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Abstract

Recentwork hasemphasizedthe importanceof puredelaycomponentsaswell asratecomponentsin the

userperceived performanceof elasticInternetapplications,namelyWeb browsing. “Fun factors” have been

previously introducedto describetheobtainedperformancewith respectto themaximumpossibleperformance

on a scaleof zero(no fun) to one(maximumfun).

In this paper, several optionsfor definingsuchfun factorsusingdelayandratecomponentsarepresented.In

orderto betterunderstandtheinfluenceof delaysandtransmissionrates,two extensive traffic traceshave been

evaluated(a) to yield informationaboutthewaybrowsersusepersistentandparallelHTTP/TCPconnectionsto

accessWebserversand(b) to serve asanexamplefor quantifyingquality of servicewith fun factors.

Keywords: InternetTraffic, Traffic Measurement,HTTP Performance,Parallel Connections,QoSfor Elastic

Applications,FunFactor
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1 Intr oduction

AccessingWebpagesis themaincausefor traffic andthemaininterestof usersin today’sInternet.Consequently,

the quality of serviceassociatedwith Web browsing is takenas representative for the servicepossiblein the

Internet.While in the late 1990sthe focus of researchwas on characterisingWeb traffic and userbehaviour,

severalrecentstudieshaveaimedatquantifyingthedelayperformanceof theInternetandHTTPtransfersover the

Internet[1, 2, 3, 4, 5]. Thepersistentconnectionmechanismintroducedin HTTPversion1.1to reducethelatency

which is dueto connectionset-uptimeshasbeenappliedin browserssendingHTTP version1.0GET requestsby

usingthe“keep-alive” option,leadingto a significantfractionof connectionsservingmorethanonerequesteven

in timeswhereHTTP 1.1wasonly rarelyused[6].

Activemeasurementstudieshavebeenconductedto assessthedelayperformanceof HTTP in theInternet,having

recognizedlatency asamainperformanceproblemin Webaccess.KrishnamurthyandWills [7] analyzedtheinflu-
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enceof HTTP protocoloptionson performanceby actively testingdownloadtimesfrom selectedsites.Similarly,

HuitemaandWeerahandi[8] investigatedtheperformanceof DNSserversby actively requestingnameresolution

andcomparingtheperformanceof differentserversandtheevolution of lossratesandresponsetimesover a pe-

riod of six months.BarfordandCrovella [1, 2] attributedlatenciesto networkandserver influencesthroughactive

HTTP experimentswhile simultaneouslyobservingpacketdelaysandlossratesin the Internetbetweenselected

sites.Habib andAbrams[4] usedrepeatedactive measurementson 290 differentURLs to separatefour delay

contributions:DNS lookup time, connectionset-uptime, the delaybetweena GET requestandreceptionof the

first byteandtheactualdownloadtime. CohenandKaplan[3] useda simplifiedWeb browserre-fetchingURLs

previouslyloggedin theirresearchlab’sproxyserverandcomparedtheperformanceof severalstrategiesto reduce

thelatency of DNS lookups,connectionset-upsandGETrequestdelays.

Fromtheuser’s perspective, the latency betweenrequestinga new link andgettingthecontentsdisplayedon the

computermonitoris themostrelevantperformancemeasure[9]. Dueto theextremevariationin file sizesretrieved

during a download[10], a ratebasedperformancemeasureis moresuitablethana delaybasedmeasurefor the

actualloadingphaseof a download.

In anextensionto the ratebasedperformancecharacterisationapproachesin[11], connectionbasedperformance

measurementsin [12] andsingleelementbasedperformanceevaluationsin [5], thispaperis dedicatedto analyzing

theperformancereceived whenmultiple Web elementsareloadedin reactionto a singleuserrequestin multple

connections,andto definingandevaluatingasimpleperformancemeasure– a“fun factor” – thatis ableto capture

bothdelayandratebasedperformancecharacteristics.Thebehaviour relatedto persistentandparallelconnections

ishighly dependentonbrowser(andserver)softwarecharacteristics.Consequently, thepassivemeasurementsused

in this paperarelessof a controlledexperimentbut betterrepresentthereal-worldperformancein contrastto the

abovementionedactivemeasurements.

