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Chapter 6

An Adaptive Probe-Based
Techniqueto Optimize Join Queries
In Distributed I nternet Databases

LatifurKhan
Universityof Texasat Dallas, USA

DennisM cLeod and Cyrus Shahabi
University of SouthernCalifornia, LosAngeles, USA

An adaptive probe-based optimization technique is-developed and
demonstrated in the context of an Internet-based distributed database
environment. More and more common are database systems, which are
distributed across servers communicating via the Internet where a query at
a given site might require data fromremote sites. Optimizing the response
time of such queriesisachallenging task dueto the unpredictability of server
performance and network tr affic at the time of data shipment; thismay result
in the selection of an expensive query plan using a static query optimizer. We
constructed an experimental setup consisting of two server srunning thesame
DBMS connected via the Internet. Concentrating on join queries, we
demonstrate how a static query optimizer might choose an expensive plan by
mistake. This is due to the lack of-a priori-knowledge of the run-time
environment, inaccurate statistical \assumptions in size estimation, and
neglecting the cost of remote-method invocation. These shortcomings are
addressed collectively by proposing a probing mechanism. Furthermore, we
extend our-mechanismwith an adaptivetechniquethat detects sub-optimality
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of a plan during query execution and attempts to switch to the cheapest plan
while avoiding redundant work and imposing little overhead. An
implementation of our run-time optimization technique for join queries was
constructed in the Java language and incorporated into an experimental
setup. Theresultsdemonstratethesuperiority of our probe-based optimization
over a static optimization.

A distributed databaseisacoll ection of partia ly independent databasesthat
shareacommon schema, and coordinatesprocessi ng of non-local transactions.
Processorscommunicatewith oneanother through acommunication network
(Silberschatz, Korth, and Sudarshan,1997; Y uand Meng, 1998). Wefocuson
distributed database systems with sites running homogeneous software (i.e.,
databasemanagement system, DBM S) on heterogeneoushardware(e.g., PCand
Unixworkstations) connected viathelnternet. Thelnternet databasesareappro-
priate for organizations consisting of a number of almost independent sub-
organizationssuchasaUniversity with many departmentsor abank withmany
branches. Theideaisto partition dataacrossmultiplegeographically or adminis-
tratively distributed siteswhereeach siterunsanamost autonomousdatabase
system.

Inadistributed databasesystem, somequeriesrequiretheparticipation of
multiplesites;each processing part of thequery aswell astransferring databack
andforthamongthemsel ves. Sinceusually thereismorethan oneplantoexecute
suchaquery, itiscrucial toobtainthecost of each plan, which highly dependson
theamount of participation by each siteaswell astheamount of datashipment
betweenthesites. Assuming aprivate/dedicated network andservers, thiscost can
becomputedapriori duetothepredictability of serversand network conditions
andavailability of effectivenetwork bandwidth. However, inthelnternet environ-
ment, whichisbased onabest effort service, thereareanumber of unpredictable
factorsthat makethecost'computation complicated (Paxsonand Floyd; 1997).
A staticquery optimizer that doesnot cons der thecharacteristicsof theenviron-
mentor only cons derstheapriori knowledgeontherun-timeparametersmightend
up choosing expensiveplansduetotheseunpredictablefactors. Inthefollowing
paragraph, weexplain someof thesefactorsviasimpleexamples.

Participating sites (or servers) of Internet database systems might have
different processing powers. Onesitemight beahigh-end multiprocessor system
whiletheother isal ow-end PCrunning(say) WindowsNT. Inaddition, s ncemost
gueriesarel/Ointensive, asitehaving faster disk drivesmight observeabetter
performance. InanInternet-basedenvironment thesesitesmight bededicatedto
asingleapplicationor multiplesimultaneousapplications. For example, onesite
might only.runadatabaseserver whiletheother isadatabaseserver, aweb server,
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