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1 Introduction

Runninga high-volumewebsiteis a challengingtask.Web
traffic is burstywith peakrequestratesrisingordersof mag-
nitudeabove averageratesandexhibiting phenomenalike
flashcrowdsandhot spots.Yetwebusersareverydemand-
ing: they expect Web sitesto be quickly accessiblefrom
aroundthe world 24 hoursa day, 7 daysa week. Even a
shortperiodof slowdown or serviceinterruptioncanhave
severe effects: it not only sendscustomersto the ”just a
click-away” competitor;it alsocompromisestheusers’per-
ceptionof the web site in general,aswell asthe corporate
imageasawhole.

Thebroadgoalof my thesiswork is to improvetheuser-
perceivedperformanceof bothstaticanddynamicrequests
at busy web sites. By static requestswe meanrequestsof
the form ”GET me a file”. By dynamicrequestswe mean
thosewhich requirethe web server to createthe requested
informationonthefly, e.g.by runningascriptor accessinga
database.Theapproachtakenin this thesisdoesnot require
buyingmorehardwareor any othercostlysystemupgrades.
The main idea is to schedulethe existing resourcesbetter
amongrequestssoasto improveoverallperformance.

Section2 of this work briefly summarizesthepartof my
thesiswork dealingwith static requests.We first describe
thework thatpresentsandexperimentallyvalidatesthemain
ideaof improving webperformanceby intelligentschedul-
ing of resources.We thenextendthis ideato improving the
performanceof web sitesduring transientperiodsof over-
load.Section3 detailsmy work onQoSsupportfor dynamic
requests.Throughoutthis work I concentrateon transac-
tional web requests,i.e. dynamicrequeststhat involve ac-
cessesto adatabasebackend.

2 Scheduling static requests

2.1 Size-based Scheduling to Improve Web
Performance

This work is basedon the observation that current Web
serverssimply time-shareamongall incomingrequests,al-
thoughschedulingtheorysuggeststhat schedulingjobs in
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databasedrivenwebworkloads.

the order of Shortest-Remaining-Processing-Time (SRPT)
is optimal. Themainreasonwhy SRPTis not usedin prac-
tice is a fearof starvingbig jobs.

We implementawebserver thatgivespreferenceto short
requestsin anSRPT-like fashion.Theimplementationis at
thekernellevel andinvolvescontrollingtheorderin which
socketbuffersaredrainedinto thenetwork. Experimentsare
executedboth in a LAN anda WAN environment. We use
theLinux operatingsystemandthe ApacheandFlashweb
servers.

Our resultsindicatethat SRPT-basedschedulingof con-
nectionsyields significantreductionsserver delays. These
resultin asubstantialreductionin meanresponsetime,mean
slowdown, andvariancein responsetime for boththeLAN
and WAN environments. Significantly, the large jobs are
only negligibly penalizedor not at all penalizedasa result
of SRPT-basedscheduling.Wegiveintuition andtheoretical
justificationfor this resultbasedon thestatisticalproperties
of webtraffic.

A short versionof this work hasbeenpublishedin the
7thInternationalWorkshoponJobSchedulingStrategiesfor
ParallelProcessing(JSSPP2001)[1]. Thefull paperhasap-
pearedin ACM Transactionson ComputerSystemsin May
2003[2].

2.2 Web servers under overload

Dueto theburstinessof webtraffic andthefrequentoccur-
renceof hot spotsin thewebevery popularwebserver ex-
periencestransientperiodsof overload.An overloadedweb
server typically displayssignsof its affliction within a few
seconds.Work entersthe web server at a greaterratethan
thewebserver cancompleteit, causingthenumberof con-
nectionsat the server to build up. This implies large de-
laysfor clientsaccessingtheserverandmightfinally leadto
clientsbeingrejectedby theserver.

Thecontributionof thispartof my thesisis two-fold. First
I provide a systematicperformancestudy of exactly what
happenswhena webserver is run undertransientoverload.
I considerthe effect of many parameterson the overload
performanceof a web server, including WAN conditions
like network lossesanddelays,anduserbehavior. Second,
thiswork implementsandevaluatesaparticularkernel-level
solutionfor improving theperformanceof web serversun-
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der overload. The solution is basedon SRPTconnection
scheduling.Weshow thatSRPT-basedschedulingimproves
overloadperformanceacrossa varietyof client andserver-
orientedmetrics.