After introducingseveral optionsfor extendingthe “fun factor” from [11] to (a) capturedelay as well as rate

performanceand (b) allow more realistic target valuesin Sec.2, we discussmeasurementandtraceevaluation

detailsin Sec.3 neededto exctracttheinformationfrom tracesusedto determinetheproposedfun factorsin the

presenceof parallelpersistentconnections.Distributionsof characteristicvaluesaregivenandexamplefun factor

resultsarepresentedfor two tracesin Sec.4.

2 Fun Factors

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

applicationsby a numberbetween0 (noquality)and1 (full quality).Thetermwasdeliberatelychosento indicate
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thatelasticapplicationscanvery well copewith a wide varietyof availablebit ratesin thenetworkbut thejoy of

usingsuchanapplicationis determinedby thetime it takesto completeagiventask.As someof thecharacteristic

distributions in theWeb show heavy tails [10], it is not advisableto usedownloadingtimesdirectly but ratherto

relatethemto the sizeof the item to be loaded,leadingto a ratebasedmeasurethat canbe normalizede.g. to

theaccessline rateor to anothertargetdownloadspeed.In this paper, we discussfurtherdefinitionoptionsof fun

factorsin orderto takethehighportionof serialpackettransmissionsin HTTP downloads[5] into account.

2.1 Serial Transmissionsin HTTP

Eventhoughthecurrentversions1.0and1.1of HTTP allow keepingconnectionsopenfor multiple downloads,a

significantamountof delayis still dueto serialprocessing,i.e. client andserver exchangesinglepacketsandwait

for theothersidebeforethey proceed.

Fig. 1 givesan idealizedsketchof the stepsnecessaryto load a single item after a userinstructedthe browser

softwaree.g.by clicking on a hyperlink.After receiving theclick, thebrowsertries to get thehostnameresolved

to opena TCPconnectionto. If theIP addressfor thisnameis notalreadyknown, aqueryis sentto a DNSserver

(instants1 and2). As soonastheIP addressto contactis known, a TCPconnectionis opened(instants3–5)and

anHTTP GET requestis transmittedin theestablishedconnection(instant6). Theinstantwhenthefirst andlast

datapacketsarereceivedin responseto this requestarelabeled7 and8. If this itemwastheonly oneto beloaded,

it is displayedby theWebbrowserfor theuserto view.
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Fig. 1: DNS,TCPandHTTPmessagesequencefor a singleHTTPdownload.

In reality, thissimpleprocessis augmentedby two methods:Connectionsarekeptopen(HTTPversion1.0“keep-
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alive” or version2.0“persistent”connections)sothatfor followingrequeststo thesameWebserver, theconnection

establishmentphasecanbesaved.In addition,currentbrowsersuseparallelconnectionsto increasetheclient’sfair

shareon congestedlinks aswell aseffectively trying to approacha ProcessorSharingservicediscipline,which

preventsexceptionallylargeelementsfrom completelyblockingdownloadsof smallerones.

2.2 Definition Options for Fun Factors

Let the randomvariables
���

, ��� and
� � denotethe initial delaybeforeloadingan item, the item’s sizeandits

observed loadingtime, respectively. Using �����	����
 � � for theobserved rateduring
� � and ��
 for a target bit

rate,thefun factordefinedin [11] is givenby��� ������������������� 
���
�!#" (1)

wherein [11] it wassuggestedto set �$
 to theaccessline rateif thiswasexpectedto significantlylimit theloading

speed.Including theminimumfunctionallows to settargetvalueslower thanphysicallimitations,yielding a fun

factorof 1 if thetargetvalueis exceeded.

