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Preface

Thisdocument,Database Support for Replication, speciÞestheprogramminginterface
to enablepluggablereplicationprotocolsandtools in relationaldatabasemanagement
systems.

This speciÞcationis presentedin thecontext of theJava platform. It is however pos-
sible to mapit to otherlanguagesandplatformsasit relieson standardconceptsand
interfaces. For clarity, we make referencesonly to Java transcriptionsof suchstan-
dards.

Revision History

Date Version Description
2007-03-31 0.1 Initial publicdraft
2007-06-18 0.2 Addedexceptionhandlingsection

Who Should Use This Specification

Theaudiencefor this documentis:

• developersof relationaldatabasemanagementsystems;

• developersof databasereplicationprotocols.

How This Specification Is Organized

Section1 introducesthe interfacein the context of the GORDA project as well as
documentconventionsused.Section2 describesthegoals,scope,andrequirementsof
theproposedinterface.Section3 presentstheabstractmodelof transactionprocessing
underlyingtheinterfaceaswell askey designpatterns.Section4 discussestheinterface
in detail.Finally, Section5 is aguideto samplecodedistributedwith theinterface.

Related Literature

• On the use of a reflective architecture to augment DBMS by N. Carvalho et al.
Technical report FCUL/UMinho, 2007.

• The JavaTMLanguage Specification by James Gosling, Bill Joy, and Guy L. Steele.
Addison-Wesley, 1996, ISBN 0-201-63451-1

• JSR-54: JDBCTM3.0 Specification by Jon Ellis and Linda Ho with Maydene
Fisher. Sun Microsystems, 2001.
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1 INTRODUCTION AND BACKGROUND

1 Introduction and Background

1.1 Introduction

This documentspeciÞesa programminginterfacethat allows the processingof SQL
statementsin a relationaldatabasemanagementsystemto be inspected,intercepted,
andalteredin orderto enablereplication.

Replication is understoodasproviding multiple copiesof a database,includingpartial
copies,addressingmultiple consistency criteria, fault tolerance,andscalabilitygoals.
This includesmechanismssometimesalsoreferredasclustering andsynchronization.

1.2 The GORDA Project

Thegoalof theGORDA projectis to fosterdatabasereplicationasa meansto address
thechallengesof trust, integration,performance,andcostin currentdatabasesystems
underlyingtheinformationsociety. This is to beachievedby standardizingarchitecture
andinterfaces,andby sparkingtheir usagewith a comprehensive setof components
readyto bedeployed.

GORDA is supportedby the EuropeanCommunityunderthe Sixth EuropeanUnion
Framework Programmefor ResearchandTechnologicalDevelopment,thematicpri-
ority InformationSocietyTechnologies,contractnumber004758.The consortiumis
composedby U. Minho, U. della SvizzeraItaliana,U. Lisboa,INRIA Rh™ne-Alpes,
Continuent,andMySQL.

More informationis availableat:

• http://gorda.di.uminho.pt
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1.3 Document Conventions 1 INTRODUCTION AND BACKGROUND

1.3 Document Conventions

1.3.1 Definitions

ThisdocumentusesdeÞnitionsbaseduponthosespeciÞedin RFC-2119(Seehttp://www.ietf.org/).
For abetterreadingexperiencethesetermsarewritten in lowercase.

Table1: SpeciÞcationterms.
Term Definition
MUST The associateddeÞnitionis an absoluterequirementof

this speciÞcation.
MUST NOT ThedeÞnitionis anabsoluteprohibitionof thisspeciÞca-

tion.
SHOULD Indicatesarecommendedpractice.Theremayexist valid

reasonsin particularcircumstancesto ignorethis recom-
mendation,but the full implicationsmustbeunderstood
andcarefullyweighedbeforechoosingadifferentcourse.

SHOULDNOT Indicatesa non-recommendedpractice.Theremayexist
valid reasonsin particularcircumstanceswhen the par-
ticular behavior is acceptableor evenuseful,but the full
implicationsshouldbeunderstoodandthecasecarefully
weighed before implementingany behavior described
with this label.

MAY Indicatesthatanitem is truly optional.

1.3.2 Formatting Conventions

This speciÞcationusesthefollowing formattingconventions.

Table2: Formattingconventions.
Convention Description
fixed Used in all Java code including keywords, data types,

constants,methodnames,variables,classnames,andin-
terfacenames.

italic Usedfor emphasisandto signify theÞrstuseof a term.

8
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1 INTRODUCTION AND BACKGROUND 1.4 Open Issues

1.4 Open Issues

• Additional pipelinestagesshouldbeconsidered.Namely, supportfor federated
anddistributeddatabaseswith a rewriter stageandlow level observationof disk
I/O with aphysicalstage.

• ThespeciÞcationof theoptimizerstagereferredin Figure1 (seeSection 3) has
beenomittedfrom thecurrentrevision, asexisting prototypeshave shown limi-
tationsin thecurrentproposal.

• Adequationto theversion4.0 of theJDBC speciÞcation,namelyregardingthe
exceptionhierarchy.

1.5 Contributors

• Alfranio CorreiaJr., U. Minho

• NunoCarvalho,U. Lisboa

• NunoA. Carvalho,U. Minho

• EmmanuelCecchet,Continuent

• SusanaGuedes,U. Lisboa

• Rui Oliveira,U. Minho

• JosŽPereira,U. Minho

• Lu’s Rodrigues,U. Lisboa

• Lu’s Soares,U. Minho

• RicardoVila•a, U. Minho

1.6 Feedback

Pleasesendany commentsandquestionsconcerningthis speciÞcationto:

community@gorda.di.uminho.pt

9

mailto:community@gorda.di.uminho.pt


2 SCOPE AND REQUIREMENTS

2 Scope and Requirements

2.1 Goals

Support for multiple replication techniques. The speciÞcationaims at enabling
the useof the multiple replicationtechniquesfound in the literature,encompassing
asynchronousandsynchronousreplication,conservativeandoptimisticexecution,total
andpartialreplication.

Portability of replication protocols. Themajorgoalof thespeciÞcationis to allow
replicationprotocolsto bereusedwith multipledatabasemanagementsystems.

Multiple implementation strategies. The speciÞcationaims at allowing multiple
implementationstrategies,namely, within thedatabaseserver itself or asamiddleware
wrapper.

Performance. Althoughshieldingthedeveloperfrom databaseserver internals,the
interfacemustallow efÞcientimplementations.For instance,by not forcing multiple
dataconversionstepsor by imposingoverly restrictiveconcurrency models.

Compatibility with existing interfaces and idioms. ThespeciÞcationbuildsonex-
isting interfacesandidioms,thusmakingit immediatelyfamiliar to databasedevelop-
ers.

2.2 Non-Goals

Replication protocols. The speciÞcationdoesnot include any speciÞcreplication
protocol,thusomittingall issuesrelatedto consistency criteriaandupdatemechanisms.

Communication protocols. The speciÞcationdoesnot specify interfacesfor com-
municationprotocolsto disseminateupdates.

Configuration and management. The speciÞcationdoesnot specify interfacesto
bootstrapreplicationprotocolsor to managethemwhile running.

2.3 Requirements

Java Standard Edition platform. All interfacesusethe Java languageand make
useof the standardjava.sql andjavax.sql packages.A Java runtimeis thus
requiredto deploy replicateddatabasemanagementsystemsbasedonthespeciÞcation.

Server-side JDBC. To supportdirect base-level to meta-level calls andtransparent
modiÞcationof base-level requestsasdescribedin Section3.7,thedatabaseservermust
provideaServer-sideJDBCinterface.Thisis widely availablein databasemanagement
systemssupportingJavastoredprocedures.

10



3 DESIGN

3 Design

3.1 Approach and Terminology

This speciÞcationis basedon a reßective modelof transactionprocessing.The exe-
cutionof SQL codeby thedatabase server is abstractedasa pipelinethatperformsa
numberof processingsteps.

Accordingto theusualnamingin reßectivesystems,thebase-level denotesSQLcode,
as issuedby applicationprograms. The meta-level denotesadd-onmiddleware that
observesandmodiÞestheprocessingof base-level code.

Eachstage of thepipelineproducesanintermediatedatastructurethatcanbeinspected
andmodiÞed.Meta level codecanregisterevent handlers to benotiÞedwhena stage
hascompleted.It canalsocontrolwhenthenext stageis started.RelatedeventnotiÞ-
cationsreferenceacommoncontext object,describingtheir relation.

3.2 Overview

Figure1: Abstracttransactionprocessingmodel.
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As shown in Figure1, thespeciÞcationabstractsSQLprocessingby thedatabaseserver
asreceiving,parsing,optimizing,andexecutingstatements.Theresultingtransactional
log canthenbeobservedasynchronously.

Multiple statementscan be provided in a single request. Therefore,resultingevent
notiÞcationswill referencea commonrequestcontext. Likewise,several requestscan
beissuedin thecontext of a transaction.Transactionsexecutein thecontext of aclient
connection. Client connectionsare establishedto a speciÞcdatabasein a database
managementsystem.
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3.3 Event Handling 3 DESIGN

Base-level (i.e., SQL applicationcode)calls into meta-level implicitly, aseventsare
triggeredwhenit traversesthepipeline.Meta-level (i.e., Java replicationmiddleware)
inßuencesbase-level by interactingwith datastructureswithin thepipelineasdepicted
in Figure1.

It is howeverpossiblethatSQLcodecallsdirectly into meta-level by meansof custom
Java storedprocedures.It is alsopossiblethat meta-level issuesSQL statementsby
meansof Server-sideJDBCconnections.

3.3 Event Handling

Meta-level codemust registerevent-handlersto interceptthe ßow of data-structures
within the pipeline. An event handlercan be set in two different modes: blocking
andnon-blocking. This is chosenat run time by specifyinga booleanparameterwhen
settingthehandler.

Blocking mode

Whena handleris setin blockingmode,thedatabaseserver mustsuspendthecurrent
activity until both the event handlerhasreturnedandthe continueor cancelmethods
havebeeninvokedin theeventobject.Themeta-level codecando it in any order.

Figure2 shows anexampleof a statementhandlerbeingsetin blockingmode.Execu-
tion is suspendeduntil continueis invokedafterwaiting for anexternalevent.

Figure2: BlockingnotiÞcation.
s:StatementProcessor h:StatementExecutionListener

 

setStatementExecutionListener(h,true)

 

 

«create»

 
st:Statement

handleStatementExecution(st)

 

 

wait()

 

 

 

 

continueExecution()

 

 

 

«destroy»
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3 DESIGN 3.4 Event Concurrency

Non-blocking mode

When a handleris set in non-blockingmode, the databaseserver may suspendthe
currentactivity until theeventhandlerhasreturned.Meta-level codemustnot invoke
continueor cancelmethodson theevent.
Figure3 shows an exampleof a statementhandlerbeingset in non-blockingmode.
Executionis suspendedwhile calling the handlerandresumesright after the handler
returns.

Figure3: Non-blockingnotiÞcation.
s:StatementProcessor h:StatementExecutionListener

 

setStatementExecutionListener(h,false)

 

 

«create»

 
st:Statement

handleStatementExecution(st)

 

 

«destroy»

 

Figure4 showsanexampleof adatabaseserver thatspawnsaseparatethreadfor asyn-
chronousnotiÞcations.This meansthat themeta-level handlermustnot inßuencethe
base-level andassumeany synchronizationbetweenseparateasynchronousevents.The
formerpointcanbeachievedby eithercreatingcopiesof theobjectsonwhichtheevent
occurs,thusensuringthatonecanaccessthem,without any concerningon objectlife
cycles;or only enablingaccessto staticinformationor identiÞcationdata(e.g., trans-
actionidentiÞcation,requestidentiÞcation).
Methodstocontinueandcancelexecutionareavailablein interfaceExecutionControl ,
asshown in Section4.2.21,andall its sub-interfaces.

3.4 Event Concurrency
The implementation may invoke multiple event-handlersconcurrently, even if regis-
teredin blocking mode,unlessthey dependon eachother. It is up to the meta-level
codeto handlesynchronizationwhererequired.
Dependency relationsexist betweenevents in nestedcontexts. Namely, eventsare
triggeredin acontext only whenall outercontextsarein theUPor ACTIVE state.This
meansthatSTARTINGeventsarenotiÞedÞrstfor outercontexts andCLOSEDevents
Þrstfor innercontexts.

3.5 Commit Order
Commitorderis determinedby theorderby whichmeta-level codeinvokes
Transaction.continueExecution() upona

13



3.6 Context Attachments 3 DESIGN

Figure4: Non-blockingnotiÞcation(threadedimplementation).
s:StatementProcessor h:StatementExecutionListener

 

setStatementExecutionListener(h,false)

 

 

«create»

 
st:Statement

«create»

 
t:Thread

handleStatementExecution(st)

 

 

«destroy»

 

TransactionConstant.TRANSACTION_COMMITTING event. The meta-level
codemustensurethatno concurrentinvocationsof suchmethodexist within thesame
databasecontext.

Whenno blocking event-handleris registered(i.e., no event-handlerat all or only a
non-blockingevent-handler),thecommitorderis unspeciÞed.

3.6 Context Attachments

Context interfacesallow applicationspeciÞcstateto be attachedandrecoveredlater
whenhandlingdifferentevents. Thedatabaseserver mustthereforeassociatethe ref-
erencewith thecontext andreturnit in futureinvocationson thesamecontext. This is
similar to whatcanbedonewith java.nio.SelectionKey in thestandardJava
library.

Figure5 showstwo differentstatementsbeinghandledwithin thesamerequestcontext.
Upon theÞrstinvocation,the databaseserver mustreturnnull . After anobjecthas
beenattached,it mustbekeptandreturnedlater. An attachmentis removedby setting
it to null . SeeinterfaceContext in Section4.2.7.

3.7 Base-level and Meta-level Calls

A directcall to meta-level codemaybeforcedby theapplicationprogrammerby reg-
isteringit asa native procedureandthenusingtheCALL SQL statement.This causes
a call to the meta-level codeto be issuedfrom the base-level codewithin the Execu-
tor Stage. Thetargetprocedurecanthenretrieve a referenceto theenclosingRequest
Context andthusto all relevantmeta-interfaces(seeFigure6).

Meta-level codecancallbackinto base-level in two differentsituations. The Þrst is
within adirectcall from base-level to issuestatementsin anexistingenclosingrequest

14



3 DESIGN 3.8 Notification-Disabled Contexts

Figure5: Usinganattachmentto storerequeststate.
s:StatementProcessor h:StatementExecutionListener

«create»

 
r:Request

«create»

 
st1:Statement

handleStatementExecution(st1)

 

getRequest()

 

r

 

getAttachment()

 

null

 

setAttachment(o)

 

null

 

 

«destroy»

 

«create»

 
st2:Statement

handleStatementExecution(st2)

 

getRequest()

 

r

 

getAttachment()

 

o

 

 

«destroy»

 

«destroy»

 

context. This can be achieved using the Server-side JDBC interfaceby looking up
the jdbc:default:connection driver, as is usually donein Java procedures.
Thesecondoption is to usetheenclosingDatabase Context to opena new base-level
connectionto thedatabase.

Transactionsissuedat themeta-level usingclient interfacesmustbesignaledby invok-
ing thefollowing SQLcommand:

SET TRANSACTIONAS MASTER

Thedatabaseserver mustnot reßectany furthereventswithin thecorrespondingCon-
nection Context to avoid recursion.

3.8 Notification-Disabled Contexts

Reßectioncanalsobe disabledon a case-by-casebasisby invoking an operationon
context meta-objects.Therefore,meta-level codecan disablereßectionfor a given

15



3.9 Transaction Priority 3 DESIGN

Figure6: Base-level callsmeta-level.

d:Database r:Request rp:RequestProcessor p:StoredProcedure

"CALL p()"
 

invoke()
 

getRequest()
 

r
 

meta operations

result set
 

result set
 

request,a transaction,a speciÞc connection,a databaseor even an entire database
managementsystem.SeeinterfaceContext in Section4.2.7.

3.9 Transaction Priority

Base-level calls issuedby meta-level codeinteractwith regulartransactionprocessing
regardingconcurrency control,namely, how areconßictsthat requirerollbackarere-
solved. This happensin multi-versionconcurrency control wherethe Þrstcommitter
wins or, regardlessof concurrency controlstrategy, whenever resolvingdeadlocks.

A compliantimplementationmustensurethat transactionsissuedat meta-level do not
abortin faceof conßictswith regularbase-level transactions.

3.10 Exception Handling

The handlingof base-level exceptionswithin the DBMS is not changed,other than
issuingnotiÞcationsto the meta-level when transactionsare abortedor connections
closed. The DBMS must react to unhandledexceptionsat the meta-level within a
transactioncontext by abortingtheencolsingtransactions.Otherexceptionswithin the
scopeof a connectioncontext mayclosetheclient connection.Otherexceptionsmust
behandledby leaving thedatabasein apanicmode,thusrequiringexternalintervention
to repairthesystem.

