

For the evaluationof fun factorsin Sec.4.3, actiities areseparatednto purewaiting time (Nggrwa:: > 0 and
Nrcading = 0) andloadingperiods(Nr,oq4ings > 0), the cumulative durationof which is usedfor T, and 77,
respectiely. Thetotalamountof dataloadedin thesumof all loadingsub-phasesf anactiity is takento be By..
Thedistributionof the numberof parallelconnectionsn differentstatesvererecordedn apertime basiswhereas
distributions of the numberof requestperflow or thedownstreanrateachieved perflow wererecordedon a per
samplebasis.Confidencentervals have beenaddedto somegraphs,computingthe Studentt confidencedor the

respectie valuefrom batchesf 10° total evaluatedpacketseach.

4 Results

In [6], all statisticalcharacteristicsvere evaluatedon a perflow basiswith a flow beingdefinedas port-to-port
(P2P),host-to-hostH2H) or a completeHTTP client session(CL). In [5], single requestswithin persistentor
keep-alve connectionsvere isolated.In this paper the conceptof a seriesof requestgollowing a useraction

(click) is addedto the above. Tah 1 summarizeshe numberof P2R H2H, CL flows, GET requestsaandactiity
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phasesollowing a userclick isolatedfrom tracesA andB. In orderto allow a comparisorbetweertheseunits of
transferin contrasto [6], only thoseflows have beencountedhatcontainedatleastoneGET requestThenumber
of clicks perclientsessiorobsenedin TraceA is twice aslarge asin TraceB, aneffectthatis mostlikely dueto
the differencein tariffs — TraceA wascollectedin aflat-rateervironmentwhereaghe usersobseredin TraceB

hadto payatime-basedeefor thetelephondine basedaccesdo their ISP

P2P H2H CL GET Activity
Trace|| Flows | Flows | Flows | Requesty Phases

A 456000 42200| 2200 | 862000 | 132000
B 740000| 88000| 6200 | 1.3Mio. | 138000

Tab. 1: Numberof HTTP P2P(port to port), H2H (hostto host)andCL (client session¥lows aswell asGET requestand

downloadactiity phaseguserclicks) isolatedin TracesA andB.

4.1 SingleRequestsand PersistentConnections

Themainresultfrom [5] is repeatedn Fig. 3. Basedon the numberingof instantsintroducedin Fig. 1, the mean
delay obsenred at the measuremenpoint during the differentphaseof a connectionis visualizedfor TracesA
andB. Althoughthe DNSlookupandconnectiorestablishmenphasegonstituteanimportantsourceof delay[12,
5, 8], thesearenot consideredurtherin this paperasit seemsmpossibleto reliably relatethemto userperceved
delayin ascenariof parallelconnection@ndmultiple downloadsperconnectiorwhensomeWeb brovsersopen

connectionsn advancewell beforeusingthem(5].

Symbols:
Network and Server Latency
Client Latency

Trace
A

q Y 3 456 7 g Scale: — 1s

Fig. 3: Meanlatencieduringa singleHTTP item downloadin a TCP connectioninstantnumbergeferto Fig. 1. In contrast
to [5], instantsl and2 referto a single DNS queryhere. The DNS query-responssequencés dashedasit is only needed

beforeevery 9'* TCP connectiorsetup.

In a single connectionthe meanvaluessketchedn Fig. 3 indicatethetime to get startedbeforethefirst item is

loaded.Today mostHTTP browsersnowadayssupportanduse“keep-alve” (HTTP version1.0) or “persistent”
(HTTPversionl.1)HTTP/TCPconnectionsn orderto save on connectiorestablishmenverheador Webpages
that containmultiple elementgo be fetchedfrom the sameWeb sener, e.g.icons,images frames,style sheets,

Java applets.In that case the connectionis not closedby the sener after the transferof one element,allowing
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theclient to issuefurtherHTTP GET requestsThe numberof GET requestobsenedin the sameconnections

discusse@longwith Fig. 7 in Sec.4.2.

In Fig. 4, the distribution of the time betweenthe end of one transferand the next GET requestin the same
HTTP/TCPconnectioris givenfor TracesA andB. Usingthe numberingof instantfrom Fig. 1, thistime interval

is calledTyg. In addition,the viewing time definedasthetime betweertwo userclick triggereddownloadactivity

phasegseeSec.3.2),whichin thenotationof Fig. 1 is called Ty, is plotted.Comparingthe distributions, we find

thatthe tail distribution of T3¢ is dueto viewing times,i.e. browsersusingthe sameTCP connectiorfor loading
objectsin successie activity phasesThis tail of the complementaryglistribution function C'(z) hasan exponent
of a & 1.5 in thepower law C'(z) ~ 2~*. Onthe otherhand,thereis a high probability of reusingan openTCP

connectiorwithin lessthanonesecondwhichis dueto consecutie item loadsduringoneactiity period.
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Fig. 5: Excerpttracefor oneclient shoving the evolution
of thenumberof parallelconnectionsconnectionsvaiting
for dataaftersendinga GET requestconnectionseceving
dataandthesumof GET waitingandreceving connections

over 250s (roughly4 min).