Thereareseveralwaysto combinedelayandratemeasuresinto a single“fun factor”. Usinga delaytarget %&
 for

thepurewaitingphasesof theloadingprocess,similar to theratetarget �$
 , thefollowing definitionoptionscanbe

applied:��' � �( ) �����+*,�&� � ���
+-/. �0�1��*,�&� % 
��� -�2 (2)�43 � �0�1� * ����� * ��� �����
+- �5�0�1� * ��� %�
��� -6- (3)

�87 � �����+9:���<; � �>= % 
�$
 = ���@? (4)�8A � ����� * �&� %�
 . ����
���
��� . � �B- (5)

The behaviour of the differentdefinitionsis sketchedin contourplots in Fig. 2. If the rateor the delaycompo-

nenthasvery badperformanceandthe other is very good,averagingthe two valuescanstill (wrongly) leadto

acceptablenumericresultsfor
� '

. On theotherhand,theminimumfunctionin
�43

completelypreventsany com-

pensationof long delaysby fasterdownloadsor of slow downloadsby shorterdelays.A simpleapproachfor such

a compensationis usedin
� 7

. A similar ideais followedin thedefinitionof
��A

, which transformstheratetarget

into a partof thedelaytarget,allowing to taketherelative relevanceof thedelayandratedominatedphasesinto

account.Theeffectof this relativerelevanceis demonstratedfor anassumedtransfersizeof � � ��% 
 � 
 in Fig. 2 d)

and � � �	�DC�% 
 � 
 in Fig. 2 e).The longertransferreducesthe relevanceof theinitial delay, which is reflectedin

andecreaseddependenceof
��A

on
���

in Fig. 2 e).

Note that thedefinitionof thesefun factorsis on a per-downloador per-activity basis,i.e. meanvaluesor distri-

butionsof fun factorswill consideronesampleperactivity. On theotherhand,mathematicalanalysesoftenyield
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Fig. 2: Contourplotsof fun factorsversusEDFHG$I�J and K6LMGDNPO . a) Q6R from (2), b) Q,S from (3), c) QUT from (4), d) QUV from (5)

for W,LYX�EDFHNZF , d) QUV from (5) for W[L0X]\5^DEDFHNZF .
timebasedstatistics,i.e. thesamplesareeitherweightedwith thedurationof thecorrespondingactivity, or results

describetimeaveragesof anunderlyingsystemstate.Consequently, theresultsobtainedfrom differentevaluations

differ if thereis a correlationbetweenthemeasureandthedurationof thecorrespondingactivity.

3 Measurements

3.1 Trace Collection

The resultspresentedin Sec.4 have beenobtainedfrom two extensive packettraces.Traffic characteristicsob-

served in thesetraceshave beenpublishedbefore[6, 12, 5] with a focuson othermeasuresthanpresentedhere.

Bothtraceswerecollectedusingamodifiedversionof Tcpdump[13] onaFreeBSDcomputerconnectedto alocal

Ethernetsegmentbetweenclient computersandtheir connectionto theInternet.Theclientsobservedin TraceA

hadfixedADSL accesslinesconfiguredto2.5Mbit/sdownstreamand384kbit/supstream,connectingthemto their

University’scampusnetworkthrougha 100Mbit/s link. Thecampusnetworkin turn offereda 34Mbit/s connec-

tion to theInternetvia theGermanresearchnetwork.Theclientsobservedin TraceB usedModemsor oneor two

ISDN channelswith optionaldatacompressionto dial into a local ISPnetwork,which offereda local server and

wasconnectedto theInternetthrougha 128kbit/s link. For moredetailson themeasurementsetupsee[6].

3.2 Trace Evaluation

Themeasurementpoint betweenontheaccessnetworkbetweenclientsandcorenetworkallowedusto recordthe

full traffic from andto users’computers.However, whenconsideringdelays,the additionaldelayon the actual

accessline (ADSL, modemor ISDN) betweenmeasurementpointandclientcomputermustbetakeninto account.

Thisdelaywasfoundto beverysmall(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 assumed,so that a distinction

betweennetworkandserver delaysis not necessary.

Thepacketbasedtraceswereevaluatedby analyzingthetimestamps,sizesandTCPflagsof therecordedpackets

as well as information if the packetcontainedan HTTP GET request.In the analysis,a separateHTTP/TCP

statemachinewasrun for eachHTTP/TCPconnection,deliveringconnectionstart,GET request,downloadstart,

downloadendandconnectionendeventsto a per-client calendar. After theendof a client’sactivity, this calendar

wasplayedout to tracethenumbersof parallelconnections,connectionswaiting for a downloadstartafteraGET

requestwastransmitted,andconnectionsactively receiving downloadeddata.Theseparationbetweenreadingthe

traceandcollectingnumbersof parallelconnectionswasnecessaryassomeeventslike the endof a download

couldonly beinferedfrom thetraceafterreceptionof thefollowing packet.