Exceptionsduring meta-level to base-level calls needadditionalshouldbe handled
asmeta-level errorsto avoid disseminatingerrorsinsidethedatabasewhile executing
the base-level code. For instance,while a transactionis committing,meta-level code
might needto executeadditionalstatementsto keeptrackof custommeta-information
onthetransactionbeforeproceeding,andthisactionmightcauseerrorsdueto deadlock
problemsor low amountof resources.

3.11 Configuration and Bootstrap

ConÞgurationof meta-level is out of the scopeof this speciÞcation.It is thusimple-
mentationdependenthow suchcodeis loaded.Theimplementationdependentloader

16



3 DESIGN 3.11 Configuration and Bootstrap

musthowever provide referencesto singletonobjectsthatprovide accessto the inter-
face. In detail, it mustprovide referencesto context singletons,i.e., interfacesnamed
with aProcessor sufÞx.

For eachimplementedandactive stageof thepipeline,the implementationmustpro-
vide its respectivesingletonobject,i.e., interfacesnamedwith theStage sufÞx.

17



4 API DESCRIPTION

4 API Description

4.1 Overview

The main part of the speciÞcationis containedin packagegorda.db describedin
Section4.2, including all contexts and relatedinterfaces. A diagramoutlining the
relationsbetweenindividual interfacesis shown in Figure7. Thedatabaseservermust
fully implementall theseinterfaces.Thelife-cycleof eachcontext is shown in Figure8.
Eventstriggereduponstatechangearethemainentrypoint to observingthedatabase
server.

The restof thespeciÞcationcorrespondsto thepipelinestages,describedin Sections
4.3 to 4.6. The databaseserver may implementonly someof them. For eachimple-
mentedstage,thedatabaseserver musthowever becomplete.Diagramsoutlining the
requiredinterfacesfor eachstageareshown in Figures9 and10. All dataelements
sharethesamelife-cycle,shown in Figure11.
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Figure7: Context interfaces.
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Figure8: Context life-cycles.

DBMS_STARTING

DBMS_UP

DBMS_CLOSING

DBMS_CLOSED

(a) DBMS.

DATABASE_STARTING

DATABASE_UP

DATABASE_PANIC

DATABASE_CLOSING

DATABASE_CLOSED

(b) Database.

CONNECTION_STARTING

CONNECTION_UP

CONNECTION_CLOSING

CONNECTION_CLOSED

(c) Connection.

TRANSACTION_BEGINNING

TRANSACTION_IDLE

TRANSACTION_ABORTING

TRANSACTION_ACTIVE

TRANSACTION_COMMITTING

TRANSACTION_UPDATE

TRANSACTION_ABORTED

TRANSACTION_COMMITTED

TRANSACTION_PREPARING

TRANSACTION_PREPARED

(d) Transaction.

REQUEST_PROCESSING

REQUEST_PROCESSED REQUEST_ERROR

(e) Request.

20



4 API DESCRIPTION 4.1 Overview

Figure9: Stageinterfaces.
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Figure10: Stageinterfaces(cont).
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4.2 Package gorda.db

This packageprovidesaccessto theDBMS, database,connection, transactionandre-
questcontexts.

TheDBMS context aimsat providing accessto server startupandshutdown events,as
well asto systemconÞgurationinformation.

A databasecontext holdssharedstatebetweenmultiple connectionsandprovidesac-
cessto aServer-sideJDBCdriverandfull imagebackupandrestore.In additionto that,
it provideseventsrelatedwith databasestartupandshutdown, aswell asenumerating
activeclient connections.

A connectioncontext holdssharedstatebetweenmultiple transactionsandprovides
accessto eventsrelatedwith connectionestablishmentandteardown, aswell asmeta
informationassociatedwith aclient.

A transactioncontext holdssharedstatebetweenmultiple requestsissuedon behalfof
a transaction.Its main goal is to allow eventsrelatedto transactionstartup,commit
and rollback to be observed and validated. This is key to synchronousreplication
protocolsaspropagation may be performedbeforeallowing commit to be conÞrmed
backto clients. It is alsokey to certiÞcationbasedreplicationprotocols,by allowing
transactionsto beabortedafterfailing certiÞcation.

A requestholdssharedstatebetweenmultiple statementscontainedin a singleclient
requestandthusallows groupingof multiple statementsin a singleclient interaction.
In additionto that, it identiÞesthe boundariesof a client requestby notifying events
relatedwith its beginningandcompletion.

4.2.1 Interface ConnectionConstant

DeÞnesstatesandconstantsusedby Connection (in 4.2.2,page24).

Declaration public interface ConnectionConstant

All known subinterfaces ConnectionContext (in 4.2.2,page24)

Fields

• int CONNECTION_STARTING

– DeÞnesthataconnectionis startingup.
This is theÞrststateandidentiÞesthataconnectionis beingmade.
It mustbenotiÞedandonemustguaranteethataccessto Connection Õs
metainformationandmethodsis possible.
In this state,a connectionmayalreadybeestablishedbut thecontrol is not
returnedto theclient,whichmeansthatrequestscannotbesent.

• int CONNECTION_UP
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– DeÞnesthataconnectionis up.
This is the secondstateand identiÞesthat a connectionis alreadyestab-
lished.
It mustbenotiÞedandonemustguaranteethataccessto Connection Õs
metainformationandmethodsis possible.

• int CONNECTION_CLOSING

– DeÞnesthataconnectionis closing.
This is thethird stateandidentiÞesthata connectionis beingclosed.Any
problemduringor afterstartupmustbringaconnectionto this state.
It mustbenotiÞedandonemustguaranteethataccessto Connection Õs
metainformationandmethodsis possible.
It is worth noticing that it is not possibleto cancelthis event as it is a
transitionto theÞnalstate.

• int CONNECTION_CLOSED

– DeÞnesthataconnectionis closed.
This is the fourth and Þnal stateof a connectionand identiÞesthat it is
closed.
Thereis no obligation of notifying this information. However, if onede-
cidesto doso,onemustguaranteethataccessto at leastaconnectioniden-
tiÞcationis possible.Everymetainformationandmethodthatarenotavail-
ablemustthrow anexception.
It is worthnoticingthatit is notpossibleto cancelthiseventasit is theÞnal
state.

4.2.2 Interface ConnectionContext

Reßectsaclientconnection.This interfaceis namedConnectionContext andnot
simply Connection , in orderto avoid misunderstandsbetweena reflected connec-
tion anda JDBC connection.

Declaration public interface ConnectionContext
extends ConnectionConstant, Context, ExecutionControl

Methods

• ConnectionMetaInfo getConnectionMetaInfo()
throws java.sql.SQLException

– Description
Returnstheconnectionmetainformation.

– Returns ÐConnectionmetainformation.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.
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• ConnectionProcessor getConnectionProcessor()

– Description
Returnsa referenceto theconnectionprocessor.

– Returns ÐA referenceto theconnectionprocessor.

• Database getDatabase()

– Description
Returnsa referenceto thedatabaseobject.
Thereis no needof returninga copy of this objectasonemustdo when
handlingthe methodgetTransaction (in 4.2.2,page25). Assuminga
blockingnotiÞcation,thedatabasecontext mustbeaccessibleby meansof
aconnection.

– Returns ÐA referenceto thedatabaseobject.

• Transaction getTransaction()

– Description
Returnsacopy of theactive transactionobject.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the object and throwing an exception if any

methodthatattemptsto changeits stateis called.

– Returns ÐA copy of theactive transactionobject,if thereis any, otherwise
null .

4.2.3 Interface ConnectionMetaInfo

DeÞnesconnectionmetainformation.

Declaration public interface ConnectionMetaInfo

Methods

• java.lang.Object getCharacterSetInformation()
throws java.sql.SQLException

– Description
Returnscharactersetinformation.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• java.lang.String getUserId()
throws java.sql.SQLException

– Description
ReturnsuseridentiÞcation.

– Returns ÐUseridentiÞcation.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.
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4.2.4 Interface ConnectionProcessor

Handleslistenerregistrationfor connectioneventsandhasaconnectionrepository.

Declaration public interface ConnectionProcessor

Methods

• ConnectionContext getConnection(java.lang.String
connectionId)

– Description
Returnsacopy of thereßectedconnectionobjectwith thegivenid.

To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the object and throwing an exception if any

methodthatattemptsto changeits stateis called.

– Parameters

∗ connectionId ÐTheconnectionidentiÞcation.

– Returns ÐA copy of the reßectedconnectionobjectwith the given id, if
thereis any, null otherwise.

• void setConnectionShutdownListener(ConnectionShutdownListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponconnectionshutdown.

Subsequent notiÞcations, with respect to the connection
and its inner contexts, may be canceled afterwards using
Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30) or
Connection.setNotificationIgnored (in 4.2.7,page30).

– Parameters

∗ listener ÐThelistenerthathandlesconnectionshutdown events.

∗ wait Ð if true the notiÞermust wait for the listener to proceed,
false otherwise.

– See also

∗ ExecutionControl.continueExecution() (in
4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setConnectionStartupListener(ConnectionStartupListener
listener, boolean wait)

26



4 API DESCRIPTION 4.2 Package gorda.db

– Description
Registersa listenerthatmustbenotiÞeduponconnectionstartup.
Subsequent notiÞcations, with respect to the connection
and its inner contexts, may be canceled afterwards using
Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesconnectionstartupevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.5 Interface ConnectionShutdownListener

DeÞnesthelistenerthatwill benotiÞedwheneveraconnectionis shuttingdown.

Declaration public interface ConnectionShutdownListener

Methods

• void handleConnectionShutdown(ConnectionContext
connection)

– Description
Is calledwhenever thelisteneris registeredto receiveconnectionshutdown
events.
If the wait ßag is set to true at registration time (see
setConnectionShutdownListener (in 4.2.4, page 26)), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theconnectionshutdown.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.
A connection must have one of the following states when receiv-
ing a notiÞcation: CONNECTION_CLOSING(in 4.2.1, page 24) or
CONNECTION_CLOSED(in 4.2.1,page24).

– Parameters
∗ connection ÐTheconnectiononwhich theeventoccurs.
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4.2.6 Interface ConnectionStartupListener

DeÞnesthelistenerthatwill benotiÞedwheneveraconnectionis made.

Declaration public interface ConnectionStartupListener

Methods

• void handleConnectionStartup(ConnectionContext
connection)

– Description
Is calledwhenever the listeneris registeredto receive connectionstartup
events.

If the wait ßag is set to true at registration time (see
setConnectionStartupListener (in 4.2.4, page 26)), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).

If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theconnectionstartup.

If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

A connection must have one of the following states when receiv-
ing a notiÞcation: CONNECTION_STARTING(in 4.2.1, page 23) or
CONNECTION_UP(in 4.2.1,page23).

– Parameters
∗ connection ÐTheconnectiononwhich theeventoccurs.

4.2.7 Interface Context

This interfacedeÞnesinformationcommonto everycontext in theGORDA API.

Eachcontext must be capableof maintaininga referenceto an object, also named
attachment.TheattachmentmaybesetusingthesetAttachment (in 4.2.7,page29)
methodandretrievedusingthegetAttachment (in 4.2.7,page29) method.

Thereareseveralsub-interfacesthatdeÞnetheAPI for theGORDA API deÞnedcon-
texts:

• Dbms(in 4.2.15,page37);

• Database (in 4.2.9,page31);

• Connection (in 4.2.2,page24);

• Transaction (in 4.2.29,page66);

• Request (in 4.2.24,page62);
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Additionally, associatedwith eachcontext thereare severalprocessingstages.These
stagesarebasedon the classicstagesalreadyproposedby previous publishedworks
on thesubject.Theresultof eachstageis mappedinto asetof interfacesthatrepresent
theoutcomeof theprocessingstage.

Theresultof eachprocessingstagemustbeoneinstanceof thefollowing interfaces:

• Statement (in 4.6.2,page88)

• ObjectSet (in 4.3.2,page78)

• ParsedStatement (in 4.5.1,page83)

• LoggerObjectSet (in 4.4.1,page81)

• ExecutionPlan

.

Declaration public interface Context

All known subinterfaces ConnectionContext (in 4.2.2,page24), Database(in 4.2.9,
page31), Dbms (in 4.2.15,page37), Request(in 4.2.24,page62), Transaction(in 4.2.29,
page66)

Methods

• java.lang.Object getAttachment()

– Description
Returnsthecurrentattachment.This methodmustnot remove theattach-
ment.

– Returns ÐThecurrentattachment,or null , if thereis noattachment.

• int getContextState()

– Description
Retrievesthecurrentcontext state.Everycontext hasanassociatedstate:
∗ DbmsConstant (in 4.2.16,page38);
∗ DatabaseConstant (in 4.2.10,page33);
∗ ConnectionConstant (in 4.2.1,page23);
∗ TransactionConstant (in 4.2.32,page69);
∗ RequestConstant (in 4.2.27,page64);

– Returns ÐThecurrentcontext state.

• java.lang.String getId()

– Description
Returnsacontext identiÞcation.

– Returns ÐContext identiÞcation.

• java.lang.Object setAttachment(java.lang.Object obj)
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– Description
Attachesareferenceto thegivenobjectto acontext. Thismethodprovides
accessto aplaceholderin whichaprogrammermaysetany kind of object.
A reference that has been attached may be retrieved later via the
getAttachment (in 4.2.7, page29) method. Theremust only be one
referenceattachedata time.
Callingthismethodmustdiscardthecurrentattachedreference.In orderto
discardthecurrentreference,onemustcall this methodwith null asthe
parameter.

– Parameters
∗ obj ÐThe objectwhosereferencemustbe attached,which may be

null .

– Returns ÐThepreviouslyattachedreference,if any, otherwisenull .

• void setNotificationIgnored(boolean isIgnored)

– Description
Enablesor disablesnotiÞcationsregardingacontext.
This methodhasa "CascadeEffect", meaningthat a listenermustnot re-
ceiveany notiÞcationregardingacontext andinnercontexts.

– Parameters
∗ isIgnored Ðtrue if notiÞcationsmustbeignored,false other-

wise.

4.2.8 Interface ContextReference

Retrievesa referenceto theenclosingcontext.

Declaration public interface ContextReference

All known subinterfaces ObjectSet (in 4.3.2,page78), ParsedStatement(in 4.5.1,
page83), Statement(in 4.6.2,page88)

Methods

• Request getRequest()

– Description
Returnsa referenceto therequestcontext.

– Returns ÐA referenceto therequestcontext.

• int getState()

– Description
Retrieves the currentstateof a stageof the pipeline. Every stagehasa
commonor speciÞcsetof constantsbasedonwhichtheirstatesaredeÞned:
∗ PipelineConstant (in 4.2.22,page45);
∗ ObjectSetConstant (in 4.3.3,page79);

– Returns ÐThecurrentstateof astage.
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4.2.9 Interface Database

Reßectsadatabaseor a logical entity thatis reßected.

Declaration public interface Database
extends DatabaseConstant, Context, ExecutionControl

Methods

• void freeze()

– Description
Setsthedatabasein panicmode.
For instance,this methodmustbeusedto freezea databasewhenit some-
how abortsa transactionsentby a metalevel-applicationandsuchtransac-
tion wasnot supposedto abort.
Whenthedatabaseis setto panicmode,thenit freezesandonly anadmin-
istratoris ableto manuallychangeits state.

• java.util.Iterator getConnections()

– Description
Returnsan iteratorwith a copy of all reßectedconnectionobjectsopened
to accessthis database.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the objectsand throwing an exception if any

methodthatattemptsto changetheir stateis called.

– Returns ÐAn iteratorwith acopy of all reßectedconnectionobjects.

• long getCurrentVersion()

– Description
Returnsthecurrentdatabaseversionnumber.
Every time anupdatetransactionis committed,the implementationincre-
mentsacounterto registersuchevent.

– Returns ÐThecurrentdatabaseversionnumber.

• java.io.InputStream getDatabaseImage(java.lang.String
tableName)

– Description
Retrievesadatabaseimageor a tableimageasanInputStream .
Thestructureof theimageis applicationdependent.
If tableName is notnull, animageis takenfrom thattable.Otherwisean
imagefrom thedatabaseis taken. If thetabledoesnot exist, anexception
mustbethrown.

– Parameters
∗ tableName ÐDeÞnesfrom which tableanimagemustbetaken.
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– Returns ÐA databaseimageasanInputStream .

• DatabaseMetaInfo getDatabaseMetaInfo()
throws java.sql.SQLException

– Description
Returnsthedatabasemetainformation.

– Returns ÐThedatabasemetainformation.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• DatabaseProcessor getDatabaseProcessor()

– Description
Returnsa referenceto thedatabaseprocessor.

– Returns ÐA referenceto thedatabaseprocessor.

