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1 Introduction

Runninga high-wolumewebsiteis a challengingtask. Web

traffic is burstywith peakrequestatesrising ordersof mag-
nitude above averageratesand exhibiting phenomendike

flashcrowdsandhot spots.Yetwebusersarevery demand-
ing: they expectWeb sitesto be quickly accessiblerom

aroundthe world 24 hoursa day, 7 daysa week. Evena

short period of slowdown or serviceinterruptioncan have

severe effects: it not only sendscustomerso the "just a

click-away” competitor;it alsocompromisesheusers’per

ceptionof the web site in general,aswell asthe corporate
imageasawhole.

The broadgoal of my thesiswork is to improve the user
perceved performanceof both staticanddynamicrequests
at busy web sites. By staticrequestave meanrequestf
theform "GET meafile”. By dynamicrequestave mean
thosewhich requirethe web sener to createthe requested
informationonthefly, e.g.by runningascriptor accessing
databaseTheapproacttakenin this thesisdoesnot require
buying morehardwareor arny othercostly systemupgrades.
The mainideais to schedulethe existing resourcesetter
amongrequestsoasto improve overall performance.

Section2 of this work briefly summarizeshe partof my
thesiswork dealingwith staticrequests.We first describe
thework thatpresent@andexperimentallyalidateghemain
ideaof improving web performanceby intelligentschedul-
ing of resourcesWe thenextendthis ideato improving the
performanceof web sitesduring transientperiodsof over
load. Section3 detailsmy work on QoSsupportfor dynamic
requests. Throughoutthis work | concentrateon transac-
tional webrequestsj.e. dynamicrequestghatinvolve ac-
cesseso adatabasdackend.

2 Scheduling static requests

2.1 Size-based Scheduling to Improve Web
Performance

This work is basedon the obsenation that current Web
senerssimply time-shareamongall incomingrequestsal-
thoughschedulingtheory suggestghat schedulingjobs in
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the order of Shortest-Remaining-Processing¥ie (SRPT)
is optimal. The mainreasonvhy SRPTis notusedin prac-
ticeis afearof starvingbig jobs.

We implementawebsener thatgivespreferenceo short
requestsn an SRPTHik e fashion. Theimplementatioris at
thekernellevel andinvolvescontrollingthe orderin which
socletbuffersaredrainedinto thenetwork. Experimentsre
executedbothin aLAN anda WAN ervironment. We use
the Linux operatingsystemandthe ApacheandFlashweb
seners.

Our resultsindicatethat SRPFbasedschedulingof con-
nectionsyields significantreductionssener delays. These
resultin asubstantiateductionin meanresponséime, mean
slowdown, andvariancein responséime for boththe LAN
and WAN ervironments. Significantly the large jobs are
only negligibly penalizedor not at all penalizedasa result
of SRPThasedschedulingWe giveintuition andtheoretical
justificationfor this resultbasedon the statisticalproperties
of webtraffic.

A shortversionof this work hasbeenpublishedin the
7thinternationaMWorkshopon JobSchedulingstrateiesfor
ParallelProcessingJSSPR2001)[]. Thefull paperhasap-
pearedn ACM Transaction®n ComputerSystemsn May
2003[3.

2.2 Web serversunder overload

Dueto the burstinesof web traffic andthe frequentoccur
renceof hot spotsin the web every popularweb sener ex-
periencedransientperiodsof overload.An overloadedveb
sener typically displayssignsof its affliction within a few
seconds.Work entersthe web sener at a greaterratethan
theweb sener cancompleteit, causingthe numberof con-
nectionsat the sener to build up. This implies large de-
laysfor clientsaccessinghesenerandmightfinally leadto
clientsbeingrejectedby the sener.

Thecontrikbutionof thispartof my thesisis two-fold. First
| provide a systematigperformancestudy of exactly what
happensvhenawebseneris run undertransientoverload.
I considerthe effect of mary parameterson the overload
performanceof a web sener, including WAN conditions
like network lossesanddelays,anduserbehaior. Second,
thiswork implementsandevaluatesa particularkernel-lesel
solutionfor improving the performanceof web senersun-



der overload. The solutionis basedon SRPT connection
schedulingWe shav that SRPThasedschedulingmproves
overloadperformanceacrossa variety of client andsener
orientedmetrics.

This work haswon the studentpaperaward at the 18th
InternationalTeletrafic CongresgITC 2003)[3.