In contrastto [14] and[15], ourseparationbetweenmainandinline objectsis basednotonly onthedelaybetween

GETrequestsbut ratheron theseparationbetweendownloads:Thenumberof parallelconnectionswaiting for an

answerto a GET request( _�`badcbe�fZgh
 ) andthenumberof parallelconnectionscurrentlyreceiving data( _i� jkf#lPgnm�o )
areobserved.When _�f5pq
�gnr5si�t_�`badcbe�fZgh
 . _i�MjPf#lPgnm�ou�vC during a time interval of morethanonesecond,the

useris supposedto view thecontentswhereasperiodsof _ f5pq
wghr#s4x C areassumedto bedueto a singleuserclick.

Thoseperiodsarein thefollowing denotedas“activities” or “oneclick” flows.In thisway, requestsissuedserially

in onepersistentor keep-aliveconnectionaswell asrequestshandledconcurrentlyin parallelconnectionscanbe

broughtinto relation.

For the evaluationof fun factorsin Sec.4.3, activities areseparatedinto purewaiting time ( _Y`badcbe�fZgn
 x C and_i�MjPf#lPgnm�oy�zC ) and loadingperiods( _i� jkf#lPgnm�o x C ), the cumulative durationof which is usedfor
���

and
� � ,

respectively. Thetotalamountof dataloadedin thesumof all loadingsub-phasesof anactivity is takento be ��� .

Thedistributionof thenumberof parallelconnectionsin differentstateswererecordedonaper-timebasiswhereas

distributionsof thenumberof requestsperflow or thedownstreamrateachievedperflow wererecordedon aper-

samplebasis.Confidenceintervalshave beenaddedto somegraphs,computingtheStudent-{ confidencefor the

respectivevaluefrom batchesof 10| total evaluatedpacketseach.

4 Results

In [6], all statisticalcharacteristicswereevaluatedon a per-flow basiswith a flow beingdefinedasport-to-port

(P2P),host-to-host(H2H) or a completeHTTP client session(CL). In [5], single requestswithin persistentor

keep-alive connectionswere isolated.In this paper, the conceptof a seriesof requestsfollowing a useraction

(click) is addedto the above. Tab. 1 summarizesthe numberof P2P, H2H, CL flows, GET requestsandactivity
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phasesfollowing a userclick isolatedfrom tracesA andB. In orderto allow a comparisonbetweentheseunitsof

transfer, in contrastto [6], only thoseflowshavebeencountedthatcontainedat leastoneGETrequest.Thenumber

of clicks perclient sessionobservedin TraceA is twice aslargeasin TraceB, aneffect that is mostlikely dueto

thedifferencein tariffs – TraceA wascollectedin a flat-rateenvironmentwhereastheusersobservedin TraceB

hadto paya time-basedfeefor thetelephoneline basedaccessto their ISP.

P2P H2H CL GET Activity

Trace Flows Flows Flows Requests 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)flows aswell asGET requestsand

downloadactivity phases(userclicks) isolatedin TracesA andB.

4.1 SingleRequestsand PersistentConnections

Themainresultfrom [5] is repeatedin Fig. 3. Basedon thenumberingof instantsintroducedin Fig. 1, themean

delayobserved at the measurementpoint during the differentphasesof a connectionis visualizedfor TracesA

andB. AlthoughtheDNSlookupandconnectionestablishmentphasesconstituteanimportantsourceof delay[12,

5, 8], thesearenot consideredfurtherin this paperasit seemsimpossibleto reliably relatethemto userperceived

delayin ascenarioof parallelconnectionsandmultipledownloadsperconnectionwhensomeWebbrowsersopen

connectionsin advancewell beforeusingthem[5].