• int getDatabaseSize()

– Description
Calculatesthesizeof thedatabase.
Thisprovidesamechanismto estimatethesizeof animagein aunit thatis
applicationdependent.

– Returns ÐThesizeof thedatabase.

• javax.sql.DataSource getDataSource()

– Description
Returnsthedatasource.

– Returns ÐThedatasource.

• Dbms getDbms()

– Description
Returnsa referenceto theDBMS.
In contrastto getConnections (in 4.2.9, page31), a referenceto the
DBMS mustbe returned.In this case,thereis no problemasthe DBMS
context is Þnishedonly afterstoppingall activedatabases.

– Returns ÐA referenceto theDBMS.

• long getMinimumVersion()

– Description
Returnstheversionof theoldestactive transactionin thedatabase.
The implementationmustcheckall active transactionsin orderto Þndthe
oldest.

– Returns ÐTheoldestactive transaction.

• java.lang.String getUrl()
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– Description
ReturnsthedatabaseUniform Resource Locator.

– Returns ÐThedatabaseURL.

• void increaseVersion(long inc)

– Description
Incrementsthedatabaseversionby apositivevaluepassedasparameter.
Every time an updatetransactioncommits,the database versionis incre-
mentedby one. Sometimeshowever a transactionis executedon behalf
of severalothertransactions.In suchcases,incrementingby onedoesnot
reßectthenumberof implicit transactionscommitted.For thatreason,this
methodenablesdevelopersto deÞnewhich is theincrement.

– Parameters
∗ inc ÐA positivevalueusedasincrement.

• void installDatabaseImage(java.io.InputStream
databaseImage)

– Description
InstallsanimageasanInputStream .
The database must be in the state DATABASE_STARTINGor
DATABASE_IN_PANIC, to be allowed to install images. This require-
ment ensuresthat a databaseis in recovering mode. If a databaseis in
anotherstate,it is not supposed to do so as it may have internal active
(DATABASE_BOOTEDor DATABASE_CLOSING) or or maybeshutting
down (DATABASE_CLOSED).
It is alsoworth noticing that is possibleto install imagesfrom tables,but
themetalevel-applicationneedsto guaranteethatsuchimagesarecoherent
amongthemin orderto bring thedatabaseto aconsistentstate.

– Parameters
∗ databaseImage Ð The database or table image as an

InputStream .

4.2.10 Interface DatabaseConstant

DeÞnesstatesandconstantsusedby Database (in 4.2.9,page31).

Declaration public interface DatabaseConstant

All known subinterfaces Database(in 4.2.9,page31)

Fields

• int DATABASE_STARTING
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– DeÞnesthatadatabaseis startingup.
This is theÞrststateandidentiÞesthatadatabaseis startingup.
It must be notiÞedand one must guaranteethat accessto Database Õs
metainformationandmethodsis possible.
In this state,adatabaseallows to carryout recovery routines.

• int DATABASE_UP

– DeÞnesthatadatabaseis up.
This is thesecondstateandidentiÞesthata databaseexecutedits recovery
routinesandis readyto receiveclient connections.
It must be notiÞedand one must guaranteethat accessto Database Õs
metainformationandmethodsis possible.

• int DATABASE_CLOSING

– DeÞnesthatadatabaseis shuttingdown.
This is thethird stateandidentiÞesthatadatabaseis shuttingdown.
It mustbenotiÞedandonemustguaranteethataccessto at leastadatabase
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticing that it is not possibleto cancelthis event as it is a
transitionto aÞnalstate.

• int DATABASE_CLOSED

– DeÞnesthatadatabaseis shutdown.
This is the fourth and a Þnal stateof a databaseand identiÞesthat it is
shutdown.
It mustbenotiÞedandonemustguaranteethataccessto at leastadatabase
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.

• int DATABASE_IN_PANIC

– A databaseis put in thisstateby calling themethodfreeze (in 4.2.9,page
31) or automaticallywhensomethinggoeswrong. In otherwords,when
somethingunrecoverablehappens.
For instance,thedatabaseis put in this statewhen:
∗ It somehow abortsa transactionsentby a metalevel-applicationand

suchtransactionwasnot supposedto abort.
∗ Duringstartupit is notbroughtto aconsistentstate.
∗ Or during shutdown it is not possiblefor somereason(e.g. log is

corrupted)to bring it to aconsistentstate.
If thedatabaseis setto panicmode,thenit freezesandonly anadministra-
tor is ableto manuallychangeits state.
It mustbenotiÞedandonemustguaranteethataccessto at leastadatabase
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.

34



4 API DESCRIPTION 4.2 Package gorda.db

4.2.11 Interface DatabaseMetaInfo

Provides access to database meta information. This builds on the
DatabaseMetaData (i.e., a Server-side JDBC driver) and provides additional
methodsimportantto themetalevel development.

Declaration public interface DatabaseMetaInfo
extends java.sql.DatabaseMetaData

Methods

• boolean isFrozen()
throws java.sql.SQLException

– Description
Returnswhetherthis databaseis frozenor not.
If the databaseis frozen, then only the administratoris able to apply
changesandmanuallyredeÞneits state.
If the freeze (in 4.2.9,page31) methodis calledin somepoint in time,
thensubsequentcallsto theisFrozen methodmustreturntrue .

– Returns Ðtrue if thedatabaseis frozen,false otherwise.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• boolean isReadOnly()
throws java.sql.SQLException

– Description
Returnswhetherthis databaseis in read-onlymodeor not.

– Returns Ðtrue if so;false otherwise.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

4.2.12 Interface DatabaseProcessor

Handleslistenerregistrationfor databaseeventsandhasadatabaserepository.

Declaration public interface DatabaseProcessor

Methods

• Database getDatabase(java.lang.String databaseId)

– Description
Returnsacopy of thedatabaseobjectwith thegivenid.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
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∗ Returninga copy of the object and throwing an exception if any
methodthatattemptsto changeits stateis called.

– Parameters
∗ databaseId ÐThedatabaseidentiÞcation.

– Returns ÐA copy of thedatabaseobjectwith thegivenid, if thereis any,
null otherwise.

• void setDatabaseShutdownListener(DatabaseShutdownListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞedupondatabaseshutdown.
SubsequentnotiÞcations,with respectto thedatabaseandits innercontexts,
maybecanceledafterwardsusingDbms.setNotificationIgnored
(in 4.2.7, page 30) or Database.setNotificationIgnored (in
4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesdatabaseshutdown events.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setDatabaseStartupListener(DatabaseStartupListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞedupondatabasestartup.
SubsequentnotiÞcations,with respectto thedatabaseandits innercontexts,
maybecanceledafterwardsusingDbms.setNotificationIgnored
(in 4.2.7, page 30) or Database.setNotificationIgnored (in
4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesdatabasestartupevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.13 Interface DatabaseShutdownListener

DeÞnesthelistenerthatwill benotiÞedwhenever thedatabaseis shuttingdown.
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Declaration public interface DatabaseShutdownListener

Methods

• void handleDatabaseShutdown(Database database)

– Description
Is to be calledwhenever thereis a listenerregisteredto receive database
shutdown events.
If the wait ßag is set to true at registration time (see
setDatabaseShutdownListener (in 4.2.12, page 36)), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thedatabaseshutdown.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ database ÐThedatabaseonwhich theeventoccurs.

4.2.14 Interface DatabaseStartupListener

DeÞnesthelistenerthatwill benotiÞedwhenever thedatabaseis startingup.

Declaration public interface DatabaseStartupListener

Methods

• void handleDatabaseStartup(Database database)

– Description
Is to becalledwheneverthelisteneris registeredto receivedatabasestartup
events.
If the wait ßag is set to true at registration time (see
setDatabaseStartupListener (in 4.2.12, page 36)), then this
methodimplementationmustcall continueExecution (in 4.2.21,page
45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thedatabasestartup.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ database ÐThedatabaseonwhich theeventoccurs.

4.2.15 Interface Dbms

ReßectsaDBMS.
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Declaration public interface Dbms
extends DbmsConstant, Context, ExecutionControl

Methods

• java.util.Iterator getDatabases()

– Description
Returnsaniteratorwith acopy of all databaseobjects.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the objectsand throwing an exception if any

methodthatattemptsto changetheir stateis called.

– Returns ÐAn iteratorwith acopy of all databaseobjects.

• DbmsMetaInfo getDbmsMetaInfo()

– Description
ReturnstheDBMS metainformation.

– Returns ÐTheDBMS metainformation.

• DbmsProcessor getDbmsProcessor()

– Description
Returnsa referenceto theDBMS processor.

– Returns ÐTheDBMS processor.

4.2.16 Interface DbmsConstant

DeÞnesstatesandconstantsusedby Dbms(in 4.2.15,page37).

Declaration public interface DbmsConstant

All known subinterfaces Dbms (in 4.2.15,page37)

Fields

• int DBMS_STARTING

– DeÞnesthataDBMS is startingup.
This is theÞrststateandidentiÞesthataDBMS is startingup.
It must be notiÞedand one must guaranteethat accessto DbmsÕs meta
informationandmethodsis possible.

• int DBMS_UP
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– DeÞnesthataDBMS is up.
This is the secondstateand identiÞesthat a DBMS is readyto manage
databases.
It must be notiÞedand one must guaranteethat accessto DbmsÕs meta
informationandmethodsis possible.

• int DBMS_CLOSING

– DeÞnesthata DBMS is shuttingdown. Any unforeseeneventmustbring
theDBMS to this state.
This is thethird stateandidentiÞesthataDBMS is shuttingdown.
It mustbenotiÞedandonemustguaranteethataccessto at leastadatabase
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticing that it is not possibleto cancelthis event as it is a
transitionto theÞnalstate.

• int DBMS_CLOSED

– DeÞnesthataDBMS is shutdown.
This is the fourth andÞnalstateof a DBMS andidentiÞesthat it is shut-
down.
It mustbenotiÞedandonemustguaranteethataccessto at leastadatabase
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticing that it is not possibleto cancelthis event as it is a
transitionto theÞnalstate.

4.2.17 Interface DbmsMetaInfo

Provides access to DBMS meta information. This builds on the
DatabaseMetaData (i.e., a Server-side JDBC driver) and provides additional
methodsimportantto thereßectionmechanism.

Declaration public interface DbmsMetaInfo

Methods

• int getDbmsMajorVersion()
throws java.sql.SQLException

– Description
ReturnstheDBMS majorversionnumber.

– Returns ÐTheDBMS majorversionnumber.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.
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• int getDbmsMinorVersion()
throws java.sql.SQLException

– Description
ReturnstheDBMS minorversionnumber.

– Returns ÐTheDBMS minorversionnumber.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• java.lang.String getDbmsProductName()
throws java.sql.SQLException

– Description
Returnsthenameof theDatabaseManagementSystem(DBMS) product.

– Returns ÐTheDBMS productname.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• java.lang.String getDbmsProductVersion()
throws java.sql.SQLException

– Description
ReturnstheDBMS versionnumber.

– Returns ÐTheDBMS versionnumber.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• int getJDBCDriverMajorVersion()

– Description
Returnsan integer identifying theJDBC(i.e., a Server-sideJDBCdriver)
drivermajorversion.

– Returns ÐThedrivermajorversion.

• int getJDBCDriverMinorVersion()

– Description
ReturnstheJDBC(i.e., aServer-sideJDBCdriver)driverminorversion.

– Returns ÐThedriverminorversion.

• java.lang.String getJDBCDriverName()
throws java.sql.SQLException

– Description
ReturnstheJDBC(i.e., aServer-sideJDBCdriver)drivername.

– Returns ÐThedrivername.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.
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• java.lang.String getJDBCDriverVersion()
throws java.sql.SQLException

– Description
ReturnstheJDBC(i.e., aServer-sideJDBCdriver)driver version.

– Returns ÐThedriver version.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• java.lang.String getURL()
throws java.sql.SQLException

– Description
ReturnstheDBMS Uniform Resource Locator.

– Returns ÐTheDBMS Uniform ResourceLocator.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• boolean isExecutorStageImplemented()

– Description
Returnstheimplementationstatusof theexecutorstage.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isExtractingReadSets()

– Description
Returnstheimplementationstatuson readsets.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isExtractingWriteSets()

– Description
Returnstheimplementationstatusonwrite sets.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isLogMinerStageImplemented()

– Description
Returnstheimplementationstatusof thelog minerstage.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isOptimizerStageImplemented()

– Description
Returnstheimplementationstatusof theoptimizerstage.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isParserStageImplemented()
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– Description
Returnstheimplementationstatusof theparserstage.

– Returns Ðtrue if it is implemented,false otherwise.

• boolean isReceiverStageImplemented()

– Description
Returnstheimplementationstatusof thereceiver stage.

– Returns Ðtrue if it is implemented,false otherwise.

4.2.18 Interface DbmsProcessor

Handleslistenerregistrationfor DBMS events.

Declaration public interface DbmsProcessor

Methods

• void setDbmsShutdownListener(DbmsShutdownListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponDBMS shutdown.
SubsequentnotiÞcations,with respectto theDBMS andits innercontexts,
maybecanceledafterwardsusingDbms.setNotificationIgnored
(in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlestheDBMS shutdown events.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setDbmsStartupListener(DbmsStartupListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponDBMS startup.
SubsequentnotiÞcations,with respectto theDBMS andits innercontexts,
maybecanceledafterwardsusingDbms.setNotificationIgnored
(in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlestheDBMS startupevents.
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∗ wait Ð if true the notiÞermust wait for the listener to proceed,
false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.19 Interface DbmsShutdownListener

DeÞnesthelistenerthatwill benotiÞedwhenever thedatabaseis shuttingdown.

Declaration public interface DbmsShutdownListener

Methods

• void handleDbmsShutdown(Dbms dbms)

– Description
Is called whenever the listeneris registeredto receive DBMS shutdown
events.
If the wait ßag is set to true at registration time (see
setDbmsShutdownListener (in 4.2.18,page42)), then this method
implementationmustcall continueExecution (in 4.2.21,page45).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theDBMS shutdown.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ dbms ÐTheDBMS onwhich theeventoccurs.

4.2.20 Interface DbmsStartupListener

DeÞnesthelistenerthatwill benotiÞedwhenever thedatabaseis startingup.

Declaration public interface DbmsStartupListener

Methods

• void handleDbmsStartup(Dbms dbms)

– Description
Is calledwheneverthelisteneris registeredto receiveDBMSstartupevents.
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If the wait ßag is set to true at registration time (see
setDbmsStartupListener (in 4.2.18, page 42), then this method
implementationmustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thedatabasestartup.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ dbms ÐTheDBMS onwhich theeventoccurs.

4.2.21 Interface ExecutionControl

Resumesor cancelsexecution.
Oneof themethodsprovidedby this interfacemustbeinvokedby a listenerwhenit is
registeredwith thewaiting ßagsetto true . Any invalid call characterizedby theset
of casesthatfollowsmusteitherthrow anexceptionor simply beignored:

• CallingsuchmethodswhenanotiÞeris notblocked.Thismeansthatthere is no
pendingnotiÞcationwaiting for acall to proceed.

• As acolollaryof thepreviouscaseonehas:callingsuchmethodswhenalistener
is registeredwith thewaitingßagsetto false .

• SomestatesdeÞneaÞnalstepof astatemachine(e.g.,CONNECTION_CLOSED
(in 4.2.1,page24)) anddonotallow callsto thecancelmethodto bemade.

The choicebetweenignoring invalid calls or throwing an exceptionis presentedto
preserve compatibility with meta-level applicationsalreadydeveloped. This wasthe
commonpracticein theearlyversisonsof this interface.
The descriptionspresentedin this documenthowever only usesexceptionsand it is
thoroughlyrecommendits adoption.

Declaration public interface ExecutionControl

All known subinterfaces ConnectionContext (in 4.2.2,page24), Database(in 4.2.9,
page31), Dbms (in 4.2.15,page37), Request(in 4.2.24,page62), Transaction(in 4.2.29,
page66), ObjectSet(in 4.3.2,page78), LoggerObjectSet(in 4.4.1,page81), ParsedState-
ment (in 4.5.1,page83), Statement(in 4.6.2,page88)

Methods

• void cancelExecution()
throws java.sql.SQLException

– Description
Cancelsexecution.
Someeventsdoesnot supportcalling this methodandan exceptionmust
bethrown.
Shouldthe listenerbe registeredwith thewaiting ßagsetto false , then
theexecutionmustproceedwithoutwaiting for thismethodto becalled.
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• void continueExecution()
throws java.sql.SQLException

– Description
Resumesexecution.

If the listeneris registeredwith the waiting ßag set to false , then the
executionmustproceedwithoutwaiting for this methodto becalled.

4.2.22 Interface PipelineConstant

DeÞnes states and constants used by the Statement (in 4.6.2, page 88),
ParsedStatement (in 4.5.1,page83), ExecutionPlan , ObjectSet (in 4.3.2,
page78) andLoggerObjectSet (in 4.4.1,page81).