4.2 Parallel Connections

In orderto furthersave on sequentialvaiting times,browsersoften openmultiple parallelconnectiongo thesame
seneror to differentWebseners.Fig. 5 tracegshenumberof concurrentlyactve HTTP/TCPconnectiongrom the
sameclientcomputerasa function of time. In this excerpt,a maximumof 15 parallelconnectionsvasobsenred,
whereasn thewholetracesthis numberis aslargeas35 (TraceA) or even82 (TraceB). In TraceB, during31%

of a client's HTTP sessiontherewasno connectionactive at all, during 42% of the time therewere one or two
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connection@ndin 5% of thetime thereweremorethan6 connection®penat the sametime.

Thedistributionsof the numberof simultaneoushactve HTTP/TCPconnectionsn Fig. 6 have beenconditioned
on the time whenthereis at leastone connectionin the correspondingstate.This probability wasfound to be
3.3(11)% for GET wait, 15(48)% for loadingand 17(51)% for GET wait or loading connectionsn Trace A

(TraceB), indicatingthattheratio of loadingto idle phasegor waiting to viewing, from the users’point of view)

wasmuchhigherin thelow speedaccesscenarioof TraceB thanwith the high-speedaccesf TraceA. When
thereis a large numberof parallel openconnectionstheseare eitheridle or receving data.Whetherthe high

numberof parallelconnectionsvasdueto usersdeviating from the defaultconfigurationvaluesof their browsers
or usingmultiple browserwindows in parallelcould not be determinedasboth traceswererecordedn the “real

world” whereuserswerefreeto configureandusetheir softwaretheway they wished.
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Fig. 6: Distributionsof N active = NaETwait + NLoadings NGETwait ANANL,q4ing, €achconditionedonthetherespectie
randomvariabelbeing> 0. 95% confidencendicatedfor every secondvalue(TraceA: eachvalue)aslong asthey areless

thanthevalueitself. Left: TraceA, right: TraceB.

Fig. 7 shavs how thesingleelementsareusedon differentlevelsof aggreation.While 1.9 (1.8) GET requestare
transmittedn anaverageHTTP/TCPconnectiontheaverageactivity periodtriggeredby aclick request$.8(6.9)
items.Theaveragenumberof requestsn ahost-to-hosflow was20.5(14.9)andin acompleteclientHTTP session
therewere395(209)itemsrequestedh TraceA (TraceB). Thisis anindicationthatthegenerabehaiour of Web
browsersandthe structureof Web pageddid not changesignificantlybetweerthe two measurementshereaghe
numberof itemsrequestedrom the samesener or during a completeclient sessiorwasrestrictedby the lower
sessiordurationsin TraceB dueto the differenttariffing structure(seeabove).

Thedistributionsof downloadratesobsenedduringasingleitemload,contiguousactiity sub-period®f Ny,qq4ing >

0, the Nr..4ing > 0 partsof actiity periodsand averageratesduring completeactivity periodsare depictedin
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Fig. 7: Numberof GET requestsn anactvity periodandon differentflow levels.95% confidenceantervalshave beenadded

for every 50" datapoint. Left: TraceA, right: TraceB.

Fig. 8. As a significantnumberof requestdeadsto the transmissiorof only one datapacket,the corresponding
link rateof 10Mbit/s obsenedatthepoint of measuremernis recordedn thosecasesThereis alsoasmallfraction
of ratesmeasure@bove 10Mbit/s, which is dueto impropertime stampsrecordedby the monitoringPCs.Apart
from this maximumrate limited by the Ethernetfeederlink, the distribution of bit ratesreceved in both traces

werefoundto agreevery well with log-normaldistributions
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Fig. 8: Download speedduring activity phases95% confidencentervals have beenaddedat every 30’ datapoint. Left:

TraceA, right: TraceB.