A
q r 3 456 7 8Trace

B
q r 3 4 56 7 8

Symbols:
Network and Server Latency
Client Latency

Scale: 1 s

Fig. 3: Meanlatenciesduringa singleHTTP itemdownloadin aTCPconnection.Instantnumbersreferto Fig. 1. In contrast

to [5], instants1 and2 refer to a singleDNS queryhere.TheDNS query-responsesequenceis dashedasit is only needed

beforeevery 9F~} TCPconnectionsetup.

In a singleconnection,themeanvaluessketchedin Fig. 3 indicatethe time to getstartedbeforethefirst item is

loaded.Today, mostHTTP browsersnowadayssupportanduse“keep-alive” (HTTP version1.0) or “persistent”

(HTTPversion1.1)HTTP/TCPconnectionsin orderto saveonconnectionestablishmentoverheadfor Webpages

that containmultiple elementsto be fetchedfrom the sameWeb server, e.g. icons,images,frames,style sheets,

Java applets.In that case,the connectionis not closedby the server after the transferof oneelement,allowing
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theclient to issuefurtherHTTP GET requests.Thenumberof GET requestsobservedin thesameconnectionis

discussedalongwith 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/TCPconnectionis givenfor TracesA andB. Usingthenumberingof instantsfrom Fig. 1, this timeinterval

is called
��� | . In addition,theviewing time definedasthetimebetweentwo userclick triggereddownloadactivity

phases(seeSec.3.2),which in thenotationof Fig. 1 is called
�����

, is plotted.Comparingthedistributions,wefind

that the tail distribution of
��� | is dueto viewing times,i.e. browsersusingthesameTCPconnectionfor loading

objectsin successive activity phases.This tail of thecomplementarydistribution function �u����! hasan exponent

of ��������� in thepower law ������!�������� . On theotherhand,thereis a high probabilityof reusinganopenTCP

connectionwithin lessthanonesecond,which is dueto consecutiveitem loadsduringoneactivity period.
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4.2 Parallel Connections

In orderto furthersaveon sequentialwaiting times,browsersoftenopenmultipleparallelconnectionsto thesame

serveror to differentWebservers.Fig. 5 tracesthenumberof concurrentlyactiveHTTP/TCPconnectionsfrom the

sameclient computerasa functionof time. In this excerpt,a maximumof 15 parallelconnectionswasobserved,

whereasin thewholetraces,thisnumberis aslargeas35(TraceA) or even82(TraceB). In TraceB, during31%

of a client’s HTTP session,therewasno connectionactive at all, during 42% of the time therewereoneor two
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connectionsandin 5% of thetime thereweremorethan6 connectionsopenat thesametime.

Thedistributionsof thenumberof simultaneouslyactiveHTTP/TCPconnectionsin Fig. 6 have beenconditioned

on the time whenthereis at leastoneconnectionin the correspondingstate.This probability wasfound to be

3.3(11)% for GET wait, 15(48)% for loading and 17(51)% for GET wait or loading connectionsin TraceA

(TraceB), indicatingthattheratio of loadingto idle phases(or waiting to viewing, from theusers’point of view)

wasmuchhigherin thelow speedaccessscenarioof TraceB thanwith thehigh-speedaccessof TraceA. When

thereis a large numberof parallel openconnections,theseareeither idle or receiving data.Whetherthe high

numberof parallelconnectionswasdueto usersdeviating from thedefaultconfigurationvaluesof their browsers

or usingmultiple browserwindows in parallelcould not be determinedasboth traceswererecordedin the “real

world” whereuserswerefreeto configureandusetheir softwaretheway they wished.
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Fig. 7 showshow thesingleelementsareusedondifferentlevelsof aggregation.While 1.9(1.8)GETrequestsare

transmittedin anaverageHTTP/TCPconnection,theaverageactivity periodtriggeredby aclick requests6.8(6.9)

items.Theaveragenumberof requestsin ahost-to-hostflow was20.5(14.9)andin acompleteclientHTTPsession

therewere395(209)itemsrequestedin TraceA (TraceB). This is anindicationthatthegeneralbehaviour of Web

browsersandthestructureof Webpagesdid not changesignificantlybetweenthetwo measurementswhereasthe

numberof itemsrequestedfrom the sameserver or during a completeclient sessionwasrestrictedby the lower

sessiondurationsin TraceB dueto thedifferenttariffing structure(seeabove).