3 Scheduling transactional web re-
quests

A commonscenariothat | concentrateon in my work on
transactionalvebrequestss thatof anonlineretail website
wherea databasdaclendis the bottleneckin servingdy-
namicwebrequestsWithin this scenaridhegoalis to pro-
vide differentclasse®f service. Theseclassesanfor ex-

amplebeusedby thee-commerceetailerto differentiatebe-
tweenimportantcustomerge.g. big spendersandlessim-

portantcustomergsmallspendersyeducingresponsémes
for big spendersTheretailermay alsowantto aim for dif-

ferentresponsdime targetsfor differenttransactiortypes,
basedon recentstudiesshaving that the patiencelevel of
customeryariesdependingon thetransactiortype.

While there exists tools for prioritizing transactionsn
commercialdatabaseystemsg.g. the Query Patroller for
IBM DB2, we foundthatthosedon't alwayswork satistc-
torily for the kind of systemswe areinterestedn. More-
over, they usually only offer simple prioritization, rather
thanmorecomplex QoSgoalslik e responsdime targets.

In my work | investigatetwo different approachedo
the problem of providing different classesof service for
databaseequestsintegratingpriority mechanisminto the
databassener(Section3.1); providing QoStargetsin form
of anexternalfront-endschedulefSection3.2).
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In orderto successfullyintegratesupportfor priorities into
adatabasesener | first performa detailedbottleneckanal-
ysis of resourcausage pasedon two differenttransactional
workloads(TPC-Cand TPC-W) andcommercialand non-
commerciaDBMS (IBM DB2, PostgreSQLShore)undera
widerangeof configurations! thenimplementandevaluate
the performanceof several preemptve and non-preemptie
DBMS prioritization algorithmsin PostgreSQLland Shore.
The primary contributionsof this work includeunderstand-
ing the bottleneckresourcesn transactionaDBMS work-
loadsand a demonstratiorthat prioritization in traditional
DBMS canprovide 3x improvementfor high-priority trans-
actionsusingsimpleschedulingpolicies,without penaltyto
low-priority transactions.

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

Implementing prioritiesinside databases

3.2 QoSfor databases

While therehasbeena considerableamountof prior work
onintegratingsupportfor prioritiesinto thedatabassener,
thereis hardly any work on providing QoSfor databasem
theform of anexternalschedulefront-end.Thereasongre
two-fold. First, schedulingnsidethe back-endsener is of-
ten consideredmore effective, sinceit givesthe scheduler
direct control over all the requestsgduring their entire life-
time. Secondhereis abig fearthatexternalschedulingwill
reducethe throughputof the systemand/orincreasemean
responsdimes, sinceit requiresholding transactiondack
outsidethe sener, which canpotentiallycauseunderutiliza-
tion of resources.

| show that external schedulingof transactionalveb re-
questcanbeeffective withouttheabove dravbacksusually
associateavith externalscheduling.My work providesan
implementationof a front end schedulemproviding multi-
classQoSsupportfor threedifferentgoals:(i) Gueranteeing
meanresponsgime targetsfor differentclasseof transac-
tions; (ii) Percentileguaranteeswhereat mostz% of re-
sponsdimesareabove y; (iii) Loweringoverall variability
in responséimesacrossll classesThealgorithmsnvolved
are basedon queueing-theoretiarguments.Implementing
the QoS mechanismexternally, not involving databasén-
ternals,providesfor a portableand easyto implementso-
lution. The systemis both self-configuringto a particular
setof QoSgoals,andalsois self-adaptingo changesn the
workload,usingsimpleguidelineswve derive from queueing
theoreticanalysis.We demonstrate¢he effectivenesf our
solutionin experimentswith two differentdatabasseners,
IBM DB2 and PostgreSQLand two differentworkloads,
undermultiple configurations.

Thiswork is in submissiorfor publication[6] andis also
thebasisfor a patentcurrentlybeingfiled by IBM.

References

[1] M. Harchol-Balter N. Bansal,B. Schroederand M. Agrawal. Im-
plementatiorof SRPTschedulingn web seners. In Job Sdeduling
Strategiesfor Parallel Processing7th International\orkshop JSSPR
2001.

[2] M. Harchol-Balter B. SchroederM. Agrawal, andN. Bansal. Size-
basedschedulingo improve web performance ACM Transactionon
ComputerSystems2003.

[3] D.T.McWherter B. SchroederA. Ailamaki, andM. Harchol-Balter
Thecasefor preemptie lock schedulingn oltp workloads.in submis-
sion, 2004.

[4] D.T.McWherter B. SchroederA. Ailamaki, andM. Harchol-Balter
Priority mechanism$or OLTP andtransactionalebapplications.In
20th IEEE Confeenceon Data Engineering(ICDE’2004), 2004.

[5] B. Schroederand M. Harchol-Balter Web seners under overload:
How schedulingcanhelp. In International Teletraffic Congess(ITC-
15), 2003.

[6] B.SchroederM. Harchol-BalterA. lyengarandE. Nahum.Providing
QoSfrom outsidethe box. in submission.2004.