Theprocessingstateindicatesthatanobjectwasprocessedby their respectivecounter-
partin thepipelineandit is aboutto enterin thenext stage:

• TheStatement.PIPELINE_PROCESSING meansthat arequestwassplit in
differentstatementsandis aboutto enteringinto theparser. Right afterparsing
a statement,a notiÞcationmay besentto indicatethat it wasprocessedandits
stateis Statement.PIPELINE_PROCESSED .

• The ParsedStatement.PIPELINE_PROCESSING meansthat a parsed
statement was produced by the parser and is about to entering into
the optimizer. Right after optimizing a parsed statement, a notiÞca-
tion may be sent to indicate that it was processedand its state is
ParsedStatement.PIPELINE_PROCESSED .

• The ExecutionPlan.PIPELINE_PROCESSING means that an execu-
tion plan was produced by the optimizer and is about to entering into
the executor. Right after processing an execution plan, a notiÞca-
tion may be sent to indicate that it was processedand its state is
ExecutionPlan.PIPELINE_PROCESSED .

• The ObjectSet.PIPELINE_PROCESSING meansthat an object set was
producedby the executorand is about to be loggedin memory(write-ahead
logging). Right after logginganobjectseta notiÞcationmaybesentto indicate
thatit wasprocessedandits stateis ObjectSet.PIPELINE_PROCESSED .

• The LoggerObjectSet.PIPELINE_PROCESSING means that a log-
ger object set was created in memory and is about to be written to
disk (write-ahead logging). Right after writing it to disk, a notiÞ-
cation may be sent to indicate that it was processedand its state is
LoggerObjectSet.PIPELINE_PROCESSED .

Declaration public interface PipelineConstant

All known subinterfaces ObjectSet (in 4.3.2,page78), LoggerObjectSet(in 4.4.1,
page81), ParsedStatement(in 4.5.1,page83), Statement(in 4.6.2,page88)
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Fields

• int PIPELINE_PROCESSING

– DeÞnesthatastageof thepipelineis beingprocessed.
It mustbenotiÞedandonemustguaranteethataccessto metainformation
andmethodsis possible.

• int PIPELINE_PROCESSED

– DeÞnesthatastageof thepipelinewasprocessed.
Thereis no obligation of notifying this information. This is optionalas
it is alwayspossibleto detectcompletionof any stageof the pipelineby
checkinga requestcompletion.
If onedecidesto doso,onemustguaranteethataccessto at leastanobject
identiÞcation(e.g. Statement Õs identiÞcationor ExecutionPlan Õs
identiÞcation)is possible. Every metainformationandmethodsthat are
not availablemustthrow an exception. Any attemptto changethe object
mustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.Thus,any attemptto cancelthisnotiÞcationmustthrow anexception.

• int PIPELINE_ERROR

– DeÞnesthatastageof thepipelinedid notendedcorrectlyor wascanceled.
Thereis no obligationof notifying this information. This is optionalasit
is alwayspossibleto detectrecoverableerrorsin any stageof thepipeline
by a transactionabort. Othererrorsaredetectedwhena databaseis put in
panicmode.
However, if one decidesto do so, one must guaranteethat accessto
at least an object identiÞcation(e.g. Statement Õs identiÞcationor
ExecutionPlan Õs identiÞcation)is possible. Every metainformation
andmethodsthatarenot availablemustthrow anexception.Any attempt
to changetheobjectmustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.Thus,any attemptto cancelthisnotiÞcationmustthrow anexception.

4.2.23 Interface PreparedExecution

Providesmethodsto manipulateapreparedobject.

This shouldbe usedto changeandaccessinformationin any stageon requeststo be
preparedor executed.

The interface is built upon the java.sql.PreparedStatement and
java.sql.CallableStatement and allows to redeÞne parameter values.
However, one should do so by carefully checking parametertypes through the
java.sql.ParameterMetaData . If typesdo not matchor an implicit conversation
is notpossibleanexceptionis thrown.

Declaration public interface PreparedExecution
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All known subinterfaces ParsedStatement(in 4.5.1,page83), Statement (in 4.6.2,
page88)

Methods

• java.sql.Array getArray(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Array .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa Array .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.math.BigDecimal getBigDecimal(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava BigDecimal .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa BigDecimal .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Blob getBlob(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Blob .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa Blob .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• boolean getBoolean(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava boolean .

– Parameters
∗ index ÐTheindex of theparameterto return.
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– Returns ÐTheparametervalueasa boolean .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• byte getByte(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava byte .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa byte .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• byte[] getBytes(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJavabytearray.

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasabytearray

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Clob getClob(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Clob .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa Clob .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Date getDate(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava java.sql.Date .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa java.sql.Date .
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– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Date getDate(int index, java.util.Calendar
cal)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava java.sql.Date .

– Parameters
∗ index ÐTheindex of theparameterto return.
∗ cal ÐTheCalendar to usefor timezoneandlocale.

– Returns ÐTheparametervalueasa java.sql.Date .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• double getDouble(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava double .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa double .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• float getFloat(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava float .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa float .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• int getInt(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava int .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa int .
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– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• long getLong(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava long .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa long .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.lang.Object getObject(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Object .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasanObject .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.lang.Object getObject(int index, java.util.Map
map)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Object .

– Parameters
∗ index ÐTheindex of theparameterto return.
∗ mapÐThemappingto usefor conversionfrom SQL to Java types.

– Returns ÐTheparametervalueasanObject .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.ParameterMetaData getParameterMetaData()
throws java.sql.SQLException

– Description
Retrievesthe number, typesandpropertiesof this PreparedExecution
objectÕsparameters.

– Returns Ða ParameterMetaData objectthatcontainsinformationabout
the number, typesand propertiesof this PreparedExecution objectÕs
parameters
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– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

– See also
∗ java.sql.ParameterMetaData

• java.sql.Ref getRef(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava Ref .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa Ref .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• short getShort(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava short .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa short .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.lang.String getString(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava String .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa String .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Time getTime(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava java.sql.Time .

– Parameters
∗ index ÐTheindex of theparameterto return.
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– Returns ÐTheparametervalueasa java.sql.Time .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Time getTime(int index, java.util.Calendar
cal)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava java.sql.Time .

– Parameters
∗ index ÐTheindex of theparameterto return.
∗ cal ÐTheCalendar to usefor timezoneandlocale.

– Returns ÐTheparametervalueasa java.sql.Time .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Timestamp getTimestamp(int index)
throws java.sql.SQLException

– Description
Returns the value of the speciÞed parameter as a Java
java.sql.Timestamp .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa java.sql.Timestamp .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.sql.Timestamp getTimestamp(int index,
java.util.Calendar cal)
throws java.sql.SQLException

– Description
Returns the value of the speciÞed parameter as a Java
java.sql.Timestamp .

– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa java.sql.Timestamp .

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• java.net.URL getURL(int index)
throws java.sql.SQLException

– Description
Returnsthevalueof thespeciÞedparameterasaJava java.net.URL .
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– Parameters
∗ index ÐTheindex of theparameterto return.

– Returns ÐTheparametervalueasa URL.

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

• boolean isExecute()

– Description
Returnstrue if this is relatedto executingpreparedstatements.
For instance,thefollowing commandsshouldbeclassiÞedin thiscategory:
EXECUTE[(params,...)] | CREATE TABLE AS EXECUTE[(params,...)]

– Returns Ða boolean value.

• boolean isPrepare()

– Description
Returnstrue if this is relatedto preparingstatements.
For instance,thefollowing commandsshouldbeclassiÞedin thiscategory:
PREPARE

– Returns Ða boolean value.

• void setArray(int i, java.sql.Array x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenArray object.
The metalevel-applicationconverts this to an SQL ARRAYvalue when it
sendsit to thedatabase.

– Parameters
∗ i ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x ÐanArray objectthatmapsanSQL ARRAYvalue

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setBigDecimal(int parameterIndex,
java.math.BigDecimal x)
throws java.sql.SQLException

– Description
Sets the designatedparameterto the given java.math.BigDecimal
value.
Themetalevel-applicationconvertsthis to anSQL NUMERICvaluewhenit
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.

53



4.2 Package gorda.db 4 API DESCRIPTION

∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setBlob(int i, java.sql.Blob x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenBlob object.
The metalevel-applicationconverts this to an SQL BLOB value when it
sendsit to thedatabase.

– Parameters
∗ i ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ða Blob objectthatmapsanSQL BLOBvalue

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setBoolean(int parameterIndex, boolean x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJavaboolean value.
Themetalevel-applicationconvertsthisto anSQLBIT valuewhenit sends
it to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setByte(int parameterIndex, byte x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava byte value.
Themetalevel-applicationconvertsthis to anSQL TINYINT valuewhenit
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setBytes(int parameterIndex, byte[] x)
throws java.sql.SQLException
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– Description
Setsthedesignatedparameterto thegivenJavaarrayof bytes.

The metalevel-application converts this to an SQL VARBINARY or
LONGVARBINARY(dependingon the argumentÕs size relative to the
metalevel-applicationÕs limits on VARBINARYvalues)when it sendsit to
thedatabase.

– Parameters

∗ parameterIndex ÐTheindex of theparameter, startingatposition
1.

∗ x ÐTheparametervalue.

– Throws

∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setClob(int i, java.sql.Clob x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenClob object.

The metalevel-applicationconverts this to an SQL CLOBvalue when it
sendsit to thedatabase.

– Parameters

∗ i ÐtheÞrstparameteris 1, thesecondis 2, ...

∗ x Ða Clob objectthatmapsanSQL CLOBvalue

– Throws

∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setDate(int parameterIndex, java.sql.Date x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenjava.sql.Date value.

The metalevel-applicationconverts this to an SQL DATE value when it
sendsit to thedatabase.

– Parameters

∗ parameterIndex ÐTheindex of theparameter, startingatposition
1.

∗ x ÐTheparametervalue.

– Throws

∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setDate(int parameterIndex, java.sql.Date x,
java.util.Calendar cal)
throws java.sql.SQLException
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– Description
Setsthe designatedparameterto the given java.sql.Date value,using
thegivenCalendar object.
Themetalevel-applicationusestheCalendar objectto constructanSQL
DATEvalue, which the metalevel-applicationthen sendsto the database.
With a Calendar object,themetalevel-applicationcancalculatethedate
takinginto accountacustomtimezone.If noCalendar objectis speciÞed,
the metalevel-applicationusesthe default timezone,which is that of the
virtual machinerunningthemetalvel-application.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheparametervalue
∗ cal ÐtheCalendar objectthemetalevel-applicationwill useto con-

structthedate

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setDouble(int parameterIndex, double x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava double value.
The metalevel-applicationconvertsthis to an SQL DOUBLEvaluewhenit
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setFloat(int parameterIndex, float x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava float value.
The metalevel-applicationconverts this to an SQL FLOAT value when it
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setInt(int parameterIndex, int x)
throws java.sql.SQLException
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– Description
Setsthedesignatedparameterto thegivenJava int value.
Themetalevel-applicationconvertsthis to anSQL INTEGERvaluewhenit
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setLong(int parameterIndex, long x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava long value.
The metalevel-applicationconvertsthis to an SQL BIGINT valuewhenit
sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setNull(int parameterIndex, int sqlType)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto SQLNULL
NotethattheSQLparametertypemustbespeciÞed.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ sqlType ÐTheSQL typecodedeÞnedin Types .

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

• void setNull(int paramIndex, int sqlType,
java.lang.String typeName)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto SQL NULL.
This version of the method setNull should be used for user-deÞned
typesandREF type parameters.Examplesof user-deÞnedtypesinclude:
STRUCT, DISTINCT, JAVA_OBJECT, andnamedarraytypes.
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Note: To beportable,metalevel-applicationsmustgive theSQL typecode
and the fully-qualiÞed SQL type namewhen specifying a NULL user-
deÞnedor REF parameter. In the caseof a user-deÞnedtype the name
is thetypenameof theparameteritself. For a REFparameter, thenameis
the type nameof the referencedtype. If a metalevel-applicationdoesnot
needthetypecodeor typenameinformation,it may ignoreit.Although it
is intendedfor user-deÞnedandRef parameters,this methodmaybeused
to seta null parameterof any JDBCtype. If theparameterdoesnot have a
user-deÞnedor REFtype,thegiventypeNameis ignored.

– Parameters
∗ paramIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ sqlType Ðavaluefrom java.sql.Types

∗ typeName Ðthe fully-qualiÞednameof an SQL user-deÞnedtype;
ignoredif theparameteris notauser-deÞnedtypeor REF

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setObject(int parameterIndex, java.lang.Object
x)
throws java.sql.SQLException

– Description
Setsthevalueof thedesignatedparameterusingthegivenobject.Thesec-
ondparametermustbeof typeObject ; therefore,thejava.lang equiva-
lentobjectsshouldbeusedfor built-in types.
The JDBC speciÞcationspeciÞesa standardmappingfrom Java Object
typesto SQL types. The given argumentwill be convertedto the corre-
spondingSQL typebeforebeingsentto thedatabase.
If the object is of a class implementing the interface SQLData, the
metalevel-applicationshouldcall themethodSQLData.writeSQL to write
it to the SQL data stream. If, on the other hand, the object is of a
classimplementingRef , Blob , Clob , Struct , or Array , the metalevel-
applicationshouldpassit to the databaseasa valueof the corresponding
SQL type.
In contrastto the JDBC speciÞcation,this methodthrows an exceptionif
theclassof theobjectdoesnotmatchtheparamtermeta-information.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheobjectcontainingtheinputparametervalue

– Throws
∗ java.sql.SQLException Ðif a databaseaccesserroroccursor

thetypeof thegivenobjectis ambiguous

• void setObject(int parameterIndex, java.lang.Object
x, int targetSqlType)
throws java.sql.SQLException
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– Description
Setsthe value of the designatedparameterwith the given object. This
methodis likethemethodsetObject above,exceptthatit assumesascale
of zero.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheobjectcontainingtheinputparametervalue
∗ targetSqlType ÐtheSQLtype(asdeÞnedin java.sql.Types)to be

sentto thedatabase

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setObject(int parameterIndex, java.lang.Object
x, int targetSqlType, int scale)
throws java.sql.SQLException

– Description
Setsthevalueof thedesignatedparameterwith thegivenobject.Thesec-
ondargumentmustbeanobjecttype; for integral values,the java.lang
equivalentobjectsshouldbeused.
ThegivenJava objectwill beconvertedto thegiven targetSqlTypebefore
beingsentto thedatabase.
If the object has a custom mapping (is of a class implementing the
interface SQLData), the metalevel-applicationshould call the method
SQLData.writeSQL to write it to the SQL datastream. If, on the other
hand,theobjectis of a classimplementingRef , Blob , Clob , Struct , or
Array , themetalevel-applicationshouldpassit to thedatabaseasa value
of thecorrespondingSQL type.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheobjectcontainingtheinputparametervalue
∗ targetSqlType ÐtheSQLtype(asdeÞnedin java.sql.Types)to be

sentto thedatabase.Thescaleargumentmayfurtherqualify this type.
∗ scale Ðfor java.sql.Types.DECIMALor java.sql.Types.NUMERIC

types,this is thenumberof digitsafterthedecimalpoint. For all other
types,this valuewill beignored.

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

– See also
∗ java.sql.Types

• void setRef(int i, java.sql.Ref x)
throws java.sql.SQLException

– Description
Setsthe designatedparameterto the given REF(<structured-type>)
value.
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Themetalevel-applicationconvertsthis to anSQLREFvaluewhenit sends
it to thedatabase.