Thedistributionsof downloadratesobservedduringasingleitemload,contiguousactivity sub-periodsof _ � jPf5l³ghm$oYxC , the _ � jkf#lPgnm�o´x C partsof activity periodsandaverageratesduring completeactivity periodsaredepictedin
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Fig. 8. As a significantnumberof requestsleadsto the transmissionof only onedatapacket,the corresponding

link rateof 10Mbit/s observedatthepointof measurementis recordedin thosecases.Thereis alsoasmallfraction

of ratesmeasuredabove 10Mbit/s, which is dueto impropertime stampsrecordedby themonitoringPCs.Apart

from this maximumratelimited by the Ethernetfeederlink, the distribution of bit ratesreceived in both traces

werefoundto agreevery well with log-normaldistributions.
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Fig. 8: Downloadspeedduring activity phases.95% confidenceintervals have beenaddedat every 30�q� datapoint. Left:

TraceA, right: TraceB.

Therateobtainedby a client computeris essentiallylimited by threefactors:(a) theaccessline rate,(b) the rate

availablein theworld-wideInternetand(c) theratedeliveredby theserver. Thedifferencein accessandtrunkline

ratesis responsiblefor thedifferencebetweentheratedistributionsobservedin TracesA andB. Therateavailable
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from the Internetcanbe increasedby runningparallelconnectionsandthusincreasingone’s own “fair share”of

thetotal rateavailableon a congestedlink. It is not possibleto judgefrom thepresenttraceswhat theindividual

connectionrateswould have beenif no other connectionshad beencompetingwith them on the accessline.

However, the fact that thedifferencebetweentheper-GET andcontinuous-loadratedistributions,which include

all parallel loadingconnections,is comparablein both traces,leadsus to the conclusionthat thereis actuallya

gainfrom usingmultiple connectionsin parallel.A rateof at least100kbit/s wasreachedby 71µ·¶ % (42µ 1%) of

all singleitem loads,in 79µ·¶ % (52µ�� %) of all continuousloadingphases,56µ·¶ % (24µ ( )% of all accumulated

loadingpartsof activities and29µ·¶ % (29µ�� %) of all activity averagesin TraceA (TraceB). Independentof this

possiblegain in downloadingspeed,theusageof parallelconnectionsfor loadinga Webpageservesthepurpose

of reducingthechanceof a largeitem’sblockingall otherelementdownloadsduringits transferby approximating

aProcessorSharingservicediscipline,which is quiteinsensitiveto heavy-tailedservicetimes[16].

Fig. 9 gives the complementarydistribution of durationson different levels. As thereis a negative correlation

betweenthenumberof requestsservedperHTTP/TCPconnectionandtheir averagesize,andconnectionsoften

lastfor severalactivity periods,thedistribution of “One Click” loadingtimesconvergestowardsthedistributions

of singleitem loadingtimesfor largervalueswhereasloadingtimesbelow 100msonly occurin singleitem loads.

Startingfrom thedistributionof singleitemloadingtimes,thedistributionsof P2P, H2H flowsandcompleteclient

HTTP sessionsareapproximatelysimilar, shiftedby oneorderof magnitudeeachon thetimescale.
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Fig. 9: Durationdistributionsof requestdownloadsanddifferentflows.Error barshave beenaddedat every 50�q� datapoint

only to maintainreadability. Left: TraceA, right: TraceB.

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

numberof itemstransferredon eachlevel. Thesizecharacteristicsnaturallyhave a big influenceon the number
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of packetsreceivedfor eachitem,which is roughlysummarizedin Tab. 2. 50–60%of all itemscanbetransfered

in oneor two IP packets.In thosetransfers,TCP– whenstartingwith a window sizeof onepacket– operateson

a purelyserialized(“handshake”)basis.Only 10–15% of all itemsconsistof morethan10 packets,allowing the

TCPflow controlto reacha steadystate.