This work haswon the studentpaperaward at the 18th
InternationalTeletraffic Congress(ITC 2003)[5].

3 Scheduling transactional web re-
quests

A commonscenariothat I concentrateon in my work on
transactionalwebrequestsis thatof anonlineretailwebsite
wherea databasebackendis the bottleneckin servingdy-
namicwebrequests.Within this scenariothegoal is to pro-
vide differentclassesof service. Theseclassescanfor ex-
amplebeusedby thee-commerceretailertodifferentiatebe-
tweenimportantcustomers(e.g. big spenders)andlessim-
portantcustomers(smallspenders),reducingresponsetimes
for big spenders.Theretailermayalsowant to aim for dif-
ferentresponsetime targetsfor differenttransactiontypes,
basedon recentstudiesshowing that the patiencelevel of
customersvariesdependingon thetransactiontype.

While there exists tools for prioritizing transactionsin
commercialdatabasesystems,e.g. the QueryPatroller for
IBM DB2, we foundthat thosedon’t alwayswork satisfac-
torily for the kind of systemswe are interestedin. More-
over, they usually only offer simple prioritization, rather
thanmorecomplex QoSgoalslike responsetime targets.

In my work I investigatetwo different approachesto
the problem of providing different classesof servicefor
databaserequests:integratingpriority mechanismsinto the
databaseserver(Section3.1);providing QoStargetsin form
of anexternalfront-endscheduler(Section3.2).

3.1 Implementing priorities inside databases

In orderto successfullyintegratesupportfor priorities into
a databaseserver I first performa detailedbottleneckanal-
ysisof resourceusage,basedon two differenttransactional
workloads(TPC-CandTPC-W) andcommercialandnon-
commercialDBMS (IBM DB2,PostgreSQL,Shore)undera
widerangeof configurations.I thenimplementandevaluate
theperformanceof severalpreemptive andnon-preemptive
DBMS prioritizationalgorithmsin PostgreSQLandShore.
Theprimarycontributionsof this work includeunderstand-
ing the bottleneckresourcesin transactionalDBMS work-
loadsanda demonstrationthat prioritization in traditional
DBMS canprovide3x improvementfor high-priority trans-
actionsusingsimpleschedulingpolicies,without penaltyto
low-priority transactions.

This work has been acceptedfor publication at the
20th InternationalConferenceon DataEngineering(ICDE
2004)[4]. In someof our very recentwork [3] we develop
a new, effective preemptivepriority algorithmbasedon our
findingsin [4] andnew statisticalanalysis.

3.2 QoS for databases

While therehasbeena considerableamountof prior work
on integratingsupportfor prioritiesinto thedatabaseserver,
thereis hardlyany work on providing QoSfor databasesin
theform of anexternalschedulerfront-end.Thereasonsare
two-fold. First, schedulinginsidetheback-endserver is of-
ten consideredmoreeffective, sinceit givesthe scheduler
direct control over all the requestsduring their entire life-
time. Secondthereis abig fearthatexternalschedulingwill
reducethe throughputof the systemand/orincreasemean
responsetimes,sinceit requiresholding transactionsback
outsidetheserver, whichcanpotentiallycauseunderutiliza-
tion of resources.

I show that externalschedulingof transactionalweb re-
questscanbeeffectivewithout theabovedrawbacksusually
associatedwith externalscheduling.My work providesan
implementationof a front end schedulerproviding multi-
classQoSsupportfor threedifferentgoals:(i) Gueranteeing
meanresponsetime targetsfor differentclassesof transac-
tions; (ii) Percentileguarantees,whereat most �
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sponsetimesareabove � ; (iii) Loweringoverall variability
in responsetimesacrossall classes.Thealgorithmsinvolved
arebasedon queueing-theoreticarguments.Implementing
the QoSmechanismsexternally, not involving databasein-
ternals,providesfor a portableandeasyto implementso-
lution. The systemis both self-configuringto a particular
setof QoSgoals,andalsois self-adaptingto changesin the
workload,usingsimpleguidelineswederivefrom queueing
theoreticanalysis.We demonstratetheeffectivenessof our
solutionin experimentswith two differentdatabaseservers,
IBM DB2 and PostgreSQL,and two different workloads,
undermultipleconfigurations.

This work is in submissionfor publication[6] andis also
thebasisfor apatentcurrentlybeingfiled by IBM.
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