– Parameters
∗ i ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x ÐanSQL REFvalue

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setShort(int parameterIndex, short x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava short value.
Themetalevel-applicationconvertsthis to anSQL SMALLINT valuewhen
it sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setString(int parameterIndex, java.lang.String
x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenJava String value.
The metalevel-application converts this to an SQL VARCHAR or
LONGVARCHARvalue (dependingon the argumentÕs size relative to the
metalevel-applicationÕs limits on VARCHARvalues)whenit sendsit to the
database.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setTime(int parameterIndex, java.sql.Time x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenjava.sql.Time value.
The metalevel-applicationconverts this to an SQL TIME value when it
sendsit to thedatabase.
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– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setTime(int parameterIndex, java.sql.Time x,
java.util.Calendar cal)
throws java.sql.SQLException

– Description
Setsthe designatedparameterto the given java.sql.Time value,using
thegivenCalendar object.
Themetalevel-applicationusestheCalendar objectto constructanSQL
TIME value, which the metalevel-applicationthen sendsto the database.
With a Calendar object,themetalevel-applicationcancalculatethe time
takinginto accountacustomtimezone.If noCalendar objectis speciÞed,
the metalevel-applicationusesthe default timezone,which is that of the
virtual machinerunningthemetalevel-application.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheparametervalue
∗ cal ÐtheCalendar objectthemetalevel-applicationwill useto con-

structthetime

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setTimestamp(int parameterIndex,
java.sql.Timestamp x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenjava.sql.Timestamp value.
Themetalevel-applicationconvertsthis to anSQLTIMESTAMPvaluewhen
it sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐTheindex of theparameter, startingatposition

1.
∗ x ÐTheparametervalue.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs

• void setTimestamp(int parameterIndex,
java.sql.Timestamp x, java.util.Calendar cal)
throws java.sql.SQLException
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– Description
Setsthedesignatedparameterto thegiven java.sql.Timestamp value,
usingthegivenCalendar object.
Themetalevel-applicationusestheCalendar objectto constructanSQL
TIMESTAMP value, which the metalevel-application then sendsto the
database.With aCalendar object,themetalevel-applicationcancalculate
thetimestamptakinginto accountacustomtimezone.If noCalendar ob-
ject is speciÞed,themetalevel-applicationusesthedefault timezone,which
is thatof thevirtual machinerunningthemetalevel-application.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðtheparametervalue
∗ cal ÐtheCalendar objectthemetalevel-applicationwill useto con-

structthetimestamp

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• void setURL(int parameterIndex, java.net.URL x)
throws java.sql.SQLException

– Description
Setsthedesignatedparameterto thegivenjava.net.URL value.
Themetalevel-applicationconvertsthis to anSQL DATALINK valuewhen
it sendsit to thedatabase.

– Parameters
∗ parameterIndex ÐtheÞrstparameteris 1, thesecondis 2, ...
∗ x Ðthejava.net.URL objectto beset

– Throws
∗ java.sql.SQLException Ðif adatabaseaccesserroroccurs

• boolean wasNull()
throws java.sql.SQLException

– Description
This methodtestswhetherthevalueof thelastparameterthatwasfetched
wasactuallyaSQLNULL value.

– Returns Ðtrue if the lastparameterfetchedwasa NULL, false other-
wise.

– Throws
∗ java.sql.SQLException ÐIf anerroroccurs.

4.2.24 Interface Request

Reßectsaclient request.

62



4 API DESCRIPTION 4.2 Package gorda.db

Declaration public interface Request
extends RequestConstant, Context, ExecutionControl

Methods

• RequestProcessor getRequestProcessor()

– Description
Returnsa referenceto therequestprocessor.

– Returns ÐThereferenceto therequestprocessor.

• Transaction getTransaction()

– Description
Returnsa referenceof thecurrentactive transactionobject.
Howeveranull valuemay bereturnedwhentherequestis notassociated
to atransactionsuchasin astreamprocessingenvironment.Thus,whether
to returnanull valueor not is applicationdependent.

– Returns ÐA referenceto the currentactive transactionobject, if thereis
any, null otherwise.

4.2.25 Interface RequestBeginListener

DeÞnesthelistenerthatwill benotiÞedwhenevera requestis made.

Declaration public interface RequestBeginListener

Methods

• void handleRequestBegin(Request request)

– Description
Is calledwhenever thelisteneris registeredto receiverequestbegin events.
If the wait ßag is set to true at registration time (see
setRequestBeginListener (in 4.2.28, page65), then this method
implementationmustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith therequestbeingmade.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ request ÐTherequestonwhich theeventoccurs.

4.2.26 Interface RequestCompletionListener

DeÞnesthelistenerthatwill benotiÞedwhenevera requestis made.
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Declaration public interface RequestCompletionListener

Methods

• void handleRequestCompletion(Request request)

– Description
Is calledwhenever the listeneris registeredto receive requestcompletion
events.
If the wait ßag is set to true at registration time (see
setRequestCompletionListener (in 4.2.28, page 66), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith therequestbeingÞnishing.
If the listener has previously called the
Request.setNotificationIgnored (in 4.2.7, page 30) method,
thenthis notiÞcationmustnothappen.

– Parameters
∗ request ÐTherequestonwhich theeventoccurs.

4.2.27 Interface RequestConstant

DeÞnesstatesandconstantsusedby Request (in 4.2.24,page62).

Declaration public interface RequestConstant

All known subinterfaces Request(in 4.2.24,page62)

Fields

• int REQUEST_PROCESSING

– DeÞnesthata requestis beingprocessed.
It mustbenotiÞedandonemustguaranteethataccessto metainformation
andmethodsis possible.

• int REQUEST_PROCESSED

– DeÞnesthata requestwasprocessed.
Right afterprocessingthelaststatementissuedin thecontext of a request,
onemustchangethe statefrom processingto processed.The completion
of a requestdoesnot includewriting to the log assuchoperationsat this
pointareexecutedasynchronously.
Thereis no obligationof notifying this information. This is optionalasit
is alwayspossibleto detectcompletionof any requestby checkingdirectly
on thepipeline.
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If onedecidesto doso,onemustguaranteethataccessto at leastaarequest
identiÞcationis possible.Everymetainformationandmethodsthatarenot
availablemustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.Thus,any attemptto cancelthisnotiÞcationmustthrow anexception.

• int REQUEST_ERROR

– DeÞnesthata requestdid notendedcorrectlyor wascanceled.
Thereis noobligationof notifying this information.This is optionalasit is
alwayspossibleto detectrecoverableerrorsby a transactionabort. Other
errorsaredetectedwhenadatabaseis put in panicmode.
However, if onedecidesto doso,onemustguaranteethataccessto at least
a requestidentiÞcationis possible.Every metainformationandmethods
thatarenot availablemustthrow anexception.Any attemptto changethe
requestmustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.Thus,any attemptto cancelthisnotiÞcationmustthrow anexception.

4.2.28 Interface RequestProcessor

Handleslistenerregistrationfor requesteventsandhasa requestrepository.

Declaration public interface RequestProcessor

Methods

• Request getRequest(java.lang.String requestId)

– Description
Returnsacopy of therequestobjectwith thegivenid.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the object and throwing an exception if any

methodthatattemptsto changeits stateis called.
– Parameters

∗ requestId ÐTherequestidentiÞcation.
– Returns ÐA copy of the requestobjectwith the given id, if thereis any,

null otherwise.

• void setRequestBeginListener(RequestBeginListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponrequestbegin.
Subsequent notiÞcations, with respect to the request that ini-
tiated and its inner contexts, may be canceled afterwards us-
ing Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).
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– Parameters
∗ listener ÐThelistenerthathandlesrequestbegin events.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setRequestCompletionListener(RequestCompletionListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponrequestcompletion.
Subsequent notiÞcations, with respect to the request comple-
tion and its inner contexts, may be canceled afterwards us-
ing Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesrequestcompletionevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.29 Interface Transaction

Reßectsa transaction.

Declaration public interface Transaction
extends TransactionConstant, Context, ExecutionControl

Methods

• ConnectionContext getConnection()

– Description
Returnsa referenceto thereßectedconnectionobject.
Thereis no needof returninga copy of this objectasonemustdo when
handlingthemethodgetRequest (in 4.2.29,page67). Assumingablock-
ing notiÞcation,the connectioncontext must be accessibleby meansof
transaction.

66



4 API DESCRIPTION 4.2 Package gorda.db

– Returns Ðthereferenceto aconnectionobject.

• Request getRequest()

– Description
Returnsacopy of a requestobject.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the object and throwing an exception if any

methodthatattemptsto changeits stateis called.

– Returns ÐA copy of a requestobject,if thereis any, otherwisenull .

• Transaction getTransaction()

– Description
Returnsa referenceto theparenttransaction.
This methodmustreturnnull if this transactionis notasub-transaction.
In contrastto getRequest (in 4.2.29,page67), a referenceto the trans-
action object must be returned. In this case,thereis no problemas the
parent-transactioncontext is Þnishedonly aftercommittingor abortingits
sub-transaction.

– Returns ÐThereferenceto aparenttransaction,if any, null otherwise.

• int getTransactionIsolation()
throws java.sql.SQLException

– Description
Returnsthetransactionisolationlevel.
Isolationlevelsavailable:
∗ TRANSACTION_READ_UNCOMMITTED(in 4.2.32,page71)
∗ TRANSACTION_READ_COMMITTED(in 4.2.32,page72)
∗ TRANSACTION_REPEATABLE_READ(in 4.2.32,page72)
∗ TRANSACTION_SERIALIZABLE(in 4.2.32,page72)
∗ TRANSACTION_SNAPSHOT(in 4.2.32,page72)

– Returns ÐThetransactioncurrentisolationlevel.

– Throws
∗ java.sql.SQLException ÐIf adatabaseaccesserroroccurs.

– See also
∗ Transaction.setTransactionIsolation() (in

4.2.29, page 68)

• TransactionProcessor getTransactionProcessor()

– Description
Returnsa referenceto thetransactionprocessor.

– Returns ÐA referenceto theassociatedtransactionprocessor.

• long getVersion()
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– Description
Returnsthetransactionversionnumber.
Thisinformationis usedasatimestampandmustbeassignedwhenatrans-
actionstartsprocessingits Þrstcommand(e.g.,select,insert,update,etc).
The version may not be available. In this case, this method
must acknowledges this situation by returning UNKNOWN_VERSION
(in 4.2.32, page 71). For instance, this may happendue to the fact
that a transactionjust started and does not have a version assigned
to it. See TRANSACTION_BEGINNING(in 4.2.32, page 70) and
TRANSACTION_IDLE(in 4.2.32,page70).

– Returns ÐThetransactionversion,if it is available,UNKNOWN_VERSION
(in 4.2.32,page71) otherwise.

• void setTransactionIsolation(int level)
throws java.sql.SQLException

– Description
Changesthetransactionisolationlevel.
Isolationlevelsavailable:
∗ TRANSACTION_READ_UNCOMMITTED(in 4.2.32,page71)
∗ TRANSACTION_READ_COMMITTED(in 4.2.32,page72)
∗ TRANSACTION_REPEATABLE_READ(in 4.2.32,page72)
∗ TRANSACTION_SERIALIZABLE(in 4.2.32,page72)
∗ TRANSACTION_SNAPSHOT(in 4.2.32,page72)

If this methodis called during execution (i.e., after processingthe Þrst
transactionÕs command),anexceptionmustbethrown.

– Throws
∗ java.sql.SQLException ÐIf a) a databaseaccesserroroccurs,

b)thegivenparameteris not oneof theconstantsor c), onehave tried
to changeit after startingprocessingthe Þrst command(i.e., in the
middleof a transaction).

– See also
∗ DatabaseMetaInfo (in 4.2.11, page 35)

∗ Transaction.getTransactionIsolation() (in
4.2.29, page 67)

4.2.30 Interface TransactionBeginListener

DeÞnesthelistenerthatwill benotiÞedwhenevera transactionis beingstarted.

Declaration public interface TransactionBeginListener

Methods

• void handleTransactionBegin(Transaction transaction)
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– Description
Is called whenever a listener is registeredto receive transactionbegin
events.
If the wait ßag is set to true at registration time (see
setTransactionBeginListener (in 4.2.34, page 73), then this
methodimplementationmustcall continueExecution (in 4.2.21,page
45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thetransactionexecution.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ transaction ÐThetransactiononwhich theeventoccurs.

4.2.31 Interface TransactionCompletionListener

DeÞnesthelistenerthatwill benotiÞedwhenever a transactionis beingcommittedor
aborted.

Declaration public interface TransactionCompletionListener

Methods

• void handleTransactionCompletion(Transaction
transaction)

– Description
Is called whenever a listener is registered to receive transactionÞnish
events.
If the wait ßag is set to true at registration time (see
setTransactionCompletionListener (in 4.2.34, page 74),
then this methodimplementationmust call continueExecution (in
4.2.21,page45).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thetransactionexecution.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ transaction ÐThetransactiononwhich theeventoccurs.

4.2.32 Interface TransactionConstant

DeÞnesstatesandconstantsusedby Transaction (in 4.2.29,page66).

Declaration public interface TransactionConstant
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All known subinterfaces Transaction(in 4.2.29,page66)

Fields

• int TRANSACTION_BEGINNING

– DeÞnesthata transactionis beginning.
This is theÞrststateandidentiÞesthata transactionis initiating.
Thereis no obligation of notifying this information. However, if onede-
cidesto do so, onemustguaranteethat accessto Transaction Õs meta
informationandmethodsis possible.
In this state,a transactionmayalreadybeestablishedbut thecontrol is not
returnedto the client or otherdatabaseparts,which meansthat requests
cannotbesentor processed.

• int TRANSACTION_IDLE

– DeÞnesthata transactionhasbegun.
This is thesecondstateandidentiÞesthata transactionstartedbut hasnot
doneanythingyet.
Thereis no obligation of notifying this information. However, if onede-
cidesto do so, onemustguaranteethat accessto Transaction Õs meta
informationandmethodsis possible.

• int TRANSACTION_ACTIVE

– Transactionis trying to executeits Þrstcommandreador write. This must
only happenafterIDLE.
It mustbenotiÞedandonemustguaranteethataccessto Transaction Õs
metainformationandmethodsis possible.
In thisstate,aversionis assignedto thetransactionandit is quiteimportant
its notiÞcation.

• int TRANSACTION_UPDATE

– Transactionis trying to executeits Þrstwrite. This mustonly happenafter
ACTIVE.
Thereis no obligation of notifying this information. However, if onede-
cidesto do so, onemustguaranteethat accessto Transaction Õs meta
informationandmethodsis possible.

• int TRANSACTION_PREPARING

– Transactionis startingacommitmentprotocol.Thismustonly happenafter
UPDATE.
It mustbenotiÞedandonemustguaranteethataccessto Transaction Õs
metainformationandmethodsis possible.

• int TRANSACTION_PREPARED
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– TransactionhasÞnishedtheprepareprotocol successfully. This mustonly
happenedafterPREPARING.
It mustbenotiÞedandonemustguaranteethataccessto Transaction Õs
metainformationandmethodsis possible.

• int TRANSACTION_COMMITTING

– Transactionis attemptingto commit. This mustonly happenafter IDLE,
ACTIVE, UPDATE or PREPARED.
It mustbenotiÞedandonemustguaranteethataccessto Transaction Õs
metainformationandmethodsis possible.

• int TRANSACTION_COMMITTED

– Transactionhas successfullycommitted. This must only happenafter
COMMITTING.
It mustbenotiÞedandonemustguaranteethataccessto at leasta transac-
tion identiÞcationis possible.Every methodandmetainformationthat is
notavailablemustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.

• int TRANSACTION_ABORTING

– Transactionis aborting.
It mustbenotiÞedandonemustguaranteethataccessto Transaction Õs
metainformationandmethodsis possible.

• int TRANSACTION_ABORTED

– Transactionhas Þnished. This must only happenafter ABORTING or
COMMITTING
It mustbenotiÞedandonemustguaranteethataccessto at leasta transac-
tion identiÞcationis possible.Every methodandmetainformationthat is
notavailablemustthrow anexception.
It is worth noticingthat it is not possibleto cancelthis eventasit is a Þnal
state.

• int UNKNOWN_VERSION

– A constantstatingthattheversionis unknown.
This is usedwhena transactionhave startedandhave not processedany
command(i.e., insert,update,deleteor selectcommand), thusnot being
assignedaversionto its execution.

• int TRANSACTION_READ_UNCOMMITTED

– A constantstatingthat dirty reads, non-repeatable reads andphantom
reads mayoccur.
Dirty readsaredescribedby thefollowing example:a transactiont1 reads
a row changedby anothertransaction,t2 andbeforet2 commits.If any of
thechanges,madeby t2 in therow readby t1 arerolled back,t1 will have
retrievedaninvalid row.
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• int TRANSACTION_READ_COMMITTED

– A constantstatingthatdirty reads mustnothappen;non-repeatable reads
andphantom readsmayoccur.
In this isolationlevel, a transactionmustnot beallowedto reada row with
uncommittedchangesin it.

• int TRANSACTION_REPEATABLE_READ

– A constantstatingthat dirty reads and non-repeatable reads must not
happen.Phantom reads mayoccur.
In this isolation level, transactionsmustnot: a) be allowed to reada row
with uncommittedchanges;b)Þndnon-repeatable read issues.
A non-repeatablereadissueis describedby thefollowing situation:atrans-
actiont1 readsa row, afterwards,asecondtransaction,t2, updatesthevery
samerow. Finally, t1 rereadsthe row, eventuallygettingdifferentvalues
from theÞrstreadoperation.

• int TRANSACTION_SERIALIZABLE

– A constantstatingthat dirty reads, non-repeatable reads andphantom
reads mustnothappen.
In this isolation level, restrictions described in
TRANSACTION_REPEATABLE_READ(in 4.2.32,page72) musthold, as
well astheremustnotbeany phantomrows issues.
A phantomrow is describedby the following example: a transaction,t1
readsall rows thatmeeta WHEREclause;afterwardsa secondtransaction,
t2 insertsa row thatsatisÞestheWHEREcondition;Þnally, t1 rereadsusing
thesameWHEREclause,retrieving theadditional"phantom"rows, created
by t2.