The rateobtainedby a client computeris essentiallimited by threefactors:(a) the accesdine rate, (b) the rate
availablein theworld-wideInternetand(c) theratedeliveredby the sener. Thedifferencean accessandtrunkline

ratesis responsibldor the differencebetweertheratedistributionsobsenedin TracesA andB. Therateavailable
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from the Internetcanbe increasedy runningparallelconnectionsandthusincreasingone’s own “fair share”of
thetotal rateavailableon a congestedink. It is not possibleto judgefrom the presentraceswhattheindividual
connectionrateswould have beenif no other connectionshad beencompetingwith them on the accesdine.
However, the fact that the differencebetweenthe perGET andcontinuous-loadatedistributions,which include
all parallelloading connectionsis comparablén both traces leadsus to the conclusionthat thereis actuallya
gainfrom usingmultiple connectionsn parallel.A rateof atleast100kbit/s wasreachedy 71+3% (424+1%) of
all singleitem loads,in 794+3% (52+1%) of all continuoudoadingphases56+3% (24+2)% of all accumulated
loadingpartsof activities and294-3% (29+1%) of all activity averagesn TraceA (TraceB). Independenof this
possiblegainin downloadingspeedthe usageof parallelconnectiongor loadinga Web pagesenesthe purpose
of reducingthechanceof alargeitem’sblockingall otherelemenidownloadsduringits transferby approximating
aProcessoBharingservicediscipline,whichis quiteinsensitveto heavy-tailed servicetimes[16].

Fig. 9 givesthe complementarydistribution of durationson differentlevels. As thereis a negative correlation
betweenthe numberof requestsened per HTTP/TCPconnectionandtheir averagesize,andconnection®ften
lastfor severalactiity periodsthedistribution of “One Click” loadingtimescornvergestowardsthe distributions
of singleitem loadingtimesfor largervalueswhereadoadingtimesbelony 100msonly occurin singleitemloads.
Startingfrom thedistribution of singleitemloadingtimes,thedistributionsof P2R H2H flows andcompleteclient

HTTP sessiongsreapproximatelysimilar, shiftedby oneorderof magnitudeesachon thetime scale.
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Fig. 9: Durationdistributionsof requestdownloadsanddifferentflows. Error barshave beenaddedat every 50 datapoint

only to maintainreadability Left: TraceA, right: TraceB.

Theseheavy tails aredueto the correspondingsieary tails in the item sizedistributions(see[10, 6]) andin the

numberof itemstransferrecbn eachlevel. The size characteristicmaturallyhave a big influenceon the number
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of packetsreceved for eachitem, which is roughly summarizedn Tah 2. 50-60%of all itemscanbetransfered
in oneor two IP packetsin thosetransfers,TCP— whenstartingwith a window sizeof onepacket- operateon
apurelyserialized(“handshake™basis.Only 10-15% of all itemsconsistof morethan10 packetsallowing the
TCPflow controlto reacha steadystate.

Packets 1 2 3 4 5-10 11-100 | 101-1000| 1001-10000|  >10000

TraceA 34+2.2 2442 | 10.8£0.9 | 6.8+1.5 | 14.1+1.9 | 8.2£1.8 | 0.3H40.2 0.14+0.1 0.003+0.003
TraceB || 32.1+0.9 | 18.2+0.6 | 10.4+0.3 | 6.5+ 0.2 | 18.2+1 | 14.1+0.7 | 0.51+0.1 | 0.03+0.01 | 0.001+0.008

Tab. 2: Distribution of the numberof downstreampacketsecevedin responseo a singleGET requestValuesaregivenin

percentogethemwith 95% confidencentervals.

4.3 Fun Factors

Examplefun factorresultsarederived for the two tracesusingthe targetvaluesgivenin Tah 3. The cumulatve
obsenedpureGET waiting delayin anactiity is usedfor T, andtheaveragdoadingspeediuringloadingphases
of anactwity is usedfor Ry,. Thedelaytargetshave beendeliberatelychoserto berathedow comparedo obsened
usertolerancevaluesof around8s for the total loadingtime of a page[9] — afterall, they definea thresholdfor
“as muchfun aspossible”ratherthana painthreshold,andtheremustbe sometime left for the actualloading
of elementsaswell. Following theideaof [11], theratetargetshave beensetto valuesspecificto the respectie
accesssystem.Theraterelatedportion of fun is assumedo be 100% whenin a modemor ISDN scenaricthe
recevedrateis morethan50kbit/s or whenin an ADSL scenaridherecevedrateis morethan500kbit/s, taking

into accounthedifferentuserexpectationsassociatedavith differentaccesdine speeds.