Packets 1 2 3 4 5–10 11–100 101–1000 1001–10000 ¸ 10000

TraceA 34¹ 2.2 24.7¹ 2 10.8¹ 0.9 6.8¹ 1.5 14.1¹ 1.9 8.2¹ 1.8 0.37¹Uº<»½¼ 0.1¹Uº<»�¾ 0.003¹ 0.003

TraceB 32.1¹ 0.9 18.2¹ 0.6 10.4¹ 0.3 6.5 ¹ 0.2 18.2¹ 1 14.1¹ 0.7 0.51¹ 0.1 0.03¹ 0.01 0.001¹ 0.008

Tab. 2: Distributionof thenumberof downstreampacketsreceived in responseto a singleGET request.Valuesaregivenin

percenttogetherwith 95% confidenceintervals.

4.3 Fun Factors

Examplefun factor resultsarederivedfor the two tracesusingthe targetvaluesgiven in Tab. 3. Thecumulative

observedpureGETwaitingdelayin anactivity is usedfor
���

andtheaverageloadingspeedduringloadingphases

of anactivity is usedfor ��� . Thedelaytargetshavebeendeliberatelychosentoberatherlow comparedtoobserved

usertolerancevaluesof around8s for the total loadingtime of a page[9] – afterall, they definea thresholdfor

“as muchfun aspossible”ratherthana pain threshold,andtheremustbe sometime left for the actualloading

of elementsaswell. Following the ideaof [11], the ratetargetshave beensetto valuesspecificto the respective

accesssystem.The raterelatedportion of fun is assumedto be 100% whenin a modemor ISDN scenariothe

receivedrateis morethan50kbit/s or whenin anADSL scenariothereceivedrateis morethan500kbit/s, taking

into accountthedifferentuserexpectationsassociatedwith differentaccessline speeds.

Trace ¿ � ÀUÁ �ÃÂ�Ä ¿ �PÅ ÆZ� ÀUÁÈÇ ª ° Æ��PÅ
A 0.5s 62É 2.5% 500kbit/s 32É 3%

B 0.5s 61É 1.8% 50kbit/s 35É 3%

Tab. 3: Targetvalues¿ � and Æ � for � Â and Ç ª for theevalua-

tion andprobabilitiesto meettheuncorrelatedtargetvalues.

ÊUË Ê6Ì Ê,Í ÊUÎ ÊUÏ
TraceA 0.47 0.62 0.40 0.64 0.59

TraceB 0.61 0.61 0.43 0.63 0.57

Tab. 4: Meanfun factorsfrom evaluationof TracesA andB

accordingto (1)–(5)using ¿ � and Æ � from Tab. 3. For all val-

ues,95% confidenceintervalsarebetween0.02and0.04.

Theresultingfun factordistributionshavebeenplottedin Fig. 10 andtheirmeanvaluessummarizedin Tab. 4.
�43

is a lower boundfor theotherdefinitions.Evenunderthis very strict evaluation,32µ 3%(17µ ( %) of theactivity

periodsreachedÐ·Ñ�Ò 3 �Ó� in TraceA (TraceB). Thesamepercentageis found for
� '

, which is a directconse-

quenceof bothdefinitions(seealsoFig. 2). Ontheotherhand,
� '

allowsfor ahighdegreeof linearcompensation
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Fig. 10: Complementarydistribution functionsof measuredFun Factorsaccordingto (1)–(5) using target delayand rate

valuesfrom Tab. 3. 95% confidenceintervalshave beenaddedatevery 20thdatapoint.Left: TraceA, right: TraceB.

betweendelayandrateproblems,leadingto lowerprobabilitiesfor smallvaluesof
� '

. Thewayof compensation

betweenrateanddelayin
� 7

and
��A

is responsiblefor thehighervaluesreached.This compensationis slightly

overdonein thesimpledefinitionof
� 7

, asanexceptionallylow delayvaluecancompensatefor exceptionallylow

ratevaluesandviceversa,casesthatwouldneverthelessbeperceivedasundesirableby theuser.