• int TRANSACTION_SNAPSHOT

– A constantstatingthat dirty reads, non-repeatable reads andphantom
reads mustnothappen.
In this isolation level, restrictions described in
TRANSACTION_REPEATABLE_READ(in 4.2.32,page72) musthold, as
well astheremustnot be any phantomrows issues.Unfortunately, write
skew problemsarise.
A phantomrow is describedby the following example: a transaction,t1
readsall rows thatmeeta WHEREclause;afterwardsa secondtransaction,
t2 insertsa row thatsatisÞestheWHEREcondition;Þnally, t1 rereadsusing
thesameWHEREclause,retrieving theadditional"phantom"rows, created
by t2.

4.2.33 Interface TransactionPrepareListener

DeÞnesthelistenerthatwill benotiÞedwhenevera transactionis beingpreparedto be
committed.

Declaration public interface TransactionPrepareListener
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Methods

• void handleTransactionPrepare(Transaction
transaction)

– Description
Is called whenever a listener is registeredto receive transactionprepare
events.
If the wait ßag is set to true at registration time (see
setTransactionPrepareListener (in 4.2.34, page 74), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thetransactionexecution.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ transaction ÐThetransactiononwhich theeventoccurs.

4.2.34 Interface TransactionProcessor

Handleslistenerregistrationfor transactioneventsandhasa transactionrepository.

Declaration public interface TransactionProcessor

Methods

• Transaction getTransaction(java.lang.String
transactionId)

– Description
Returnsacopy of thetransactionobjectwith thegivenid.
To avoid synchronizationproblems,onemustdoexactlywhatfollows:
∗ Returninga copy of the object and throwing an exception if any

methodthatattemptsto changeits stateis called.

– Parameters
∗ transactionId ÐThetransactionidentiÞcation.

– Returns ÐA copy of thetransactionobjectwith thegivenid, if thereis any,
null otherwise.

• void setTransactionBeginListener(TransactionBeginListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞeduponwhena transactionis being
startedup.

73



4.2 Package gorda.db 4 API DESCRIPTION

SubsequentnotiÞcations, with respect to the transaction that is
being started up and its inner contexts, may be canceled af-
terwards using Dbms.setNotificationIgnored (in 4.2.7, page
30), Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30) or
Transaction.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlestransactionstartupevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setTransactionCompletionListener(TransactionCompletionListener
listener, boolean wait)

– Description
Registersa listenerthat mustbe notiÞedwhena transactionis beingÞn-
ished.
SubsequentnotiÞcations, with respect to the transaction that is
being Þnished and its inner contexts, may be canceled after-
wards using Dbms.setNotificationIgnored (in 4.2.7, page
30), Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30) or
Transaction.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthatis to handletransactionÞnishevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setTransactionPrepareListener(TransactionPrepareListener
listener, boolean wait)

– Description
Registersa listenerthatis notiÞedwhenthetransactionis beingprepared.
SubsequentnotiÞcations, with respect to the transaction that is
being prepared and its inner contexts, may be canceled after-
wards using Dbms.setNotificationIgnored (in 4.2.7, page
30), Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30) or
Transaction.setNotificationIgnored (in 4.2.7,page30).
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– Parameters

∗ listener ÐThelistenerfor thisevent

∗ wait Ð if true the notiÞermust wait for the listener to proceed,
false otherwise.

– See also

∗ ExecutionControl.continueExecution() (in
4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setTransactionUpdateListener(TransactionUpdateListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞedwhena transactionperformedits
Þrstupdatestatement.

SubsequentnotiÞcations, with respect to the transactionthat is be-
ing receiving its Þrst update and its inner contexts, may be can-
celedafterwardsusing Dbms.setNotificationIgnored (in 4.2.7,
page 30), Database.setNotificationIgnored (in 4.2.7, page
30), Connection.setNotificationIgnored (in 4.2.7,page30) or
Transaction.setNotificationIgnored (in 4.2.7,page30).

– Parameters

∗ listener ÐThelistenerthatis to handlethisevent.

∗ wait Ð if true the notiÞermust wait for the listener to proceed,
false otherwise.

– See also

∗ ExecutionControl.continueExecution() (in
4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.2.35 Interface TransactionUpdateListener

DeÞnesthelistenerthatwill benotiÞedwheneveratransactionexecutedits Þrstupdate
statement.

Declaration public interface TransactionUpdateListener

Methods

• void handleTransactionUpdate(Transaction transaction)
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– Description
Is called whenever the listener is registeredto receive information on a
transactionthatexecutedits Þrstupdatestatement.
If the wait ßag is set to true at registration time (see
setTransactionUpdateListener (in 4.2.34, page 75), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thetransactionexecution.
If the listenerhaspreviously called the setNotificationIgnored
(in 4.2.7,page30) method,thenthisnotiÞcationmustnothappen.

– Parameters
∗ transaction ÐThetransactiononwhich theeventoccurs.
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4.3 Package gorda.db.executor

Eventsand interfacesassociatedwith tuple sets(i.e., write setsand result sets)and
transactionlog.

4.3.1 Interface ExecutorStage

Handleslistenerregistrationfor objectsetevents.

Declaration public interface ExecutorStage

Methods

• void setObjectSetReadListener(ObjectSetReadListener
listener, boolean wait)

– Description
Registers a listener that must be notiÞed when an object set related
to read information is being processed. SubsequentnotiÞcations,with
respect to the logger object set and subsequentstagesmay be can-
celedafterwardsusing Dbms.setNotificationIgnored (in 4.2.7,
page 30), Database.setNotificationIgnored (in 4.2.7, page
30), Connection.setNotificationIgnored (in 4.2.7, page30),
Transaction#setNotificationIgnored (in 4.2.7, page 30) or
Request#setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesobjectseteventsrelatedto read

information.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

• void setObjectSetWriteListener(ObjectSetWriteListener
listener, boolean wait)

– Description
Registersa listener that must be notiÞedwhen an object set relatedto
written information is being processed. SubsequentnotiÞcations,with
respect to the logger object set and subsequentstagesmay be can-
celedafterwardsusing Dbms.setNotificationIgnored (in 4.2.7,
page 30), Database.setNotificationIgnored (in 4.2.7, page
30), Connection.setNotificationIgnored (in 4.2.7, page30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).
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– Parameters
∗ listener ÐThelistenerthathandlestheobjectseteventsrelatedto

written information.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.3.2 Interface ObjectSet

Determinesanobjectset:anobjectgeneratedafterprocessingastatement.

The interfaceis built upon the java.sql.ResultSet and is usedto deÞnewhich
information was written and readwhile processing commands(e.g., update,delete,
insert,etc).

For written information,theobjectsetmustbedeÞnedasfollows

• a deleteTYPE_DML_DELETE(in 4.3.3,page79): a resultsetwith the deleted
tuples.

• TYPE_DML_INSERT(in 4.3.3,page79)a resultsetwith theinsertedtuples

• anupdateTYPE_DML_UPDATE(in 4.3.3,page79): a resultsetwhereeachentry
is composedby thenew tupleplustheold tuple.

For readinformation,theobjectsetmustbedeÞnedasfollows

• adelete (in 4.3.3,page79): a resultsetwith thereadtuples.

However, it is notarequirementto havereadinformationif onedecidesto imple-
mentthisstage.For furtherdiscussionsonhow to obtainareadsetseeGORDA
Documents (at http://gorda.di.uminho.pt).

Declaration public interface ObjectSet
extends java.sql.ResultSet, gorda.db.PipelineConstant,
ObjectSetConstant, gorda.db.ContextReference,
gorda.db.ExecutionControl

Methods

• ExecutorStage getExecutorStage()

– Description
Returnsa referenceto theexecutorstage.

– Returns ÐA referenceto theexecutorstage.
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• int getObjectSetType()

– Description
Returnsthetypeof theobjectset.

The type of the object is one: TYPE_DML_DELETE(in 4.3.3, page79);
TYPE_DML_INSERT(in 4.3.3,page79); TYPE_DML_UPDATE(in 4.3.3,
page79) or TYPE_NO_UPDATES(in 4.3.3,page79).

– Returns ÐTheobjectsettype.

4.3.3 Interface ObjectSetConstant

DeÞnesstatesandconstantsusedby ObjectSet (in 4.3.2,page78).

Declaration public interface ObjectSetConstant

All known subinterfaces ObjectSet(in 4.3.2,page78)

Fields

• int TYPE_DML_INSERT

– DeÞnesthatinformationis aboutto beinserted.

• int TYPE_DML_DELETE

– DeÞnesthatinformationis aboutto bedeleted.It is worthnoticingthatany
changesto theobjectsetdoesnotmakesensein thisstate.An exceptionis
thrown if onetriesto doso.

• int TYPE_DML_UPDATE

– DeÞnesthatinformationis aboutto beupdated.

• int TYPE_NO_CHANGES

– DeÞnesthatinformationwasread.

4.3.4 Interface ObjectSetReadListener

DeÞnesthelistenerthatwill benotiÞedwhenever anobjectset(i.e., readinformation)
is generated.

Declaration public interface ObjectSetReadListener
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Methods

• void handleObjectSetRead(ObjectSet objSet)

– Description
Is calledwhenever the listeneris registeredto receive objectset(i.e., read
information)events.
If the wait ßag is set to true at registration time (see
setObjectSetReadListener (in 4.3.1, page77), then this method
implementationmustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theobjectsetexecution.

– Parameters
∗ objSet ÐTheobjectset(i.e., readinformation)on which theevent

occurs.

4.3.5 Interface ObjectSetWriteListener

DeÞnesa listenerthatwill benotiÞedwheneveranobjectset(i.e., written information)
is generated.

Declaration public interface ObjectSetWriteListener

Methods

• void handleObjectSetWrite(ObjectSet objSet)

– Description
Is calledwhenever thelisteneris registeredto receive objectset(i.e., writ-
teninformation)events.
If the wait ßag is set to true at registration time (see
ObjectSetWriteListener (in 4.3.1, page 77), then this method
implementationmustcall continueExecution (in 4.2.21,page45) or
cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theobjectsetexecution.

– Parameters
∗ objSet ÐTheobjectset(i.e., writteninformation)onwhichtheevent

occurs.
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4.4 Package gorda.db.logminer
Eventsandinterfacesassociatedwith transactionlog thatprovide transparentaccessto
its content.

4.4.1 Interface LoggerObjectSet

DeÞnesa loggerobjectsetprovidedby a log minermechanism.At leasttuplesmust
benotiÞedandtheformatmustbethesamedeÞnedby theObjectSet (in 4.3.2,page
78).

Declaration public interface LoggerObjectSet
extends gorda.db.PipelineConstant, gorda.db.ExecutionControl

Methods

• gorda.db.executor.ObjectSet getLoggerObjectSet()

– Description
Returnsa referenceto anobjectset.

– Returns ÐA referenceto anobjectset.

• LogMinerStage getLogMinerStage()

– Description
Returnsa referenceto thelog minerstage.

– Returns ÐA referenceto thelog minerstage.

4.4.2 Interface LoggerObjectSetExecutionListener

DeÞnesthelistenerthatwill benotiÞedwheneveraloggerobjectsetis beingprocessed.

Declaration public interface LoggerObjectSetExecutionListener

Methods

• void handleLoggerObjectSetExecution(LoggerObjectSet
logger)

– Description
Is called whenever the listener is registeredto receive logger object set
events.
If the wait ßa iss set to true at registration time (see
setLoggerObjectSetExecutionListener (in 4.4.3, page
82), thenthis methodimplementationmustcall continueExecution
(in 4.2.21,page45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theloggerobjectsetexecution.

– Parameters
∗ logger ÐTheloggerobjectsetonwhich theeventoccurs.
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4.4.3 Interface LogMinerStage

Handleslistenerregistrationfor loggerobjectsetevents.

Declaration public interface LogMinerStage

Methods

• void setLoggerObjectSetExecutionListener(LoggerObjectSetExecutionListener
listener, boolean wait)

– Description
Registersa listenerthatmustbenotiÞedwhena loggerobjectsetis being.
Subsequent notiÞcations, with respect to the logger object
set and subsequent stages may be canceled afterwards us-
ing Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesloggerobjectsetevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)
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4.5 Package gorda.db.parser

Eventsandinterfacesassociatedwith parsetrees.

4.5.1 Interface ParsedStatement

Determinesaparsedstatement:anobjectgeneratedby theparserstage.

Declaration public interface ParsedStatement
extends gorda.db.PipelineConstant, gorda.db.ContextReference,
gorda.db.PreparedExecution, gorda.db.ExecutionControl

Methods

• boolean altersDatabaseCatalog()

– Description
Returnstrueif this requestinvalidatessomehow theDatabaseCatalog.

– Returns Ðtrueif thedatabasecatalogis altered.

• boolean altersDatabaseSchema()

– Description
Returnstrueif this requestinvalidatessomehow theDatabaseSchema.

– Returns Ðtrueif thedatabaseschemais altered.

• boolean altersStoredProcedureList()

– Description
Returnstrueif this requestinvalidatessomehow theStoredProcedureList.

– Returns Ðtrueif thestoredprocedurelist is altered.

• boolean altersUserDefinedTypes()

– Description
Returnstrueif this requestinvalidatessomehow theUserDeÞnedTypes.

– Returns Ðtrueif theUDTsarealtered.

• boolean altersUsers()

– Description
Returnstrue if this requestinvalidatessomehow the Users deÞnitionor
rights.

– Returns Ðtrueif theusersarealtered.

• ParserStage getParserStage()

– Description
Returnsa referenceto theparserstage.
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– Returns ÐThereferenceto theparserstage.

• java.util.Set getReadLockedTables()

– Description
Returnsthelist of tablenamesthatmustbereadlockedby theexecutionof
this request.

– Returns ÐA setof stringcontainingtablenamesto bereadlockedby this
request.This list maybenull or emptyif no tableneedsto belocked.

• java.util.Set getReadTables()

– Description
Returnsthelist of tablenamesthatshouldbereadby theexecutionof this
request.

– Returns ÐSetof stringcontainingtablenamesto bereadby this request.
This list maybenull or emptyif no tableneedsto beread.

• java.util.Set getWriteLockedTables()

– Description
Returnsthe list of tablenamesthatmustbewrite lockedby theexecution
of this request.

– Returns ÐA setof stringcontainingtablenamesto bewrite lockedby this
request.This list maybenull or emptyif no tableneedsto belocked.

• java.util.Set getWriteTables()

– Description
Returnsthe list of tablenamesthat should be written by the executionof
this request.

– Returns ÐSetof stringcontaining tablenamesto bewrite by this request.
This list maybenull or emptyif no tableneedsto bewritten.

• boolean isAlter()

– Description
Returns true if this request in a ALTER statement. It is worth
noticing that this method subsumesthe methods: altersUsers (in
4.5.1, page 83), altersUserDefinedTypes (in 4.5.1, page 83) ,
altersStoredProcedureList (in 4.5.1,page83), (in 4.5.1,page83)
andaltersDatabaseCatalog (in 4.5.1,page83).

– Returns Ða boolean value

• boolean isCreate()

– Description
Returnstrue if this requestin a CREATEstatement.

– Returns Ða boolean value

• boolean isCursor()
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– Description
Returnstrue if this requestis relatedto cursor(s).

For instance,thefollowing commandsshouldbeclassiÞedin thiscategory:
DECLARECURSOR| FETCH/MOVE | CLOSE

– Returns Ða boolean value

• boolean isDelete()

– Description
Returnstrue if this requestin a DELETEstatement.

– Returns Ða boolean value

• boolean isDrop()

– Description
Returnstrue if this requestin a DROPstatement.

– Returns Ða boolean value

• boolean isInsert()

– Description
Returnstrue if this requestin anINSERT statement.

– Returns Ða boolean value

• boolean isLock()

– Description
Returnstrue if this requesthashintson locks.For instance,thefollowing
commandsshouldbeclassiÞedin this category: LOCK TABLE.

– Returns Ða boolean value

• boolean isOther()

– Description
Returnstrue if this anadministrative request.

For instance,the following commandsmust be classiÞedas administra-
tive commandsandmostlikely just makessenselocally: CHECKPOINT|
REINDEX | SET.

– Returns Ða boolean value

• boolean isSelect()

– Description
Returnstrue if this requestin a SELECTstatement.

– Returns Ða boolean value

• boolean isTransaction()
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– Description
Returnstrue if this requestis relatedto transactioncommands.
For instance,thefollowing commandsshouldbeclassiÞedin thiscategory:
BEGIN | COMMIT | ROLLBACK | SAVE POINT | PREPARE TRANS-
ACTION

– Returns Ða boolean value

• boolean isUpdate()

– Description
Returnstrue if this requestin anUPDATEstatement.