Trace dy P{TD < dt} ¢ P{RL > 7‘1;} [OFH D, o2} (O by
A 0.5s| 62+2.5% | 500kbit/s 32+3% TraceA || 0.47 | 0.62| 0.40| 0.64| 0.59
B 0.5s| 61+1.8% 50kbit/s 35+3% TraceB || 0.61| 0.61| 0.43| 0.63| 0.57

Tab. 3: Tagetvaluesd; andr; for Tp andRy, fortheevalua-  Tab. 4: Meanfun factorsfrom evaluationof TracesA andB
tion andprobabilitiesto meettheuncorrelatedargetvalues.  accordingo (1)—(5) usingd; andr; from Tah 3. For all val-

ues,95% confidencentervalsarebetweer0.02and0.04.

Theresultingfun factordistributionshave beenplottedin Fig. 10 andtheir meanvaluessummarizedn Tah 4. ®,
is alower boundfor the otherdefinitions.Evenunderthis very strict evaluation,32+3% (174+2%) of the actiity
periodsreachedPhiy = 1 in TraceA (TraceB). The samepercentagés found for &, which is a directconse-

guenceof bothdefinitions(seealsoFig. 2). Ontheotherhand,®; allowsfor ahigh degreeof linearcompensation
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Fig. 10: Complementanyistribution functions of measured-un Factorsaccordingto (1)-(5) usingtarget delay and rate

valuesfrom Tah 3. 95% confidencéantervalshave beenaddedat every 20th datapoint. Left: TraceA, right: TraceB.

betweerdelayandrateproblemseadingto lower probabilitiesfor smallvaluesof ®,. The way of compensation
betweerrateanddelayin ®3; and®, is responsibldor the highervaluesreachedThis compensatioris slightly
overdonein the simpledefinitionof @3, asanexceptionallylow delayvaluecancompensatéor exceptionallylow
ratevaluesandvice versa,caseghatwould neverthelesde percevedasundesirabldy the user

Thedefinition of @4 makesthis fun factora suitablemeasurdor percevedfun asit givesrateanddelaytheright
relative relevancedependingon the size of the downloads.Theresultsalsoshawv that consideringrateanddelay
in the context of ®, yields morepositive resultswith TraceA thanconsideringthe ratealone(® ), asin some
casesarelatively low ratemay be of low importancef the downloadeditemsare so smallthatthe transferdelay
is still shortandif atthesamethewaitingtime until transferis shortenough A fun factorof &, = 1 wasreached
by 381+4% of all activity phasesn TraceA in contrastto 32+4% for & = 1. On the otherhand,the actiities
capturedin TraceB hada more prevalentdelay problem,leadingto a lower portion of actiities with &, = 1

(24+3%) thanwith & = 1 (35+3%).

4.4 Further Issues

Theevaluationgpresentedhereconsidereanly the delayportiondueto browserswaiting for theanswetto aGET
requestn alreadyopenTCP connectionsasit is impossibleto deduceherealwaitingtime from packetracesdue
to intelligentbrowsersopeningT CP connectiondeforethey areactuallyneededr used[5].

If fun factorsareto be usedto characterizevhat performancds obtainedfrom networkandsenersin relation

to what could be expected effectslike the TCP slow startlimiting the rate of shortmulti-packettransfersneed
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to be takeninto accountleadingto definitionsincluding the numberof packetsn the rateto be expected.(See
the discussioraroundTah 2.) The definition of ®, however dealswith this startupissuein a relatively robust
way asboththevery high obsenedloadingspeedof one-packetransfersaandthelower startupspeedf transfers
consistingof a few packetsaremostly consideredn the form of a delaycontribution, which is comparabléo the
amountof delayexperiencedn thewaiting phasebeforea download.

Anotheropenissueis how to considerparallelapplicationsin performanceaneasuresin this case the users(or
the operatingsystemsor configurations)are responsibleor a degradationof the performanceperceved with a
foregroundapplication by consumingnetworkbandwidth,computingpower or simply input/outputperformance

of theusers computer

5 Conclusions

Funfactorshave beenpresentedisa meansof describingboth delayandrate performanceof elasticapplications
onascaleof [0, 1] easilyunderstandablfor usersTogethemwith new statisticalevaluationsof Webtraffic traceson

aperclick level including persistentind parallelconnectionsgxampleevaluationsof obsered fun factorvalues
have beenpresentedor two extensive client-sidetraffic traces.

The comple processingequiredto deducesuchcharacteristicérom passie traffic tracesandthe impossibility
to relatesomeof the delaypartsto userperceptiondueto intelligentbrowserbehaiour makesit difficult to apply
thiskind of measuren anetworkoperatorscenarioHowever, applicationdike Web browserscouldeasilyinclude
ameasurdike thefun factor®, definedin (5) to give usersobjective andsimpleto understandeedbackegarding

networkandsener performance.
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