Thedefinitionof
� A

makesthis fun factora suitablemeasurefor perceivedfun asit givesrateanddelaytheright

relative relevancedependingon thesizeof thedownloads.Theresultsalsoshow that consideringrateanddelay

in the context of
� A

yields morepositive resultswith TraceA thanconsideringthe ratealone(
� �

), asin some

casesa relatively low ratemaybeof low importanceif thedownloadeditemsaresosmall that the transferdelay

is still shortandif at thesamethewaiting time until transferis shortenough.A fun factorof
��A �Ô� wasreached

by 38µ�Õ % of all activity phasesin TraceA in contrastto 32µ�Õ % for
��� �z� . On theotherhand,the activities

capturedin TraceB hada moreprevalentdelayproblem,leadingto a lower portion of activities with
��A �Ö�

(24µ·¶ %) thanwith
��� ��� (35µ·¶ %).

4.4 Further Issues

Theevaluationspresentedhereconsideredonly thedelayportiondueto browserswaitingfor theanswerto aGET

requestin alreadyopenTCPconnections,asit is impossibleto deducetherealwaitingtimefrom packettracesdue

to intelligentbrowsersopeningTCPconnectionsbeforethey areactuallyneededor used[5].

If fun factorsare to be usedto characterizewhat performanceis obtainedfrom networkandservers in relation

to what could be expected,effects like the TCP slow start limiting the rateof shortmulti-packettransfersneed
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to be takeninto account,leadingto definitionsincluding the numberof packetsin the rateto be expected.(See

the discussionaroundTab. 2.) The definition of ×�Ø however dealswith this startupissuein a relatively robust

wayasboththevery high observedloadingspeedof one-packettransfersandthelowerstartupspeedof transfers

consistingof a few packetsaremostlyconsideredin theform of a delaycontribution,which is comparableto the

amountof delayexperiencedin thewaiting phasebeforea download.

Anotheropenissueis how to considerparallelapplicationsin performancemeasures.In this case,the users(or

the operatingsystemsor configurations)areresponsiblefor a degradationof the performanceperceived with a

foregroundapplication,by consumingnetworkbandwidth,computingpoweror simply input/outputperformance

of theuser’scomputer.

5 Conclusions

Funfactorshave beenpresentedasa meansof describingbothdelayandrateperformanceof elasticapplications

onascaleof ÙÛÚ ÜDÝ#Þ easilyunderstandablefor users.Togetherwith new statisticalevaluationsof Webtraffic traceson

a per-click level includingpersistentandparallelconnections,exampleevaluationsof observedfun factorvalues

havebeenpresentedfor two extensiveclient-sidetraffic traces.

Thecomplex processingrequiredto deducesuchcharacteristicsfrom passive traffic tracesandthe impossibility

to relatesomeof thedelaypartsto userperceptiondueto intelligentbrowserbehaviour makesit difficult to apply

thiskind of measurein anetworkoperatorscenario.However, applicationslike Webbrowserscouldeasilyinclude

ameasurelike thefun factor ×�Ø definedin (5) to giveusersobjectiveandsimpleto understandfeedbackregarding

networkandserverperformance.

Acknowledgment

Theauthorwouldlike to thankhisco-workersatSiemensandhisprojectpartnersattheUniversitiesof StuttgartandWürzburg

for the fruitful co-operationwithin the Internettraffic characterizationproject.Specialthanksgo to thepeopleat Deutsche

Telekom,Universityof MünsterandBürgernetzFünfseenlandwho allowedusto recordthetraffic tracesusedin thispaper.

References

[1] P. Barford andM.E. Crovella. A performanceevaluationof hyper text transferprotocols. In Proc. ACM

Sigmetrics, pages188–197,Atlanta,GA, USA, 1999.



J.Charzinski,“MeasuredHTTP PerformanceandFunFactors” 15

[2] P. BarfordandM.E. Crovella. Measuringwebperformancein thewide area.ACM Perf. Eval.Review, 1999.

[3] E. CohenandH. Kaplan. Prefetchingthe meansfor documenttransfer:A new approachfor reducingweb

latency. In Proc.IEEE Infocom, Tel Aviv, Israel,2000.

[4] A. HabibandM. Abrams. Analysisof sourcesof latency in downloadingwebpages.In Proc.Webnet, San

Antonio,USA, 2000.

[5] J.Charzinski.Webperformancein practice– why wearewaiting. AEÜ InternationalJournalof Electronics
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