– Returns Ða boolean value

4.5.2 Interface ParsedStatementExecutionListener

DeÞnesthe listenerthat will be notiÞedwhenever a parsed statementevent is being
processed.

Declaration public interface ParsedStatementExecutionListener

Methods

• void handleParsedStatementExecution(ParsedStatement
parsedSt)

– Description
Is called whenever the listener is registered to receive parsedstatement
events.
If the wait ßag is set to true at registration time (see
setParsedStatementExecutionListener (in 4.5.3, page
87), thenthis methodimplementationmustcall continueExecution
(in 4.2.21,page45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith theparsedstatementexecution.

– Parameters
∗ parsedSt ÐTheparsedstatementonwhich theeventoccurs.

4.5.3 Interface ParserStage

Handleslistenerregistrationfor parsedstatementevents.

Declaration public interface ParserStage
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Methods

• void setParsedStatementExecutionListener(ParsedStatementExecutionListener
listener, boolean wait)

– Description
Registersa listenerthat mustbenotiÞedwhena parsedstatementis being
processed.
Subsequent notiÞcations, with respect to the execution plan
and subsequent stages may be canceled afterwards using
Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesparsedstatementevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)
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4.6 Package gorda.db.receiver

Eventsandinterfacesassociatedwith raw statements.

4.6.1 Interface ReceiverStage

Handleslistenerregistrationfor statementevents.

Declaration public interface ReceiverStage

Methods

• void setStatementExecutionListener(StatementExecutionListener
listener, boolean wait)

– Description
Registersa listenerthat mustbe notiÞedwhenan statementis beingpro-
cessed.
Subsequent notiÞcations, with respect to the statement
and subsequent stages may be canceled afterwards using
Dbms.setNotificationIgnored (in 4.2.7, page 30),
Database.setNotificationIgnored (in 4.2.7, page 30),
Connection.setNotificationIgnored (in 4.2.7, page 30),
Transaction.setNotificationIgnored (in 4.2.7, page 30) or
Request.setNotificationIgnored (in 4.2.7,page30).

– Parameters
∗ listener ÐThelistenerthathandlesstatementevents.
∗ wait Ð if true the notiÞermust wait for the listener to proceed,

false otherwise.

– See also
∗ ExecutionControl.continueExecution() (in

4.2.21, page 45)

∗ ExecutionControl.cancelExecution() (in 4.2.21,
page 44)

4.6.2 Interface Statement

DeÞnesanobjectstatement:a commandor a setof commandssentby a client to be
processed.

Declaration public interface Statement
extends gorda.db.PipelineConstant, gorda.db.ContextReference,
gorda.db.PreparedExecution, gorda.db.ExecutionControl

88



4 API DESCRIPTION 4.6 Package gorda.db.receiver

Methods

• ReceiverStage getReceiverStage()

– Description
Returnsa referenceto thereceiver stage.

– Returns ÐA referenceto thereceiver stage.

• java.lang.String getStatement()

– Description
Returnsthestatement.

– Returns ÐThestatement.

• void setStatement(java.lang.String statement)

– Description
Setsthestatement.

– Parameters
∗ statement ÐThestatement.

4.6.3 Interface StatementExecutionListener

DeÞnesthelistenerthatwill benotiÞedwheneverastatementis beingprocessed.

Declaration public interface StatementExecutionListener

Methods

• void handleStatementExecution(Statement statement)

– Description
Is calledwhenevera listeneris registeredto receivestatementevents.
If the wait ßag is set to true at registration time (see
setStatementExecutionListener (in 4.6.1, page 88), then
this methodimplementationmustcall continueExecution (in 4.2.21,
page45) or cancelExecution (in 4.2.21,page44).
If thewait ßagis setto false at registrationtime, thenthis methodmust
berun in parallelwith thestatementexecution.

– Parameters
∗ statement ÐThestatementonwhich theeventoccurs..
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5 Samples

5.1 Query Caching

This sampleshows how to implementa simple query cache. Besidesbeing an im-
portantissuein itself for replicateddatabases,this is alsoanexampleof an important
technique:how to replacestatementsin the context of a client initiated transaction
while still fakingresultsetsobtainedfrom a differentsource.This is usefulfor query
shippingandloadbalancing,for instance.
Notethatthis implementationfails to properlyinvalidatethecachewhenupdateopera-
tionsareissued.Thiscouldbesolvedby usingtheobject-setstageto inspectmodiÞed
data.

public class QueryCache implements StatementExecutionListener,
DatabaseStartupListener {

private static RequestProcessor reqProc;

private static LinkedHashMap cache = new LinkedHashMap() {
protected boolean removeEldestEntry(Map.Entry entry) {

return size() > 100;
}

};

As usual,theÞrststepis to registerall requiredeventhandlers.In detail,we usethe
statementhandler.

public QueryCache(DatabaseProcessor dbProc, RequestProcessor reqPr oc,
ReceiverStage stmtProc) {

QueryCache.reqProc = reqProc;
dbProc.setDatabaseStartupListener( this , true );
stmtProc.setStatementExecutionListener( this , true );

}

Thecoreof thequerycacheis themethodthatgets calledasa Java storedprocedure.
It buildsa resultsetfrom previouslycachedresultsandreturnsit.

public static void cacheLookup(String reqId, String query, ResultSet[] rs1)
throws SQLException {

Connection c = DriverManager.getConnection("jdbc:default: connection");

Transaction tx = reqProc.getRequest(reqId).getTransaction( );
Utils.info("looking up: txid=" + tx.getId());

java.sql.Statement s = c.createStatement();
String cached = (String) cache.get(query);
if (cached == null ) {

Utils.info("not found, executing: " + query);
ResultSet rs = s.executeQuery(query);
cached = "values ";
boolean first = true ;
while (rs.next()) {

cached += "(";
if (!first)

cached += ", ";
first = false ;
for ( int i = 0; i < rs.getMetaData().getColumnCount(); i++) {

if (i != 0)
cached += ",";

cached += "Õ" + rs.getString(i + 1) + "Õ";
}
cached += ")";

}
cache.put(query, cached);

}
rs1 = new ResultSet[1];
rs1[0] = s.executeQuery(cached);
c.close();

}
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Thekey usageof thespeciÞcationis in theinterceptingandreplacingstatementswith
callsto thecachelookupprocedure.

public void handleStatementExecution(Statement statement) {
try {

switch (statement.getState()) {
case Statement.PIPELINE_PROCESSING:

if (statement.getStatement().toLowerCase().startsWith("select "))
statement.setStatement("CALL cacheLookup(Õ"

+ statement.getRequest().getId() + "Õ, Õ"
+ statement.getStatement() + "Õ)");

statement.continueExecution();
break ;

case Statement.PIPELINE_PROCESSED:
statement.continueExecution();
break ;

case Statement.PIPELINE_ERROR:
statement.continueExecution();
Utils.cleanUp( new SQLException("ObjectSet - WriteSet Error."));
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

TheJava storedprocedureis registereduponstartupof eachdatabase,transparentlyto
client conÞguration.

public void handleDatabaseStartup(Database database) {
try {

switch (database.getContextState()) {

case Database.DATABASE_STARTING:
database.continueExecution();
break ;

case Database.DATABASE_UP:

DataSource ds = database.getDataSource();
Connection c = ds.getConnection();

java.sql.Statement s = c.createStatement();
s.execute("CREATE PROCEDUREcacheLookup(reqid VARCHAR(10), query VARCHAR(100))"

+ "PARAMETERSTYLE JAVA LANGUAGEJAVA READS SQL DATA DYNAMIC RESULT SETS 1"
+ "EXTERNAL NAMEÕgorda.demo.QueryCache.cacheLookupÕ");

s.close();
c.close();

database.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}
}
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5.2 Streaming

This sampleshows how to useto capturechangesto the databaseandpublish them
to a JMS compliantpublish-subscribesystem. This allows any databaseserver that
implementsthespeciÞcationto achieveasimilar effect to OracleStreams.

public class ChangePublisher implements TransactionBeginListener,
TransactionCompletionListener, ObjectSetWriteListener {

private MessageProducer sender;

private Session session;

TheÞrststepis to setupthemeta-level codeby registeringall eventlisteners. Notethat
wesynchronouslywait for transactionbegin andendevents.

public ChangePublisher(Session session, Destination dest,
TransactionProcessor tranProc, ExecutorStage objProc)
throws JMSException {

this .session = session;
sender = session.createProducer(dest);
tranProc.setTransactionBeginListener( this , true );
tranProc.setTransactionCompletionListener( this , true );
objProc.setObjectSetWriteListener( this , false );

}

Whena transactionbegins,eitherexplicitly or implicitly, we arenotiÞedandinitialize
theattachedstateto holdall changesuntil thetransactioncommits.

public void handleTransactionBegin(Transaction transaction) {
try {

switch (transaction.getContextState()) {

case Transaction.TRANSACTION_BEGINNING:
transaction.setAttachment( new Store());

case Transaction.TRANSACTION_IDLE:
case Transaction.TRANSACTION_ACTIVE:

transaction.continueExecution();
break ;

}
} catch (Exception ex) {

Utils.cleanUp(ex);
}

}

public void handleTransactionCompletion(Transaction transaction) {
Store state = (Store) transaction.getAttachment();
TextMessage message = null ;

try {
switch (transaction.getContextState()) {

We arenot interestedin doinganything elsebeforethetransactioncommits.Sowe let
it proceed.

case Transaction.TRANSACTION_COMMITTING:
transaction.continueExecution();
break ;

If thetransactionhascommitedsuccessfully, we wrapthechangesperformedasa text
messageandpublishit usingJMS.Propertiesareseton themessageto allow Þltering.

case Transaction.TRANSACTION_COMMITTED:
message = session.createTextMessage();
message.setText("Committed transaction " + transaction.getId()

+ "\n" + state.toString());
message.setBooleanProperty("committed", true );
message.setStringProperty("database", transaction
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.getConnection().getDatabase().getId());
message.setIntProperty("writes", state.writes());
sender.send(message);
transaction.continueExecution();
break ;

case Transaction.TRANSACTION_ABORTING:
transaction.continueExecution();
break ;

If thetransactionhasaborted,wenonethelessperformedasa text messageandpublish
it usingJMS.By settingthecommitedproperty, we allow Þlteringto occurwithin the
network.

case Transaction.TRANSACTION_ABORTED:
message = session.createTextMessage();
message.setText("Aborted transaction: " + transaction.getId()

+ "\n" + state.toString());
message.setBooleanProperty("committed", false );
message.setStringProperty("database", transaction

.getConnection().getDatabase().getId());
sender.send(message);
transaction.continueExecution();
break ;

}
} catch (Exception ex) {

Utils.cleanUp(ex);
}

}

UponeachmodiÞcationbeingperformed,we storeit in thecontext of the transaction
for lateruse.

public void handleObjectSetWrite(ObjectSet objSet) {
try {

switch (objSet.getState()) {

case ObjectSet.PIPELINE_PROCESSING:
Store state = (Store) objSet.getRequest().getTransaction()

.getAttachment();

Utils.makeUpdate(objSet, state);

objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_PROCESSED:
objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_ERROR:
objSet.continueExecution();
Utils.cleanUp( new SQLException("ObjectSet - WriteSet Error."));
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}
}
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5.3 Replication

A simpleasyncrhonousprimary-backupreplicationprotocolcanbeachivedby relaying
changesto a backupreplicausingsomecommunicationprotocol. In this example,a
simplestreamsocket is used,thusminimizing theamountof code.

public class NaivePrimary implements TransactionBeginListener,
TransactionCompletionListener, ObjectSetWriteListener, Runnable {

The primary, or master, mustcollect all changesdoneby clients. This is similar to
capturingchangesin Section5.2.

public NaivePrimary(TransactionProcessor tranProc,
ExecutorStage objProc) {

tranProc.setTransactionBeginListener( this , true );
tranProc.setTransactionCompletionListener( this , true );
objProc.setObjectSetWriteListener( this , true );

}

public void handleTransactionBegin(Transaction transaction) {
try {

switch (transaction.getContextState()) {
case Transaction.TRANSACTION_BEGINNING:

transaction.setAttachment( new Store());
case Transaction.TRANSACTION_IDLE:
case Transaction.TRANSACTION_ACTIVE:

transaction.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

Uponeachtransactioncommiting,wequeueupdatesfor asynchronouspropagationby
theseparatethread.

public synchronized void handleTransactionCompletion(Transaction transaction) {
try {

switch (transaction.getContextState()) {
case Transaction.TRANSACTION_COMMITTING:

queue.add(transaction);
notifyAll();
break ;

case Transaction.TRANSACTION_COMMITTED:
case Transaction.TRANSACTION_ABORTING:
case Transaction.TRANSACTION_ABORTED:

transaction.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

public void handleObjectSetWrite(ObjectSet objSet) {
try {

switch (objSet.getState()) {

case ObjectSet.PIPELINE_PROCESSING:
Store state = (Store) objSet.getRequest().getTransaction()

.getAttachment();
Utils.makeUpdate(objSet, state);

Utils.info("write value " + state.toString());

objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_PROCESSED:
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objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_ERROR:
objSet.continueExecution();
Utils.cleanUp( new SQLException("ObjectSet - WriteSet Error."));
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

Thecoreof theprimary replicais a separatethreadthat connectsto a backupreplica
andpushesupdatesasthey becomeavailableon thelocaloutgoingqueue.

public void run() {
try {

ServerSocket ssock = new ServerSocket(12345);

while ( true ) {
Socket sock = ssock.accept();

updateBackup(sock);
}

} catch (Exception ex) {
Utils.cleanUp(ex);

}
}

private synchronized void updateBackup(Socket sock) {
Utils.info("Backup connected.");

try {
ObjectOutputStream outstr = new ObjectOutputStream(sock

.getOutputStream());
ObjectInputStream instr = new ObjectInputStream(sock

.getInputStream());

while ( true ) {
while (queue.isEmpty())

wait();
Utils.info("Sending update.");

Transaction evt = (Transaction) queue.removeFirst();

Store state = (Store) evt.getAttachment();

LinkedList concatStore = new LinkedList();

concatStore.addAll(state.insertStore);
concatStore.addAll(state.updateStore);
concatStore.addAll(state.deleteStore);

outstr.writeObject(concatStore);

outstr.flush();

Utils.info("Sending done, waiting acknowledgment.");

if (!instr.readBoolean()) {
evt.cancelExecution();
break ;

}

Utils.info("Acknowledgment received.");

evt.continueExecution();
}
Utils.info("Backup refused update.");

} catch (Exception e) {
Utils.error("Backup disconnected.", e);

}
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try {
sock.close();

} catch (IOException ex) {
Utils.error("Socket error.", ex);

}
}

private LinkedList queue = new LinkedList();
}

Thebackupreplicawaits for updatesbeingpushedby theprimaryreplicaandapplies
themusingtheJDBCinterface.Notice that themeta-level codeis usedto ensurethat
no localupdatesareperformedto thebackup,which is availablefor read-onlytransac-
tions.

public class NaiveBackup implements DatabaseStartupListener,
ConnectionStartupListener, TransactionBeginListener,
TransactionCompletionListener, ObjectSetWriteListener, Runnable {

private String user = "refmanager";

private Connection conn;

public NaiveBackup(String db, DatabaseProcessor dbProc,
ConnectionProcessor connProc, TransactionProcessor tranProc ,
ExecutorStage objProc) throws SQLException {

dbProc.setDatabaseStartupListener( this , true );
connProc.setConnectionStartupListener( this , true );
tranProc.setTransactionBeginListener( this , true );
tranProc.setTransactionCompletionListener( this , true );
objProc.setObjectSetWriteListener( this , true );

}

public void handleTransactionBegin(Transaction transaction) {
try {

switch (transaction.getContextState()) {
case Transaction.TRANSACTION_BEGINNING:

transaction.setAttachment( new Store());
case Transaction.TRANSACTION_IDLE:
case Transaction.TRANSACTION_ACTIVE:

transaction.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

Uponcommit,checkif updateshavebeenperformedandrollbackthetransaction.
public synchronized void handleTransactionCompletion(Transaction transaction) {

Store state = (Store) transaction.getAttachment();

Utils.info("Number of tuples written is " + state.writes() + ".");

try {
switch (transaction.getContextState()) {
case Transaction.TRANSACTION_COMMITTING:

if (state.writes() != 0) {
transaction.cancelExecution();

}
break ;

case Transaction.TRANSACTION_COMMITTED:
case Transaction.TRANSACTION_ABORTING:
case Transaction.TRANSACTION_ABORTED:

transaction.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}
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}

public void handleObjectSetWrite(ObjectSet objSet) {
try {

switch (objSet.getState()) {
case ObjectSet.PIPELINE_PROCESSING:

Store state = (Store) objSet.getRequest().getTransaction()
.getAttachment();

while (objSet.next()) {
state.contWrites++;

}
objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_PROCESSED:
objSet.continueExecution();
break ;

case ObjectSet.PIPELINE_ERROR:
objSet.continueExecution();
Utils.cleanUp( new SQLException("ObjectSet - WriteSet Error."));
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

Themain loop waits for a connectionfrom theprimaryandthenreceivesupdatesand
appliesthemusingJDBC connection.Notice that this is very naive in the sensethat
sequentialapplicationof updatesis performed.This is doneto improve thereadability
of thesampleandcaneasilybedoneusingtheJDBCinterfacewith aconnectionpool.

public void run() {
try {

Utils.info("Connecting to primary.");
Socket sock = new Socket("localhost", 12345);
Utils.info("Connected to primary.");

ObjectOutputStream outstr = new ObjectOutputStream(sock
.getOutputStream());

ObjectInputStream instr = new ObjectInputStream(sock
.getInputStream());

while ( true ) {
Utils.info("Waiting for update.");
LinkedList update = (LinkedList) instr.readObject();
Utils.info("Update received, applying.");

try {
Statement s = conn.createStatement();
Iterator i = update.iterator();
while (i.hasNext()) {

String up = (String) i.next();
Utils.info(up);
s.executeUpdate(up);

}
conn.commit();
s.close();

} catch (SQLException sqle) {
Utils.error("Failed update.", sqle);
outstr.writeBoolean( false );
break ;

}
Utils.info("Sending acknowledgment.");
outstr.writeBoolean( true );
outstr.flush();

}
Utils.info("Backend refused update.");

} catch (Exception ex) {
Utils.error("Disconnected from master.", ex);
Utils.cleanUp(ex);

}
}
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This createsaconnectionto inject remoteupdatesinto thebackupreplica.
public void handleDatabaseStartup(Database database) {

try {
switch (database.getContextState()) {
case Database.DATABASE_STARTING:

database.continueExecution();
break ;

case Database.DATABASE_UP:
conn = database.getDataSource().getConnection();
database.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}

Thisdisablesreßectionof processingof SQLstatementsissuedwhenapplyingupdates.
This ensuresthatonly locally executedstatementsgetreßected.

public void handleConnectionStartup(gorda.db.ConnectionContext connect ion) {
try {

switch (connection.getContextState()) {
case gorda.db.ConnectionContext.CONNECTION_STARTING:

ConnectionMetaInfo meta = connection.getConnectionMetaInfo ();
if (meta != null && meta.getUserId() != null

&& meta.getUserId().equals(user))
connection.setNotificationIgnored( true );

case gorda.db.ConnectionContext.CONNECTION_UP:
connection.continueExecution();
break ;

}
} catch (SQLException ex) {

Utils.cleanUp(ex);
}

}
}
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A License

THE WORK (AS DEFINEDBELOW) IS PROVIDED UNDERTHE TERMSOFTHIS CREATIVE COM-
MONS PUBLIC LICENSE("CCPL" OR "LICENSE"). THE WORK IS PROTECTEDBY COPYRIGHT
AND/OR OTHER APPLICABLE LAW. ANY USEOF THE WORK OTHER THAN AS AUTHORIZED
UNDERTHIS LICENSEORCOPYRIGHTLAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPTAND AGREE
TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS LICENSE MAY BE
CONSIDEREDTO BE A CONTRACT, THE LICENSORGRANTS YOU THE RIGHTS CONTAINED
HEREIN CONSIDERATION OFYOURACCEPTANCE OFSUCHTERMSAND CONDITIONS.

1. Definitions

a. "Adaptation" meansawork basedupontheWork, or upontheWork andotherpre-existingworks,such
asa translation,adaptation,derivative work, arrangementof musicor otheralterationsof a literary or
artisticwork, or phonogramor performanceandincludescinematographicadaptationsor any otherform
in which the Work may be recast,transformed,or adaptedincluding in any form recognizablyderived
from theoriginal,exceptthatawork thatconstitutesaCollectionwill notbeconsideredanAdaptationfor
thepurposeof thisLicense.For theavoidanceof doubt,wheretheWork is amusicalwork, performance
or phonogram,thesynchronizationof theWork in timed-relationwith amoving image("synching")will
beconsideredanAdaptationfor thepurposeof thisLicense.

b. "Collection" meansa collection of literary or artistic works, suchas encyclopediasand anthologies,
or performances,phonogramsor broadcasts,or otherworks or subjectmatterother thanworks listed
in Section1(f) below, which, by reasonof the selectionandarrangementof their contents,constitute
intellectualcreations,in which theWork is includedin its entiretyin unmodiÞedform alongwith oneor
moreothercontributions,eachconstitutingseparateandindependentworksin themselves,whichtogether
areassembledinto a collective whole. A work that constitutesa Collectionwill not be consideredan
Adaptation(asdeÞnedabove) for thepurposesof this License.

c. "Distribute" meansto make availableto thepublic theoriginal andcopiesof theWork throughsaleor
othertransferof ownership.

d. "Licensor" meanstheindividual, individuals,entityor entitiesthatoffer(s)theWork underthetermsof
this License.

e. "Original Author" means,in the caseof a literary or artistic work, the individual, individuals,entity
or entitieswho createdthe Work or if no individual or entity can be identiÞed, the publisher;and in
addition(i) in thecaseof a performancetheactors,singers,musicians,dancers,andotherpersonswho
act,sing,deliver, declaim,play in, interpretor otherwiseperformliteraryor artisticworksor expressions
of folklore; (ii) in thecaseof a phonogramtheproducerbeingthepersonor legal entity who ÞrstÞxes
the soundsof a performanceor othersounds;and,(iii) in the caseof broadcasts,the organizationthat
transmitsthebroadcast.

f. "Work" meanstheliteraryand/orartisticwork offeredunderthetermsof thisLicenseincludingwithout
limitation any productionin theliterary, scientiÞcandartisticdomain,whatevermaybethemodeor form
of its expressionincludingdigital form, suchasa book,pamphletandotherwriting; a lecture,address,
sermonor otherwork of thesamenature;a dramaticor dramatico-musicalwork; a choreographicwork
or entertainmentin dumbshow; a musicalcomposition with or without words;a cinematographicwork
to whichareassimilatedworksexpressedby aprocessanalogousto cinematography; awork of drawing,
painting,architecture,sculpture,engraving or lithography; aphotographicwork to whichareassimilated
worksexpressedby aprocessanalogousto photography; awork of appliedart;anillustration,map,plan,
sketchor three-dimensionalwork relative to geography, topography, architectureor science;a perfor-
mance;a broadcast;a phonogram;a compilationof datato theextent it is protectedasa copyrightable
work; or a work performedby a varietyor circusperformerto theextentit is not otherwiseconsidereda
literaryor artisticwork.

g. "You" meansanindividualor entityexercisingrightsunderthisLicensewhohasnotpreviouslyviolated
the termsof this Licensewith respectto the Work, or who hasreceived expresspermissionfrom the
Licensorto exerciserightsunderthisLicensedespiteapreviousviolation.

h. "Publicly Perform" meansto performpublic recitationsof theWork andto communicateto thepublic
thosepublic recitations,by any meansor process,includingby wire or wirelessmeansor public digital
performances;to make available to the public Works in sucha way that membersof the public may
accesstheseWorksfrom a placeandat a placeindividually chosenby them;to performtheWork to the
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public by any meansor processandthecommunicationto thepublic of theperformancesof theWork,
includingby public digital performance;to broadcastandrebroadcasttheWork by any meansincluding
signs,soundsor images.

i. "Reproduce" meansto makecopiesof theWork by any meansincludingwithout limitation by soundor
visual recordingsandtheright of ÞxationandreproducingÞxationsof theWork, includingstorageof a
protectedperformanceor phonogramin digital form or otherelectronicmedium.

2. Fair Dealing Rights. Nothingin thisLicenseis intendedto reduce,limit, or restrictany usesfree
from copyright or rightsarising from limitationsor exceptionsthatareprovidedfor in connectionwith the
copyright protectionundercopyright law or otherapplicablelaws.

3. License Grant. Subjectto the termsandconditions of this License,LicensorherebygrantsYou
a worldwide,royalty-free,non-exclusive, perpetual(for thedurationof theapplicablecopyright) licenseto
exercisetherightsin theWork asstatedbelow:

a. to ReproducetheWork, to incorporatetheWork into oneor moreCollections,andto ReproducetheWork
asincorporatedin theCollections;and,

b. to DistributeandPubliclyPerformtheWork includingasincorporatedin Collections.

c. For theavoidanceof doubt:

i. Non-waivable Compulsory License Schemes. In thosejurisdictionsin which the right to collect
royalties throughany statutoryor compulsorylicensingschemecannotbe waived, the Licensor
reservesthe exclusive right to collect suchroyaltiesfor any exerciseby You of the rights granted
underthisLicense;

ii. Waivable Compulsory License Schemes. In thosejurisdictionsin which the right to collect roy-
alties throughany statutoryor compulsorylicensingschemecanbe waived, the Licensorwaives
theexclusive right to collectsuchroyaltiesfor any exerciseby You of therightsgrantedunderthis
License;and,

iii. Voluntary License Schemes. TheLicensorwaivestheright to collect royalties,whetherindividu-
ally or, in theeventthattheLicensoris a memberof a collectingsocietythatadministersvoluntary
licensingschemes,via thatsociety, from any exerciseby Youof therightsgrantedunderthisLicense.

The above rights may be exercisedin all mediaandformatswhethernow known or hereafterdevised.
The above rights includethe right to make suchmodiÞcationsasaretechnicallynecessary to exercise
therights in othermediaandformats,but otherwiseyou have no rightsto make Adaptations.Subjectto
Section8(f), all rightsnotexpresslygrantedby Licensorareherebyreserved.

4. Restrictions. Thelicensegrantedin Section3 above is expresslymadesubjectto andlimited by the
following restrictions:

a. YoumayDistributeor PubliclyPerformtheWork only underthetermsof thisLicense.Youmustinclude
a copy of, or theUniform ResourceIdentiÞer(URI) for, this Licensewith every copy of theWork You
Distribute or Publicly Perform. You may not offer or imposeany termson the Work that restrict the
termsof this Licenseor the ability of the recipientof the Work to exercise the rights grantedto that
recipientunderthe termsof the License. You may not sublicensethe Work. You mustkeepintact all
noticesthat refer to this Licenseandto the disclaimerof warrantieswith every copy of the Work You
Distributeor PubliclyPerform.WhenYouDistributeor PubliclyPerformtheWork, Youmaynot impose
any effective technologicalmeasureson theWork thatrestricttheability of a recipientof theWork from
You to exercisethe rights grantedto that recipientunderthe termsof the License. This Section4(a)
appliesto theWork asincorporatedin a Collection,but this doesnot requiretheCollectionapartfrom
theWork itself to bemadesubjectto the termsof this License.If You createa Collection,uponnotice
from any LicensorYoumust,to theextentpracticable,remove from theCollectionany creditasrequired
by Section4(b),asrequested.

b. If YouDistribute,or PubliclyPerformtheWork or Collections,Youmust,unlessarequesthasbeenmade
pursuantto Section4(a), keepintact all copyright noticesfor the Work andprovide, reasonableto the
mediumor meansYou areutilizing: (i) thenameof theOriginal Author (or pseudonym, if applicable)if
supplied,and/orif theOriginalAuthorand/orLicensordesignateanotherpartyor parties(e.g.,asponsor
institute,publishingentity, journal) for attribution ("Attribution Parties")in LicensorÕs copyright notice,
termsof serviceor by other reasonablemeans,the nameof suchparty or parties;(ii) the title of the
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Work if supplied;(iii) to theextent reasonablypracticable,theURI, if any, thatLicensorspeciÞesto be
associatedwith theWork, unlesssuchURI doesnot referto thecopyright noticeor licensinginformation
for theWork. Thecredit requiredby this Section4(b) maybe implementedin any reasonablemanner;
provided, however, that in the caseof a Collection,at a minimum suchcredit will appear, if a credit
for all contributing authorsof the Collectionappears,thenaspart of thesecreditsand in a mannerat
leastas prominentas the creditsfor the other contributing authors. For the avoidanceof doubt, You
mayonly usethecreditrequiredby thisSectionfor thepurposeof attribution in themannersetoutabove
and,by exercisingYourrightsunderthisLicense,Youmaynot implicitly or explicitly assertor imply any
connectionwith, sponsorshipor endorsementby theOriginalAuthor, Licensorand/orAttributionParties,
asappropriate,of Youor Youruseof theWork, without theseparate,expressprior written permissionof
theOriginalAuthor, Licensorand/orAttributionParties.

c. Exceptasotherwiseagreedin writing by theLicensoror asmaybeotherwisepermittedby applicablelaw,
if You Reproduce,Distributeor Publicly PerformtheWork eitherby itself or aspartof any Collections,
You must not distort, mutilate, modify or take other derogatory action in relation to the Work which
wouldbeprejudicialto theOriginalAuthorÕshonoror reputation.

5. Representations, Warranties and Disclaimer
UNLESSOTHERWISE MUTUALLY AGREEDTO BY THE PARTIES IN WRITING, LICENSOROF-
FERSTHE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
CONCERNINGTHEWORK,EXPRESS,IMPLIED, STATUTORY OROTHERWISE,INCLUDING, WITH-
OUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESSFORA PARTICULAR
PURPOSE,NONINFRINGEMENT, OR THE ABSENCEOF LATENT OR OTHER DEFECTS,ACCU-
RACY, OR THE PRESENCEOF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE.
SOMEJURISDICTIONSDO NOT ALLOW THE EXCLUSIONOFIMPLIED WARRANTIES,SOSUCH
EXCLUSIONMAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPTTO THE EXTENT REQUIRED BY APPLICABLE LAW,
IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPE-
CIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGESARISING OUT
OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSORHAS BEEN ADVISED OF
THE POSSIBILITYOFSUCHDAMAGES.

7. Termination

a. This Licenseandthe rights grantedhereunderwill terminateautomaticallyuponany breachby You of
the termsof this License. Individualsor entitieswho have received Collectionsfrom You underthis
License,however, will not have their licensesterminatedprovidedsuchindividualsor entitiesremain in
full compliancewith thoselicenses.Sections1, 2, 5, 6, 7, and8 will survive any terminationof this
License.

b. Subjectto theabove termsandconditions,the licensegrantedhereis perpetual(for thedurationof the
applicablecopyright in the Work). Notwithstandingthe above, Licensorreserves the right to release
the Work underdifferentlicensetermsor to stopdistributing the Work at any time; provided,however
that any such electionwill not serve to withdraw this License(or any otherlicensethat hasbeen,or is
requiredto be,grantedunderthetermsof this License),andthis Licensewill continuein full forceand
effectunlessterminatedasstatedabove.

8. Miscellaneous

a. EachtimeYouDistributeorPubliclyPerformtheWorkoraCollection,theLicensoroffersto therecipient
a licenseto theWork on thesametermsandconditionsasthelicensegrantedto Youunderthis License.

b. If any provision of this Licenseis invalid or unenforceableunderapplicablelaw, it shall not affect the
validity or enforceabilityof theremainderof thetermsof this License,andwithout furtheractionby the
partiesto this agreement,suchprovision shall be reformedto the minimum extent necessaryto make
suchprovisionvalid andenforceable.

c. No term or provision of this Licenseshall be deemed waived andno breachconsentedto unlesssuch
waiveror consentshallbein writing andsignedby thepartyto bechargedwith suchwaiveror consent.

101



A LICENSE

d. ThisLicenseconstitutestheentireagreementbetweenthepartieswith respectto theWork licensedhere.
Thereareno understandings,agreementsor representationswith respectto theWork not speciÞedhere.
Licensorshall not be boundby any additionalprovisionsthat may appearin any communicationfrom
You. ThisLicensemaynotbemodiÞedwithout themutualwrittenagreementof theLicensorandYou.

e. The rights grantedunder, and the subject matterreferenced,in this Licenseweredraftedutilizing the
terminologyof theBerneConventionfor theProtectionof Literary andArtistic Works (asamendedon
September28, 1979), the RomeConventionof 1961,the WIPO Copyright Treatyof 1996,the WIPO
PerformancesandPhonogramsTreatyof 1996andthe UniversalCopyright Convention(asrevisedon
July24,1971).Theserightsandsubjectmattertakeeffect in therelevantjurisdictionin whichtheLicense
termsaresoughtto beenforcedaccordingto thecorrespondingprovisionsof theimplementationof those
treatyprovisionsin theapplicablenationallaw. If thestandardsuiteof rightsgrantedunderapplicable
copyright law includesadditionalrightsnotgrantedunderthisLicense,suchadditionalrightsaredeemed
to be includedin the License; this Licenseis not intendedto restrict the licenseof any rights under
applicablelaw.
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